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Introduction

Second International Workshop
on Solid State Nuclear Track Detectors
and Their Applications
Dubna, 24-26 March 1992

The Ind International Workshop on Solid State Nuclear Track Detectors and Their Ap
plications (SSNTD 92) was organized by the track detector scientists of Flerov Laboratory
of Nuclear Reactions and Ingeneering Center of Applied Nuclear Physies of JINR.

The previous International workshop SSNTD 92 was held in Feburary 1990; the Proceed-
ings of that workshiop were published earlier in 1992 (¢d. P.Yu.Apel, V.P.Perelygin. =Solid
State Nuelear Track Detectors and Their Applications™, Dubna, D13 90 479, pp. 1 181,

The IInd Dubna workshop on SSNTD was organized as an important step to prepare for
the future, 17th International Conference on Nuclear Track in Solids, which will  take place
in Augunst 1994 at Dubna.

More than 75 scientists from 20 countries  of the Union of Independent States. members
and nonmembers of JINR take part in the work of the Dubna meeting. At the Sth plenary
and 3 poster sessions 62 reports were presented. The main topics of the sessions weres

1. New data on theoretical and experintental investigations of track formation, track sta
bility and on a new kind of track detectors;

2. New important data on the investigations of cluster radioactivity, in the ficld of high
and low cnergy nuclear physics, in cosmic ray physics;

3. The rather big number of reports — iat the field of ecology and especially the investigations
of Chernobyl samples and hot particles.
The new very sensitive method of 2 Pu exploration has been developed by Dubua
seientist,

4. The investigations of track radiography of specimens and their applications iu techuol

ogy, geology and dosimetry.

The new results on further developmient of automatic devices for track counting el

[94)

mapping.

We decide to publish  the Proceedings “'SSNTD-92" in English in order to inform the
International Nuclear Track Society members about the last achicvements in nuelear track
detector study  mainly in the countries of UIS (former USSR) and other countries.

Organizing Committee: V.P.Perelygin (Chairman), S.P.Tretyakova, P.Yu. Apel, S.A Karmnya
S.G.Stetsenko.



THEORETICAL APPROACH FUR REGISTRATION OF MIXED CHARGED PARTICLES
FLUX OF DIFFERENT TYPE BY SOLID STATE DETECTORS

Ditlov V.A.

Institute of Photo-Chemical Industry
Moscow, Leningradskij Pr., 47

Russia

The approach (Ditlov V.A. Theory of Spatial calculation.. In:
Proceeding of the XM Int. Conf. of SSNTD, 1980, p.13+41) to the
problem of electron detecting is based on assumptions:

1. Solid State detector consist ofavery large number of sensitive
microvolumes, similar, for example, to photographic emulsions of
biological tissue.

2. Every sensitive microvolume can de only in two states "no” or
"yes".

3. In order to describe the probability of appearance of local re-
sponse (transition from state "no" to state "yes") it is necessary to
use many-hit model.

4. The local responses are invoked by effective ionization acts
inside sensitive microvolume, as a result of interactions of moving
electrons with electron shells of atoms.

5. Because of very small sizes of sensitive microvolumes there
takes piace a very strong fluctuation of these interaction acts.

6. There is a strong multiple scattering of moving electrons and
it is necessary to use the differential function of electrons distri-
bution in phase space ( T, G,s) from the theory of multiple scattering
f( T Ts). Here T coordinate vector, @ direction of electron
velocity and 8 residual range of eleciron.

At the base of this assumptions it is possible to built up expres-
sions for a probability, that in a given point T after passing of
electron flux f( T, ,8) we can observe response, sensitive microvolu-
me in state "yes". These expressions can be used for calculation of
local responses of sensitive microvolumes around track axis, formed by
6-electrons flow. Then it is possible to find any track parameters
(Ditlov V., Upon Physical Grounds of Track Parameters Formation in
SSNTD. In: Int.Workship "SSNTD and Their applications®, Dubna, 19,
p.8-12).

Now Jet 1us remark, that when we established the relationship bet-
ween the probabilities and differential distribution function of elec-
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trons, we did not use any properties specific only for electrons. The
expressions of P; are applicable for parti:les of any nature. For dif-
ferent sorts of particles, it is just necessary to use different flux
spatial functions f(T, @, s) and interaction cross-sections. For
example, if we consider very heavy particles moving along straight
lines without any scattering it is necessary to use distribution func-
tion cxpressed by 6-function.

50, the expressions P;’, have more general meaning, than it was
discussed before. More over, it is posgsible to do further
generalization for the case of mixed flux containing particles of
different nature.

Note, that this new goal does not make us to change the logical
structure of our approach. We have only at the beginning to write down
the mean effective acts number for one sensitive region as a sum of
inputs from different flux fractions:

:
E= BE o+ 38 et T8 )

As a result we can built up the new expressions for P{’,:

§1 Ni-<1—e_§>

PHT) =1-e I iy @
SN £
_ m ) - . 3, i'<1—e >i .
P;( ry=1-{1 +,2, N-<ge™> ) e ; 3
PHTFD =1 - {1 +.3 N -<EEs 4 @)
3 i1=1 74 i

m
‘r 3 2 - m - .2 -,z N <1-e &
+?[ é""i'( te £ > +(i§1 N:l.('ge §>] ]}e 1=171 1

S0, ingstead of <---> we have sums § g

Note, that the flux splitting into separate fractions can be
rather arhitrary. For instance, the flux consisting of conly electrons
may be considered to be multicomponent according to their place and
nature of origin or to their initial energies and original directions

of ejection.
As an example we consider four private cases, shown on scheme of

the Figure.



> ion + 6-electrons
4.

1. 3

a uniform exposure background + particle
or a uniform source
inside a detector

2. \c’/

y-rays + particle

Four important cases of mixed charged particles flux

Casel. If particle sources are uniformly distributed over the
whole detector body, then we can rewrite:
. - IN<1—e"§> dT
P(TN=1-¢ ; (5)
- N'(1—e_g>d _IT’
PAT) =1- {1 +f N-<te Exd ?’}-e [ ;0 ©)

PAT )= - {1 + [N e a7+
r

2 y [ N<i-eBrd
) 1} .o

2
el NceeHdT +( [NE o T

Here we converted from summarization to integration by source coor-
dinates over whole detector volume. Now it is possible to show,
that if detector sensitive microvolumes have spherical form and their
sizes are much less than the electron ranges, we can write:



Q [++]
C
- 29 N[ pdy [£is) < E)ds @)
p;‘( rn=1-e lp ‘o ;
PI(F) =1 -
ao o g
a @ -g
) _ -2%N) [ do f(sX1-e =)Ms
- L1 o[ pdp [o(e)E(pe 5PNl [oas] ;O
[} o

a © )
YT = 1 - {1 + 20 pip [riore(poetPas 4
Q

o
a (i)

+ [on["pap [£(s)6(p,00eEPs9gs o
a ©
ao o N P o . -
+ [2x¥] pdo If(s)ﬁ(p,s)e”Q(D,B)ds]z]} - 2] edp [tieKi-e !)da

Thus we can formulaie: If detector sensitive region size is 30 small
that the spatial distribution function doesn’t vary much over the
sengitive region volume and particle sources are uniformly distributed
ali over the detector’s body then the integral result of such detector
does not depend on any multiple scattering properties. Being correct
it makes the calculation of the response probabilities extremely
simple. It i3 no need to use nei:ter kinetic equation nor
crcas-section of interaction. There are only integrations along
particle path.

Case?2. For example if you exposed the detector by y-rays it is
necessary tocalculate the integrals only along trajectory of 6-electrons
with appropriate energy spectrum f(E). It gives us a possibility to
caiculate a density of photographic emulsion exposed by y-rays or to
find the new etching body rate for any plastic after y-exposure. If
you wanttocalculate track parameter of any particle in detector also
exposed by y-rays you have to use expressions:

-[ L <1-a76 +<1-—e—§>p]

PAT) =1-¢e A ; (11)
[N aci-ah ]

t =1 - <E.o & e E ¥ ¥ 3

P2( roy=1-{1+ H‘( <E-e > <E-e >p}e .,
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PLUTT) =1~ {1 + ;vL‘-<g-e'§>“.+<g-e'§>p + Nr-<g?e_§>f + <g?e'§:x+
2
+ % i Nr-<§?e‘5>r + <§-2ue'5>p +[Nr-<g-e'5>r + <g-e’§>p] ]} .

-N.-<1e & - £
- [N‘{“'e >+ Ct-e >p]. “3)

Here the symbol <ge"§> mean3 integral along ihepath oOf electrons,
struck out by y-quanta; and <l;e"§>p , integrals including f( F”'Q’,s)
of O-electrons, struck -out by the particle.

Case3d.  Similar it is possible to consider the fog, when some
part of sensitive region goes spontaneously from the state ™o" to the
state "yes". Formally it may be assumed that these transitions are not
spontaneous but caused by the action of a certain hypothetical back-
ground uniform irradiation from the outside,then:

E=Eont £y - (14)

Where go may be understood as the average number of effective
events per single sensitive region under the action of this radiation.
Then it is possible to obtain:

PHT =1- o Lot -] ; ()

PAT) =1- {1 + gt <£-e_€>}e_ [E°+<11—E>] ; (6)

PAT) = 1 —{1 +E+ E-8E > +

++ [ g% [ &t <5'e'5>]2]}'e- i . ¢
If we have only fog, then

Plap=1- et ; . )

Py =1 (1+ t)e e ; (19)

for uv=1 we can write

Py = Plion® Plap” Plaon Plomp, 20)

11



+ -1 -<1—e—g>
where P 1, 4on" 1-e . V)

From the first expression it follows that for the total resuilt P
will be somewhat less than the sum of P;’ ion and P o If we
want 1o know P+ at the absence of fog we have to use'

pt- P+
+ _ 1 1,8p 2
P1,ion - _ pt ° )
1-P
1,s8p

Usually, for example for photographic emulsions, in order to find
optical density in absence of fog onesubtracts fog optical density Do
from experimental value Dexp. If emulsion is described by one-hit
model it is more exactly to use:

Dexp ~ Do ' , D
D =D x ——— . 23) [Her'eltwasused P =————]'
max p -D D

max o max

For a plastique it is possible that own body etching rate is defi-
ned by expression for Pv S5"

In the case of w1 it is impossible to receive equations 1like
(22). It is necessary separately to find £, and later to calculate any
track parameters.

Case4. And at last, when sensitive microvolume is on the path
of moving nuclei effective ionization acts are produced both by the
nuclei and by 6-electrons:

€= gnucl+ gG-elec‘l',r'cn:'l ’ 24)

dn
then: Z Ni<§°l e g = <§°‘ e—§>z + fwdwg“ e 5. (25)

The first member may be calculated withthe help of the 6-function
instead of the differential function £( ¥, T s), and the second mem-
ber must be calculated withthe help of the appropriate function of the
theory of multiple scattering and of function dn/dw, describing
initial spectrum of §-electrons.

S0, the general expressions (2,3) give us the rule to consider a
complicated problem as a set of more simple tasks and sometimes we
can produce a principal new result, as in cases 1or3.

12



HEAVY~ION INDUCED DAMAGE OF BINARY SEMICONDUCTORS GaP AND PbS

S.A.KARAMIAN®, V.N.BUGROV., C.ASCHERON™, G.OTTO™,
S.YU.PLATONOV , O.A.YUMINOV
JINR~Dubna, POB 79, 101000 Moscow, Russia
Universitdt Leipzig, Linnestr.5, 0-7010 Leipzig, FRG
Moscow University, 119899, Moscow, Russia

Charged particle irradiation produces different extended
defects in solid materials. The formation of the depleted
zone, vacancy clusters and voids near the end of heavy-ion
range is well known. Their appearance is dependent on material
and ion species, temperature and ion fluence. The complicated
mechanisms of a defect formation and evolution are discussed
in literature but the basic idea is always that an atomic
collision cascade is a fundamental reason of the damage. This
concept is strongly supported by the 1location of disorder
maximum near the maximum of the energy deposited into nuclear
subsystem of the crystal.

Latent tracks generated by very heavy ions in insulators
represent another class of the extended defect (1]. Their
production correlates strongly with the electronic stopping
power, and their profile reproduces the Bragg-maximum in
stopping the energetic nucleus [2]. As known, latent tracks
cannot be observed in all insulators. The nonobservation of
tracks means that they are either not formed or not
visualized. If the tracks are formed but not visualized, the
crystal amorphization at low ionic fluences could indicate the
extended defects formation. Thus the measurement of damaging
rate gives a new experimental approach to investigations of
the extended defects formation. It was used recently for
studying the Xe-ion damage of a diamond (3] and semiconducting
{4} crystals. Also a new process of tracks formation in some
metallic alloys was revealed ([5]. The interest in the
investigation of the role of electronic and nuclear energy
losses in the damage of semiconducting crystals is rather
obvious.

In this paper we want to provide some information on the
defects induced by swift heavy ions in GaP and PbS crystals.
GaP crystal is a semiconductor whose properties are not far
from insulators. Our sample grown by the Chohralski method had
specific resistivity about 10 Q-cm. It looks 1like a
transparent orange colour glass. The electron spectrum-gap is
about 2.25 eV, and the hardness is about 6 Moos units for the
GaP. So it may be interesting to search for ex nded defects

like latent tracks produced eventually in t. “aP by very
heavy ions. PbS crystal is another type of s snductors,
which has photoresistive and scintillating pr :« rties. The
swift ion influence on optically active materia. is not yet

studied extensively.

The polished (111) oriented GaP wafers of about 0.5 mm
thickness were irradiated along random directions at room or
ligquid nitrogen temperature by collimated hesvy ion beams,
which had the diameter of 1 mm, angular divergence <0.5°,
intensit% =10 sqlanqipulsed power =1 W. The fluences ranged
from 10 to 10 cm”. Glass plates were used as track
detectors for the registration of the elastically scattered
rinjectiles and recoils. The active layer thickness of the

13
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Fig.1l.Defect concentration as a function of Xe-ion fluence for

semiconducting crystals Si(a), Ge(!') and GaP(c) measured

at room (left-hand side) or liquid nitrogen (right-hand

side) temperatures,.Solid line is a guide over

experimental points, dashed one refers to the calculated
concentration of displaced atoms

target is restricted in the range of 0.5-2.0 um by the
scattered products energy-losses. The blocking reflection
patterns were recorded in-situ during the crystal exposures to
heavy ions and visualized after the chemica. development of
the tracks. The blocking minimum yield as a function of the
ion fluence xmm(O) was measured by counting the track density

using an optical microscope. The defect concentration values
nD(O) were extracted by the quantitative treatment of the

xmm(O) function using mathematical formulation from ref.[6].

The defect concentrations induced by Xe-ions in GaP are
compared in fig.l1 with those for Si and Ge crystals. For ail
the crystals it can be seen that at the room temperature
defect concentrations are saturated at the level of about 3-4%
when the fluence of the 1 MeV/u Xe-ions is increased up to
510" cm”. Hence, one can assume neither the latent track
formation nor the usual damage due to nuclear scattering. If
the first process is realized, the crxsta% has to be
amorphized at fluence values of about 10 . the second

14
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Fig.2.Experimental depth profiles (left-hand side) of the GaP
damage in comparison with calculated profiles (right-
hand side) of recoil energy - solid line, and stopped
ions - dashed 1line. The experimental points are
connected by guide line, ion species and fluence values
are presented in fig
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one leads to the amorphization at the fluences of about
10" cm°. So we have to propose active rec.ystallization
processes in the Xe-ion track surrounding which are stimulated
by the energy deposited into the electronic subsystem of the
crystal. This interpretation does not contradict to the damage
increase at lower crystal temperature and lower ion energy
(see fig.1).

It was important to study the question, whether the
recrystallization processes are also active in the cases of
lighter ions and lower energies incident on GaP? For this
purpose depth profiles of radiation damage were measured using
Rutherford backscattering spectra of 1 MeV protons treated on
the basis of the multiple scattering model. The proton beam
was directed along the normal to the crystal surface while
heavy ion beam at 60° to the normal.The experimental data
obtained are compared in fig.2 with the recoil energy and the
implanted atom profiles calculated using the programme [7]. In
principl », the measured profile is reproduced satisfactorily
by the calculated reccil energy profile, however there is some
excess (about 30%) of the measured value above the calculated
one at the nearsurface region. This excess can be explained as
the contribution of electronic energy-~deposit into the crystal
damage. Thus, at the GaP bombardment with ions from H to Ar no
recrystallization process is stimulated by the energy
deposited into the electron subsystem.

However low damage induced by Xe ions in semiconducting
ciystals gives the possibility to assume the threshold
activation of the recrystallization process in condition
-(dE/dx)z9 KeV/nm. The conclusion that electronic energy los-
ses could be active not only for crystal damage but also for
crystal annealing has to be discussed.

The damage of the PbS crystal was studied wusing the
crystal-blocking technique 1like the one described above.
Single %Fystallépe (100) oriented PbS was bombarded with
9 MeV/u “C and “Ne ions. Fission fragments emitted from the
crystal target were detected by the glass detector. The
blocking minimum observed in this case is shown in fig.3. The
increase of the minimum yield xmm(®) as a function of the
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fluence was measured, and rad1at1on-damage contribution into
the minimum yield x, (0) was extracted using the expre551on.

X () =1 - [1-x_, (®)] [1-x_, (0)]" (1)
where xmm(O) corresponds to the virgin crystal. The function
x, (®) is shown in fig.4, and it is clear that the long-range

or@er in t%e PbS lattice still remains at the fluence of up
1ons/cm Thus, the high radiation resistance of the
1att1ce is revealed at heavy-ion irradiations of
semiconductors while their electric properties (for instance,
carriers ccncentraticn), as known, is much more sensitive to
the charge particle fluences.
The nonobservation of the latent tracks in the diamond [3] and
in many other insulators, the Xe-ion induced recrystallization
of semiconductors revealed in ref.(4] and in this work, and
the track formation in some metallic alloys [5] lead to con-
clusion that the idea about direct correlation between latent
track formation and insulating properties of the medium can be
excluded.
After ion passage in solid material the energy dissipation
process can be going by different ways. What scenario reali-
zed, it is dependent on medium properties and the ion specy.
Thoughtable scheme of the processes is present in the table
with rough time scale coordinate. The primary energy deposit
is universal phenomenon but the secondary process of the fast
electron dissipation is already pluralistic one and it deter-
mines the following stages of the evolution. Some crucial role
plays probably the capabkility of the medium to accept the
electrons, which promotes the volume charge stabilization.
There is another universal stage of the particle track evolu-
tion - the thermal spike formation. Following developments are
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Table, Post ion-tracing phenomena in solids

Processes Time,s
Energy deposit into 1071¢

electron subsystem

SN

Fast compensation Volume charge stabilization 10
of volume charge (Electrons acception)

SN

Energy dissipation Electron-phonon Atoms acceleration 10~

in electron coupling
subsystem \\\\\ |//////

~-15

14

Thermal spike formation 10
Pressure spike, Selfannealing 107!

shock wave,
disorder spike

Cooling of disordered Recrystallization, 10
matter, latent cooling of restored
track fixation lattice

governed by such parameters of the spike as maximum temperatu-
re and profile and also macroscopic thermodynamical properties
of the medium.

The heavy-ion induced damage of monocrystalline binary semi-
conductors GaP and PbS is studied using the blocking and chan-
neling technique and the conclusion is made about the nontri-
vial role of the electronic stopping power, which can be acti-
ve either for the lattice damage or for the recrystallization
or can be passive dependending on the concrete conditions of
irradiations. Some scheme of the processes developed in solid
matter after ion passage is proposed.
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On Mechanisr of Tracks Formation in Alumophosphate Glasses

V.K. Lyapidevsky

Moscow Engineering Physics Institute, Moscow

Russia

Alumophosphate glasses are widely applied as thermoluminescent
detectors /I/. The measurement of tracks number simultaneously with
thermoluminescence yield irradiated by heavy ions in such detectors
allows to determire spatial distribution of absorbed enzrgy by de-
tector cross-section, energy thermoluminescence yield referred tc
one track, absorbed energy distribution along track /2/.

At the same time simultaneous registra:ion cf two effects enab-
les to obtain additional information about thermoluminescence and
track formation mecharism. The spatial distribution of electrons and
ions with the following electrons capture into deep traps is the ne-
cessary condition for track formation as well as for the light sum
accumulation. Upon detector heating the electrons ecsape from traps
reccmbine with the ions and excite the luminescence centres. The ex-
periments described below showed thzt at the same time heavy ion
tracks remained. Detectors on the basis of alumophosphate glasses
IS-7 /2/ were irradiated by xenon ions with the energy of I MeV per
nucleon on the U-30C accelerator ard by nickel ions with the ener-
gies of 7 MeV per nucleon on the U-400 JINR accelerator. Thermolu-
minescence was investigated on the "Hashaw-2000" set-up. To deter-
mine track numbers the detectors were etched in hydrofluoric acid
during 4 hours at room temperature. The ion flux density was 2.IO?
ions per cm2. The tracks were observed under the optimal microscope.

The tracks conservation after thermoluminescence indicates that
tracks anrealing is ccnrected not with a positive charge neutraliza-
tion but with a thermal destruction of structure defects.

The analogous data were obtained in the work /3/ while investi-
gating crystals thermcluminescence of aluminium and yttrium ccmpo-
site oxides /4/. Crystals heating up to the temperature of 800 K
dces not influence on characteristics of etched tracks. Tracks ther-
mal destruction is observed at the temperature of more than I000-
-I1I00 K whereas thermoluminescence occurs in the range of 300-750 K.
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These results are in agreement with the experiments on detec-
tors irradiation by fast electrons and gamma-quanta after exvosure
in heavy ion beam. Two equal detectors of alumophosphate glass
were irradiated by xenon ions then one of the detectors was irradi-
60 o1 108

were compared during etchking. It turned out that gamma-quanta irra-

ated by gamma-quanta Co rad dose. Then track parameters
diation carried out after heavy ion irradiation does not change
track parameters. If one of the detectors is irradiated by gamma-
-quanta prior heavy ion irradiation then this will lead to track pa-
rameters change, track length decreases with etching rate decreasing
in track.

The experiment showed that in the alumophosphate glass detectors
prel:iminarily irradiated by gamma-radiation of IO6rad dose xenon ion
tracks had the lower length and diameter than in unexposed detectors
by etching at the same conditions.

This effect can be explained from the point of view of the Cou-
lomb explosion model /5/. After heavy ion passing throughz detector
the ionization takes place, electron: elapse from ions and are cap-
tured by traps. The ions due to electrostatic repulsion form struc-
ture defects which marifest themselves upon etching. Preliminary alu-
mophosphate glasses irradiation by gamma-guarta p.soduces a great num-
ber of electrons in traps. It impedes the electrons capture produced
in heavy ion track. Therefore the piobability of produced clectrons
and ions recombination increases that leads to the derrease of sgpace
charge, diameter and track length. Analogous effects have to be ob-
served on admixture insertion being electron donors into detector.

In the work /3/ the investigatiocn of xenon ion track parameters ver-
sie activator concentration in crystals of aluminium and cerium com-
posite oxides was carried out. Crystals were irradiated by xenon ions
with the energy of I MeV per nucleon at an angle of 45° to crystal

surface. The etching is performed in orthophosphoric acid at the tem-
perature of 490 K. The experiments showed that with incrgasing of ac-
tivating admixture of CeO2 concentration the etching rate along track
and therefore stable defects density decrease. The etching rate of

crystal surface unexposed by ions does not depend on cerium admixture

concentration.
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The decrease cf a number of formed stable radiative defects on
irncreasing of admixture concentration being electrons dcnor can be
explained by partial neutralization of a positive charge in track by
admixture electrons for a periocd cf time ccmpared with the time of
ion shift. The observable decrease of track etching rate in the des-
cribed experiments car. be explained by the fact that with increasing
of the activator ccncentration and irradiation dose by gamma-quanta
in detector volume the electrun number capable to recombine with the
positive ions increases that leads to space charge neutralization and
ion shift prevention.

Thus to introduce admixtures into the basic material or to clean
it one car change characteristics of track detector. The admixture
introduction being electron dencrs (or filling the existing traps by
electrons) leads to track density decrease. The admixture introduc-
tion cepturing electrcns during thermalization after heavy ion pas-—
sing leads to track density increase. Purificztion of material from
the admixtures capturing electrons leads to the increase of electrons
recombination probability with the ions and to the decrease or loss
of a positive charge until ion shift occurs. From this point of view
one can explain the track absence in bubble chambers filled by pure
xenon /6/.

On the grounds of above-stated one can assert that there is a
primary multipurpose mechanism of tracks formation in condensed me-
dia. After penetration of a charged particle through medium the pro-
duced electrons elapse from ions during thermalization. In order that
ijons are shifted and track is form:d one should execute the condition

T «T
sh. re
where ’Csh. is ion shift time; L rel.? relaxation time during which

characterized

a positive charge compensatior takes place that can te
by the mear lifetime of positive charges. Then the probability of

1.

o~

elementary event of defect creation hes a view:
W = exp (__iﬁ;_ ) .
zrrel.
The efficiency of track formation process is determined by a value

A- Booul. ~ Esn.®

21



where ECoul.is the Coulomb repulsion energy; and Esh.‘ the energy re-
quired for creation of long-lived defects. The less is the distance
between ions the more is the value &, Therefore the tracks formation
in cordensed medium is available only at sufficierntly high density of
space charge.

The mean lifetime of positive charges increases within the dec-
reasing of free electrors number. Free electrons number can be dec-
reased by admixtures introducing which are electron traps. By decrea-
sing the detector temperature the electrons lifetime in traps increa-
ses. Therefore materials which dc not register tracks at room tempera-
ture can detect heavy ion tracks. After charge separation the follo-
wing heatirg ard electron release will not lead to tracks destruction
as seen in the work /2/.

The d:iscussed mechanism of heavy iop track formation has to wcrk
in all cases when electrons produced by ionization escazpe frcm the
detector. Therefore a heavy ion passing at a distancc from matter sur-
face of hot electron range order hes to produce a track in any matter
including metals on condition that tsk.Ltel.
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ENERGY LOSS AND MEAN RANGES oF 129xe anp 209, 1IN

ALUMINIUM AND KAPTON

K.K. Dwivedi., P. Vater and R. Brandt
Kernchemie, FB 14, Philipps Universitat

D-3550, MARBURG. Germany

Abstract: The energy loss and mean ranges of 13.0 MeV/u
129ye and 299gi have been measvred in aluminium and
Kapton polyimide using 8 nuclear track technrigue.
Calibrated CR-3¢ and 2ZnP-glass detectors were used to
determine degraded energy of the heavy ions transmitted
through the stair-case type stacks of Al and Kapton.
The experimental results are discussed and compared with
the theoretical values obtained from three different
computer codes in order to verify their epplicabilitcy.

1. INTRODUCTION

The application of so0lid state nuclear track detectors has
been well established in measuring energy-loss and mean ranges of
heavy ions in botlh elemental and complex medial's. In last few
years, the heavy ion research involving track detectors has shown
great potential in several fields like nuclear reactions’” ,
particle identiticationg'lo, fusion-fission and a-evaporationll,
multifragmentation reactionalz, cosnoloqyla, radiation
bioloqy13'1‘, health phyaic513 and in the development of
microfilters and single-pore nembranels—ls. It is important to
note that these studies require reliable and accurate data on
hkeavy ion ranges and energy loss in several commonly used
elemental and complex materials. Both CR-39 and 2ZnP-glass
detectors have high sensitivity for particle detection and good
energy resolution and hence offer a very characteristic range-
energy dependence for ileavy ions. Thus, after appropriate
calibrations, these deteciors may be employed for measuring the
energy, mean ranges and energy-loss rate of any heavy ion in any

media.

' Visiting senior scientist under a fellowship from Ciamission of

the European Communities.
Permanent address : Department of Chemistry, North-Eastern Kill
University, Shillong ~ 793 003, India.
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Anong elemental materials our Choice has restricted to
aluminium becauss it hss been sxtensively used as degrader foils
and backings in many nuclear physics experiments. ©On the otler
hand the Kapton polyimide was chosen due to its growing
application in nuclear research17 and in production of nuclear
track nmicrofiltersl® on account of the high tensile strength and

good thermal and chemical resistivity of the plastic.

In this paper we describe the experimental procedure for
obtaining energy loss and mean raages of 12%¢ and 29%pi ions in
Al and Kapton. The results are discussed and intercompared with
the corresponding theoretical values computed from computer codes
(at RANGEY? (b} TRINZO and (c) Benton's code“t.

2. EXPERIMENTAL

2.1 Preparation of Targets and Detectors

Thin foils of
aluminium and Kapton were
used to prepare stair-case TARGET

type targets-with eifective srﬁcxs

thickness ranging from 21.2 4
pm to 127.3 pum for Al and {a) ;;7r—i
36.5 pym to 182.5 um for

Kapton respectively. The L
target thickness was
measured by weighing method
as well as by using
Heidenhain depth measuring
device. CR-39 and ZnP
glass plates were used as
track detectors. The .

target-detector assembly is Heovy ion beam SSNID_‘
shown in Fig 1l{a}.

DETECTOR

(b)

2.2 The Irradiation Geometry

The target detaector
assemblies (Fig.l(a}l] were
mounted on glass-plates and
then these were exposed to
13.0 MeV/u 129%e and 209%i
ions at UNILAC, GSI
pDarmstadt. The irradiations
were done at 45° using an Fig. 1
jon fluence of about sx104
emn~2, Fig.1(b) shows the Diagram showing
irradiation geometry used {a) target-detector assembly
in the present work. and (b) the irradistion geometry
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2.3 Chemical EBtching and Measurement of Nuclear Tracks

The latent tracks caused due to trasmitted ions in CR-39 and
ZnP-glass detectors were etched in 6N NaOH at 60°C. While CR-39
was etched for a period of 1-3 hours, the ZnP-glass detectors
were etched for a shorter time ranging from 15-~20 minutes. The
etched detectors were then marked at the edges into equi-energy
zones. Nearly 100 fully etched tracks from each zone were
measured and the most probable true track lengths were obtained
from the length distribution curves.

2.4 Experimental errors

The accuracy of ion beam energy of UNILAC is * 0.1% and the
degraded energies from calibration curves are accurate within t
0.5 MeV/u. The variation in target thickness was estimated to be
< 5%. The track lengths were measured within a typical accuracy
of @« 1.5 um. From these, the error in the measurements of mean
ranges was found to vary between 5-10%, except for the ion
energies below 2 MeV/u at which it ranged upto 15%.

3. RESULTS AND DISCUSSION

The calibration curves for 129x= and 2095i in CR-39 and ZnP-
glass have been constructed. Fig.2 and Fig.3 show such
calibrations in zZnP-glass for both 12%%e and 299Bi upto 13.0
MeV/u. With the help of these calibration curves and the measured
track lengths 1in the detectors, we have obtained the values of
energy lost by projectiles after transmitting through targets of
thickness x. From these data the energy-loss curves for 2098i in
Al and 129Xe in Kapton were constructed and shown in PFPig. 4 and
Fig. 5 respectively. It has been found that the thickness of Al
(Ry) required to stop 13.0 MeV/u 20983 jons completely is equal
to 115 ¢t 2 um. The corresponding thickness of Kapton for 13.0
¥ Y/u 129Xe was found to be 168 £ 3 um. Using energy-loss curve
and the values for R;, the mean ranges of 129XQ in Kapton and
209g; in a1 at several energies have been determined. The range-
energy plots for these ions in Al and Kapton are shown in Fig.é6
and Fig. 7. The theoretical ranges from three different computer
codes (a) RANGE19 (b} TRIHZO and (c¢) code of Henke and Benton
are also plotted in these figures. It may be observed (in Fig.6)}
that the theoretical ranges of 20951 in Al from all the above
codes are fairly comparable with the experimental values while
comparing the experimental ranges of 1 9Xe in Kapton with
theoretical values (Fig. 7)., we have observed that the values
from codes RANGE19 and TRIHZO are in good agreement whereas the
ranges uvbtained from computer program of Henke and Benton 1 seem
to have been underestimated by about 8% above 10 MeV/u. The
present investigation provides a simple and accurate method for
measuring heavy ion energy-loss and mean ranges in elemental and
complex media. It has further supported the earlier vicwsl's
that computer codes TRIM and RANGElg predict quite reliable
values of heavy ion ranges in elemental and composite solids.
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1. Introduction

Passing the GSHNTD (solid state nuclear track detector, charged
particles (protons and heavier) form latent tracks. The parameters
of these tracks vary with the atomic number and the energy of
partizles. It 15 nearly impossible to ohserve and to analyze latent
tracks., we hope that by using the small anglie neutron scattering
(SANS) 1t is possible to get information about the diameter of the
latent tracks after analysina the signals of collective effects of
a big number of tracks. This work 1is the first attempt to get
information abcut latent tracks by SANS on MURN-TEXT facility cof
JINR. Essentially the study of the influence of partial annealing
and of other environmental conditlons on the storage of irradiated

detectors over i long period requires the analysis of the latent

tracks.
2._Some_Remarks_about the_Small-Angle Neutron_‘icattering Method
Small-angle neutron scattering (SANS, is useful as a technique to

characterize matrix inhomogeneities in a variety of materials [1].
SANS glves average information for an ensemble of scattering
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objects. The inversion of scattering pattern to real space cannot
yield specific data of individual scattering centers like a direct
imaging method [2]. Certain models for an 1interpretation of

experimental results are negeded too.

Two regions of the scattering curve are discussed by Pearson et
al. [3]. In the following they are used for the analysis of the
scattering data. At low scattering angles the Guinier

approximation hoids [4].

dz (@) « volume x contrast x V(a‘) X exp[*Qsz / 3] (1)
d concentration 9

and

Q = 4an/) sin(p /2). (2)

Thereby @ 1is the scattering angle, A denotes the neutron
wavelength and Q the scattering vector. Rg is the radius of
gyration of a scattering particle of type (i) with a volume V(a‘).
The radius of gyration is the mean squared distance of all points
within the particle seen from the particle c¢enter. 0On the
spectrometer MURN-TEXT the macroscopic differential cross section
dL/dQ(Q) can be measured in a straightforward procedure and

contains all scattering information about the sample.
3._Experimental
3.1. SANS-Experiments_on_the_Spectrometer MURN-TEXT

The spectrometer MURN-~TEXT (Fig. la) is located on the beam-line 4
at the pulse reactor IBR-2 * of the Joint Institute for
Nuclear Research,Dubna. By using the TOF-method a wide variety of
incident wavelengths (from 0.07 nm to 1.5 nm) is available for
measur ing inhomogenelities on a length scale of appfoximately

' to 7 nm’?

from 1 nm to 30 nm. A momentum transfer from 0.07 nm
ls detectable. At sample position a neutron flux from ( 6 108 to
3.7 107 ) om™?sec™! exists [5,6]. A detailed description of the
SANS-spectrometer MURN-TEXT is given in [7,B]. By means of a
vanadium scatterer placed into the direct nrfutron beam the

macroscopic cross section di/df) (Q) is measurable.
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Layout of the spectrometer MURN. The numbers denote: 1 - active
core of IBR=2; 2 - grooved moderator; J - slow rotating beam chopper;
4 - first variable aperture collimator; 5 - monitor counter; 6 - 2nd
variable aperture collimator: 7 = cartridge with samples; o - internal
scatterang standard: 9 - one Of two assemblies of scattering detectors:
10 - direct beam detector
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Guinier-plot of non-irradiated SSNTD against air.
The procedures "annealing” and "UV-irradiation” show no
changes in the structure of the material
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All samples were put into a sample holder which consisted of six
circular hollows. The scattering signal of one irradiated foil

thickness of about 62 um ) is too low for analysis. Therefore we
used a stack of 15 SSNTD (total thickness of about 0.93 mm). The

diameter of the samples is 40 mm. At sample position the neutron

beam cross section is of about 1.5 cmz.

3.2_Heavy_Ion_lIrradiation_of _SSENTD_and_Measuring with SANS
For the first attempt it was investigated the poessibility of
analysing latent tracks i1n SSNTD. We used POly‘?ﬂlyl"-nft‘I""PhLﬂcﬂv
(PETP) fo1ls (Lavsan) and operated with two parts of foils from
the same party, (i) irradiated with Ti ions perpendicularly to its
surface, (ii) non-irradiated to get background signals. Their
radiations took place at the U-400 heavy 1on accelerator in the
Laboratory of Nuclear Reaction of JINR. The energy of the Ti-48
lons was 5.5 MeV/nucleon. The track density shall be as high as
possible, but the tracks shouldn’t overlap each other. From this
reason the latent track density shall be of about 10 Moem 2
After a first SANS measurement all detectors were annealed at 160
degrees Centigrade) during 30 minutes and were measured once more
by SANS.Next step was irradiation of the foils by ultraviolet (UV)
ligth during three hours and measuring by SANS.

3.3._Experimental_Results

Fig. 2 represents the results of the neutron scattering data of
non-irradiated with heavy ions SSNTD. There 1is no difference
between the three steps of procedure: (i) wusual foils, (1ii)
annealed folls and (11i) annealing plus UV-irradiation. The peak
of the curves depends of the structure of Lavsan. The peak doesn’t

change by the procedures of annealing and UV-irradiation.

The very big difference of the =scattering signal between the

detector urradiated witte te-avy dons  arnd non 1rradiated one is
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demonstrated in fig. 3. The procedure of annealing and
UV-irradiation was repeated with the detector containing latent
tracks. Fig. 4 shows the scattering curves. The scattering signal
of annealed detectors strongly decreases. There 1is not any

influence of UV radiation after annealing of latent tracks at that

conditicns evident.,

The calculated radii of gyration are shown 1In fig.5. The
background measurements (Fig. 2) for this calculations are used.
The radius of gyration 1s of about 8 nm for normal radiated foils
and about 4 nm for foils with annealed latent tracks.

For the further interpretation of the scattering data.via modeling
additional data about the latent tracks are necessary (form of
latent track; i.e. the density distribution parallel and
perpendicular to the track axis, exact track density of the
irradiated region, 1i{.e. homogeneity of the track distribution,

etc. ).
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THE DEVELOPMENT OF A NEW TECHNOLOGY
FOR PREPARING AgCL(Cd)-DETECTORS

Bradnova V.,Kulikova S., Nevzorova N.

Joint Institute for Nuclear Research, Dubna

The development of the technology for preparing AgCl (Cd)
- detectors by means of fusion leak 1.2 yas accompanied by

some experiment based on pressing.

High chemical activity of silver and mechanical
properties of silver chloride bhave defined both the shape of
press moulds (PM) and its protection by means of some thin
film. As a result, the classical PM has been replaced by a PM
composed c¢f six separate blocks placed inside a rigid frame.
Fig.1 shows the PM seen from above. IL is manufactured from a
steel prone to tempering up to 60-55 uniits with a high
quality (7th class) mechanical processing of its surface. The
best protection film has been made by vacuum deposition of
titanium trinitride. As a result, the finished surfaces have
no corrosion traces after 50 cycles of repeated usage.

Plates have been manufactured by means of the DP-36
pressing machine with a maximum pressure of 500 KP/cm?. The
plates have a 6x35 mm’ size. The thichness of 0.8 and 1.2 mm
is due to initial raw material portions of 1.5 and 2.5 g,
respectively. The raw material is a silver chloride doped
by 0.05 MX of Cd in the form of powder and grains.

The plates have been subjected Lo a standard sintering
procedure. By means of a cold rolling there has been
manufactured a foil 0.15-0.2 mm thick.

Radiation testing of the deteclors has been realized with
210p5 o - particles. The process of development consists in
visualizing particle tracks by the light: with 405 nm
wavelength (the light source is a KGM-30 lamp) with a light
source - detector distance of 15 cm and the development time
of 30 min for bolh sides of the detector.
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Fig.ll Press moulds from above
The powder - made detectors produce no tracks, while the
grain -- made ones exhibit black noninterrupted tracks on both
sides,
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LOW REGRESSION NUCLEAR EMULSION FOR v+-EXPERIMENTS

Maleev A.M., Myltseva V.A. (NIIKFP)
Egorov 0.K., Kolganova E.D., Pozharova E.A., Smirnitsky V.A. (ITEP)

Neutrino experiments require several months exposure [1,2.3] to get reasonable statistie-
for physical aims. But for new experiments, for example CERN WA 95 experiment for seancls
neutrino oscilations (v, < v,), the emulsion must conserve the main quality during one two
years [4].

In NIIKEP under leadership of V.AMyltseva the modified fotoemulsic: . gels were synthie-
sized. Nuclear emulsion from each one had regression time more than one yea. [5]. Regression
time means the time, when grain density becomes 20 grains/100 mkm. (Our definition}.

At first, it is necessary to understand how to estimate a time. using accelerated regression
test, during which it is possible to use fabricated nuclear emulsion.

Standard NIIKFP emulsion BR-2 samples have been tested to estimate the fading cffeets
for time intervals in real time and compare it with fading effect under conditions accelerauted
regression test NIIKFP (Point 7 on Table 1: Point 6 shows residual sensitivity after one year}..

Table 1
NN  time interval betwcen restdual grain density
exposure and developing
(days) {grains/100 mkm) %
1 0 32.740.4 100.0
2 30 31.2+0.4 95.4
3 120 29.610.4 90.8
4 180 24.8+0.4 75.8
5 365 16.940.3 51.7
6 0 29.940.4 914
7 3 22.0+0.5 67.2
Table 2
conditions grain density ({grains/100 mkm)
&) (s2)
emulsion processing just 38.3+0.7 38.41+0.7
after exposure (100%) (100%)
emulsion keeping after
exposure before processing
under conditions of NITKFP 36.5+0.7 36.3+0.7
(T=20°C, 100% RH) for 3 days (95.3%) (94.5%)
-"— for 6 days 32.34£0.6 29.340.6
(84.3%) (76.3%)
" for 9 days 11.8+0.4 12.5+0.4
(30.8%) (32.6%)
emulsion keeping after
exposure before processing
under conditions of Fuj 36.0+0.7 38.910.7
(T=45°C, 70% RH) for 2 days {94.0%) (101.3%)
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The emulsion samples were exposed by negative pions with momentum 1.8 GeV/c in ITEP
accelerator. The thickness of the pellicles were 600 mkm, and all samples were kept under
temperature 5-10°C. It is possible to see, the accelerated test coincide, approximately, 40
weeks regression in real time.

Table 2 shows the improvement of the stability of BR-2 emulsion [5]. The thickness of that
samples was 100 mkm.

It is possible to propose. that the samnples s1 and s2 can conserve the image of the event
more than onc year.,

We thank V.A.Ditlov, K.Hosino, K.Niu, M.Sakai, and V.V.Shamanov for useful discussion.
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TRACK PARAMETERS OF MULTICHARGED PARTICLES
IN CRYSTALLINE DETECTORS

V.A.DitlovY, V.P.Perelygin®, S.G.Stetsenko?
Y Gosniichimfotoproject, Moscow, Russian Federation
2 Joint Institute for Nuclear Research, 141980, Dubne

In the present paper one of the possibilities of our theoretical approach to application  [1,2
for experimental track analysis of heavy nuclei search in meteorites is considered. In appli-
cation of this approach there are the following difficulties. First, olivine meteorite substauce
parameters should be found. These parameters include -- sensitive region size -~ @Q,; charae-
teristic cnergetic value AE, or (dE/ds),; parameters v-hit and m-target model of sensitive
region response [1]. Second, the information on a spatial distribution of the local response
by the track volume or on surfaces of equal response probabilities does not permit to obtain
immediately a geometric form of the etched track or simply its length, as for this additional
calculations of material etching kinetics is required. In the present paper the determination
method for the etched track length relation to the atomic number of the nucleus is proposed
except etching kinetics consideration. For this purpose’a certain effective value of the track
section similar to biocell inactivation section is introduced [3]:

o

aum(R) =27 [(PY (o, R)"p dp, (1)

here: R is the residual path of the recorded nucleus; (P} (p))™ is the probability of the local
response appearance at p distance from the track axis in the v-hit and m-target model in a
cross section of the point R.

The relation energy—nucleus path as well as the energy losses were calculated by Spencer
algorithms [4]. The energy distribution of §—electrons was taken from paper [5], but in
the application it was re~normalized so that the total energy of a é-electron current would
coincide with the energy spent by nucleus on collisions with atomic shell elecirons according
to Steward [5]. For determination of four olivine parameters ao, (dE/ds),, v and m the
experimental data on the etched track lengths of the following nuclei were used: Z = 24; 26;
28; 32; 36, for which the lengths are equal to Lyg == 8.5; Lgg = 13.5; Lgg = 21.0; L3; = 37.0 and
L3 = 68.0 um. The material etching process determines the necessity to introduce additional
parameters. The critical parameter oo will be additional parameter to four parameters.
Assume that the track will be etched only in case if the track effective section value exceeds
this critical parameter go. In this case only the section of the nucleus track between two

equal track sections will be etched:
o,m(R1) =0,m (R2),L = R; — R;. (2)

The search for olivine parameters was made in the following way. First, the coefficients
of the quantity < £"e~¢ > expansion in terms of Legendre polynomials as a function on the
angle Bo of electron emission for discrete energy spectrum were calculated and recorded in
the data bank. These calculations were made for seven values of the sensitivity characteristic
value (dE/ds), and for models with » = 1,2,3 and 4 (the values (dE/ds), from 4.8 to
26.15 keV/um). Each subsequent value is twice as large as the previous one. For the sensitive
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region radius four values ao=5., 10., 15., 20. A were taken. Then the values o,, were
calculated and recorded in the data bank. The parameter “m” was changed from 1 to 12.
Thus, for calculation of the values o,,, 1344 combinations of the detector parameters were

considered.
The idea to select the most probable set of detector parameters was connected with the

2
(aoJl - 00,3') (3)
1
a0, + 00y,
liere, indices jj, jz, numerate calibration nuclei. The values oo, are determined for each

j- track separately. If values for different tracks with given set (ao, (dE/ds),, v, m) are more
consistent, then the functional value (3) is lower and this parameters value combination is

search for a functional minimum:

dE
F(”"e(jg')w"v’") = Z

.32

more probable.
A few words about the scarch for go, values. First, by known values L, such points of

the nucleus trajetory were found at which the equation is valid:

(JE[ds)p=s, = (dE[ds)n=s, +1. (4)
Then for effective values caleulation (1) the following six cruss sections of the track were
chosen:
Si+ S5;
R\ = 51, Rs = Smor/2. Ry = Smar R = 222 Ry = L Re = 5, + L, (5)

where 8,7 1s the point at which the nucleus energy losses are maximum.

After determination of the values at these points by linear interpolation sucl points of
trajectory were scarched for at which equation (2) was valid. The values oo(R) at these points
were taken as oo for a given set of detector parameters of the j-th nucleus. After sanpling
of all the calibration tracks the value of functional (3) was found.

The calculations wade according to this scheme have shown that the minimum value of
the functional is obtained with the following set of paraineters:

Q. = 15A;(dE/ds), = 9.6keV/pm;v = d;m = 1. (6)

Here, the critical value of the track cross section appeared to be oo = 0.0002693 ;im?, that
gives for the critical radius of an effective cross section at the etched track ends p.s, = 92.6.4.

The funictional (3) behavior along the sections of space (Q,(dE/ds),, v, m) passing througli
the found point (5), is shown in Fig.1. As it follows from the presented curves, the functional
{3) minimum is peaked for all the parameters except for parameters ao on the side of its low
values.

In Fig.2 the dependence for xenon nucleus Z=54 is presented. The etched part of a xenon
nucleus track designated by the dashed line is L=242 um. Note that points of the nucleus
trajectory with equal energy losses do not coincide with those of equal track section. For
cxample, for nucleus Z=36 the track points with specific losses dE/ds = 0.1077x10° kev/um
being 68 um apart, have coordinates S = 7.528 um and S = 75.7 um while the points being
the same distance apart, equal to the etched track length value, and with cqual oo lic i the
points §) = 12.7 um and §; = 70.7 um.

In Fig.3 the dependence of the estinated lengths of etched tracks on the atomic number
Z is presented for all the atoms of the Mendeleev table and also for nuclei near the stability
island Z=114,

It is necessary to note that the search method of the etched track Jengths L by criterion oo
yields the largest error in the region of high Z, though this region is important for superheavy
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Fig. 1. Behavior of functional (3) over parametric sections of space (Q,),
(dE/ds),,,m) passing through the obtained point (5).
— — — - dependence of the minimized functional on v;
—————— dependence of the functional on the sensitive region radius Q,;
———— - dependence of the functional on parameter (dE/ds),;

- dependence of the functional on parameter m
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Fig. 2. The dependence ¢(R) for a xenon nucleus Z = 54.
The estimated length of the etclied track Lgy = 242 pm

nuclei identification. This error results from the fact that for high Z the dependence oo(R)
is very weak and little mistakes in go value may lead to large mistakes for etched track
length L. To determine L(Z) dependence in this region of Z more accurately it is necessary
to supplement calibration calculations by calculations of olivine etching kinetics.
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Fig. 3. The estimated dependence of etchable track length L
on atomic number Z
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REGISTRATION CHARACTERISTICS OF THE NEW "CZ"-TYPE
NUCLEAR TRACK DETECTOR

L.L.Kashkarov(x’, S.V.Stovbun(xx), V.P.Perelygin(xxx)

(x) Institute of Geochemistry and Anelytical Chemistry, RAS,
Moscow, Russia. (xx) Institute of Chemical Physic, RAS, Mos-
cow, suseias. (xxx) Joint Institute for Nuclear Research,

Dubna

The regietration characteriatics of the new "CZ"-type
SSTD has been Btudied using ol-particle track parameters.
The "CZ"-plates esbout 1 mm thick were irradiated with ol -
particles from 239Pu source with Bmax' 5,16 MeV. The more
smaller (up to 0.5 MeV) energy O -particles were obtained at
the corresponding alr distagnces. The volume formation of the
traeck cone was traced by means of the step-etching procedure
in the 6§ NaOH solution at the temperature T=(6541)°C. For
this the exposed detector plates were etched in the sam:
conditions during from 1 to 9 hours. In the first etching
step (after 1 hour) only very small (diemeter DZ 1 jum) pits
were observed on the plate surface, irrsdiated by the 0.5-1,0
MeV Od-particles, In Fig.1 D-values, obtained for the
normal oriented O(-tracks are shown as a function of a total
etching time, As is seen after 9 hours D-values for the ¢ -
particles with B < 3 MeV 1ie in the intervel (15+1) mm. Ap-
proximately half of this value equals: s surface layer of
thicness Ah,removed du= - - £

Energy MeV

ring totel track develo- mm

pment time,that gives 41 ?é:g

about (Ah)=(0.7540.05) ,zf 20 -0

fam/hour. | 30 -
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Meamsuring of the ba- 0-
sic geometry parameters
[1] for the tracks in - )
clinated to the exposed 6/
surface under different 41
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energy. The preliminary data give the maximal L values for
the ¢{-particles with 3 and 5 MeV egual to 13 and 18 pam, res-
pectively.

The observed smallest track-surface inclination engle
waa'about 10 degrees, that characterised "CZ"-type material
as one of the higkh-effective plastic track detector.

One of the main characteristics of the solid state track
detectors (SSTD) is the relation between Vo corrosion velo-
c¢ity along the track length and V; general dissolution ve-
locity of detector surface (bulk etching). In the first ap-
proximation, when V1 and Vg are the constant along the
track, its formed shape would be near conical and the opening
hal fangle is Q=arc-sin V. /Vy [2],

The mostly exact measuring of the V;/V;-relationship can
be obtained by meane of the being as possible long tracks
which can be formed by the high-energy charged h: <y ions,
With this gim we have used the accelerated (E=9.1 meV/nuc-
leon) 2°Re iona, Irradiation was performed in the Joint In-
stitute for Nuclear Research Heavy Ion Accelermtor, The
step-like chemical etching of the tracks inclined under 30°
angle to the irrediated 3STD plate surface was performed in
the same condition. The results of measuring of some geomet-
ry parameters (see Fig.2) for the 20y, tracks are shown in the
Table,

Table. The parameters for the
2°Ne accelergted ion tracks in
"CZ" SSTD
Pig.2

Etching Track diameter Track

tinme, ST ) S length N

min” :.I.) ............. U&E)_- %\

120 2- 4 <1 £0- 85 404 AN

240 5- 6 1 130-140 Fi&€:3 | \}\

360 8-10 2 150-170 ” \%\
240 ____ 13-15 . 6__185-130 o M0 0 480 tmin
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The obtained results indicate that in the "CZ"-type SSTD
the total observed track length for the us:. 2°Ne ions
Lmax = 190}1111 that was achieved after ~ 540 min of etching
time, TT/VG relation during etching procedure decresases
from 55 to 27 as it is indicated in Pig,.3,

References: 1, Hence R.P., and Benton E.V, 1971, Nuecl.
Instrum, Methods 97, 483. 2, Fleischer R L,, Price P.B.,
Malker R M,, 1975, "Nuclear Tracks in Solids", Berkeley Univ.
of Calif, Press, 605 p,
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FISSION TRACK DATING AND THERMAL HISTORY ANALYSIS:
RECENT ADVANCES USING SURFACE TRACKS

M. Rebetez, A. Chambaudet and M. Grivet

Université de Franche-Comté¢, U.F.R. des Sciences et des Techniques,
Laboratoire de Microanalyses Nucléaires, 16 route de Gray, F-25030 Besancon Cedex

France

ABSTRACT

Fission track dating is already commonly used to retrace the thermal history of rocks. A rock's
thermal history can be traced by first determining the fission track age and then by measuring the
track lengths. Major advances have been made on the study of confined track lengths. For this
reason, we wished to fine-tune the method by reinvestigating surface track lengths, which seem to
provide additional information on thermal history.

A new tool for length measurements and a more up-to-date analysis of length distributions are
presented. This information helped us to devise an original age correction method and a new

instrument for chrono-thermometric investigations.

INTRODUCTION

Many geochronological methods can be used to retrace the thermal history of a rock. Each of them
has its own chronometer which is set off at a given temperature. These methods include mainly
U-Pb, Rb-Sr and K-Ar, which use the natural radioactive elements of minerals,

In fact, there is a continuous series of chronometers which can be combined to retrace the complete
history of rocks. The time interval between the ages of two chronometers reveals the cooling iate
which the rock has experienced since its geological setting. This characteristic has been largely
developed to come up with a cooling curve, by using either the fission track method with another
method, or several fission track chronometers with closing temperatures that are different enough
from each other.

Apatites, sphenes and zircons are the three main fission track chronometers.

But the final cooling period, for temperatures below 150°C can only be described by conducting a
fission track study on apatite.

Moreover, for mincrals with a complex thermal history, traditional chronometers do not provide any
thorough information on the cooling history (Rebetez, 1987).
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In actual fact, a detailed study of only one chronometer such as the apatite-fission track couple can
provide very precise information which enables two different complex thermal histories to be
differentiated.

FISSION TRACK DATING

Uranium 238 contained in minerals can fission spontaneously, thus creating damages called 'latent
tracks’ in crystallographic structure. To determine the concentration of uranium, the sample may be
irradiated by a known fluence of thermal neutrons which induce the fission of a finite number of
uranium 235 atoms. Therefore, the fission track dating method is based on the ratio of a density of
fossil tracks over a density of induced tracks. This ratio is a measure of age because the decay
constant of uranium is quite clear.

Induced and tossil tracks are usually etched on a polished surface cut through mounted grains of the
mincral being examined. Only tracks crossing the polished surface will be etched and optically
counted. Various environmental factors, but mainly temperature, can affect the stability of fossil
tracks over geological time, leading to a reduction of the mean etchable length and thus to a lower
fossil track density.

This is why the apparent fission track age, determined in this way, only means something in
geological terms when there is no length reduction. Experimentally, this is the case in volcanic rocks
which have experienced a very bricf cooling period and have not undergone consecutive reheating.
But a more general case of intrrest corresponds to the study of rocks having experienced partial
heating after their setting. In petroleum exploration, the temperature zone of production and
maturation of hydrocarbons is located between 60 and 120°C and corresponds exactly to the closing
temperature of fission tracks in apatite. Fossil track fading is, then, a very good indicator in studying
the thermal history of sedimentary basins. The entire fission track length distribution--not just the
fission rack age--must be studied because all tracks carry a complete baggage of thermal information
dating back to when they were formed.

CONFINED AND SURFACE TRACKS - BIAS OF CHEMICAL ETCHING

Fossil tracks due to damage caused by uranium fission fragments are produced in the bulk of a
mineral. But it is impossible to directly obtain the latent etchable length of a track. To be observed
with an optical microscope, the minerals are polished so that an internal surface is obtained. This
surface generates a population of latent tracks having a distribution of Iengths displayed from 0 to the
maximum. These latent tracks are called surface tracks and are measured after undergoing chemical
etching to provide a semi-track length distribrtion. The measurement of the projection of these tracks
on the polished surface can easily be obtained through experimentation. The theoretical distribution
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has a triangular shape (Dakowski, 1978), but chemical etching disrupts this ideal distribution. It has
been shown (Chambaudet et al., 1986) that the etching time and the choice of the concentration of the
erchant greatly influence the shape of the distributions. This explains why the operator cannot
observe shorter tracks and shows the complicated distributions for overetching conditions.

Another observation technique is related to the measurements of confined tracks. The lengths are
only measured into the bulk of the mineral on horizontal tracks for which the etchant operates by way
of a previously etched surface track or by a crack in the crystallographic structure. If optimal etching
conditions are used (Rebetez et al., 1988), the confined track length distribution is directly
representative of the bulk latent track distribution. Ideal in the beginning, this technique is
unfortunately restricted to samples having a sufficient uranium concentration so that the confined
track counting provides good statistics.

This is why much credit has been given to the studies of surface track length diswributions. Among
the advantages of this method is the fac that it can be applied to a wider range of track densities
using fewer samples and without having to use overetching conditions.

Nevertheless, care must be taken in interpreting surface track length distributions in order 1o
differentiate between the bias introduced by polishing and etching and the real value of thermal

annealing.

MATHEMATICAL T'™ULATION AND CHRONOTHERMOMETRIC
INTERPRETATIONS

A mathematical model was suggested in order to gather thermal information from the Projected Track
Length Distribution, or PTLD (Grivet et al., 1992a). The basic idea of this model is that the fission
track population in an apatite is compused of several sub-populations of tracks with different etchable
lengths.

The mathematical expression of a PTLD of all samples is given, with respect to the triangular
frequency distribution of a single population of tracks shown by Dakowski (1978). Consequently,
any difference in the PTLD between the fossil track population and the induced rack population can
be expressed in terms of annealing.

Unlike other age correction methods, this theoretical approach may be applied to samples which have
experienced a variety of thermal histories. Rather than giving one corrected fission track age, with
this method, the age function can be drawn. This graph provides:

- the type of thermal history,

- the time of entry into the partial annealing zone, around 120°C for apatite,

- the time of entry into the total track length stability zone, around 60°C,

- the actual reduction rate.
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Different simulations have been made to correlate the shape of the age function with several
distinctive thermal histories:

- a slow cooling in the partial annealing zone,

- different reheating up to the 120°C limit,

- a thermal event.

The calculations show that any thermal step can be differentiated in the graph and enable the time-
temperature relation to be quantified.

This concept was then applied to geological samples, first on standard material then on geological
samples whose thermal history was already determined.

In Durango apatite, the theoretical age function was found to fit the data for ~ 5% annealing, leading
10 a corrected fission track age of 334 Ma, in good agreement with the literature (Jonckheere et al.,
1992).

In a second sample of the Durango apatite, a bimodal track population was artificially generated by a
partial annealirc of the fossil tracks in addition to neutron irradiation, generating an induced
unannealed population of tracks. The calculated PTLD is also in good agreement with the
experimental distributions.

Other experiments (Grivet et al.,1992b) have resulted in another potential standard material. The
apatite 88-5 was first distributed for the 1988 interlaboratory experiment. It is a fragment of a single
crystal from a pegmatite of the late Precambrian Grenvillian structure in southeastern Canada. The
age function derived from the PTLD shows a convex trend, which is typical of a single population of
tracks, with an annealing rate of ~ 15%. The corrected age is consistent with the value of 184115 Ma
proposed by Van den Haute and Chambaudet (1990).

Presently, the PTLD and the age function concept are the only way of obtaining information on the
thermal history of rocks after the sample has last been cooled at ~ 120°C. The method is limited,
however, due to its lack of precision in the measurements. For this reason, a minimum of 1000
fossil and induced tracks has to be measured 1o obtain reliable results.

ATOM: A SOFTWARE PROGRAM DEVELOPED TO ANALYSE TRACK
CHARACTERISTICS

From an equipment standpoint, only automatic systems developed specifically for fission track
analysis have the precision and can count a large number of tracks needed to provide reliable results.

This is precisely why we developed ATOM, a software program for performing input operations of
data such as track densities, lengths and orientations of tracks (Rebetez et al., 1991). The system
consists of a microscope equipped with a drawing tube, connected to an IBM compatible computer
by a digitizer. The resolution of the system is good enough to analyze track lengths within half a

micron.
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The software program was written in Turbo Pascal (a Borland, Inc. trademark) and is compiled in an
execution file requiring 200Kb to work. Much care went into the design of ATOM to make it user-
friendly and ergonomical, thus reducing eye strain and measurement time. The computer monitor is
broken down into three sections. The first section is the menu which lists the various available
options. The second section is an information line and a window which display information on the
current measurement being taken. The last section shows the grid of the occular with all track input
indicated. A cursor moves simultaneously with the bitpad mouse, which enables the user to perform
any function, whether it is measuring a track, counting, erasing, or selecting an option in the menu.
The main menu of the software includes a few utility options. The "Bitpad” option is used 10
correlate the screen grid with that of the microscope. The "Calibration” option is used to input the
calibration coefficient from the keyboard or by measurements with the bitpad by using a micrometric
grid.

The main three options, however, are the "Lengths and Angles Study”, "External Detector Method”
and "Population Method"; these last two options are dating methods.

For each option, no data input can be plugged in before entering the measurement characteristics.
Tracks are then drawn on the sc: een of the computer but may be erased at any time just by clicking
on them after having chosen the "Erase” option in the menu.

When measuring leagths and orientations, a statistical menu is available which displays the track
length distribution between two modifiable limits. The graph of orientations can also be obtained in
this way, and statistical data such as the mean value, standard deviation and number of tracks
counted are given,

When dating by the external detector method, each grain of the mineral is analyzed individually. To
save time in the recognition of their exact images in the detector, we added a module to the software
for automatic positioning of the motorized stage of the microscope. A sequence option allows the
programming of successive positions of the stage to date a series of selected grains, so the
microscope stage moves automatically between the mount and the detector. Finally the fission track
age is calculated and the plot of individual grain ages is displayed or may be printed out.

In every case, all data are registered in files which may be read on IBM compatible or Macintosh
(Apple) computers so that any further statistical analysis is possible using commercially-available
standard software programs such as Excel (Microsoft).

CONCLUSION

Major advances have been made in the fission track dating and thermal history analysis of surface

tracks.
A very low-cost semi-automatic measuring system using the ATOM software program quickly takes
a large number of reproducible measurements.
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When interpreting fission track analysis data in apatite, the age function concept, based on the
mathematical model of the Projected Track Length Distribution (PTLD), provides very useful
information on the type of thermal history the mineral has undergone. This information enables the
reduction rates and the date of entry in the partial annealing zone, and more generally the time-
temperature functon, tc be quantfied at temperatures below ~ 120°C.

The surface track analysis method, used in addition to the confined track analysis method, is a
reliable means of calculating the final cooling temperature of a rock.
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CLUSTER  EMISSION OF 11433
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Utenkov V.K., Shirokovsky I.V,

thoratory of Nuclear Reactlions, JINR, Dubna

Introduction
The first theoretical predictionr of cluster decay probabillties In new

region near nuclear shells Z=50, N=50 were made In the work [1]. The most

favourable variant according to these estimates is "‘Ba -+ lzC (Q=18-19 MeV).

However, the value of relative probability of cluster decay (“10—9) required
excessively much time (years) for its studylng on accelerators because of low

production cross-sections of neutron-deficlent nucleus "‘Ba. Theoretical

calculations of cluster decay probabllity of Tiga performed in the work [2]
glve values of this probabllity of 6-7 orders higher than [1,3) using the same
nuclel masses. The results of calculations of a-decay probabllity performed in
these works coincide. The estimations accuracy s small because of great
indefiniteness in nuclel mass predictions in this region. Other source of

calculation uncertainty 1s the absence of correct data on life-time of Wpa

relatively to a and B-decay. Extrapolation of different literature data showed

that the total halfiife '“Ba 1s about 0.1-1 s.
There are two methods of 1lts production:
1. in spallation reactions with proton beams (a system of the ISOLDE-type);
2. in nuclear reactlions induced by heavy lons.

1n4

The reaction ~°Ni(*°Ni,2n)"*Ba was chosen for this purpose. The cross section
2

cal.ulations of this reaction give the value of ~10°° em®. In this paper there

will be presented the flrst experimental data observation by dlelectric detector
114

on searching for cluster radiocactive decay of = Ba.

Experiment

a. Irradiation. Internal SBNI be'm «f the U-400 accelerator for effective
use of the maximal intensity of lon . . : .s used. The experimental arrangement

designed for the investigation of -+~  .nd nuclel decay is shown schematically
in Fig.1 (4). The %®Ni beam was inciden. tangentially upon the lateral face of a
hollow cylinder placed vertically, which was rotated with angular velocity of
10 rev/s. The lateral face was covered by 3 mgsem’ of "™!Ni deposited
electrochemically. This layer served as the target and recoil catcher
simultaneously. As the angle between the beam direction and the cylinder surface
is very small, the Ni layer is thick target in which the reaciton excitation

function is Integrated from the Coulomb barrler to E . The maximum energy of
max
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the internal 58Nl beam was chosen to be equal to 280 MeV. The integral lon flux
on the target was about 4.5-10” ions. At a distance of 2 mm the rotating target

was surrounded by dielectric detectors

Nt -torget
shielding S8Ni-beam
Fig. 1. Schematic view b 4 \
of the experimental
device for detecting

i
short-lived cluster decay \\

e

polycarbonate
The time of one cycle of rotating target was chosen equal to 0.1 s in
accordance with estimate of partial period of p-decay "‘Ba (70.1 s) which
evidently is the main decay channel of thls nucleus.
b. Detector. Different products are formed as a result of the Hipga decay:
IZC . Il‘)ZSn

26 = “He + "Xe

B. . Il‘cs

For reglstration of 2¢ clusters there were used polycarbonate detectors
(Makrofol, Bayer) of 185-um thickness.

Preliminary the detector calibration was performed by extractea beam of the
C ions with the energy of 7-24 MeV at different angles to detec¢tor surface and
‘by alpha-particles of z:':'U source usling different absorbers for their energy
change.

It was established that this detector registers the 2c ions starting with
the energy of about 0.1 MeV and higher but alpha-particles only with the energy
less than 2 MeV. The detector etching was being performed in 20% NaOH at 70°C
during 2 hours.

The alpha-particle tracks 1look 1ike a point background. The other
background source could be the recoil nuclel tracks producing by the scattering
of a-particles and fast neutrons from the ion beam on light nuclei of detector
material.

The number and length of etched nuclear recoil tracks were determined in
special calibration experiments. One part of detectors irradlated by ¢ ions
was éxposed in 2n geometry by alpha-particle flux of about 10a <:u|'z and with
energy about 4 MeV. The other part of such deteciors was 1rradiated by fast
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neutrons at an angle of 15° to the *He beam accelerated on the U-200 cyclotron
to 9 MeV/amu (total *He flux -~ 7.10'%) and stopped in Al target. The f{fast
neutron flux was measured by the 8y calibrated target in contact with
dielectric detector (Mellnex-0) located close the polycarbonate detectors.

After the etching the number of nuclear recoil tracks was , counted by
microscopic scanning. The density of such tracks after alpha-particle
irradiation was about 2 crn_2 with length =4 um; after neutron irradiation there
were observed less than 10 tracks/cm2 with length =9 um.

In experiment Rk TS 58Ni (280 MeV) a background of etched nuclear recoil
tracks (number and length) connected with fast neutrons was measured after the

etching on the back detector side.

Results
The results of irradlation are presented in Fig. 2. For three days of
irradiation the:re were obtained ~10 tracks the length of which was in the

Mpa. Neutron spectrum on the beam of 585

expected range for cluster decay of
turned out to be essentially more hard one than that in the background
experiments which were carried out on the beam of ‘He with the energy of
9 MeV/n. In time 1interval of ~0.1 s they uniformiy distributed within the
statistics. In terms of calculated cross-section of the reaction 58Ni(seNi.
2n)"4Ba is ~107° cmz. target thickness is 3 mg/cm2 and integral lon flux with
the energy of 280 MeV is 4.5-]0”, the total number of obtained nuclei “‘Ba is
~10". Taking into account of cluster registration efficiency ~8% (from 4an
geometry) it follows from our data that AU/AMhI 5107, It is necessary tlo
note that experimental results presented here are preliminary ones.

100 T LR | Y 18
i expected
_:,’S' . specztrum
1
.E_ - C/
'6'50- ¢
[
b3
g -
o]
0 & 8 12 16 R,um
1 1 .

L 1

1 6 10 14 E,Mev

Fig. 2. The etch track length distribution obtained on detector side 1 (solid

curve) and detector side 2 (dashed curve) (fig. 1)
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In future experiments one should improve the effect-background ratio at
registration of IZC clusters. On the internal beam it can be done due to maximum
possible energy decrease of bombarding ions. This wlll lead to neutron yield
decrease and energy spectrum softening. The experiments on extracted beam could
be a radlcal solution. In this case, one could provide the production of thin
layers of "‘Ba due to their stopping in gas and the following collection by -
helim-jet, electrostatic method or absorption. Consequenly, we will have the
narrow energy spectrum of 2C near 17-18 MeV. However, the effective cross-

section for cluster yleld (;‘10'35 cmz) makes high demands to the beam extraction

efflciency.
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MEASUREMENTS ON CARBON AND OXYGEN RADIOACTIVITIES OF HEAVY NUCLEI
WITH NUCLEAR TRACK DETECTORS
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Istituto di Fisica Generale Applicata dell’'Universita’ di Milano and
INFN, Sezione di Milano, Italy

ABSTRACT
We present results obtained with phosphate glass nuclear track detectors on
recently measured exotic decay modes of 22BTh and 225Ac via %o and ¢

emission respectively.

I - INTRODUCT .ON
The recent outburst of experimental results on exotic (cluster) radloactivity
is certainly mainly due to the availability to the nuclear physics community
of detectors such as those celebrated in the present conference, SSNDTs.
All but two of the 22 cases of cluster decay of heavy nuclei investigated up
to now (1) have been studied by means of properly chosen plastic or glass
detectors. In fact it is easy to optimize their response to the particular ifon
being searched for (in the 2 range 6-14), while keeping a threshold high
enough to reject the background of a particles emitted together with heavy
clusters 10'0—1016 times more frequently.

In our laboratoiy in Milano we started to investigate heavy cluster
radioactivity since 1988 by using mainly the following types of SSNDTs:
1 - the polyethylene terephtalate MELINEX
2 - the phosphate glass PSK-50
3 - the phosphate glass BP-1
We used Melinex film for a long-time, large area experiment with a 2:’zTh
source at Gran Sasso underground Laboratory to detect spontaneous fission and
Neon radioactivity, which is still in progress; PS5K-50 phosphate glass was
used in two experiments on 232y (2) and one on =y (3), while BP-1 glass in
the two experiments we will discuss in the present paper, i.e. on 228Th and
225Ac.
BP-1 detector is the glass having the highest sensitivity now available (4).
Its resp~onse is similar to that of a polycarbonate, being capable of
registering tracks due to "C ions with E & 2 MeV/n.
In respect to polycarbonates it has several advantages such as better
transparency after etching, homogeneity and higher tolerability of a background
(of the order of 10™* a/cmzL

57



These features make it an attractive detector In cluster decay experiments.
Moreover the above qualities allow, in favourable cases, an image analyzer
system to be used for the automated scan of the exposed plates.

II - THE EXPERIMENT °Th — %0 + ®™pp
This experiment was aimed at filling a gap between Carbon and Neon emissions,
which have been observed in several experiments in the last few years (1).
When looking at a compilation of cluster radioactivity half lives such as the
one of ref. 5, one sees that the most favourable oxygen emitters are thorium
isotopes, and, between thenm, 228'l'h. which leads, after 20 emission, to the
tightly bound ®®Pb. The Q value is 44.72 MeV.
Using ns a starting point the theor .cal estimate (4) for the branching ratio
Be=a, . /A, = 107" we set up an experiment to collect at least a few °°0
events.
We obtained a (1.84 % 0.09) mC! 2°Th source from the Chemistrv Division of
Harwell Laboratories, UK, and covered it with an hemispherical array of BP-1
glass detectors with a radius of 9.75 cnm.

We kept the system under vacuum for 134 days.
At the end of the irradiation, the detector recelved a dose of 2 x 10'? u./cmz,
which previous tests, based on accelerator simulations (4), indicated to be at
the upper limit of tolerability of BP-1. We etched the plates in HBF , 48%, at
65°C for 40 hours. This etching time was chosen because it allows “ O tracks
to develope till the end of the range of the corresponding ions, while being
largely insufficlent to make '‘C tracks (from “*Ra in equilibrium) visible at
the same magnification (200 X) used to scan the plates.
Manual scan of the etched plates gave 27 events, which were all attributed to
200 after comparison with a calibration curve obtained with heavy ion beams
provided with a Tandem accelerator (Fig.1).
By considering that the global efficiency was 64% of 2x, we obtalned

B, = (1.13 ¢ 0.20) x 107",

This result compares well with the theoretical prediction of the cluster model
of Buck and Merchant (6) and reasonably well with that given by the superfluld
tunneling model of Barranco and Broglia (7). The cluster model of Blendowske
and Walliser (8) and the superasymmetric fission model of Poenaru (5) do
worse, although an order of magnitude should be considered a still reasonable
error for the present day models. Table I summarizes the above comparisons.
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FIGURE 1. Comparison between experimental results and calibration curves for
the 2 — 20 + “’Pb measurement

TABLE 1. Comparison between experimental result and theoretical predictions
for the 2°Th —» %0 + *®pp measurement

Present experiment (1.1 ¢ 0.2) x 10" 13
ASAFM Poenaru, Sandulescu, Grelner (5) 1 x 10714
Barranco, Broglia, Bertsch, Vigezzi (7) 1.7 x 1014
Blendowske Walliser (8) 8.0 x101°
Buck Merchant Perez (8 6.5 x 10714
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III - THE EXPERIMENT “SAc —» '¢ ¢+ H'ps1
14

All of the four parent nuclei which have been found, up to now, to emit C
are Radium isctopes (1). In order to study the effect of the odd proton in the
initial and final states involved in the radioactive transition, we decided to
search for ‘'c emission in the exotic decay of 2Bpe.
The choice of such isotope was motivated by the fact that contrary to the
other neighbour and short lived Ac isotopes, which are also predicted to be
good Carbon emitters (5), zasAc can be readily obtained by B decay of Iits
zaRa and ZEFr Isobars. These nucleil are, on turn, easily produced with high
intensities at a facility such as Isolde (CERN).

We therefore produced a 225(Fr + Ra) beam of (2.1 t 0.4) x 10° atoms/sec

by means of spallation reactions induced by the 600 MeV proton Leam of the
synchrocyclotron of Cern on a thick ThC2 target.
After diffusion, lonization and extraction, the Fr + Ra beam was magnetically
separated into its isotoplc components. After 86.6 hours of {rradiation we
collected (5 t 1) x 10'* atoms of A = 225 in the focal plane of the magnetic
separator of Isolde-2.

We then waited 26.4 days before starting the irradiation of our
hemisphere of BP-1 detectors. The above waiting time was chosen from one hand
to optimize the bulld-up of 2zsAc from 2®Ra and 255
minimize a possible contamination of the source by adjacent masses,

particularly zz‘Ra. which could have been collected because of the finite

Fr, and from the other to

resolution of the separator. We calculated that, during the 26.4 day walting
time, a °“*Ra impurity of the (pessimistic) order of 1/100 would have
decreased to a such low level, due to its relatively short half life (3.66
days), that it would have given at worst one C track in the subsequent
irradiation, no matter the exposure time.

The BP-1 plates were covered with 19 + 1 um Makrofol foils acting as
absorber to improve the signal/noise ratio.
The irradiation, performed in two steps with an interval of 43 days after the
first 21 days of exposure, lasted 86 days.
We followed the decay of (1.7 £ 0.3) x 10
5.9 x 10" a/cn®. We etched the plates in HBF,, 48%, at 65°C for 48 hours.
Scanning was accomplished automatically by means of our Image analyzer

manufactured by Elbek, Siegen (Germany), which was previously calibrated and
13
o}

u 22sAc atoms. The a fluence was

optimized by using samples irradiated with the same a fluence and with

ions delivered by a Tandem accelerator.
In 319.4 cm2 of the irradiated detectors, we found 305 tracks attributed to

"c. Comparison with calibration is shown in Fig.2.
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The resulting branching ratio is B = (7.2 1 1.6) x 1072,
This result is compared with theoretical predictions in Table II.
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FIGURE 2. Comparison between experimental results and calibration curves
for the mAe —_ "C + 2Y'p; peasurement
TABLE ]1. Comparison between experimental result and theoretical predictions
for the ZAc —» g o Mgy measuresent
Present experiment (7.2 £ 1.6) x 1012
ASAFN Poenaru, Sandulescu, Greiner (5) 1.4 x10°%2
Barranco, Broglia, Bertsch, Vigezzi (7) 1.7 x 10712
Blendowske Walliser (8) 2.4 x10 13
Buck Merchant Perez (8) 2.3 x10 13
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The systematic underestimate given by all models can be understood in the

frame of nuclear structure effects related to the unpaired odd proton in Zac

and in 2''Bi.
It is found, in short, that Nilsson levels of the odd proton in the ground

211 and “ac are the same due to their different deformations.

states of
This gives rise to a favourite decay to the ground state of the daughter
nucleus, a situetion which is quite unusual both in &« decay and in cluster
decay of odd emitters.

The above discussion leads therefore to the conclusion that e decay of e
is not "hindered” and should be treated in the same way as transitions from
even nuclei, which are always “favoured” by definition.

When the above interpretation i{s implemented in a model such as the cluster
model of Ref.8, one obtains 8‘z = 4.5 x 10'12 in very good agreement with our

result.

IV - EXPERIMENTS IN PROGRESS

We have briefly discussed in Section I the 23?'l'h experiment at Gran Sasso.
Another experiment in progress is the one on 2:"Pa. aimed at detecting Be
This experiment was designed in order to reach one order of magnitude higher
sensitivity in respect of that of Tretyakova et al.(9), which gave 252 events
of ®*Ne and a null result forlzaF.

Again, BP-1 glass is used under vacuum ln hemlspherical geometry.

We hope to report soon some interesting results.
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INTRODUCTION

Recently, special attention is paid to the possible applications of heavy-
lon beams for the treatment of cancer (see, for instance, Bimbot, 1991). There
are at least two basic advantages of the heavy charged particles use: a
superior concentration of the dose deposition and Iincreased relative
blological efficiency at a depth of the tumor location (Bimbot, 1991; Kraft et
al., 1991). In previous experiments the depth dose profiles were measured and
it was found that a definite part of the dose is deposited beyond the Bragg
peak of primary particles (Lawrence Berkley [Lab., 1977, 1980). This effect
assoclates with the production of nuclear fragments which are lighter and of
the same energy per nucleon that as the original particles. At the same energy
per nucleon the lions of lower atomlc numbers have a greater range in matter
and produce a tall of residual ionization beyond the end of the primary beam
particles range,

The present study is a part of the research being carried out at the IPN
(Orsay, France) and GANIL (Caen, France) aimed at the application of heavy ion
beams for radiotherapy of cancer. The solld state nuclear track détector. CR-
39, was used to estimate the relative fragment ylelds due to interact.ons of
77.1 MeV/nucleon 2°Ne GANIL beam with 9.5-mm-thick water (taken as a tissue-
equivalent material). By means of chemical etching and semliautomated image
analyzer the track diameter spectra at the surfaces of all the plastic sheets
were obtained. The detector charge resolution as well as preliminary results
on relative yields of fragments with atomic numbers from 3 to 9 beyond the

Bragg peak of #\e-ions are obtained in this work.
EXPERIMENTAL

The stack composed of 9.5-mm-water-target followed by ¢50-um- and

400-um-thick CR-39 (TASTRAK) plastic sheets interleaved with 100-pm-thick CN-

63



11 shools 10ehests 13 shoels
Fig. 1. Beam-target-detector setup of CR39 ofCN85 olCR39

85 (KODAK) sheets was evoosed tc a 77.1 MeV/nucleon 2°Ne GANIL beam at a
denslty of about 7.5x10° particles per cm® at normal incidence (see Flg.1}.

After exposure the CR-39 and CN-85 sheets were etched in 6N NaOH solution for
20 and 30 h at 70°C, and 2 h at 50°C, respectively. A semiautomated image
analyzer, MOP-Videoplan (Austria), was employed to measure track diameters at

the surfaces of the plastlc sheets.

RESULTS

The track diameter spectra at the top surfaces of CR-39 sheets number 1, 2
and 3 along wit* detector set (see Fig.1) are presented in Fig.2(a,b,c) as
examples. Similar distributions were obtained for all other sheets of CR-39.

As was mentlioned above, the fragment energy per nucleon is about the same
as that of the primaries. It leads to a monotonic function between the track
dlameter and the fragment charge (Price and He, 1991). Moreover, there is a
linear relation between the track diameter and the charge for light fragments
(in our case, Z=56). For heavier fragments ITN, B0, 9F) the charge resolutlon
is worse because of few reasons. First, there is a nonlinear relation between
the track diameter and the fragment charge, as a consequence of which the
charge resolution decreases with the increasing charge (Price and He, 1991).
Next, we achieved the lnsufficient statlstics in this measurement, especially
for 7N. and the peaks corresponding to TN, 80 and 9F are supurimposed and
broadened due to fragment short distances to the range end. Fig.3(a,b) shows

the track diameter spectrum for 3Ll. 4B. 5B and 5¢ as a result of three

measurements {(in three different sheets) per track, and the corresponding
function of the track diameter versus the fragment charge. It should be noted
that the spectra were summed up for the sheets at which the fragment

jonization and the respective track diameter are changed insignificantly.

The Gausslan fitting procedure, employed to peaks indicated in Fig. 3(a),

gives the parameters which lead to a good detector charge resolution (see

the Table).
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Thus, one can estimate the relative fragment yields after interactions of zoNe

beam with 9.5-mm-thick water. We used the following expression:

2| =
]

Y=
P

where Nr and NP are the numbers of fragments of the given charge and of
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Table, Gaussian fitting parameters and fragment
charge resolution
Parameters Z=3 Z=4 Z2=5 =6
mean track dliameter, D, um 15.82 22.11 28.04 32.95
standard deviation of track 2.75 1.18 1.11 1.23
dlameter, dD, pm
aD/D 0.174 0.053 0.043 | 0.037
o, 0.48 0.21 0.21 0.21

surviving neon nucle). Fig.4 !lllustrates the relatlion between the relatlve

yield, Y, and the fragment charge, ZF. “ae maximal Y-values are observed for

the fragment charge equal to 6 and 8.

66



T

Yield, Y [x107]
(5]

0 P S O T
2 3 4 5 6 7 8 9 10
Fragmenl charge, Zr

Fig.4. The relation between the fragment yield and
the fragment charge

CONCLUSIONS
The obtained results show the possibility to use a solid state nuclear

track detector, namely CR-39, for measuring relative fragment yields and,
therefore the absorbed dose due to both primaries and secondaries. We plan
further experiments in order to improve the resu:ts obtained in this work and
to measure zoNe beam and its secondaries depth dose profile in tissue-
equivalent materials. The new irradiation, at skew geometry, with z°Ne-lons of
the same energy has been performed at GANIL, using plexiglas and CR-39 itself

as the targets.
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Application of SSNTD for Investigations of

Anomalous Cosmic Rays

arigorov N, L., Zhuraviev D. A., Kondratyeva M. A.,

”
Panasyuk M, Y., Tretyakova Ch. A., and Tretyakova S. P.

Research Institute for Nuclear Physics MSU, Moscow

‘Jo.l.nt Institute for Nuclear Research, Dubna

The results of systematic measurements of 4 - 20 NeV/nucleon
CNO - group ion fluxes with dielectric solid detectors in the near-
earth space during period of Solar mintmum activity are presented.
From 1985 to 1988 the average composition energy spectra and anguler
distributions of Z2 6 ifons were measured appximately 10 times per
year using small cellulose nitrate detector stacks exposed on COSMOS
satellite flights [1]. These three-axis stabilized spacecrafts we-
re placed in nearly circular orbits of 62 - 82 inclination at alti-
tudes from 200 to 400 km., The energy of nuclei was found from the
range - energy curves for cellulose nitrate, the procedure of charge
identification was a standard one, by L - R technique ( see fig. 1§ ).
The dip angle and asfmuth &ngle specify a particle's arrival direction
in the detector coordinate system The duration of flights (~ {4 days}
provides the possibility of  discrimination between exposures made in

solar quiet perfiods and those which took place during solar flares.
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FIG. 1. L - R DEPENDENCE for CNO NUCLEI in CELLULOSE NITRATE

The temporal variation of 10 MeV/nucleon ion flux obtained in
1985 - 1988 I3 snhown in fig. 2 (points), the curve represents the
galactic cosmic ray ( GCR ) intensity variation according to neutron
monitor data. (2] From fig. 2 one can see¢ that the temporal variation
of fon flux (s stmilar to solar modulatton of GCR. But striring dif-
ference between ifon flux and GCR flux in charge composition and spect-
ral forms made us think that ions belong to anomalous component ( AC )
of cosmic rays. [3) The latter was discovered in 1973 during previous
minimum of solar activity. According to theory for origin of AC (4]
anomalous ions are partly tonized atoms and the most clear test to

confirm the theory is determination of the charge state @ of anoma-
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lous ions. Up to data,there are no direct measurements of fonic charge
states because of technical difficulties. That‘s why there have been
numerous attempts to determine @ by Indirect methods, particularly, to
infer Q from the transmission of the AC through the Earth's magnetic
field. The idea based on the difference in rigidities of ions, which
have the same energy per nucleon, but different charge state (rigitity f:pc/q
where p - impuls of a particle and @ - its sharge). We used our expe-
rimental data to determine the anomalous oxygen charge state. In #1g. 3
the intensity of anomalous oxygen ions measured in interplanetary space
on board of American spacecraft IMP - 8 (5) during solar quiet period
are shown. The intensity of oxygen ions obtained in Cosmos exposures
during the same period and recalculated outside magnetosphere using

a grid of cut off rigidities for @ = +8 are shown ‘in fig. 3 too (points
and crosses respectively). It is seen from fig. 3 that the ion inten-
sity measured in interplanetary space Isconsistent with that one re-
calculated from Cosmos data if the charge state of oxygen ions 13

equil to +f.
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When determing the charge state we used not all the particles
registered by detectors but onty those ones arrived from around the
zenith directions and marked by hatch in fig. 4a. In the figure the
angutar distribution is highly anisotropic while the corresponding

angular distribution of solar ions ( ordinary, not anomalous ions )
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is quite isotroplc (see fig.4a}. An anisotropy of angular distribu-
tion 1s a characteristic feature of anomalous ions. It can be ex-
pPlaned 1f one takesinto account that anomalous ions are singly ionized
and can be trapped by geomagnetic fleld [(6). From 1inalysis of Cosmos
data we have drawn a conclusion that only a small part of detected

tons arrives directly from interplanetary space, the rest lons
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( particles from directions nesr horison in Fig. 4a) tall onto
detectors from magnitosphere being trapped by Earth's magnetic field

(7). Monte - Carlo simulations of ion angular distributions in Cosmos
experiments made by american colleagues [8) confirm our suggestion

that trapped anomalousionsarc registered near mirror points in the South

Atlantic Anomaly ([9).
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ABSTRACT

The Ultra Heavy Cosmic Ray Experiment (UHCRE) is based on a mudular
array of 192 side-viewing solid state nuclear track detector stacks. These stacks werce
mounted in sets of four 1 48 pressure vessels employing sixteen peripheral LDEVF
trays. The extended duration of the LDEF mission has resulted i a greatly enhanced
saentific yield from the DHORE. The geometry factor for high energy: cosmic ray
nucler, allowing for Earth shadowing, was 30 m?sr, giving a total exposure facton of
170 m?sr y at an orbital inchination of 28.4 Jegrees. Scanning results indicate 1hat
about 3000 cosinte ray nuclei i the charge region with Z 65 have been collected.
This sample is more than ten times the current world data in-the field (taken to
be the data set from the HEAO-3 mission plus that from the Ariel-6 mission) and 15
sufficient to provide the world’s lirst statistically signiticant sample of actinide (7 88)
cosmic rays
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Results to date are presented including details of a sample of ultra heavy cosmic
ray nuclei, analysis of pre-flight and post-flight calibration events and details of track
response in the context of detector temperature history. The integrated effect of all
temperature and age related latent track variations cause a maximum charge shift of
40.8e for uranium and £ 0.6e for the platinum-lead group. The precision of charge
assignment as a function of energy is derived and evidence for remarkably good charge
resolution achieved in the UHCRE is considered. Astrophysical implications of the
UHCRE charge spectrum are discussed.

INTRODUCTION

Prior to LDEF there were only two spacecraft which carried experiments dedi-
cated to the investigation of ultra heavy nuclei. HEAO-3 and Ariel 6 were launched
in 1979 and employed electronic detectors of geometric factors 5 m?sr and 2 m32sr
respectively. The combined sample from both missions with Z > 65 comprises ap-
proximately 300 events, and the entire sample of actinides (Z > 88) is only 3.

The experiment on LDEF which was dedicated to the study of ultra heavy (UH)
nucler consists of an extensive array of primarily lexan polycarbonate solid state
nuclear track detectors, of geometric factor 30 m?®sr, which were mounted within
cylindrical aluminium pressure vessels in 16 LDEF experiment trays.

DESCRIPTION OF UHCRE

Since the primary objective of the UHCRE experiment was to study ultra heavy
cosmuc ray nuclei of Z - 65 and the geomagnetic cut-off was ~ 1 GeV/N, the main
detector material chosen was lexan polycarbonate.

Fach stack consists of a sandwich of many layers of lexan (approx 70 plates)
together with several sheets of lead interleaved. The lead sheets act both as electron
strippers and velocity degraders and were chosen because of their low cross section
for nuclear interactions.

The stacks are 20.5¢m x 26.0cm in area and are approximately 5g cm™2 thick.
All 192 stacks were mounted in sets of four within cylindrical Eccofoam moulds which
were then inserted into aluminium pressure vessels (48 in total).
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All cylinders, except one, were pressurised to 1.0 bar with a dry oxygen-nitrogen-
helium mixture in the ratio of 20:70:10. Three pressurised vessels *vere mounted on
each experiment tray which in turn was mounted on the LDEF framework.

PRESENT UHCRE STATUS

Following an initial scan using wide field Nikon zoom scanning microscopes, it
was decided to employ the ammonia scanning technique for event location. This
technique, which involves long term ~tching (of up to 21 days) in 6.25N NaOH at
40°C was undertaken on 2 plates situated approximately at % and % of a stack depth

and correlations between the etched cylinders were sought.

Current scanning gives approximately 15 cosmic ray events per stack bringing
the expected number of cosmic ray nuclei recorded to approximately 2800 nuclei.

Having located the UH candidates alternate plates from a set of 20 plates at the
top of each stack and a similar set from the bottom of each stack were etched for
5 days at 40°C. The remaining plates in each set were kept for further analysis if
required.

Etch cone measurements are carried out on Leitz Ortholux microséopes which
have 10x and 12.5x eyepieces and 100x oil immersion objectives. From these cone
measurements, both track etch rate (V4) and bulk etch rate (V;) are calculated and

the reduced etch rate (S = “;':) is then determined.

To date approximately 65 cosmic ray events have been measured and processed.
Charge identification is based upon the determination of the fractional etch rate
gradient, (Fowler et al., 1976), defined as

where S is the reduced etch rate and x is the path length, and on the effective
reduced etch rate (Scss). The relevant data for a given event is reduced to one point
which may be plotted on an S.sy — G plot as shown in Fig. 1. All cosmic ray events
to date are shown in Fig. 1, together with the location of the Z =80, 72, and 62
preliminary calibration curves which are based on the assumed relation -

S = g(REL)*,

where REL is the restricted energy loss rate and g and h are determined from cal-
ibration data. The preliminary UHCRE status report (O'Sullivan et al., 1991) was
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based on calibration using U nuclei. The present work includes calibration with
1150 MeV/N Au nuclei also. Calibration studies will be extended over the next few

months.

CONCLUSIONS AND DISCUSSION

A post flight thermal analysis on the UHCRE was published in March 1992 by
Lockheed Engineering and Sciences Co. The results of the thermal analysis showed
that the tray located at position C6 had the widest temperature cycle of 28.8°C
with a maximum of —2.3°C and a minimum of —31.1°C. The tray position E10 had
the smallest temperature cycle of 11.9°C with a temperature range of --26.0°C to --
14.2°C. The analysis also showed that the maximum detector stack thermal gradient
was 0.15°C per stack. Hence we expect virtually no difference in sensitivity between
the top and bottom of a given stack.
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Fig. An Sy versus G piot showing all cosmic ray events to
date together with some gold calibration events. The prelimi-
nary locations of the calibration curves are shown for charges
7 -- 80, 72 and 62

76



Uranium calibration work indicates that the UHCRE detectors have undergone
virtually no change in sensitivity or loss of charge resolution over the 5.8 year exposure
period.  The initial observations (see Fig. ) show a dramatic decrease in flux at
approximately charge 83 with most of the events falling into the region 70 = Z < 83.
The distribution of points indicates a concentration of events in the platinum-lead
region It is also apparent that two actinide cosmic ray nuclei have been located at
this stage of the analysis.

Further measuring and analysis is continuing and it is hoped that a set ol data
equivaient in size to the present world sample will be available by the end of 1993.
In view of the excellent quality of the UHCRE data it is hoped that we will be able
to distinguish between different cosmic ray source and propagation models when a
sutficient sample of nuclel has been analysed. For instance, attempts to describe the
abundances of actinides and anti-protons in the cosmic radiation by means of the
Lesky Box model have not been satlisfactory. Eventually, results from the Dublin-
ESTEC experiment will be compared with the predictions of a diffusion model which
wiil be developed to examine the propagation of these particles.
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ENERGY SPECTRA OF LOW-ENERGY HEAVY NUCLEI
INSIDE THE EARTH'S MAGNETOSPHERE ON THE ORBITAL STATIONS
Yu.F.Gagarin, V.A.Dergachev
A.F.loffe Physico-Technical Institute,Russian Academy of Sciences,
194021 St.Petersburg, Russia

New data on energy spectra of light and heavy nuclei at energy
of ~ 10-200 MeV/nucleon inside the Earth's magnetosphere were
obtained in recent times. An interpretation of the results in this
energy range is complicated by some factors: a presence of
different nuclear sources (solar flares. galactic coemic rays(GCR).
anomdlous components, trapped particles et al.), intensity changes
of nucleus sources during the solar cycle o- cycles., energy
spectrum deformation in geomagnetic field. At the same time these
factors allow us to obtain an additional information about analysed
nuclei. For example, geomagnetic field separates particles at
different ionization states. In such case, the comparison of pro’.on
and nucleus fluxes inside and outside the Earth's magnetosphere at
various perturbations of geomagnetic field permits to make some new
qualitative and, may be, quantitative conclusions.

During some years we detected low—-energy heavy nuclei with
charges z & 20-28 in lavsan (polyethyleneterepthalate) chambere on
ithe outer surface of orbital stations. Exposure time is for one or
two years. Counting area of detector is ~ 300-600 cmz. As a result,
there is possibility to obtain a large statistics for GCR and
detect single low-energy nuclei with charges from 30 to 90. It
should be noted that all soiar nuclear flares are integrated in
such prolonged experiments. But the most intense flares (one or two
during the solar cycle) are able to generate about ~ B80-95% of
common nucleus flux at minima) energies in exposition and they may
be analysed.

A nuclear charge was determined by LR-technique. In Fig. 1
LR- diagrams are given at different track angles of inclinations
with respect to layer plane: a) © = 52-57° and b) € = 20-23°. The
nucleus charge was estimated according to formula (I):

0.159,

0.302
Ri .

N
z(LR) = 1.325¢(6") 0% 1ea/NeZ L,
i1

where N is a rumber of track cones and angle correction for cone
length after ultraviolet irradistion of layers takes into account.
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Fig. 2 shows preliminary estimates of the integral flux
densities of nuclei with charge 3 20 in three exposures at
altitudes of ~ '300-330 km and orbhital inclination of ~ 51.6° with
respect to the equatorial plane: 1 - Salyut-6, 29 July 1978 to 1%
August 1989;: 2 - Balyut-7, 8 August 1984 to 4 August 1985; 3 ~ Mir,
26 February 1988 to 11 January 1990. The thermal shields on the
chambers had thicknesses ~ 27, ~ 6 and ~ 8.5 mg'cm_z in exposures
1, 2 and 3, reapectively.

Detailed study of spectrum in
the first exposition in the energy
range of ~ 100-200 MeV/nucleon
shows the fiuxes of Sc - Cr nuclei
are compatible with those of iron.
The ratlo (Sc—Cr)/Fe is ~ 0.7-0.9
{21. This value agrees with that
~ 1 in energy range ~ 30 - 280
MeV/nucleon inside the magneto—
sphere [3]) and differs from <hat
~ 0.4-0.5 outside the magneto-
sphere [4). This difference may
take place when the effective
charge q (g is ratio of an ion
charge to a nuicleus charge) of

(Number of particles)/fcm 2.{100-um-layer)}

1
40 80 120

£. MeV/nucieon (Sc - Cr)'s group Qqg, . ¢ Qpg-
(Up Lvili now it was suggested for
Fig. 2. GCR 9%cr = 1, that is GCR are
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completely ionized). In this case 3c - Cr nuclei will penetrate to
station orbit in the dgreater range of high latitudes than
Fe-nuclei. As a result, relation (Sc-Cr)/Fe which was measured
inside magnetosphere must increase.

Observations of heavy nuclei due to the solar flares in the
energy range 5-50 MeV/nucleon (below geomagnetic threshold of
~ 50 MeV/nucleon) at the orbit in our experimente (Fig. 2) show
that solar particles at low energies are not fully ionized.
Therefore there is an opportunity to detect solar particle events
at the stations with the orbital inclination of ~ 52° and to study
the most powerful solar events in three expositions: 23 August
1978, 24 April 1985, 29 September 1989 and 19-26 October 1989.

Comparison of energy spectra in our second experiment and in
Space Shuttle Mission flight on 1984, October 5-13 in a 57°
inclination orbit [5] shows an agreement of GCR fluxes at energy of
~ 100-200 MeV/nucleon. Simultaneously, in paper (5] a minimum in
energy spectrum is observed at the lesser energy in comparison with
our data. This effect is due to the greater orbit inclination of
the Shuttle - ~ 57°.

The analysis of the observed solar proton fluxes on the orbit
allows to come to some interesting conclusions for expected nucleus
energy spectra. Indeed, protons at energy range of 39-82 MeV (it
corresponded to energy of ~ 20-40 MeV/nuclen for nuclei) from solar
event on 1989, September 29 bslow geomagnetic threshold (curve 2,
Fig.3) were not detected on the Mir orbit [6] for gquiet gecmagnetic
conditions. Change of radiation doze (curve 1, Fig. 3) is
insignificant. And protuns from solar flare on 1989, October 19
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{curve 2°, Fig. 3) were effectively detected only a day after solar
event's onset (curve 1’', Fig. 3) at the moment of great geomagnetic
storm. Therefore, we have possibility to observe a fine structure
in detailed energy spectra of heavy nuclei in experiment. Namely,
one or two humps corresponding to one or two thresholds in
different geomagnetic conditions. These humps suggested are shown
in Fig. 2 (dashed curves) for the first and third expositions. In
the second experiment the threshold in energy spectrum of 50-60
MeV/nucleon is observed.

Conclusion. Studies of charge and energy spectra of heavy
nuclei at low energy in long duration experiments inside the
magnetosphere and comparison with nucleus fluxes outside ‘the
magnetosphere will permit to establish charge states of solar and
Galaxy heavy particles at energies of 10-200 MeV/nucleon and
determine real geomagnetic thresholds for nuclei in different
conditions.
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PARAMETERS AND RETAINTIOR OF VH-NUCLET TRACKS
DUE TO PRE-ACCRETION IRRADIATION IN THE
ORDIRARY CHONDRITE OLIVIRE CRYSTALS

L.L.Kashkarov

Vernadsky Institute of Geochemistry and Analytical
Chemistry, Russian Academy of Sciences, Mascow

Fossil track investigation of the silicate minerals of the
ordinary chondrites (OC), enriched no in the solar type inert
gases (1], indicates. in the great part of meteorite samples under
investigation the presence of a gmall portion  (up to &some per
cent) of crystals, track characteristics for which can be explai-
ned only from the position of their irradiation by the low-energy
(EX100 MeV/nucleon) VH - nuclei group (24 <Z <28) of cosmic rays
that was occurred at the conditions of a weak shielding [2]. In
these cases two basic guantitative criteria must be taken into
consideration: the presence of the crystals with the specific
track density gradient (gp/AX) and crystals with the comparative-
ly high track density (p) the value of which essentially exceeds
the contribution from the galactic cosmic ray VH-nucley [3]. How=~
ever the number of mineral grains of the investigated OC samples
revealed that markedap/aX-values are extremely low.From the other
side the different parts of the individual crystals have the Q-
values that are not ten=fold higher than the galactic cosmic rays
VH=nuclel track densities [4].At the same time the numerous track
investigations of the lunar regolith matter ([5] indicated that
for the more complete knowledge of the radiation history and for
estimation of the effective exposure degree it is very .useful to
neasure the statistical track density distribution for :gll the
crystals of each sample under investigation. Corresponding para-
neters Ougp, Pa, Puin, Puax, Nu/N, etc., are Reasured in these

instances.

With a view to further more detailed investigation of the pre-
accretion radiation history of the OC matter it was particularly
important to measure the track parameters in the olivine grains
separated from the mioro-porphiritic chondrulss of these meteori-
tes.The main attention was given to elucidation of the two
2uestionsx (1) whether or not there exist the difference between

he A ~values for the crystals representing each individual

chondrule and (2) measurement and obtaining of the quantitative
statistical track parameters for these objects as it is possible
for any chondrules.

Chondrules of the used type with micro-porphiritic structure
as it was obtained from the model experiments [(8],can be formed in
the high-temperaturs,short-time processes sthich are not accompa-
nied by the total melting of the initial matter inoluding
silicate crystals. In these cases.the total ¢track, annealing in
the olivine grains was not necessarily ocourred that gives
the possibility to retain the trace of the pre-accretion cosmic

ray irradiation of the individual crystals.
We have studied the track parameters in the olivine grains

separated from the chondrules of the nonequilibrated OC Tieschitz
H3.6. Grains (sizes of 50-100 mm) were mounted in epoxide resin,
polished and etched in the boiling WN solution [7] during 6-24
hours. The observation and measurements of the traok parameters
were performed by an optical mioroscope technique. Induced by the
spontanous fission fragments of 252Cf tracks and special ennea-
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ling treatments were used for the identification and checking of
the observed fossil tracks.

The results of the track parameters measurements in six
chondrules, representing all typical cases of the characteristic
fP-distribution observed in individual chondrules (see the Pigu-
re), sre given in the Table.

Table. Track parameters in the olivine grains of the
micro-porphyritic chondrules of the OC Tieschitz H3.86
Chon- Number Track densities, x109 cmn-2
drule of search -~-~-------c-rmm e e e ———
N crystal PHIN pHAX P
1 6 2.2+-0.4 4.5+-0.7 3.3+-0.2
2 5 1.5 0.3 4.3 0.8 2.9 0.2
3 6 0.8 0.3 3.8 0.4 2.3 0.2
4 5 0.7 0.2 1.4 0.3 1.0 0.1
5 5 1.0 0.3 6.1 0.8 3.5 0.2
5] 7 0.9 0.2 5.8 0.6 1.7 0.1

Based on these data we can register: (1) In chondrite
sanple under investigation the chondrules were observed with very
different track density distribution characteristics. (2) The dif-
ference of Purin and Puax values in individual hondrules is bey-
ond the_scope of the measured statistical errors. (3) The mean
values P obtained for each chondrule, also vary in the interval,
which €xceeds the standard error deviation. (4) At least six
(A...F. see £1g.) specifio cases for the track density distri-
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bution can be indicated: the olivine crystals incoming in the in-
dividual chondrules, conserved almost completely (groups A and B)
or partially (groups C, E and F) the pre-compaction exposure ira-
ces of VH-nuclei cosmic ray. At that time the crystals in group D
of chondrules egither underment more intensive thermal track
annealing or these chondrules consist of nonirradiated crystals
onlye.

For the examination of the chemical track etching efficiency
in each olivine crystal especially in those with pnxn values, &
series of multiple control etching was performed up to four
times by 6 hours in WN-conditions. Before it the crystals were
irradiated (with additional surface polishing or without it)
by the ~52Cf source. The obtained results indicate that the fis-
sion-induced track density values in about 90 per sent of all
crystals irradiated by this menner fall inside 26~ statistical
interval.

In summary, it can he notiocoed that the present work suggests
that the history of irradiation of the individual olivine grains
was started before their incorporation into the micro-porphiritic
chondrules, that was possible in the low-temperature accretion
processes only [4]. L.Obviously the individual chondrule matter in
their formation processes was experienced a different degree of
the main thermal influence that did not smooth out during the
whole subsequent meteorite history.

References. (1] KRashkarov L.L., Genaeva L.I., Kalinina G.V.,
Lavrukhina A.K. Abstr.18th Lunar Planet. Sci. Conf., 1987, 479.
[2) Kashkarov L.L.-I2v.AN SSSR, ser.phys., 1888, v.52, Ni2,2321.
{3) Rashkarov L.L., Genaeva L.I., Kalinina G.V., Lavrukhina A.K.
-Meteoritika, N47, 1988, 113. (4] Kashkerov L.L., KRalinina G.V.-
Abstr. 20th Lunar Planet. Sci. Conf., 1888, 504. [5] Arrhenius G.
et al.- Lunar Sci.Conf, 2nd, 1971, 2583. (6] Kashkarov L.L., Fi-
senko A.V.- Abstr. 23th Lunar Planet. Sci.Conf., 1882, 661.
[7) Krishnaswami S. et al.- Science, 1871, v.174, 287.
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TRACK AND THERMOLUMINESCENSE STUDIES
OF KAIDUN METEORITE GLASSES

Kashkarov L.L., and Korotkova N.N. Vernadsky Institute
Geochemn. and Analyt. Chem., Russian Acad. of Sci., Moscow

Russia

Study of transparent glasses of Kaidun carbonaceous chond-
rite [1] allowed to get a preliminary information about the cha-
racteristics of radiation-thermal environment during the meteo-
rite parent body formation {2,3]. The heating temperatures of
carbonaceous substance during this unique breccia formation did
not exceed 250-3009C [1]). According to our preliminary data [3]
the track densities in the Kaidun glasses do not correlate with
total intensity of natural TL (TLnet). Now we present the re-
sults of track and TL studies of seven indi dual glass inclu-
sions (GI) picked from Kaidun carbonaceous matrix as well as the
results of U concentration (Cuy) determination in 40 individual
glasses. We have measured the Cu values in order to estimate
the contribution of theefragments of spontaneous and induced fis-
sion of U and extinct transuranium elements (244Py, etc) into ob-
served natural track densities in each of glass samples under
study.

Seven coarse- and oval-shaped GI samples were studied. All
the samples are the homogeneous isotropic glasses apart fronm
those having the fine-grained structure (8.1 and 8.2) in which
tracits could not been seen. The strong difference of track diame-
ter values (D) has been reveeled among the Gl samples of diffe-
rent chemical compositions under the same etching regime (20% HF,
209C, 20 s). The examples of some etched Gl samples are given in
rig.1 a, b, ¢. Microphotograph “d” shows the artificial 282Cf
fi1ssion fragment tracks, the same etching. The rather high track
densities (P) with uniform distributions were found in all GIs
(Table 1). The highest p value in the GI 10.4.2 may be explained
by unequal contributions of tracks due to cosmic ray VH-nuclei
and spontaneous and induced fission fragments of U (and possible
244py). The latter source contribution may be estimated by
means of Cu measurement in the same glass samples.

Fi1g. 1. Photomicrographs of natural tracks (a,b,c) and artificial
252Cf fission fragment tracks (d) in some Kaidun glasses (etching
in 20% HF, 20¢C, 20 s). Indicated scale 20 pm
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Table 1. Track and TL parameters of some
Kaidun chondrite glasses

Sample, Mass, Track _TL - parameters (TL/w), rel, unit

group* ng density~, ___ _ Artificial TL (x10)®
x10% sm-2 __ TLut TLux
TL Tp.ﬁkoc ATJ./Z TL Tponkoc
H. i .20 - 6. 1 183 101 1.6 314
B.2 0.0 - 36. 170 78 6.8 340
4.1.1] 0.30 6.5 G.b 170 130 1.6 302
4.2.1T1 13.05 33.0 48.2 170 125 20.4 290
4.3,1V 0.05 8.5 34.2 170 136 8.2 290
4.4,111 V.15 €. 4 d.8 183 107 1.6 290
6.5,1 0.20 9.2 55.7 183 142 16.5 290
* Or normative content (mass %): Igr. - 2.0; II - 1.2; 111 - 2.4:

1V - not determ. ()
B Total track density O = (Ugsp + Oacr + Oep.rie.
¥ TI, induced by gamma-radiation dose of 250 hrad.

The measurements ot Thnar and artificial (TLert) have been
carried out by means of our methodic {4]. The peak temperature
of glow curve for all Gls is in the narrow range of 170-190vC.
On the base of peak width at half-height aTi, 2 the GIs were di
vided into three groups with the ATisz values of 77+-3, 105+-4,
135+-10°9C Taking into account the sensitivity to the TL storage
we have revealed the three Gl groups for which the TLert differs
hy a factor of 5. The isotropic Gls and those with fine-grai-
ned structure have the same TLert values. See table 1 and fig. 2.
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Fig. 2. The TL parameters tor the naidun glass inclusions
The presence of three Gl groups with a great difference of

TLert may be explained by their different devitrification de-
gree. There is a hint at the correlation between TLart intensi-
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ty and orthoclase oontent in GIs. The observed variocus TL para-
moters indicate the different thermal conditions before or du-
ring Kaidun breccia formation.

The values of Onat, Oina, and Cu measursd in the same~ 40
individual Kaidun glass samples including the seven GIls descri-
bed above are presented in fig.3. The observed Prac  value
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Fig. 3. The induced (Pina) and natural (Pn-t) track densities
depending on Cu values measured ir the same Kaidun glasses

of natural tracke is over the range of ~1.5 order of magnitude
at the ~5-times Cu value variation (0.24-1.2 ppm). It is seen
that: 1) there is no correlatiovn between pn.t and Cu; 2) the
grains are present Hlth‘Pnnt excess (the "pcints to the right
of dashed line which corresponds to thoJD values stored by the
individual glass grains during 4.5 b.Y.). These measured track
densities ranging from 2-108% to 3.5:10® on-2 oan be attributed
both to the early pre-acoretion cosmio ray irradiation stage
either to the ssocondary-neutron or fast-proton induoced fission
as well as to the spontaneous fission of extinot 24ePy. The
latter source is the most plausible, and the observed PPu/ v
ratio varies from the very small values up to nmaximal “ value
of ~10 on oondition that all track excesses are due to 3eePy.

The comparison of natural track diameter distribution with
that of artifioial tracks of 383Cf figgion fragments (see Tab-
le 2)indicates the sbsence of track annealing in the ohemical
group 1,1I,IV glasses under natural conditions and the partial
annesling of natural traoks in the group 111 glass at ~200°C on
oondition of short-time heating.
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Table 2. Track diameter data for Kaidun glasses

Natural track 282Cf fission fragment tracks
Sample -- - e e e -
group Fresh Annealed®
Track D™, memmm e e e
number J i Track D, Track D,
number am number Am
1 240 1.5+-0.4 30 1.5+-0.3 - -
11 66 1.7+-0.2 68 1.8+-0.2 32 1.0+-0.2
111 113 1.4+-0.3 14 2.1+-06 25 1.5+-0.3
1v 79 2.14-0.L 27 2.1+-0.4 54 1.2+-0.2

. G- values are the standard deviations.
* Annealing at Z20UC for 1 huur.

The substance of different glass inclusions appear to re-
tain the ancient tLracks stured at the ear'v gstage of Kaidun me-
Leorite parent body formalion and almost 4as not influenced by
heating events.

References. 1. lvanov A.Y., Skripnik A.Ya., Ulyanov A4.A. et
al. Meteoritika (1986),45,3-19. 2. Korotkova N.N., Ruchman G.G.
Skripnik A Ya. et al. Meteoritika (1986),45,38-46. 3. Kashkarov
L.L., Korotkova N.N., Kashkarova V.G. et al. Lunar and Planet.
Sc1.Conf XXI (1980),1013-1021, Houston. 4. Kashkarova vV.G.,
Kashkarov L.L., Baryshinikova G.V. et al. HMeteoritika (1988),
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TRACK RADIOGRAPHY OF HEAVY ELEMENTS IN MINERALS
I.G.Abdullacv‘. D.G.Bclogurov’, S.F.Vlnokurovz, N.B.Khokhlovz,
V.V.Kushan', V.P.Perelygin', R.I.Petrova’, S.G.Stetsenko’.

$— Joint Institute for Nuclear Research, Dubna
2- Moscow Physical Engineering Institute, Moscow

The problem of low concentration asasursmsents of heavy ele-
sents (Pt-PD) in minerals is connected with searching for a new
ore deposits. In many cases it is necessary to seasure not only
the average content of the element in a sample, but to determine
its spatial distribution in mineral with spatial resolution of
about 10 Ha.

For example, in one of deposits of Middle Asia 1n carbon
rock the high leval of Pt concentration was found out. It exceeded
the background level of concentration to about 102—10' times.
However, the next accurate mineraloQy analysis did not confirm the
presence of nugget Pt, which is usually formed at such levels of
concentrataion.

In our work we measured the yields of instant fission +fraa-
mants and i1nduced Q-activity produced at the bombardments of Pt.
A, Pb targets by ':c ions.

The exposure of the samples has been performed at the Labo-
ratory of Nuclear Reactions, JINR in Dubna. The initial 10n energy
was 9.1 MeV/n, integral ion flux was 3- 10" cn-ﬂ To decrease the
fon enerQgy for some patterns, the Al foils were used. Accelerated
ion beas bombarded the targets ¢from Pt, AU, PD with natural i1moto-
pe content . The thicknesses of the targets exceeded the f{ragment

ranges. On the bombardment surface of the target a thin (1S Mm)
1nstant

25 cm,

mi1ca nuclear track detector was placed to register the
fissi0n fragments. Ion beam vertical dimension was about
anc beam protile was rather homogenesous.

Induced G-activity was registered by CR-39 nuclear track
detector. Exposure time was 1.5 hour and 144 hours to detect short
- lived and long - lived components, respectively.

Before etching, the mica detectors were being annealed
450°C during 4 hours. Such a procedure eliminated the background
tracks from recoil nuclei and compound nuclei tracks.
detectors we used the well - known procedure /5/.

inthe figure the dependencies of the backward fission
creation cross section Of ot Pt, AManc Pb on the energy of

bombardesent 10ns are shown. ln finding out the Gf we took

at

To etch the

fragment

1into
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account that effective target thickness which the fragments could
left was S5 nq/cnz. The curves In the Figure are in satisfactory ag-
reement with the results of work /6/.

The ma1n data of G-activation of the targets are collected
in theTable .

In the last two columns there are evaluations of the experi-
asntal effective cross sections of G-particle yields Oa for expo-
sure durations of 1.5 hour and 144 hours. The cross sections were
estimated by formula: Oy = 2:M-n/¢p-R-N_-0) (1), where p - target
density, R - 5 MeV Q-particle range, M - atomic weight, J - ion
flux on the target, n - surface density of tracks in detector.

In relation (1) one supposed that Q-particles left the thick
target in geometry described in /5/, and that registration effici-
ency was about 1.

It was found out in the expesrimsent that Oa was practically
independent of 10n energyintheregionof 7-9 MeV/n. For the energyof &
MeV/n, Oa was at:out 0.73 from the previous one.

As one can see fromtheFigure, the fission fragment cross secti-
ons for i1nvestigated nuclei are very close each other. For exam-
ple, forthe energyof 9 Mev/nucleon, OF 105 105 = 1:11.15:1.18. Thus, in
J-radiography of Pt, AU and PD with :0 ion the excitation functi-
on proves that the yields of these elements are similar.

Let us evaluate the sensitivity of [J-radiography. In the
case of diffuse distribution of thd elesent in the sample the
relationship between concentration of the elesant n, and the sur-
face detector track density n of fragments 1812
oa-z'n-p_up-ﬂ-of-.b (2), where PR - ¢ragment range in the samplQ;
p_ - density of the sample. Let the minimal track density Nl = 10
:.-'. Then, supposing for the estisation pR =5 nglcn.. P_ = 10
q/c.’. Cs = 0.3 barn, we could estimate the minimal accessible
concentrations: n_ = 4-!0" c-.. for J = 10t CI-.-

Sometimes, it is necessary to seasure the local contents of

the element in nxr\lral; the number of atoms N in local area on

surface of the sample ist N = N/ (G d) (3), whare N’ - the +fis-
sion fragment track number, which fores the spot on the autoradio-
gram. Let minimal track number N’ = 100, thens N_ = 310" ¢or 4
- 10“ ca-.y

From the Table ons could make the next conclusions. The
G-particle vields are rather different for all elements. The boun-

dary nucleon, which could be still activated by ‘:c 1s AU. As  for
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Pt. 1ts activation is practicallv negliqgible. Thus. one has the
orinciple possibility to distinguish and to identify close ecle-—
ments (for example: AU - Pt). Dbviously, 1t 183 necessary to select
the bombardment 1on for every investigated element.

The sensitivity of G-radiographv could be estimated $rom the
assumptions done already. For diffusion distribution of the ele-
msent, concentration n, could be determened from equation (2) 14 to
replace O, by Oa. Let PR = 18 mglcn' and Ga = 10_' barn, then: n_
= 4-10*" ca™® for J = 10" cah:

In the case of local rontent of element, the minimal numbers
af atoms are NN 10“: for J 3-10“ cn-:;

Thus, the sensitivity of f—radxography exceeds the sensiti-
vity of O-radiography to about one order of magnitude. In real
measuresents, it 1s useful to apply boththe methods and thus, to
combine the high sensitivity of [-radiography and high selectivitv
of Q-radiography.

The spatiel resolutions ofboththe methods depend on the #raa-
ment range and (-particle range 10 the sample and 1n the detector

and are equel to 10 -~ 20 Um.

Table [+] Ga

(L1.Sh) | (144Nh)
Elwhent barn barn

Pt J<10™® |[ro™* |
Au | 107 |2.5.107°
P ]7-107%107? l
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Fig. The btackvard fission Fragment crestion cross section
9 of Pt, Au, Pb versus the energy of bosbarding ions
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APPLICATION OF SR-39 FOR INVESTIGATION OF (7,a) REACTIONS

V.A.Vtyurin, JINR,Dubna
G.N.Zalesny, University of Saratov , Russia

High resistance of SR-39 plastic material to y-radiation /1/
opens an interesting possibility for its wuse in investigating
p-spectra from (7,a) reactions on light nuclei near the
threshold, where the application of the other types of detectors,
e.g. semiconducting ones, is hindered by large pulsed loading and
high intensity of 7-background.

This work is devoted to the investigation of spectrometric and
background characteristics of SR-39 in real conditions of the
experiment on the study of the reaction 9Be(w.a‘) near threshold.

Measurement

The measurements were carried out on a 6.2 MeV, 5 uA electron
beam of the microtron of the Saratov University, Russia.

The beam from the accelerating chamber went through a 0.1 mm
titanium window and 0.8 mm tantalum converter, in which
bremsstrahlung was excited. The beam of photons was hardened by
transmitting it through a 50 mm thick graphite absorber, behind
which a 150 mm beryllium target and two plastic detectors for
forward and backward oa-detection were positioned.  The target
irradiation time was about 3 hours. We used the CR-39 produced in
Italy /2/.

The detectors were calibrated using the a-source of natural
uranium and samarium-147 source. The energy of a-particles was
changed by varying the distance between the a-source and plastic
detector,.

Analogous measurements were performed with a
nonirradiated plastic detector.
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Results and discussion

The most convenient range for doing a-spectroscopy is from 0.5
to 2 MeV. The diameter of the track is directly proportional to
the a-particle energy /3/.

N

ot

Fig.1 shows the results of
natural uranium a-source
measurements at 9h etching
time. The distance between
the a-source and the
plastic detector is 22 mm,
Ex = 2.0 and 0.85 MeV. One
may see that this method of
O o o o o O O N T e e e regisiration allows one to
0 10 20 obtain quite satisfactory
Track diameter MM energy resolution in the

Fig. 1 a-energy range up to 2 MeVv,

Ne. when this range is varied
by changing the air gap
between the sample and the

50

Lty ap by

detector.

The comparison of spectra
registerad by an exposed
and not exposed to

i1ty

7-radiation detector in the

Ot r T conditions of the given
0 10. 20 experiment did not recall
Track diameter MM any significant difference

Fig. 2 in energy resolution.
Figure 2 shows the distribution of track diameters from the
thick beryllium sample placed in immediate contact with the
detector. The comparison is made with the existence of a-particles
of the energy higher than 1MeV. These results are obtained
for the a-particles with energy more than 1MeV. The track
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density of the 9Be(‘r,a) reaction is 105 t':m_2 at background track
density 102 cm™2

The authors are grateful to Mr. A.Golovchenko for his help
in the preparation of the detectors, to Drs. S.P.Tretyakova
and V.P.Perelygin for valuable discussions and
Drs. F.V.Rodionov and A.M.Goriachev for access to the Saratov
University facilities.
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THE RELATIVISTIC NUCLEI BEAM MONITORING BY MEANS OF HIGH
THRESHOLD FISSION CHAMBER

D.Chultem, Ts.Damdinsuren, L.Enkh-Gin, L.Lomova,
V.Perelygin, K.Tolstov

Joint Institute for Nuclear Research
141980 Dubna

We have carried out the study of interaction of 3.65 GeV pro-
tons and 12C nuclei at energy of 3.65 GeV/nucleon with lead target
in order to find the possibility of relativistic nuclei beam moni-
toring based on registration of induced fission. The detectors were
formed of thick (200um) Meliuex foil and 100 um lead layers placed
close together. These stacks were exposed perpendicularly to the
beam of relativistic nuclei.

Thick (200um) aluminium foil has been exposed as activation
monitor simultaneously with track detectors.

The Figure shows the proton beam profile histogram obtained with
Meliuex track detectors at energy 3.65 GeV. The fission cross-sec-
tion of Pb by 3.65 GeV protons is 140%20 mb. The result of this ex-
periment is in reasonable agreement with/l’z'sl.

From our result we conclude that the fission fragment ionisa-
tion chamber with electrodes covered by lead may be used as beam
monitor of relativistic nuciei, moreover due to rather high fission
threshold of lcad nuclei it will be not sensitive to the light
charged particles and slow secondary nuclei which is very impor-
tant in the experiments with high intensity beam.
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THE SPACE DISTRIBUTION OF NEUTRONS GENERATED IN
MASSIVE LEAD TARGET BY RELATIVISTIC NUCLEAR BEAM

D.Chultem, Ts.Damdinsuren, L.Enkh-Gin, L.Lomova,
V.Perelygin, K.Tolstov

Joint Institute for Nuclear Research
141980 Dubna

The investigation of the neutron generation in extended lead
target including its space distribution inside the target volume by
means of threshold fission chambers KNT-8 and pactsive activation de-
tectors has been performed in 1990 /1/.

The present paper is devoted to  implementation of solid state
nuclear track detector in the research of that kind

Figure 1 presents measured neutron space distribution inside
the lead target and intensities of neutrons emitted from the target.

Figure 2 shows the neutron distribution in the thick water
degrader. These distributions were obtained by means of thick (200p)
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mylar detectors exposed in contact with natural uranium metallic
foils. The result of our experiment is in complete agreement with the
data/gnd shows that this well-known technique developed for neutron
dosimetry/z'S/ can be applied successfully in researches carried out
at the external beams of accelerated relativistic nuclei.

The data obtained are used now for calculations of numbers of
secondary fast neutron generated by fast heavy projectiles in spal-
lation target.
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APPLICATION OF NUCLEAR TRACKS IN MATERIALS SCIENCE
AND MICROTECHNOLOGY

R.I1id
J.Stefan [nstitute, University of Ljubljana, POB 100,

61 111 Ljubljana, Slovenia

Abstract

Historical and current activity in application of ion tracks in solids
to materials and technology will be ascesed. The variety of unigue
radiographic tectinique have been developed and are currently explored
for: (i) investigation of internal structure of solids, (ii) micro-
structural research of materials, (iii) analytical investigation,
(iv) depth profiling, (v) trace analysis and (vi) non-destructive
investigation. The application of ion tracks in polymers, glasses and
crystals in micro technology comprises: (i) change of bulk material
properties, (ii) influence of local properties, (iii) production of
new devices in microtechnology. The possibilities to extend the
present radiographic and microtechnological technique will be
discussed as the conclusion of the lecture.
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UsinG THE ACTIVATION RADIOGRAPHY BN GEOLOGICAL AND GEOCHEMICAL STUDKES

E.S. Flitsiyan

Institute of Nuclear Physics, Uzbek Academy of Sclences,
Ulugbek, Tashkent 702132, Republic of Uzbekistan, CIS

To study the spatial distibutions of gold and other elements in
the objects of various nature, a method of the neutron-activation
radiography has been elaborated vhich'based on {irradiating a sample
studied vith a neutron flux followved by the photoregistration of the
induced activity of the element under examination.

Radiographic methods for studying the distributions of more than
30 elements, having the local detection 1limits -ithin 10—3 = 10-8
q--n_2 with the resolution of 1 - 100 pm, have been developed.

The application of the methods elaborated to analyze geological
and geochemical objects results in obtuining the representative data
on the regularities of the element diastributions in minerals and
sanples of ores and holding rocks.

The elaboration of the 1local analysis methods based on the
registration of spontaneous and forced uranium and thorium ¢£fission
fragments contributed a great deal of the geological knovledge%’z

A considerable practical result achieved in this application of
the local methods proved the expedience of developing s.milar methods
for other elements. There has been shown a poésibility of using
radlography to study the geological samples for boron, "1lithium, 1lead
and bismuth by irradiating the microsection studied with neutrons anad
multi-charged ions and registrating the a-particle tzacks?-7

However, the radiography making use of the rejistration of the
charged particle and fission fragment tracks has turned out to be
developed only for light and fissionable nuclei.

For some other z2lements such an approach has reguired special
elaborations. Among others, the method of the 1local, statistically
reliable determination of concentrations and spatial distributions of
precious elements is undoubtedly of great importance. This is caused
by structural features of nev types of gold- and silver-bearing ores
in the slates, characterized by the non-contrast concentration
boundaries between the "dead rock"™ and industrial deposits. The
evaluation of gold and silver 1little components in any mineral

association determines both the success of the geological prognosis
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and the possibility to solve the fundamental duestions of ors

formation theory. The development of the radiographic analysis of gold
and sllver components in rocks ensures, Jjust in the case of

radioactive metals, a higher standard of ore geological evaluation.

In order to solve the problem under consideration, the method of
neutron-activation radiography for goid, silver and some other
elements has been elaborated vhich based on irradiating the sample
studied vith a netron flux followed by the photoregistration of the
elenment's induced activity? To determine the local element
concentration by the method, an activated rock microsection is placed,
together with an irradliated standard, on an appropriate photoenmulsion
that serves as a detector of the 1nduced Iirradiation. The exposed
emulsion's photoblackening density wvas observed to be related to the
amount of an element in the sample region adjacent to the detector and
the analytical form of the dependence has been derived.

Justifying the application of the neutron-activation radiography
for the element distribution analysis has required the main factors
influencing the condltions of obtaining the selective radiograms, such
as the resolution, detection 1limit, optimal irradiation regimes,
exposure and photoexposure of sample to be evaluated?

Such factors as the sample exposure duration, photoemulsion
developsent time, distance betveen the sample and photomaterial, as
vell as photoemulsion type (the size of silver halogenide grains and
emulsion layer thickness), have been observed to influence the
radiography resolution at a certaln irradiation energy.

Fig. 1 shovs the changes of photolimage size versus the size of
radionuclide sources presented as various flat discs (0.5; 0.6; 1.0;
3 mm) in dependence on the exposure time, all the sources having had
the same specifi. activity. If the exposure time varies from 50 to 300
sec, there is practically no distortion in the original size of
irradiation source (curve 1l). The gradual Iincrease in the exposure
time within 600 + 400C sec results in a considerable disiortion of the
original source size (curves 2, 3, 4, and 5), and further Iincrease
brings a distortion stabilization (curve 6).

Let us consider nov the possible reasons of such a distortion. In
the case of short exposure, the probablility of a p-particle, emerging
from a source reacting the crystal situated directly above it, is much
higher compared with that for a crystal neighbouring in several
microns aside. Howvever, the probability of a p-particle double hit is
also higher for the crystal above a source. If the exposure time \{s
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relatively small, the number of crystals with a high probability of
double hit is small, and the graln density distribution above a source
18 characterized by a sharp peak (the best resolution). If the
exposure time is so great that the probabil.ity of double hit in the
crystal above a source becomes signiflcant, the grain density above it
does not increase in proportlon to the number of interactions with
p-particles, wvhich results in the grain density distribution curve
videning and flattening, and, consequently, the resclution worsening.
Finally, all the crystals above a source are activated and a further
increase in the exposure time will cause the increase in the number ot
developed grains only in the low graln density region far from the
source., Probably due to the reason, the lov grain density radiogrcms
obtained by using low specific activity irradlation sources have
often, in contrast to the advantages expected from the statistical
point of view, the better resolution than on the radiograms from the
sources being several times more intensive.

Fig. 2 shows the change in photoblackening versus the distance
betveen a sample and photomaterial for three various emulsions: the
X-rays fllms PM-1 (the average diameter of non-developed gralnms, db,
of silver halogenide is 1.3 um, the emulsion thickness, lem, is
15-16 pym), and PT-1 (dg = 0.5 um, lem = 15 ym) and a "Micrat" film
(dg = 0.5 um, le- = $5-7 pym). As seen from ¥lg. 2, the greatest Iimage
distortion with increasing distance from the source (resolutlon vorse-
ning) takes place :{f one uses the films with a thick emulsion layer.

Comnared with the emulsion thicanness, the decrease in the average
crystal diameter produces not such a strong effect (curves 2 and 3].
These results give evidence for existing point of viev, according to
vhich the emulsion blackening density depends or the number of exposed
crystals per an emulsion area unit rather than their total number. For
the FT-1 filas the change {n the distance between a sample and
emulsion from 10 to 100 um has been found to lead to the resolution
vorsening from 50 to 60 um (see Fig. 3).

Thus, if a close contact betwveen the source and photomaterial |is
impossible (e.g. 1f the emitting microinclusion is not za the sample °
surface, or if it is necessary to put a thin gasket of lnert material
to prevent a cheamical interaction betwveen a sample and emulsion), the
separating distance should be as =saall as possible, with a thin
emulsion being preferable.
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Figure 1. Dependence of changing the photoblackening cize, caused by
the radlocactlive sources of variovs dlameters (0.5; 0.6; 1.0; 3.0 =»m)
versus the exposure time: 1 - texp = 60 + 300%, 2 - texp = 600%, 13 -
texp = 1000, 4 - texp = 2000, 5 - texp = 4000, € - texp = 5000”.
Fiqure 2. Dependence of the distortion in the radioactive source
image versus its disterce from a photnmaterial of a "Micrat" film (I)

and the X-ray films RT-1 (I1) and RM-1 (III).
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The data cbhtained allowv one toc find an optimal set of conditions,
such as the choice of photomaterial, sample preparation £for the
analysis, exposure parameters suitable for each case under study%o

Further analysis of the radiographic Iimages was devoted to
studying of the optical density distribution of an exposed and treated
photoemulsion. By analyzing the optical density distribution obtained
by photometering a radiogram, one can, in principle, determine the
size, shape and location of the element inclusion of interest}1

Microphotometering the radiograms obtained, as well as comparing
the extinction values with standards, allows a quantitative
characterization of the element distribution in a microsection. Fig.4
illustrates the data on the radiographic study of gold distribution
under neutron irradiation. In the case of point gold concentrations
one should study the profiles including these points. The gold
distribution in every microsection 1s evaluated by hundreds of
zeasurements.

The intensity of photoemulsion blackening above the visible gold
with knovn standard may serve as an internal standard. Besides, the
special comparison standards have been developed which model the
matrix composition and structure.

The irradiation time for a sample, being given in dependence on
the problem under consideration, is determined Ly the neutron flux
density permitting one to detect the separate gold contours orx
disperse gold aicroinclusions, as well as gold itself, in an

inc]usion}z The sensitivity of the technigue considered as a

6 g‘mm_2 with

modification of the neutron-activation analysis is 1-10°
the relative standard deviation of 8 - 10%.

The technigue elaborated for studying the microgold distributions
in povder-like samples was use( to find the representative condltlons
ot gold analyses.

The neutron-activation technique as applied to study a silver

distribution makes use of the nuclear reaction

109A8(n'7)110mAg ,
110m

with the Ag radionuclide formed having a half-life of 253 days.
The technique of Ag determination turns out to be worse than that of
gold, although the silver photoregistration 1is higher due to the
nusber of "interfering® radionuclides decreasing. The Ag determination
6 2 vith the relative standard deviation of

sensitivity is 5-10°° g-am”

5 - gat?
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Figure 4. Gold distribution concentration profiles obtained by

photometering a quartz section over 0.15 mm2 square (the gold content
is given): 1 - 1less than 1-10°% g, 2 - (1+2.6)-10°% 4, 3 -
(2.6+4.6)°10°% g, 4 - (4.647.5):10°% g, 5 - (7.s+11.00-107% g,
6 - (11.0+16.6)-10°° g, 7 - (16.6+25.1)-10"° g

Figure 5. A radiogram of the silver distribution in a guartz section
from the clevage zone
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Fig. 5 presents a neutron-activation radiogram of silver
distribution in a quartz microsection from the clevage zore obtained
by irradiation with the fisslon spectrum of 6-1017 n-cu_2 and exposed
for 6 months for the short-lived nuclides to ,decay. Studying the
spatial distribution of the 1little components of gold and other
elements in sulphide-inpregnated ores of black slates has required a
special elaboration}‘ Usiné a special aluminium £filter 1in obtaining
the radiograms vith subsequent comparison of the radiograms obtaine
vith the filter and without it allows one to rewveal two gold forms in
the ores: sulphide-impreganated and free ones.

The results achieved by applying the methods proposed to study

gold and silver distributions were used in vorking out a geochemical
model of precious element ore formation in the black slates%5

The above-described investigation has been carried out with using
simultaneously the methods different 1In their sensitivity and
resolution, vh;ch has allowed us to supplement and enlarge thelir

possibilities.
The number of techniques presented does not cover the

possibilities of the nuclear physical approaches to local analysis to
solve numerous problems in geological and geochemical studies, but

speaks for the large prospects of their application.
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THE STUDY OF URANIUM DISTRIBUTION IN MATERIALS FOR MICROELECTRONICS
WITH TRACK DETECTORS
A.G.,Dutov, S.V.Shiryaev, K.E.lobanova, L.A.Smakhtin
Institute of Solid State Physics and Semiconductors,Minsk
Science Institute of Physical Chemistry, Obninsk

At present, the application of integrated circuits in high fidelity
systems is hampered by numerous errors and failures.
90% of errors, according to the experimental evidence
by charge generation in the device active range compareble in value
with the charge of information unit.
Therefore there arises a need for determination of sufficiently low
(parts per ten, hundred of ppd ) U and Th content in semiconductor
materials, microcircuit enclosures, etn. This problem has been given
conelderable attention in the lite.acure, for instance in /3:4:5/
At the same time, the distribution of the U,Th atoms and other &-active
elements is practically unstudied.
In this papexr the studies on uranium distribution in plastic samples
and metallic aluminium used in fabrication of enclosures and electrical
connections for microcircuits by means of the f-autoradiog::\aph:,,'/6
techniques are reported.
Plagtics are complex composites containing polymexs, filling agents:
gilicon or aluminium dioxide,stibium and bromine additions.
The total uranium and thorium content in samples was determined
by activation analysis, some results are summarized in Table 1.

Table 1.
Average uranium and thorium content in samples from the NAA date

/I’Z{ are caused

U content Th content corresponding
samples in ppm in ppm ol-particles flowlcm"z}'x1
aluminium 1 0.315 0.188 1.82
aluninium 2 3.04 0.0043 15.41
aluminium 3 0.0081 0.0023 0.044
plastic 1 0.015 0.006 0.80
plastic 2 0.0038 0.019 0.021
£filling agent 0S 0.021 Q. 0041 .oon
filling agent OSSF 0.0085 0,0027 0.046
filling agent Ch 0.26 0.014 1.34
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Sempl <3 of no less than Tcm2 were polished at two sides with a
diamond paste, raised in a box, dried and packed intu a container.

The fission fragments were detected with lavsan as the most radiation
resistive polymer . The irradation was carried ou® in the horizon-
tal channel of 10-13 Mw WWR-C reactor by employing neutron beams
with total fluence (5-1016 nm'a) and a cadmium filter.

The detectors were etched in s gtandard fashion - 40% KOH, 6 min at

60°C. With a 100x microscope lens dozer of traces and some accumula-
tions were revealed, in this casc the uranium content in the sample

did not exceed 10 ppb.

The detection 1limit of uranium was no worse than 0.2 ppb, that of
thorium - 0.1 ppm and limited by tvhe lavsan film defects.

The uranium content upon neutron irradiation with full fluence was
calculated using the expression:

Cu = (2p/R)(muB/pus) , where p -the
tracks density of sample, e ~ weight of standard, R - the fission
fragments run in the sample, could with sufficient accuracy be
evaluated using the values for the air. For the fis' ... fragments
R = 7-10"4Jx7d ,where d -~ the density and A - the average mass
number for the sample.

Fig.1 shows the distribution of the uranium fission fragments tracks
of a part of sample aluninium 1. The "A" range is 44 mcm2 with U
concentration of 6.1 ppm and the "3" range - 1.9 mcm2 at C, =46.8 ppm.
Uranium atoms accumulations ere characteristic net only to
aluminium but also to plastics where their content is lower.
Nevertheless, the 1-2 accumulations of the B- type for 10 cm2 of the
sample surface were revealed.

In calculations of the uranium concentration for the B- type accumu-
lations a correction for the effect of traces enhancement in a
detector by estimating the probability/7/ of the fragment emnission
from the spherical accumulation with the 2r diameter is:

P = 1/2(3(R/2r)-(R/21)°)

It i8 clear that the formation of accumulations in a plastic or
aluminium occurs due to various reasons. For plastic it 1is possibly
deficient mixing and grinding of filling agents,since the uranium
content in natural quartz sand could reach 100 ppm.

In aluminium the uranium atoms are deposited at dislocations. The
diffusion processes at the grain and twins boundaries under repeated
high tenperature treatments of aluminium ingot in the process of
fabrication are prominent in the emergence of uneven impurity content.
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As is known/B/ the diffusion coefficient at the grain boundaries
increases by several orders of magnitude as compared to that of
equilibrium one, and at the same time, ther< are channels in them
with relatively low atom packing densities of the basic substance,
the boundaries thickness does not exceed some interatomic distances.
Thus, one observes perfect ranges of large impurity elements accu-
mulations in & polycrystal.
Fig.2 illustrating the uranium distribution in eluminium obtained
with lower magnification, may, to some extent, serve as a confirma-
tion.
Periodicity is observed in the distridbuticn of accumulations Gue to
the dislocations distribution and large angle grain boundaries.
In this case the A-type range (fig.1) can be treated as the onset
of the B-type inclusion formetion.
Thug, at the average uranium content in microelectronic materials
at the ppb level its concentration up to the ppm level is highly
probable causing not only errors but also failures of memory cells
after a while.
The moat hazardous in this respect is sluminium where periodic
uranium accumulations could occur with the uranium content of a
few tens of ppm within 100-200 mem from each other.
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Fig.l A part of the f-autoradio- Fig.2 Distribution of U in Al
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Application of CR-39-Type Plastic Track Detectors

and Thin-Layer Inorganic Sorbents for Determination

of Alpha-Active Radionuclides Microconcentrations
in Water

A.A.Djakov, V.Yu.Rostovisev
Research and Development Institute of Power
Engineering, Sverdlovsk branch,
Ekaterinburg

A.V.Voronov
Chlopin Radium Institute (St. Petersburg).

N.D.Betenekov, £.G.lpatova
Ural Polytechnical Institute,
Ekaterinburg

In nuclear power engineering an imponant radiation safety aspect is
a control of activity accumulation in  a primary circuit and
radioecological condition of reactor off-sites. Both require a fission
materials control, including alpha-irradiators in a primary coolant and
oﬂ-siil% pools,’when fission materials concentration in these waters is10™Y
-10° cm™.

A re(?uiried highly seasitive method of control was developed based
on plastic track detectors and thin-layer inorganic sorbents (method

PTD-TIS).
CR-39 Fabrication Process
The CR-39 detector, based on diethyleneglycolbisalylcarbonate
(DEGBAC) monomer, was produced by the Ukrainian R & D Institute of
Plastic Materials (Doneiskf. Hs fabricaticn process was developed in
the Chlopin Radium Institute (St.-Petersburg).
To meet the requirements of alpha-dosimetry the optimal polymer is
one of the content: 96% of DEGBAC and 4% of benzol peroxide (BP)

(1].

Background characteristics perfection is obtained by the combination
of initiators: 4% of BP and 0.5% of tetrabutylperbenzoate (TBPB).
Within the frames of this work four batches of CR-39 were fabricated.

Etching Regimes Optimization and CR-39 Selection for Quantity Production

Detector specimens from all four batches were irradiated by Pu-239
alpha-particles { E=5.155; 5.143; 5.105 MeV) from the "OCMAM"-set,
the geometry being “close adjacent to” and at 1 cm -distance in air.
irradiated and nonirradiated specimens of CR-39 were etched
electrochemically (ECE) simultaneously.

Literature data on etching regimes for CR-3%9 of various brands and
compenies - PATRAS, Germany [2]; American Acrilics, Inc., USA [3};
Persore Moulding, Ltd. Works,U.K. [4,5], TASTRAK [6}, - were
analysed and ECE regime variants were selected to registrate 5 MeV
alpha-particles:

- preliminary chemical etching (pre-CE):

8) AN KOH, 80° C, 5h;
b) 7.25N NaOH, 70° C, 5h;
c) 5.35N KOH, 70° C, 2-5h;
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- electrochemical etching (ECE):
12-20 kv ,/cm, 3 kHz, 25° C; 4-8 h;

d) 80 vol.% of 7.8 N KOH + 20 vol.% of C,yHOH;
e) 30 % of KOH.

The specimens of ali four detector batches were etched at these
conditions. The most alpha-particle registration efficiency and the least
backgiound density of discharge spots in all efching regimes belong to
CR-39 from batch N4 (DEBAC NI, initiators: BP-4%, TBPB-0.5%). This
CR-39 modification was reproduced in a sufficient quantity and sll the
following experiments were performed on it.

The ECE conditions for "quantity-production” CR-39 were
optimized to reach a maximum signal-to-background ratio (including
conditions of the best count of discharge spots). Pre-CE (variant "C",
5h) followed by ECE (composition "d” and "e”, electric field voltage:
146, 16.7, 194 keV/cm, during 6, 7 and 9 h). The tollowing daia
proved to be optimal: ECE ccmpositon - variant "d"”, alcoholtearing,
elect:ic hield voltage - 16.7 kV_ /cm

For these conditions the Lackground discharge spot density was
3043 em? and practically did not increase with ECE stage extension
from 6 to 9 h. However, it increased to 100+ 20 cm? with the
voltage increase to 19.4 kV_./cm. The discharge spot diameter was from
50 to 100 um A high quality of detcctor surface was kept stable.

U-and Pu-Concentration Technique with TiS Application

The literatwre date and TIS operation experience lead to the
follcwing condlusion. to concentrate microguantities of U and Pu from a
water solution in order to define acreptable TiSis based on Ti
bydroxides [7]

It was experimentally stated that the dependences of U-233 sorption
on water solutions acidity has a forni of a curve with the maximuia in
‘the tange ol pH-values from 45 to 55 for titaniumdioxide and pH 6-
7 tor ccnnuin dioxide.

In the experiment on Pu-239 scrption by thin - layer titanium
ydroude  from  various  solutions the  acidity «.p.endence  of
microcompenent concenttation 1n the sorbing fayer (in the pH-range
fiom 2 to 8) was not found

An awsessement of sorbent specificity in respect to the component
extracted 15 the distribution coefficient, characterising the element
amount, absotbed by a sorbent mass unit in specific conditions. The
distribution coefficient “k" is defined from the relationship:

k= C1/C, cm’g’, (M

where Cv - concentration of U or Pu in a solid phase (sorbent),
gU(Pu)/gTi(Ce);
C - concentration of U or Pu in a solution, g.cm?;
and does not depend on U or Pu concentration in a solution. Sorption
experiments were carried out to define U and Pu distribution
coefficients. There were used water solutions with different initial
content of U-233 and Pu-239 and thin-layer hydroxides of Ti and Ce,
2-20 ug Ti(Ce)/cm?. TIS was precipitated on polyetheleneterephthalat
(lavsan) and CR-39 by fhermar hydrolysis of the solution, containing
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Tile and carbamide. The results of the experiments are shown in
Fig.1.

lgc,

-3

-11 ~10 -9 -8

e — U-233 in distillate and ABP,
o — Pu=239 in distillate at pH:=3.4;
x — Pu=-239 in APB at pH=3.5

Fig.\. Isotherm of U and Pu sorption by thin-layer
titanium hydroxide from solutions
It is stated, that the distribution coefficients of U-233 and Pu-23% in
the definition error limit (at the confidence coefficient 0.95) are
numerically equal and constitute:

K = 6.8x10°%cm’g”’
™ o
Ko, = 2.2x10’c'n’gg '

being independent ofa solution type (distillate, ABF) and
sorbent (TiO,, Ce0,). 3

When U-toncenfration exceeded 10 g-cm™ the isotherm deviation
from linearity was observed. It was caused by the saturation of most
active sorption collector centers by the microcomponent, the centers
capacity can be estimated by the value not less than 2 mgU/g Ti.

The static exchange capacity of these most active sorption centers
relative to Pu is not less than 100 .gPu/g Ti. Thus, the obtained
difﬁésiondc:efficienf proved high thin-layer titanium hydroxide specificity
to and Pu.
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Main Characteristics of PTD-TIS Method
The main characteristics of PTD-TiS Method: sensitivity and detection
limit should be considered in comparison with "wet" method, when PTD
is exposed directly in a solution.

Pu_determination
Track density on detectors, irradiated by alpha-particles from a thin

target, T, and irradiated in a solution, dy, are defined by t-e
expressions:

T= (1/2)-K%, - a-W-t, cm?, 2)
dr= K ,-a:-C-t cm? (3)

where K® - efficiency of alpha-particle registration by the detector in

case of the thin target, rel. units;
- proportionality coefficient for registration

of alpha-ﬁé’rﬁcles in a solution, cm;

a - Pu specific activity, alpha decay/(g s);
w - Pu density on the target (TIS), g/cm?
C ~ Pu concentration in a solution, g/cm?;
t - detector irradiation duration, s.
PTD-TIS Method sensitivily gain is defined by the ratio:
T/dp=(1/2)- (K", /K® )-W/C. (4)

Based on the distribution coefficient definition, k,(eq.1) and
consiaeration of the evident relationship
W=Cr-w, (5)
where w-TIS thickness, gTi/cm?

we obtain: T/dy = (1/2)-(K®, /K® )-k-w, (6)
There were experimentally defined the coefficients:

K“dr’ = 0.4;

K¢ ., = 920 x 10* cm
for electrochemically etched CR-39.
We obfain T/dy = 170 for TIS of the thickness 20 pgTi/cm? using
mean logarithmic value k= 3.9 x 10* cm’g™.
Detection limit for Pu’in water media is determined by background
density of tracks on CR-39. Assuming 3}’Tb_' as a detection limit
criterion, we obtain (from eq.2) minimal defectable activity of thin

target (TIS) during exposure time(t):
At = aW = 6T /(K -1), Bq-cm?, (7)

min bgr’

At t = iday
A " = 1.2 x 10? Bg-ecm? (3.3x10" Ci-cm?)

or
W _ (Pu-239) = 5.3x10" g.cm™.
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Assuming TIS background contamination by alpha-irradia‘tors does not
exceed these vaiues and taking into consideration (1),(5) and (7) we
obtain a detection limit for Pu in water:

A = Aminns/(k-w), Bg- cm-3, (8)
For_irradiation exposure being one day and TIS thickness 20
ugTi/cm?:

A (Pu) = 1.5x107 Bg.cm3(4x10"" Ci/l),
C (Pu—239) = 7x10"3 g.cm‘3_

Uranium detfermination
A lavsan PTD having a covering TIS layer was exposed to the

solution studied and then irradiated by thermal neutrons in a reactor

or other source.
Sensitivity gain compared to the '"wet" method is defined

by the expression:
T/dp = (Kdry/K

Using the data Kary and K_ for lavsan (7] and data on

wﬂ)w/C = (Kdry/Kwd)- ke w. (9)

k, from eq.2, we obtain T/dy = 790 for TiS of the thickness
20° ugTi.cm™2.

Uranium determination sensitivity gain is realized by the
corresponding lower necessary neutron fluences.

Its detection limit is connected with natural contamination of TIS by

uranium ( C. = 107 gU/gTi) and when the distribution coefficient is
considered (eq1) it equals
_ - 2 3
Con = C,bg'/k =3 x 10" g.em™.

Thus, » limit of U detection in solutions does not depend on a TIS
thickness and two orders lower than a defection limit of "wet” method,
where the limiting factor is the natural contamination of lavsan PTD by
uranium (10°'° g.cm™),

Conclusion

The performed experiments resulted in the development of PID-TIS
method to define microconcentrations of U and Pu in water media.

The method is based on the developed techniques of CR-39
type detector and thin-layer inorganic sorbents based on titanium
hydroxide, the experimental results on optimization of CR-39
electrochemical etching and Pu-239 irradiated by alpha-particles, and
the results of U and Pu behaviour study in the system water solution -
TIS.

Application simplicity, high sensitivity and the low limit of U and Pu
detection - are pronouncing characteristics of the PiD-TIS "method,
providing its applicability to solve the problem of nuclear reactor
safety, radioecology and other fields of research.
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DETERMINATION OF URANIUM IN SOME LIQUIDS BY USING SSNTD
Z.En, N.Jumaev and M.M. Usmanova
Institute of Nuclear Physics of the Uzbek Academy of Sciences
Tashkent

To determine some impurities in liquids different ‘'dry"“
methods of analysis are known to be developed to a great extent.
However, when a dry residue obtained, contamination of a sample to
be studied and uncontrolled losses of determined elements are
possible. For this reason the “wet” techniques of analysis are of
practical interest. At present there are a few publications
devoted to a "“wet’ approach to determine some impurities by SSNTD.
Among them due attention should be paid to the survey article by
A. A.Djakov (Radiochimiya, N.4, 1987), in which varjous information
on determining uwrantum by the “wet” techniques with the use of the
plastic track detectors has besen systematized.

It 1s known that in a neutral solution the uranium particles
are of high sorption activity on a detector surface and tend to
formation of the clusters causing the stars of tracks to occur,
This occurrence leads to a non~uniform distribution of tracks and,
as a consequense, to a high distortion of results. Our experiments
show that in distilled water because of high sorption of the
uranium particles on the lavsan surface the density of tracks is
approximately three times higher than that to be expected. One of
the ways to avoid the formation of the clusters is the addition of
some acid to the neutral solution.

In this work a possibility of uranium concentration to
determine by a "wet"” technique in water and aqueous solutions of
alkali and salts by means of fission fragment registration using a
lavsan detector has been studied. A lavsan film to be placed into
analysed 1liquid was set to a reactor for thermal neutron
irradiation C8 < 10*° cm~?),

All the experiments were based on the “input - determine”
principle. Amounts of uranyl nitrate IUOZCNO’).BHZOJ were being
added into alkalf solutfons ( 0 - 6.0 N KOH > available until its
concentration riched 1.:0.:0“’g.cm‘2. The irradiation times were
from 2 to 15 hours. It has been found that when the KOH
concentration was lower than 0.3N the stars of tracks took place.
When the KOH concentration was higher than 0.5N the distribution

of tracks was uniform.
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Table.
Comparison of the concentrations of uranium introduced into KOH
solutions with these obtained experimentally

- -9
irradiation |conc.ntrat.lon| uranium concentration, x 10 ‘g.s-

Lime, h | of KOH, N i input H determined
o 5. 79 5.89 + 0-.30

0.5 - " - 85.63 = 0.28

2 1.0 - - 6.18 * 0.30
2.0 - - 9.47 £+ 0.38

4.0 - " - 5.28 * 0.40

8.0 - - 5.71 * 0.50

o 5.79 5.69 z 0.32

5 0.5 - - 5.39 £ 0.32
1.0 - - 5.36 £ 0.28

o 5.79 6.20 * 0.50

15 0.5 - - 5.86 + 0.44
1.0 =" - 5.82 * 0.25

In the table given above a comparison of the concentrations
of uranium introduced into the KOH solutions and these determined

in our experiments are shown.
The relative root-mean-square deviation of the measurements

1ssr_<_9x for P = 95 Xx.

The determination limit of uranium depends on its content in
the detector used. The content of uranium in the lavsan films is
of approximately 10™°%. So its determination 1limit 1is of
n.loﬂog/g.

The experiments on the registration of the fission fragments
in a NaCl solution have been carried out as well, The
concentration of NaCl was equal approximately to that of sea
water. Two cases were considered: the NaCl solutions with and
without addition of some nitric acid. In both the cases the
results of the measurements coincide.

Thus in this work the possibility to determine uranium
concentration in some liquids, such as aqueous alkali and salt
solutions, by using SSNTD has been studied. It is shown that for
the concentration of these solutions higher than a certain
“critical’ value, the distribution of tracks is uniform. This case
allows, in accounting the number of tracks, one to scan the
surface of a detector and to Increase the number of observation
points, thus improving the accuracy of analysis. The possibility
to obtain such a uniform track distribution is one of the

advantages of “wet' analysis approach.
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THE USE OF SSNTD FOR SOLVING ECOLOGICAL
PROBLEMS ARISING AT NPP OPERATION

A.V.Zvonarev, V.G. Liforov, E.Ja. Smetanin
Institute of Physics and Power Englneering.
obninsk.

Two examples of using the SSNTD method for solving the problems

arising at NPP operation are considered:
1) Cross-section measurements of transactinides with large

half-lives for solving the problem of their transmutation.

2) Detectinn and determination of concentration of fissile
isotopes penetrating 1into the ground as a result of releases,
accidents at NPPs and reprocessing plants.

1. The problem of transactinide burning out in fast reactors calls
for providing rellable data on fission cross-section for these
nuclides on neutron 8pectra characteristic of [fast preactors.
Yerification of neutron constants was performed at the critical

aseembliee CBR [1] and BR-1 [2) by means of measuring the ratlios of
237Np'zaﬂpu'ZQOPu.ZilPu'2§2Pu'leAm.243Am'2ilCm to 235U tission

cross-~ section at neutron spectra close to that in the BN-600 reactor
core and "harder” one (E  =1MeV). For the measurements the SSNTD
method was used with calibrated layers of the above nuclides
10'*-10'* 1/cn®thick. The thicknesses chosen make unnecessary the
corrections for the effects of cross-section selfscreening, as well
as do not call for special measures for ensuring work safety, because
layer activities do not exceed MSA (minimum significant activity).
The SSNTD method in this case has substantial advantages over other
ones, e.g., the activation detectors method or <fisasion chambers. A
possibility to use microgram quantities of the materials under
investigation, reduces considerably the expenses for thelir
purchasing.

In the experiments at the CBR and BR-1 rigs a common track detector
design with a calibrated layer was used comprising a flssion
fragmenta detector, a calibrated layer of a nuclide investigated and
a collimator placed between them, Sodium silicate glass was used as
the track detector. Track counting was carried out at the
microcomputer-controlled scanning microscope. Track density reached

10° 1/cm?.
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In Table 1 the results of measurements of some cross-section
ratios and their comparison with calculated data are presented. In
the upper line of the table the spectral index of the uranium-238
fission rate to uranium- 235 1s given characterizing neutron spectrum
“hardness®.

Table 1.
BR-1(plutonium core) CBR-18 (thorium core)
Experiment Calculation Experiment Calculation
Experiment Experiment

2385 |'0.165 + 0.005 0.99 + 0.04 0.0261 + 0.0011 1.057

2374p| 0.771 + 0.023  1.04 : 0.04 0.232 :+ 0.011 1.184
2%0py| 0.877 + 0.026  0.91 = 0.03 0.272 + 0.07 1.035
2%1pyl 1.29 + 0.04 1.02 + 0.03 1.332 + 0.035 0.983
2%2pyl 0.658 + 0.02 0.98 : 0.03 0.191 & 0.07 1.00
241am| 0.825 + 0.025 1.70 : 0.04 0.201 + 0.07 1.04

2. Work on studying ground samples was a loglical extension of work
on using SSNTD in the BN-350 reactor coolant samples studies for
their fissile nuclides content [31. The point was to solve the
problems of preparing the samples to be ex.mined and the reference
samples. Work on studylng the dependence of the fission fragments
recording efficiency on ground grains size, on frissile nuclides
quantity, on the reference sample preparation method was carried out.
The ground samples from the reglons exposed to effects from the
accidents at the Chernobyl NPP and the "Mayak" IP (Chelyabinsk
region) were investigated. The mamplesa were 1n the form of powder
with a definite grain size, that was placed into a contalner with the
SSNTD (quartz glass) mounted in 1t. The containers were placed into
the BR-1 reactor thermal column and the central channel of the BR-1
core. The method allowed one to determine both the fissile nuclides
absolute value (g/g) and the 1sotoplic ratlo of these nuclides (ura-
nium-235 + plutonium-239 and uranium-238). Sensltivity of the method
18 determined by natural uranium content 1in the grounds (uranium-238
10°® g/g, urantum-235 10°° g/g) unless any steps on chemical
separation of uranium and plutonlum from the grounds analyzed are
undertaken.
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Table 2 presents some results of ground analysis taken in the
"Mayak" IP area and, for comparision, in the Kaluga reglon.

Table 2.
Chelyabinsk region Kaluga region
Sample N1 Sample N2 Sample N3
1.3=10°°% + 20% g/g 4.0=10"°% + 20% g/g 1.0=10"% + 20% &/g
natural uranium isotope ratic natural uranium
(0.8 £ 0.15)%
uranium-235/uranium-
-238

The above examples of the SSNTD use confirm large potentialities of
this method for solving the problems related to environmental

control.
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THE APPLICATION OF TRACK METHODS FOR ALPHA-EMITTERS
STUDIED IN ZONES AFFECTED ON NUCLEAR TESTING
AND TECHNOGENIC ACTIVITIES IN KAZAKHSTAN.

IVAN CHASNIKQV

High Energy Physice Institute of
Academy of Sciences of Republic of Kazakhstan

It is no secret nowadays that the mining and processing
of uranium and the production of nuclear fuel and nuclear
weapons components are carried out in many regions of
Kazakhstan. Teating of nuclear, hydrogen, neutron and other
weapons of mass destruction took place in the eastern,
western and other parts of Kazakhstan for 40 years. Many
towns of our republic can be considered as zones of
ecological disaster, where large-scale industrial
enterprises throw millions of tons of harmful substances into
atmosphere. If we recall additionally the Aral sea ana other
problem areas, it will be difficult to find a pure ecological
zone 1in Kazakhstan. There {s no other country or republic
where all the problems are closely connected as 1in
Kazakhstan. Unfortunately the jevels of radiation and their
negative influence on human health and environment were not
studied well enough. Practically speaking, there 1S no
information on the complex influence of different harmful
factors on people and nature.

The specific regularity of the course of deceases and
infant mortality which are the indicators of society health
levels and environment safety were found in some regions of
Kazakhstan. It should be noted that such effect was not
observed 1in republics and countries situated far from the
nuclear test sites. Some publications pointed out that the
maximum of infant mortality was observed 22 - 25 years after
the period of the most intensive nuclear weapons testing
{1953-1956) and thay these facts are connected with symptoms
of irradiation of Kazakhstan citizZens in the second
generation.
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Different programs for the rehabilitation of irradiation
victims are being worked out by the state and public
organizations among them the Republican program “Ecology”
and the program "The revival of the Earth and Human Being”
suggested by the International anti-nuclear movement
“Nevada-Senipalatinsk®. These programs include studies of
alpha-emitters in the zones of ecological disaster with the
help of nuclear track detectors. In the Institute of High
Energy Physics there is a well equipped group of scientists
studying nuclear interactions at high energies. These people
are able without any difficulties to carry out the
investigation of alpha-emitter characteristics.

Such work is necessary to determine the exposition dose
power at the expense of the inner irradiation of a person
and to define ecological disaster zones. There will be
received the data concerning the concentration of
radio-nuclids in the organism of a human being in different
years as a dependence on a concrete place and mode of life.

It is planned to use in work different track detectors.
Taking into account that Kazakhstan has suffered not only
from nuclear explosions at its territory but from the China

test-site “Lop-Nor”® , it is important to study the
concentration of Plutonium and other alpha-irradiators
influencing the objects of the environment.

I have been charged to invite the participants of this
meeting and everyone who wants to take part in the work of
the Republic Conference on the programme "The revival of the
Earth and Human Being® and as far as possible make some
contribution to the realization of the presented Programme.
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DETERMINARTION OF THE ENVIRONMENTAL RADIORCTIVE
CONTAMINATION BY USING RADIOGRRMHY

1.G. Berzina

Institule of Railways Transport, Moscow, Russia, CIS

Technological activity of man has led to complicated
ecological problems caused by the activity and found in
the contamination of environment. One of the sources of
such a contamination is the radioactive pollutien.

[n carrying out the nmeasurements to determine the
radioactive environmental contamination, it is necessary,
in addition to evaluation of the concentration of the
radioactive elements, to determine their local and spatial
distribution,

The method giving such possibilities is a radiography
one ( Flerov and Berzina, 1979; Recommendations, 1991 ),

The sensitivity of the (n,f) radiography technique Lo
evaluate the concentration of the fission elements (in
absence of the interfering ones) is,for example, of 1§Y%
for uranfum under natural conditions. The spatial
resolution of the technique is of several waicrons, which
exceeds considerably the possibilities of other techniques
of elemental analysis.

In qeneral, a deteclor reveals a sel of differenl
track densities corresponding to the places of the fission
elesent inclusions in an object under study, the imaqe
fora peraitting the evaluation of the fission elemenl
concentration and true inclusion’s sizes.

In nature there can be many accumulators of
radioaclive elemenls, such as rocks, soils, waters and
plants. Radioactive elements may be found in environsent
cither 1in natural or Lhechnulegically processed fors., In
the lirst case, the most distribuled element is wurdniua,
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whereas, in the second one, either uraniua, plutonium, or
both the elements are present in dependence on the
processing technology.

In field vork the determination of concentration and
the 1{dentification of fission elements can be carried out
by a prolonged exposure of a detector in a definite air
volume. In Lhis case the plants’ leaves can serve as the
arcuaulators of information about the radiocactive
environsental contasination.

ficcuaulation of microelemenls by plants takes place
during a full biolagical cycle consisting of absorbing the
elements together with the nutrients from soil by the root
systes, processing these elemenls and polluting thea in
the form of an assimilate onto the surface plant parts,
After that the microelements return into soil with fallen
leaves, accunulate in the huaus and may penetrate once more
into plants during the next vegetation period, If there is
a technogenic source of the environmental radiocactive
contamination, the income of the radioactive elements into
a productive soil layer may be due Lo the surface waler
streams, rain falls, dust sediments from atmosphere, elc.
The dust settles down on plants’ leaves by gluing to the
adhesive parts of plants, and accusulates in thea during a
vegetation period, This facl is of great iaportance, since
it enables one to reveal the.radfoactive contaminatien in
agricultural plants and identifies the ways of getting the
iadfoactive contamination into plants.

The dust which settles down after a nuclear accident
can contain varfous fission elesents in the different
concentration rates. In such a case there is the problen
of evaluating the concentartions and detersining the
spatial distributions of uranius and plutenius in soils
and so-called ' hot particles’. As il has been found, the
correlation between these elements’ concentrations in ’hot
parlicles’ is not a constant factor. However, the
raiography is khoun to enable one to evaluale the
concentration and determine the spatial distribution for
each element under study. By using a double exposure of
the object 1investigated with changing a detector, one
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deteraines firstly the total distributfon of all
alpha-sources of uranium and plutoniua and searches
aftervards for the alpba-radiation from plutonius nuclef.
To evaluate the concentration and deteraine the spatial
distribution of plutoniua during the secondary exposure,
the screen of a definite thickuess, for instance, made
from Javgan, 1ig placed betwsen the object and detector, to
abgord the < -particles emitted by the uranium nuclef,The
ol -particles have the energy less that these emitted by
plutoniur which are only registered by the detector in
gsuch a case, Then, the two eleaents can be geparated by
asing the substraction aethod.

The investigations carried out have showed that, from
the group of the figsion elements, only uranium has been
found in the plants grouing near uranium deposits. as
exaaples, in Figures 1 and 2 the distributions  of uranium
over the leaves of poplar trees and woravood grouing near
a uranius deposit are shown. In these figures one can see
the dispersed aranium distributions throughout the green
mass of the Jeaves and treir manifestations with the
increasing concentrations In both veinlets and assiailate
secrations. Besides, the uaranius-containing inclugions
having settled down froa air are seen there. If urania is
absent {n soil and gets onto a plant in the fora of dust,
its distridbution over a leaf’s gurface does not follow
the leaf’s smacrostructare. Such a distribution of uranium
over a leaf of a poplar tree groving aboat 20 ka from a
uranius deposit {s given iIn Filgure 3.

The radioactive dust has also been found on the plants
and In the soils after Chernobyl accident. In this case
uranius and plutonius have been determined in the fora of
*hot particles’ alloyed with other components of the
reactor saterials, Ag it has been established, neither
uraniur aor plutonium does hot penetrate Into the plants,
growing in the region, through the roots. The ‘hot
particles’ either keep being in the soil, are gone up with
vind as dast and reach the plants from outside, or are
carried by the sater streass. The fission elements on the
leaveg, in the roots and in the soils manifest theaselves
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Figure §. @ wuranium distribution over a leaf of a
poplar tree growing near a uranium deposit:
[ - a poplar leaf;Il - a detector
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Figure 2.8  uranium distribution  over a leal of

woravood growing near a uranfum deposit:
1 - a vorswood [eaf:Il - a general detector’s
view:IIl - a part of Lhe detector under high

sagnification
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in the form of ’het particles’. Figure 4 presents
characteristic total distributions of wuraniua and
plutonius in the "het particles’ in the soils and on the
plant surfaces in the Chernobyl accident region. One can
see the particles” parts not containing radfoactivity,
alloyed with the radioactive ones.

By using (n,f)-radiography, the total concentration
seasuresents of fission elements in the soils in Chernobyl
zone have been carried out. The data obtained exhibit
satisfactory agreement with the data due to
neutron-activation analysis (NAA) to determine the uranium
concentration, C,, wmeasured at the same places of the
plant sampling. According to the data available by both
the methods, the_bpveraqe concentration of fission elements
in soil is 10" %. Table ! represents the data on the
detersination of the fission element concentration.cge,
obtained by (n,f)-radiography and the one: on the uraniua
concentration C,seasured by using NAR.

Together with the concentration of fission elements,
that of cesfum has been measured in the rock under study.
In determining the cesium concentration, as well as
evaluating the background which was of 25 imp/h, the
exposure time was 1000 s for all samples.

Table 1

The concentration of wuraniua, plutenium and cesium in the
samples from Chernobyl zone

Nusber Ce10°z  C 0 ZNAR Co ., imp/h

{ 1.06 0.99 390

2 2.38 0.95 107

3 2.64 .00 766

4 0.53 0.85 background
5 0.66 0.81 258

6 4,23 t.21 background
7 1.32 1.89 background
8 0.53 1.00 32
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Figure 3. & uranium distribulion over a leaf of a
poplar Lree growing ~ 20 kn [rom a uranium
deposit:l - a poplar leaf;Il - a detector

Figure 4. A characteristic distribution of uranuim and
plutonium in the ’hot particles’ found in the
soils of Chernobyl zone

The data presented in Table f makes it clear that at
present ahigher cesiuam concentration does not correspend
to ahigher uraniums one. It seems to give evidence in
favour of different wsigration ability of  uranium,
plutoniua and cesium when they are present in soil,
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Determination of spatial distributions of radioactive
elements in the plant leaves after Chernobyl accident in
1386 and 1991 has shown that in due <course a
redistribution of the radioactive elements, in particular,
of cesium, occurs, So, in Figure § is presented the cesium
distributions in leaves,obtained in 1986 and 199%, 1If
immediately after the accident the pgasma-active elements
uere in dust settling down on the plants’ leaves, in 1991
the elements penetrated into the plants through Lhe root
system during the biclogical cycles as described above.
The indentification of the radicactive radiation was
carried out by means of the lead screens of different
thickness, placed betueen the object studied and an X-rays
detector. By evaluating Lhe absorbed energy, dE, over the
lead screen thickness, dEsdX, it was established that in
" 1991 the main gamma-source is cesium,

Uariuos plants turn out to absorb cesium through the
roots in different manners. In some cases the leaf’s
macrostructure is revealed, in other ones cesium can
only be found in peripheral parts of leaves and at their
bottom, in other cases cesius does not penetrate into
leaves during the same time. Thelatter cases are of great

Figure 5. R  distribution of the gamma sources in the
plant leaves in Chernobyl zone: | in 1986:
IT - in 199
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practical value, for the agricultural plants not
accumulating cesium in the productive parts can be
selected.

fis is shown above, the spatial distribution of
envireonsental radioaclive contamination may change in due
caurse. In order to determine the territeries safe for men
living, it 1is necessary periodically to carry out a
combined high-sensitive control of environsent. Existing
methods applied nowadays to evaluate environmental
radioactivity do not provide complete information about
availability of the local o{ -gources.It is the radiography
method that allows one to deteraine the ecological
suvironmental radioactive contamination with a  high
sengitivity, accuracy and visvality. The plant leaves can
gerve as the accumulators and adeguats markers of the
radfoactive contasinatfon of an area with o< -radfation
sources, there being a real possibility to evaluate the
l1inear sizes of the sources.
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. DETERMINATION MICROQUANTITIES OF Pu
WITH THERMAL NEUTRONS AND GAMMA-RAYS

V.P.Perelygin, Yu.T.Chuburkov, Yu.S.Korotkin, I.Zvara,
Z.Szeglowski and Yu.Ts.Oganessian

Joint Instituie for Nuclear Research, 1{1980 Dubna, Russian Federation

Man -made plutonium, in particular the 2P isotope due to atmospheric nuclear explo-
siows, atomic power and atomic engine reactor accidents, failures in the processes of chemical
treatment of nuclear reactor fuel and other reasons provides dangerous local and significant
global level of Pu content in the environment. In accordance with our estimations the av-
craged concentration of Pu at the Earth surface now is about 107'2 g/g. This value much
exceeds the concentration of natural Pu as determined in 1991 by authors {1,2] at the level
{2 5)-10~% g/g for deep underground rocks and hot spring water from Salton Sea. In routine
analysis of surface specimens these authors [1,2] obtained the typical value of Pu concentra-
tion at the level of 107" gram per gram [3].

Now the dangerous level of Pu concentration is estimated to be about (1-2)107" g/g.
Our work was stimulated by the Chernobyl event which produced the fallout of dangerous
amonnt of radionuclides, in particular, Pu, in large regions of Ukraine, Belorussia and abso
Russian Federation. The man made Pu widely distributes and redistributes at the Earth's
surface, now it starts to take part in the soil cycle, surface water cycle and biologicul cyvele.
Now due to these processes one can't exclude the formation of dangerous secondary locations
of Pu at the level 1-2-10'2 g/g as compared with “normal” level ~10-!3 g/g.

The most widely applied technique of Pu exploration for Chernobyl samples is based on
direet registration of a particles due to Pu, Am nuclei e decay with the nuclear emulsions,
plastic track detectors (4-7). It allows one to fiud a-active “hot particles” with dinmeters of
0.01 0.8 jun. but does not provide the sensitivity of Pu exploration at the level higher than
10-® g/g 14 7]. To provide the sensitivity level up 10 107" g/ of Pu one must use abont 101
grams of soil specimens for chemical treatment and further nany honr registration of o decay
of Pu isotopes by means of seiniconductor detectors. One can see that such method could
not provide quick and effective analysis of many hundreds of specimens from Chernobyl fallout
area, or other damaged regions. For radical increase in productivity of Pu exploration iu
environmental samples we choose another experimental approach, based on the separation of
plitoninm from the specimens, but due to much higher sensitivity, we use only fow grinmns of
specimens being investigated. Onr ethod also includes the procedure of chemieal separation
of plutonimn from the specimens controlled with short-lived *™ Py a active tracer bt e
to much higher sensitivity as compared with a-decay registration technique, only fow pramns
of representative specimens are necessary. In fig. 1 the dependence of a number of registered
fissiou fragment tracks on the number of **®Pu nuclei at the preparation for the thevmal
neutron flux 1.3x10'% is presented. As one can see from fig.1,the sensitivity of our method
is tuch higher than for a-decay registration during 10 hours with semiconductor detectans

for the same specimens.
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In Table 1 the results of Pu determination for some Chernobyl fallout area soil specimens
from North Ukraine are presented. As one can see from Table 1 the Pu concentrations varies

from 103 to0 5.7-107'? g/g.

108

10° / 7T
10° v
10’ ;/ ,i’d‘

107 / }/

o[£

1

w0®*  w® " 10

Fig. 1. The dependences of number of tracks due to thermal neutron-induced
fission of 2®Pu on polytherephtalate detector and number of
a-particle counts due to **®Pu a-decay on semiconductor
detector on plutonium content in thin homogeneous layers.
The thermal neutron fluence was 1.3 10'®* ecm~?, a-decay of 2°Pu was
registered during 10 hours at semiconductor detector with efficiency 30%

The control on the possible minor admixtures of U and also Th nuclei was performed with
intense beams of y-rays (E, 220 MeV) at MT-25 microtron of JINR.

The total flux of y-rays was about 10'® cm~? [9]. One can see that the experiniental
dependences of fission fragment yields for neutron-induced fission of 23°*Pu, U and vy-ray
induced fission of **®*Pu,® U, 22 Th provide one unambiguous check of minor content of Th
and U nuclei in extracted Pu specimens at the level 10°-10'° nuclei. The present-day level
of ¥ Py exploration sensitivity is about 1013 g/g. But one can easily reach the level of
sensitivity up to 10~'% g/g - by using higher neutron fluences - 10'8-10?° cm~?2, some non-
organic glasses, crystals - with a very low content >10~ g/g of natural uranium admixtures.

The technique being developed is based on the JINR experience in nuclear chemistry and
dielectric track detector study. We used the unique combination of the Joint Institute for
Nuclear Research basic experimental installations, pulsed reactor facilities (IBR-1, IBR-2),
microtron MT-25 and cyclotron U-200. )

In conclusion the authors - wish to express their deep gratitude to S.P.Shtaniko, A.G.Belov,
G.V.Buklanov, G.G.Bankova for their assistance and support.
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Table 1. The results of Chernobyl samples analysis

NN sample 2¥Pu concentr., nn sample 23°Pu concentr.,
/g g/8

1. I-la 4-10-13 21. L-2/10 1.1.1071?
2. I-1 5.0-10-13 22. B-3-26 1.8-10712
3. L-17/2 4.4-1071? 23. A2-8 1.1.10712
L Al-17 5.0.10-13 24. L-18/2 8.0-10713
5. B1-27 9.4.10-13 25. V-1/7 5.0-10712
6. B3-20 1.6-107'? 26. G-1 6.0-10713
7. B3-14 5.7-10-12 27. B3-43 4.0.107"3
8. L-13/1 1.5.10°12 28. G2-9 5.0-10713
9. L-12/2 2.0.10712 29. E2-59 2.3-1072
10. L-10/1 1.3.10-%? 30. A4-95 4.0.10°"
11. D-6/1 2.0-10-"2 31, V1-5 7.0-10713
12. L-5/2 4.0.10-" 32. D-7/2 1.8.107"?
13. L-10/2 4.0.10-13 33. L20-2 5.0.10713
14. L-2/1 8.4-10~13 34, L22-1 4.0.10713
15. D-16/1 5.0-10~13 35. L-11/2 6.0-10713
16. D-19/1 1.1.10-12 36. D-9/2 2.3.10712
17. L-1/1 7.0-10-13 37. L-4/2 3210712
18. L-14/1 1.2.10-12 38. 1L-21/1 6.0-10713
19. L-13/2 1.3-.10-12 39. H,0 <107'®
20. L-11/1 7.2.10°13
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USAGE OF THE SOLID-STATE NUCLEAR DETECTORS FOR STUDY
OF THE DISPERSITY COMPOSITION AND FUEL FALLOUT
ALPHA-ACTIVITY IN THE WATER-SOIL MEDIUMS
AFTER THE CHERNOBYL ACCIDENT

N.V.Vlctorova., V.V.Demchuk.. <. .Tretyakova.'

*Ukrainian Hydrometeorological Research Institute, Kiev, Ukraine

..Jolnt Institite for Nuclear Research, Dubna

Unique character of the Chernobyl accident, in particular, a relatively
long high-temperature period of the accident development caused forming of
different specific fine-dispersive radioactive particles, which were
heterogenous by morphology, composition and physical-chemical properties
therefore methods [1-3], that were applied for the study of ginbal fallouts
formerly, are not sufficient to examine particles described in this work. Side
by side with traditional radiochemical and radio-spectroscopy methods, which
allow one to obtain the integrai estimation of pollution, it is necessary to
intensify the control for Iindividual radioactive carriers - nuclear particles
behavlour in the environment. In particular, the present paper deals with the
main study results of the fuel fallouts radioactive particles by means of some
nontraditional research methods.

It is well known, the principal advantages of methods, based on
radiography, are:

- passibility for nondestructive analysis of sample;

- simultaneous determination of the radioactivity wvalue and Iits
laocalization in object;

- high sensitivity, allows one to characterize individual "hot" particles

Procecding from the above-stated, we've made an attempt to apply the
nuclear emulsion (4] solld-state nuclear track detectors for dispersity analysis
and alpha-active "hot" particles ldentification with cxample of the Pripyat

River flood-plain soll, located in the Chernobyl Fallouts Near Zone.

EXPERIMENT

Thin specimens were prepared in a such way. Soll portions were dried up to
the normal-dry state and the dry soil quota was sifted through the sieve onto the
plate, covered with gelatine or emulsion layer. Soll was uniformly put on the
all area up to forming of the thin layer, controlled visually.

Exposure duratijon was chosen experimentally by means of the visua{

observation of the hot particles alpha-activity autographs.
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Dielectric detectors of CR-39 type (polyallilcarbonate) and LR-115-11
(cellulose nltrate) are widely used in alpha-radiography. As all dielectric

detectors. they are characterizing by threshold sensitivity. According to Braggs
curve (energy loss in the matter dependence on particles energy), they have

upper and lower limits of registered energy: minimal one corresponds to the
situation when a-particles run is too small to produce the observable track
after etching, and maximal one - energy at which the track etchlng rate (V‘) is
small and 1t is comparable with detector material etching rate (Vz)' For CR-39
this interval is equal to 0.1 - 85 MeV, and for LR-15-11 - from 0.1 to 4-5 MeV.
Note, the detectors reglistration ability depends on critical angle (Oa), which
for CR-39 is equal to 10°, and for LR-115-11 - to about 20°, Angle value can be
varied according to the work regime and practically depends on the etched layer
parameters.

The Irradlation geometry was 2n. Registration efficiency yielded by a
"thin" source is deflned as Er = l-sin(ecrh (1)
and for a “thick" source as Er = cosz(eu); (2)
("thick" source- is that one with thickness, exceeding alpha -particles range).

Detector LR-115-11 was wused for prelimlnary registration «f the
alpha-irradiating particles, and CR-39 for determination of the dispersity
structure, dose dependence and radionuclide composition.

There were used lavsan absorbers with 23 and 27 um “thickness for isotope
separation according to alpha-particles energy. The former cuts off energies of
E < 4.5 MeV, and the latter - E < 5.0 MeV.

The critical reglistration angle for absorbers with 23 um thickness was
equal to 52°, and for 27 um thickness - 60°.

The detectors were etched by 20% NaOH solution at 75°C to the track
diameter ~6.S um. The particle slize with spherical track distribution in
projection towards detector plane (fig.1}) was determined either by maximum
vertical tracks eliminated fron each other or by equally directed parallel ones.
Size by vertical (height) was determined by maximum spot size taking into
account the minimal registered critical angle. Particle activity was determined

by a number of registered events taking into account the critical registration

angle.
h=Ro»® tg «, (3)

where h - the particle helght, R - the whole spot radius, a -the critical
rigistration angle.

Figure 1 shows the particle image photographs, detected by CR-39.
Investigated particles activity was determined by the method of ‘total
alpha-particle tracks number counting in the autograph. Since exact particles
do not ex)si In practice, every particle was measured 16 times with different

microscope table turns approximately by 30° around particles autography image
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center The mean value was accepted (o be equal to an effective particle
diameter. "Hot" particle diameter determination in such way was

estimated by the mean-square deviation and was equal to not less than 85%.

Fig.1. Image of the fuel particle from the river Pripyat

flood-plaln soils on CR-39:a. wlthout absorber; b. with
23 um Melinex absorber; c. with 26 um Melinex absorber,.
Exposure duration was equal to 30 hours. The irr '"ation

angle was 2n

Reliability of .onducted measurements was checked by the direct

ntrel of  individual particles with wusage of microscope MPE-2.
Wty of Indirec: particles size determination and direct
measurements are shown ir table 1.

Investigated part'‘cles activity was determined by the method of

total alpha-particle track number counting In the autograph.
Table 1.

Fstimation nf particle Adiameters by direct and indirect meth-ds

Hot partircle Particle diameter (um)

number Method of the parallel Direct method
tracks on autograph

1 171 0 176, 5
2 78.9 73.0
3 73 76.6
4 [ 70.4
5 63 3 58.8
6 56 1 S55.7
7 4%, 9 49.5
8 41 6 38.0
9 % 9 6.7
10 41 0 ’9.7



RESULTS

Soil and bottom sediments sampling to explore dispersive and radionuclide
characteristics was carried out 1in the bench-mark river Pr!pyat flood-plain
areas. Sampling was conducted by means of the pipe sampler with diameter equal
to 50 and 25 mm. It is implied that “"hot" particles are subdivided into 2
particle classes:

1) particles of condensation origin, formed on the condensation aerosol
nuclei and secondary particles, formed on the soi. complex particles in
consequence of exchangeable radionuciide forms sorption mechanism;

2) fuel containing particles, consist of disparaged fuel materials,
fuel-nonactive carrler complexes  (graphite, concrete,etc.).

According to their nucllide composition, purely Cs particles belong to
the first class. Nucllde structure of the second class corresponds to the
radionuclide content of lirradlated fuel. In consequence of nonactive carriers
ptesence in the second class particles, their real size exceeds calculated size
in some times (calculation of Ce-144, Eu-1SS, and total Pu). Condensation
particles has surface activity distribution: A - f(R%); fuel containing
(especially withln ultra disperslon region - <3-5 um) volume A - f(RJL

The 1st class particles number to the 2nd class number ratio for Pripyat
near flood-plain zone is equal to 10-25 and 75-90% respectiveiy.

Hot particles size distribution corresponds to the logarithmic normal one.
The cumulative distributlion Is fitted on the straight linc in the log-log scale.

Note should be taken that hot particles In {ine-dispersive region are
presented mainly by condensation beta-irradiated particles <2-5 um and particles

with slze > 5 um mainly cortespond to fuel composition of 10-20% fuel content.
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ON STUDY OF DISPERSE AND RADIONUCLIDE CHARACTERISTICS
OF CHERNOBYL FALL-OUT PARTICLES BY MEANS OF MACRO-RADIOGRAPHY

V.V.Denchuk: N.V.Victorova: V.V.Morozov: E.B.GanJa:

.Ukralnian Hydro-Meteorological Research Institute

The character of contamination of close-in Chernobyl NPP 2one 1s mainly
determined by dispersion of fuel materials from 4-th block reactor. At the seme
time considerable quantity of zas and volatile radionuclides was released and
distributed separately due to high temperature during the accident ard some days
after April 26, 1986,

Radloactive particles including dispersed fuel particles, condensed and
secondary sorbed ones are potential secondary source of contamination of bilotic
and abiotic environmental systems in NPP 2zone. The mechnnical and
physic-chemical stability of these particles in environmentali conditions
together with ion exchange processes in soll complexes determines the dynamics
of radionuclides transformation and therefore a number of essential parameters
for radionuclides migration modeling.

A proper description of secondary source of water-soil system contaminatlon
and process of radionuclides transport outside 30-km zone require detailed study
of structure, forms and density of environment contamination by aerosol solid
state fall-out. The investigations of dispersive, radionuclide and
physic-chemical properties of radioactive particles wnich have been carried out
by number of institutions were of quallitatlive and estimative character. Only
gome individual particles of 10-20 um slize were examined because of difficulties
in separation and identification of ultra-dispersed ones {less than 5-10 um).

But according to preliminary estimations the share of the fraction <10 um
in total storage of hot particles in soll varies from 40% to 70% depending on
the site under Investigation. Hence, (o assess migration parameters and
stablility of solid fall-out in environmental conditions one should study tLhe
whole range of dlspersed particles.

An asgessment of dispersive and radionuclide characteristics by "eans of
contact radlography allows to identify the particles in range of 20.1 um with
activity of 20.01 Bgrsparticle. An UkrHI research team in collaboration with
scientists from NRI (Kiev), JINR (Dubna) and Erevan Institute of Physlcs
developed the methods of ultra-dispersed particles identification by means of
contact radliography and registration by solld state track detectors.

The X-ray films RT-S5, RT-6, RM-V were used as detectors. The method under
conslderation 1is based on ability of nuclear radlation to form an invisible

image on X-ray film, which becomes visible after film is developed. That
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invisible imeoge is formed mainly by B-radiation cf fission products contained in
tu=]l particles. a-radiation practically doesn't contribute to formation of image
cdue to seif-absorption in thick sample layer and comparatively low (3-4 orders
lower) specific activity respective to » and fB-radiation of such fission
ptoducts as lJ7Cs, 9°Sr—9°Y. I“Ce—R. 106Ru-11h.ctc.

An isotopic content of fuel particles from nearby Cherncbyl NPP zone and
certribution of each nuclide to total B-actlvity are preserted in table 1. An
isotopic content was calculated out of 4-th NPP block loading on April 26, 13986.

As une can sece in table 1 two isotopes are mainly responslbie for image on X-ray

fiim cs - 47.9%, *°sr-y - 39.0%

Takirg into account that efficiency of registration of pB-particles of
energy E > 2.8 MeV 2.5 times less than in  case of l:'7('.‘s-particles
max

(Er'.>550 VYe/}, crne can easlly reglect registration of high-energy particles of
Ce-}r and Ru-Rh chains which totally contribute some 17%. The contribution of
two main radlaaces therefore can be estimated as S5% for 137cs and 45% for
Vo?r-V,

I~ trieof the procedurm of contact macro-radiogrfaphy is as follows. The
“recimen i ¢ eavironmental sample quota with fuel particles be exposed in close
entact with X-ray tilm and after {ilm is developed the Image (i.e. macro-

:aiitogram! s ready. To get good radiograms which fit the standards of
‘- pritioa, sensitiveness and reproduction of results one should not only to
h~use  photo materials properiy, but to pay special attentlon to specimen

stepatation technology. The sample should be dispersed as a very thin layer (if

nsosnible of thickness comparable with hot particles size) and fixed rather
firmly cn the substratum. Preliminary preparation of soil or bottom sediment
samples 1s af follows: the sample is dried in paper envelope at normal

temperature and then finely powdered and homogenized.

Une must take into account that practically all the fuel particles are
positively charged (some dozens or hundreds elementary charges) due to presence
of a and p-active nuclides [1]. For thls reason they are in close contact with
non-aztive soil particles. The fuel particles couldn't be destroyed by powdering
and homogenizing of specimen. One can place he specimen on the substratum in
two ways: by dry dispersion through the sjeve (with cells of 50x50 um or
100x100 um) or suspending it ln water before it’'s placed on the substratum. The
second way is more safe (especially when activity of specimen is high), but
using the first, one can ensure uniform placement of the sample as a very thln
layer. The optimal sample to be placed on the substratum of 18x24 cm ls about
0.1-0 2 g. In this case 100-200 particles per 1 square cm can be identified
v tnp RT-5 X-ray film and 50-100 particles per 1 scm by use of RM-V X-ray film
with LUI-4 amplifying screen. The calculated gain of RM-V by EUI-4 respective to
k% (without screen) equals 2.7120.36.
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The largest possible portion, which provides an identification with
estimation error not greater than 20% respective to lideal case is some 1-1.5 g
for i18x27 cm square.

The usage of X-ray fllm as a substratum gives a number of advantages
because the sensitlve photo-layers and protecting screen are manufactured on the
tase of gelatine and glycerine. The thickness of the photo- layer and protecting
screen is 8-10 pum and up to 3 um, respectively, After gelatine is moistened the
specimen Is placed on the substratum and when gelatine is dry again specimen is
fixed firmly on the surface. The substratum with the specimen placed on |t
should be screened by lavsan 2.5~8 um thick.

The resolution of RT-5 X-ray film is 2.7 times higher than that of RM-V, so
it can be used for more active samples of 10° Bq/g on s, RM-V film with
EUI-4 ampllifying screen has greater reglstration efficlency and fits low and
medium active samples (less than 10” Bg/g) and exclusively qualitative
assessment of the specimen.

To separate a partlcle first of all the substratum and macro-radiograph
should be overlapped by 3-4 bench-marks made in advance. The particle can be
whether cut off wlth lece of substratum or extracted by the needle and placed
on speclially prepared substratum.

An exposus - time is one of the essential parumeters of radiographic method.
Some difficultie. In Its determinatjon usually arise because a number of factors
should be taken into account: radiation energy, sovurce radioactivity, type of
film, optical density of the material, specimen tl-ickness,etc.

Dependence of spot optlcal density D on the value of exposure H can be
represented graphically as a characteristic curve [2] at fixed source activity.

A straightforward segment of characteristic curve is of great importance
for herc an optical density value Increases proportionally to radiation quantity
logarithm. So it's called a normal exposure domaln. Therefore It's necessary to
provide conditions of exposure so that black spot density remains within this
domain.

In case of fuel-content material the characteristic curve will represent
dependence of spot dlameter on exposure time T; at fixed source activity (see
fig.1). An exposure time intervals were taken as 3, 6, 15, 24, 48, 96 and 163
hours. The black spot diameter Increase was traced for .23 particles of l37Cs
activitly ranged from 0.04 Bq/part to 20 Bq/part. In double logarithmic scale the
cxperimental points can be placed on the straight Ilne with error not greater
than 10% for activities greater than 1 Bg/part. The equation for appro imating
curve is as follows:

LnD=AxLn T; + B,

D = kT,
-]

where D is the black spot dlameter,
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To - exposure time, A - the slope of the straight line in double logarithmic
scale, and k - the coefficient for type of film and conditions of Iits
development.

For all the particles of actlivity greater than 0.4 Bq/part the slope is
ajmost the same and is about 0.3910.05.

In fig.2 experimental points and approximating curve for spot diameter vs
hot particle e activity are shown. This dependence was determined for RM-V
X-ray film with EUI-4, T°=4 days. The particles were sampled from flood plain‘
scils near Pripyat Rlver on May 30, 1991. The equation of the curve is of the
form:

Dwot[mm] = klAc.
where A is a partlicle activity in Bqg ,
C - the slope of the straight lline in double logarithmic scale,
kl - th~ coefficlent for the type of film and development conditions.
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Fig.1. Black spct dlameter vs exposure time (To)' RM-~V fiim, linear scale
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If kI and C are in hand, an activity of particles associated with concrete
black spots on RM-V film can be ascertained. For this type of particles
C =0.47 = 0.05
kI =0.98 * 0.02
Having a number of functional dependencies of spot diameter on exposure

time and particle activity avallable one can easily draw the characteristic

C (mr
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Fig.2. Black spot diameter vs hot particle activity, RM-V film, Tb=96 hours

0~ 570 15 20 25 30 35
D. um
Ftg.3. Black spot diameter vs hot particles size in the sample, RM-V film with

EUI-4 screen

curve for RM-V X-ray film with EUI~4 amplifying screen. It demonstrates the
dependence of spot diameter (mm) on irradiation dose IxT° (see fig.1).

fccording to definjition (2,3] the sensitiveness is ability of photo
material to turn black when belng irradlated. The less exposure 1s needed for
certain degree of blacking (at the same source activity) the higher s the

sensitiveness of material.
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An optical density which exceeds the density of the veil DD by x can be
taken as sensitiveness criterion (so D = Do + x). For the RM-V X-ray film the
optical density x was taken 0.5. So using this type of film with amplifying
screen one can obtain the visible spot diameter of optical density by 0.5 higher
than veill after 20-25 hours of exposure. The lower limit of particles activity
was taken 0.01-0.05 Bq/part. So to obtain a representative image of the particle
of mean Cs activity 0.03 Bq not less than 40 hours of exposure was needed (in
1991}.

In fig.3 the dependence of black spot diameter (RM-V film with EUI-4
screen} on hot particle size is shown. Experimental values of fuel particles
size were ascertained by means of registration by solid state track detectors
CR-39. The approximation was performed by least squares method.

Thus the methods described here make it possible to use macro-radiography

for particles slze estimation and study of transformation and destruction of

them in environment as well.
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SOLID STATE TRACK DETECTOR ( SSTD ) INVESTIGATION
OF AERIAL "HOT" PARTICLES IN RADIOACTIVE CONTAMINANT
ZONES OF THE REPUBLIC BELARUS

Zhuk I.V?,Lomonosova E.Mf,Boulyga S.F?,Tzekhanovich I.A?,
Drugachenok M.A,,Kudryashov V.Pf,Mironov v.r?

The most toxic radionuclides released into environment as a
result of an accident on Chernobyl NFP are the nuclei of transac-

tinides. They penetrate into human body mainly by inhaling and
resultant irradiation dose depends upon disperse composition of
aerosol particles, as well as physical and chemical properties of
radioactive nuclei.

The aim of the paper is to estimate dimeusions of serosol
particles trapped in air using aerosol filters for different
villages of Belarus and to make a conclusion about the structure
of thenm.

The particles dispersed composition was investigated by
autoradiography and SSTD methods. First of all X-ray PT-1 film
was exposed with the 50 CM aerosol filter surface during 3 ~ 14
days. After film developing 0.5 - 2 cm film spots with black

patches were cut out and radiometric, gamma-spectrometric and
radiochemical analysis was carried out.
Several of these peaces of filters in contact with SSTD

( artificial fluorine flogopit mica ) were then irradiated by
thermal neutron fluency with F = 10"*n/cm. After chemical etching
SSTD were looked through using optical microscope, and photosof
“hot"” particles were made on "Micram-200" film.

As a rule the black parch is a crowded particle accumulation

of different sizes ( ofte - « re than ten ) on a small area. For
example, a black patch - .. out by radiography in an air filter
taken from the village . .- ;ovshchina ( Khoinic's district )

actually was produced by fifteen "hot” particles of 5 - 200 10" 1
dimensions on a spot 0.018 cm and the main activity caused by
12 particles from 0.00013 cm_ .

1 - The Institute of Problems of Energetics, 2 - The Institute
.of Radiation Physics and Chemistry Problems, 3 - The Institute

of Radiational Biology, Academy of Sciences of Republic Belarus
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In the following table dimensions of these "hot" particles
are listed.

TABLE.1 “Hot" particle dimensions revealed on the air filter
of village Borisovshchina

: ________________________________________________________________
i Particle

5 number 1 2 3 45 6 7 8 8 10 11 12 13 14 15

§

! Dimension

g 10 m 22040 9 €6 6 6 6 B 6 6 6 6 20 80 9

e o e e e e e e o e e e e o e et e o o o e e o o e

A 0.0022 cm”® black patch, developed on au aernsol filter

taken from the village Krasnosel’e ( Khoinic’s district ) was

prcduced by three identical particles ( about 60 10"® dimensions }

and a number of smaller particles of much less radioactivity.
Another black patch of the same filter was produced by a

single very radioactive "hot" particle of about 110 10°° m

Jdiameter.
The SSTD method line resolution is limited by the value 1 -

310%m (dimension of a fission fragment track as it could be

seen through an optical nlcrgscope after chemical etching ) and it
should be taken into account in “hot" particle minimum dimension
determination. '

Track piling on SSTD ( up to ten tracks in a pile ) indicates
that smaller "hot" particles are in presence in black patches, but
the main transactinide activity is caused by the activity of large

particles.
On the 20 x 20 mm filter area ( the filter had been placed

in the village Borisovshchina, Khoinic’s district ) after thermal
neutron irreliation of that area, five "hot" particles were found

out.
The particles number 1 ( diameter d = 250 100° m )} and number

2(d =120 10°° m ) were found on a distance 1.05 mm from each
other.

The group of particles number 3 ( d = 50 10°° n ) and number 4( d
= 170 10°% m ) were found on a filter area 0.17 x 0.25 mm .

On the filter one very large "hot” particle number 5 ( 370 10 %m )
wag found.
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Let’s consider particles number 1 and 5. Their fission

fragwent tracks resclution is quite good on photographies. Density
of fission fragment tracks after irradiation of these particles
with thermal neutrons ( 10'*n/cm’ ® 10% ) was 2 10 ®em™
1.5 10 °cm™ ?, correspondingly.

Having compared expected density of tracks and the one obtained
experimentally, one can make a few conclusions about the compnsi-

and

tion of "hot" particles.

1. Let "hot"” particle be a particle of RBMC-reactor fuel with
diameter 250 10 ®m ( N 1 ) and 370 10 °m ( N 5 ). Material compo-
sition of fuel is available from [1] taking into account time cor-
rections. Using the relationship between fission fragment track
density and neutron fluency [2]) and taking into account that the dia-
meter of"hot"particled >> R_ ( fission fragment mean free path ),
we got the expected density of tracks:

n =510 "cm-2
That value exceeds by more than three orders of . magnitude expe-

rimental values. Thus, the conclusion is : revealed "hot”
particles are not the particles of reactor fuel.

2. Let’s suppose that the “"hot" particle is a soil par-
ticle, not contaminated with padionuclides and it contains uranium
isotope of natural origin. According to [3] average activity of
uranium in soil is approximately 22.2 Bk/kg. In that case expected
track density is about 2.8 10°:m-1. That deusity is aboul three
arders of magnitude lower than experiwentally obtained oue. Thus,
revealed "hntL” particles are unt the particles of soil, which
contain natural uraniump.

3. Let "hot"particles be dispersed ( d << Ro } particles
of reactor fuel, adhcered onto lnerlh cairrvier-particle of reactor
wtructural or ballast materials. In that case, relationship betwecu

neutron fluency and track density gives the thickness of fissile
layer about, 4 10°° and 3 10°%m ard the volume of this layer

820 10 %and 1270 10" ®w’ for particles number 1 and 5, correspon-
dingly. According to reference [1], fine fuel particles formed as

a result of Chernobyl NPP accident have the sizes distributed in

accordance wilh logarithmic normal low with median value 5 10 ° w.
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NNaving in mind the volume and avera'e size of particles we got ,
that the quantity of adhered particles should be several dozens.

Conclusions are the following:

1. "Hot" particles dimension range is 5 - 370 10°° m.

2. The main part of transactinides’ activity is caused by
the large 'hot’ particles.

3. To ovur mind, "hot" particles, revealed on aerosol filters
are fine dispersed fuel particles, adhered on inert
carrier-particle. :

4. There is no straight dependence between activity of
particles and their dimensions.

Further investigation of "hot" particles will be devoted to
identification of particles smaller than described here, using
irradiation of filter patches with high fluency of neutrons and
decreasing of etching time up to zero as well as to investigation

of dispersed cumposition of particles.
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RADON LEVELS IN DWELLINGS OF UKRAINE
A.V.Zelensky, 1.P.Los, T.A.Pavlenko, V.V.Grigorash, M.G.Buzinny

The Ukrainian Scientific Center of Radiation Medicine of the Academy of Sciences and
Ministry of Public Health

Chernobyl accident drew attention of public and scientific community to all sources of ionizing
radiation including natural ones, among which “2Rn is the nuclide that produces main part of the dose.
Considerable part of Ukraine (30-40%) covers the Ukrainian Crystal Massive (UCM) that emits
relatively high concentrations of natural radionuclides into the environment. Since 1988 we have been
providing measurements of “2Rn levels in houses on the territory of Ukraine. To date we obtained
about 1500 measurements in regions which are either partially or completely situated above the UCM.

Methods

Here we report the results obtained only with the help of passive diffusive cells with cellulose
nitrate detector LR11S 11 (Kodak, France), and cellulose nitrate dete.tor (CND) (State Research Institute
of Photochemical Industry, Pereslavl Branch, Russia).

Standard chemical etching in NaOH solution was carried out prior to clamps were counted on
exposed detectors with the help of "AIST" spark counter (Radium Institute, Saint-Petersburg, Russia).
Minimum detection limit for a 30-day exposition with 30% error stand; at 8 Bq -m™ for LR-115 and
13 Bq -m’ for CND. The cells were exposed in dwellings of different types taking into account
number of floors, type of building materials and scheme of the apartments. The exposure time was 1.5
to 2 months. To receive detailed information about the dwellings where measurements were carried out
we used specially developed forms, fully compatible with data base created in dBase IV and running on
IBM PS72, models 30, 60. That information helped to determine levels of “*Rn concentrations in
relation to; geological, meteorological conditions, construction of dwellings etc. Later on data received
will help to creste system for >R concentrations prediction for separate districts and populated areas.
In means of simplicity of comparing indoor “Rn concentration measurements data was recalculated
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into equilibrium equivalent concentration (EEC) using an equilibrium factor of 0.45 as suggested by the
ICRP Report NSO [1].

Results and discussion

Preliminary statistic analysis of data showed that it was reasonable to divide data into three
groups depending on the type of dwellings: I - single-story houses, II - first floor in multi-story houses,
III - other floors in multistory houses. Data for these groups of dwellings is presented in table 1. The
highest indoor 2?Rn concentrations were found in single-story houses and first floor of multistory
houses. It seems it's due to underground *Rn emission. Another special feature is its high
concentrations in adobe and pise-walled he. <. Usually, this type of dwellings do not have foundation
and ceiling. Stove heating and ventilation type used are driving force for ZRn flow (thermal stack
effect). Brick houses usually do not have hermetic isolation from the basement, while air-vents are
usually closed to prevent rodents penetration. Average EECs for dwellings made of d fferent building
materials are given in table 2. Difference of concentrations between brick and panel mu.istory buildings
might be explained by different types of ventilation and high velocity of “*Rn emission ficm porous
bricks constructions. Talking about first floors of multistory buildings, “*R= concentrations depend on
the types of ceiling.

Significant source of Z*Rn in the air of any room can be water. This is proven by high average
EECs in multistory buildings of Cherkassyi region, where high levels of *Rn in underground water
were found (figures reaching thousands Bq -1"'). Frequency distribution of indoor “*Rn
concentrations for sbove mentioned three types of dwellings has a good fitting with lognormal
distribution (Fig. 1).

Average concentrations of “Rn for:countryside houses - 85 Bq -m™ ; for first floor of
multistory houses - 48 Bq -m*; for other floors of muitistory houses - 32 Bq -m™ . The probability
of finding houses where EEC levels exceed 1500 Bq -m™ is less than 0.1%, corresponding to the
radon frequency distribution parameter in countryside houses; exceeding - 500 Bq -m™* - 2%;
exceeding 200 Bq -m™ - 8%; exceeding 100 Bq - m? (existing hygienic limit for dwellings ) - 28%.

Analysis on different regions (tables 1) shows that the highest concentrations are found in
Cherkassyi, Zaporozhye, Dnepropetrovsk and Donetsk regions - the ones that are situated in abnormal
areas on the UCM. Minimal concentrations are found in Poltava and Chernigov regions, which are
situsted outside the UCM. Average EECs for different regions presented in tables 1 differ from the
average EECs shown on fig. 1, due to different number of measurements carried out in the regions.

Finally, the annual effective dose equivalent for Ukrainian population due to *Rn irradiation
was estimated to be 3.4 mSv [ 2 ], that is 76% of total dose cased by natural radiation (Fig.2).
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Table 1

Equivalent equilibrium conceatrations of radon-222 in dwellings of Ukrsine

Region Number | Max. Aversge | Sundard | G g G ic % mcasurcmenis
of meas. deviation mean deviations exceeding levels
(Bq per ms)

O 1] so] 10§20
Singlo-story houses
Pokave 67 255 43 49 k] 19 4 1 12 3
Zhitomis 173 437 47 61 29 19 s0 29 7 [}
Zaporozhye 93 633 130 107 97 53 115 83 47 17
Vinnitsa ® 263 91 48 7 34 61 80 44 2
Kiev 118 m 2 62 61 k2] s & 30 5
Kirovograd 21 506 93 112 56 s 92 62 24 10
Ivano-Frankovek 7 1 55 L) 45 22 41 45 s 1
Cherkassyi B4 648 136 » 107 55 112 # 62 17
Chemigov 2 74 2 17 24 1 19 13 0 [
Dnepropetrovsk 10 ) 160 130 97 66 206 70 60 40
Donetak 15 197 102 46 92 s S8 93 47 [
AVERAGE: [ ] 66 7] 56 2 |
SUM 646
The first floor of
multisiory houses
Vinnitse 12 108 34 26 27 13 25 25 8 [
Kiev » 190 47 42 34 19 41 k}} 10 4]
Kirovograd 4 &7 33 25 20 14 4% 25 0 ]
lvano-Frankovek 3 74 kY 18 32 14 25 28 ] 0
Cherigov 3 %0 28 10 2 9 13 o 0 (]
Cherkaseyi 26 290 101 63 81 41 98 7 42 8
Pokara 138 176 30 24 23 12 27 16 2 0
Dospropetrovak 15 28 90 67 64 a8 92 60 40 13
Zhisomir 7 5 30 17 23 13 2 2 [} 0
Zaporozhye n 22 S8 ss 38 22 S0 18 13 4
Dowstek n 164 89 “ 7 37 7 mn k] ]
AVERAGE: 52 36 kx) 3s 14 2
SUM b 7]
Multistory houses,
> et Goors
Poltava 141 1 26 23 19 11 24 13 2 [}
Dncpropstrovek 13 130 2 hx ] 13 3 17 8 [ ] ]
Zhisomir n 158 25 26 19 10 19 & 3 0
2aporothye n s 2 15 24 10 18 ] 1] 0
Kiev [ ] 150 23 26 20 11 24 15 1 0
Vinnites s 133 29 26 2 11 23 11 6 0
tvano-Praskovek 3 3 19 1 15 7 15 o [ 0
Kirovograd 13 ) 19 7 18 5 ] [ 0 0
Cherkaesyi L1 » 64 <] 45 26 60 & 13 4
Donstak ’ [ 1) M 18 30 11 17 11 0 [}
AVERAGE: 30 25 23 12 4 0
SUM 407
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Table 2

Types of r serials Number of Average EECs of
measurements mRn BL m—!
Single-storey houses
Brick 386 87
Wood 122 47
Slag concrete 22 86
Adobe 65 104
Swone 3 78
Shell rock 10 213
Multistory houses, first floors:
Brick 115 57
Panel 166 32
First floors above:
Brick 176 28
_Panel 218 24

in = 85 Bq.m’
SD = 8Z Bq-m"

eB8EC 8>

] 220 comcentration [ "

Fig.1 Frequency distribution of radon indoors concentrations under
types of houses in Ukraine
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SSNTD-technique for radon measurements
indoors and in the soil in Sweden

Gilbert Jtnsson
Physics Department, Lund University
Box 118, S-221 00 Lund, Sweden

Introduction

The presence of radon gas in the indoor air is a current subject in the Swedish
environmental debate. The gas is supposed to be the reascn for about one third of
the additional lung cancer cases each year in Sweden (1). There are also ideas
about other cancers caused by radon daughter exposures (2). Measurements of ra-
don/radon daughter levels were performed in more than 100 000 dwellings in
Sweden during the last two decades (3). A great part of these indoor measure-
ments is based on SSNTD-technique.

The soil and bedrock, the buildii; material and the household water are the
three main sources of the indoor radon. The first source is found to give the high-
est radon levels indoors. The local authorities, which are responsible for the local
environment and the building permit of the community, use soil radon maps to
find houses with high radon levels and to prevent high radon levels in future
buildings. Measurements of the radon levels in the ground contribute to the basic
knowledge needed for the construction of these radon maps. SSNTD-technique is
uscful also for these type of measurements.

The use of plastic film, Kodak LR 115-1], in radon detection from technical point
of view, is discussed in this report. The film is a tool in large scale investigation of
radon levels indoors and in the soil in south Sweden. The measured radon levels
in the ground combined with a geological survey including geochemical and gam-
ma-radiation maps give the basis for soil radon maps covering a community. The
indoor radon measurements are a sort of a test of the maps /4),

The Kodak LR 115-I1-film - techrical details
Etching and some consequences

The film, with its 12 um thick alpha sensitive layer, is non-strippable. Alpha par-
ticles, having energies between about 1,3 MeV and 4,1 MeV, will be registered de-
pending on the angle of incidence, A in fig. 1, of the particle (5) if the etching con-
ditions are:Etching time = 2 h; NaOH-solution = 10%; Etching temperature =59°C.

normal ‘olghnp-rudc
A

VAP
Figure 1. Angle of incidence of an alpha particle is A

film surfacs
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If the etching does not always give the same residual thickness of the sensitive
layer there must be a correction of the found number of holes to a reference thick-
ness.

Alpha particles from disintegrating radon daughters, plated out on the surface
of the film. will not be registered.

A careful washing of the film in water (temperature around 60 °C) afier the
etching and in softened water at the end means that the holes in the film will be
free from etch residua . The reading in microscope of the etched film3, manual or
by means of a CCD-camera, is facilitated if the holes are distinct.

Storing

The storing of the film should have its own chapter. In order to minimize the
background level the boxes with sheets of film should be kept in sealed plastic
bags. Film from boxes stored in ~oom temperature (about 20 °C), dry and in shad-
ow may still be intact after ten years although the etching time should be short-
ened.

Clean bhandling

1t is important to have no or low background exposure of the film:
1. Foils of aluminum or other materials in close contact with the film may cause
an enhanced background exposure to the film. One reason for this is maybe the
presence of alpha radioaktive nuclei in the aluminum or material.
2. When the film is cut for use in a radon detector the tools and instruments used
as well as the surface of the used table should be clean,
3. The room, where the film is stored or treated, should be at a low radon level.

The detection of indoor radon daughter levels
Radon - radon daughters

The LR 115-II-flm will, without cover or with low-density thin cover, register al-
pha particles from both radon and radon daughter disintegrations.

If the film is placed in a closed box with radon gas leaking into the box the expo-
sure is a measure of the radon level outside the box. The dimension of the box is
critical from the point of view of the plate out of the radon daughter nuclei on the
surfaces inside the box. .

The reference levels of indoor radon in Sweden are given as radon daughter lev-

els in Bg/m? (EER) using the equilibrium factor F which is defined as (6)
Fs EER{C“ where EER = 0.104 x C| +0.6514x Cz +0.382xC,, with C], Cz and G
as the activity concentrations of the individual Rn daughters #*Po, 2'*Pb and ?"Bi
and Cg, as the radon concentration. The F-value is supposed to be 0.5 in the mean
in Swedish dwellings. As an example, the radon level 100 B¢/m’ means 50 Bg/m?
as radon daughter level (EER).
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It is necessary to calibrate the detectors in air with known concentration of ra-
don and its daughters. These calibrations are made at the Swedish Radiation Pro-

tection Institute in Stockholm.

Statistics
The sensitivity of the LR 115-II-film is somewhat lower than that for CR 39 (5).

ke Kodak film has a smaller sensitive sclid angle and a narrower energy inter-
val of the alpha particles. The used etching conditions give a sensitivity of the Ko-
dak film of around 1 hole mm-2 per kBq - d - m™ radon daughter level (EER} (7).

The counting statistics is essential for the error of radon daughter level, found in
a room. In principal, the error of one detector is given by

Bu =B, +82.)"

where A, is the pure statistic error,e.g. standard deviatio.1 of the Poigson distri-

bution and where A, is a contribution from varying etching and readout condi-
tions. A, is expected to be 10-15% of A,,. The longer the time of exposure the
lower the relative statistical error.

Another essential contribution to the error of the measured radon daughter level '
is the number of detectors. Minimum two detectors should be used in each dwell-
ing. The arithmetic mean of the radon levels, given by the detectors, is taken. In
Sweden, the limitation schemes say that the radon daughter level must be below
200 Bg/m’® in a building older than about one year. The figure is an annual mean.
The measured mean value of the radon daughter level of the dwelling is adopted
as an annual mean value in Sweden if the time of exposure is over 1 month. The
error of the annual mean value is given by the formula (8)

1/2
Bt = By + Kz + 85,

where A,,,, is an error given by
AL =22%—03-t+v.

The letter ¢ is the exposure time in weeks. The letter v is a ventilation factor
which is equal to 20% if the dwelling is self -ventilated.

The detection of soil radon concentrations

The detector
The radon levels of the air in the soil is detected by LR115-II-films placed in

cups at a depth of 70 em if possible. One or two pieces of film must be put in the
cup in such a way that the exposure from thoron and the effects of moisture are
minimized, at least if no filter is used. The time of exposure must be at least 10
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days. Then the “build up” effect of radon gas inside the cup on the total radon con-
centration is reduced and the amount of gas is equilibrated.

The volume of the cup must be large enough in order to avoid uneven exposure
of the piece of film from radon daughters plated out inside the cup. Also, the dis-
tance of the film to the open end of the cup must be considered if no filter is used.

The cup is put in digged or drilled holes in the ground and the soil is refilled ac-
cording to figure 2. The cup mav also be put in a tube. The tube should be closed
in order to avoid convection.

Refilled soil

Figure 2. The cup with the films is placed at the depth of 70 cm below the ground
surface

The cups are often dirty after the exposure and digging, which gives rise to a
washing of the film in the cup as soon as possible in order to avoid a further expo-
sure of the film, scratches on the film or “hot spots” in the film.

Droplets of water on the film during the exposure often give zones in the film
with reduced number of holes. Thie effect must be “by-passed” at the counting of
the holes.

Recommended limitations

The Swedish authority of physical planning and building(1) recommends a clas-
sification of the ground, which means three different intervals of radon concentra-
tions in soil air: less than 10 kBg/m’, 10-50 kBg/m3, more than 50 kBg/m>. The
constuctors and designers of a building are recommended to put radon-safe build-
ings on the high risk ground. The radon concentrations refer to a depth of 1 m be-

low the surface of the ground.

Depth dependence
Although the recommended limits of the radon concentrations in the soil air in

Sweden refer to the depth of 1 m below the ground surface this depth is unpracti-
cal and sometimes impossible to achieve. It is then important to pay attention to
the fact that the radon concentration in the soil normally increases with increas-
ing depth at least in the depth interval 0-2 m (9). A typical dependence is given by
the formula C(¢)=K (1-e™ '*) where C(¢) is the concentration at the depth ¢ and
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where K and k are constants defined by calibrations. At depths shallower than
about 25 cm it is normally no sense to talk about a depth dependence.

Radon measurements in the soil and indoors - examples
Soil radon measurements

At the construction of a s0il radon map the measurements of the radon levels in
the ground give important information together with a geological survey of the
soil and the bedrock. The map in fig.3 from the community of Lund is based on
260 soil radon measurements. The distribution of these measurements is given in

fig.4.
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Figure 3. An example of a soil radon map. The shadowed parts are areas where the
soil radon levels normally are between 25 and 50 kBq/m>. The rest of the commu-
nity normally has radon concentrations in the soil between 10 and 25 kBq/m*.The

area of the community is about 450 km?

Number

0,
L]
<0
B
20
23
2
13
10
3
0

10 1] X 0
Soil radon level in kBq. o
Figure 4. The distribution of the measured radon concentrations in the community

of Lund
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Indoor radon measurements

Normally, two detectors are exposed in a8 dwelling. The inhabitants themselves
of the dwelling make the exposure following an instruction which is included in
the parcel together with the two detectors. The parcel is sent as a regular letter to
the inhabitants,who send the letter back to the laboratory after the exposure. The
inhabitants enclose data about the dwelling/house and the exposure time. Fig.5
shows a distribution from a community where the radon source is not only the
ground but also the building material (light weight concrete).

bt
1
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]

0 00 200 30 <00 300 600
Radon daughter level in Bq: m™

Figure 5. The distribution of indoor radon daughter levels typical for a community
in south Sweden
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DETERMINING THE SPATIAL SCALE OF VARIATION IN SOIL RADON
VALUES USING A NESTED SURVEY AND ANALYSIS

S.A.Durrani, L.Badr, G.L.Hendry' and M.A.Oliver

School of Physics and Space Research
University of Birmingham,
Birmingham BIS 2TT. England
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Department of Earth Sciences/ o Department of Geography
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Abstract

The statistical method of ‘unbalanced nested sampling” has been
applied to radon measurements In the fieid in order to determine the scale
and pattern of spatial variation in radon soil-gas concentrations. This
technique aliows these parameters to be economically determined over several
orders of magnitude by incorporating a spatial scale in the nested analysis.

By sampling !he radon concentrations in soil at 108 individual
points over a 225 km" area in the Hereford and Worcester county of the
English Midlands, 1t was shown that 95 7 of the total varjation in the
activity concentrations occurred over a scale of less than 10 m -~ the
distance between the closest sampling points used.

The soil-gas concentrations were determined using the ‘can
technique’ - a simple passive detection system employing sclid state nuclear
track detectors. This technique allows radon gas to diffuse through a filier
into a can buried at a depth of 50 cm containing a 2 cm x 2 cm piece of
CR-39 plastic, the can unit being placed at the bottom of a 70 cm long PVC
tube. Alpha tracks from the decay of radon gas were then etched
electrochemlically.

The results of the nested analysls, if confirmed by further
measurements at other locations, would imply that there is little evidence
of spatiai correlation of the measurements: i.e. that the radon seems to
behave erratically over small distances and that the surrounding radon
values are thus unsuitable for estimation by interpolation.
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OPTICAL PROPERTIES OF NUCLEAR TRACK PILTERS

A.V.Mitrofanov
Lebedev Physical Institute, Academy of Sclences of
Russia, Moscow, Russia
P.Yu.Apel
Joint Institute for Nuclear Research, Dubna, Russia

A track-etch filter (TEF) or nuclear track filter (NTF) can be
considered as inhomogeneous medium. The optical properties of this
mediuwn depend upoir the type of material and pore sige, number
density N as well as upon orientation of pores in the filter. The
opticel transmitiance of the holee 1n euch [filter is highly
sensitive to the pore size and geometry 1f the wavelength A is
comparuble with pore diameter and the Tfilter material (or the
material of coating) is not transparent for the radiation in a given
spectral range. The design of porous diffraction filters are based
on this fact. The idea to use TEF as diffraction filters and
fiitering in the spectral IR band using TEF have been discussed in
(1-21. Interesting suggestion have been reported in [3-41. The first
experimenis devoted to the measurements of the TEF transmittance in
UV, YUV and X-ray spectral bands have been carried out in (5]. Thls
problem has been investigated in some detalls in [6-8].

let us note here the main previous and recent results.

Consider nuclear track filter with identical through
cylindrical pores oriented normally to the sample surface. Pores are
randomly distributed on the swrface. As 8 firs?! approximation the
VUV or the soft X-ray transmission of the samples with low pore
density N 18 determined as the sum cf 1ihe contributions cof
individual channels to the filter transmittance:

T= Tp*fr_DZ-A/, where TP p(ﬁ D,L) is

the transmission of an mdivmual pore, D 1s the pore diameter, L 1s
the filters thickness, and 7D /q » N is the porosity of a
filter. Single pore transmission T  at A=120 nm as a function of
pore diameter D 18 shom 1in Fig. P fcr polyethylene terephthalate
(PETP) filters with several different thicknesses. Solid curves are
plotted through experimental points [T). In the measurements of

T_ the direction of a weakly divergent beam of VUV radiation
coincided with the normal to the surface of the samples. In this

case the transmissions Tp in the soft X-ray spectral region (A%X1-10
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nm), as it might have been expected, were comparable with unity.
Thus, these track-etch polymer films can be considered as cut-off
filters (VUV and soft X-ray :.diation filters with excellent edge
characteristics).

The mechanism by which radiation is transmitted through a TEP
may be as follows. The pores in the film are the hollow dielectric
waveguides which, in most cases, are not coupled to one another.
These microwaveguides have walls with large attenuation factors for
radiation with the wavelength shorter than the UV transparency limit
of the polymer.

The penetration of UV and VUV radiation through a pore is then
largely govermed by two phenomena: 1) diffraction at the entrance
and exit openings of the pores; and 2) the losses due to the
propagation of the radiation in the waveguides. For small pore
diameters the incident radiation is scattered at large angles, Bo
that the diffraction angle A/D becomes comparable or even greater
than the aperture angle D/L of the pore channels, 1.e. Presnel
mmber F = D 2/2L) 712 18 approximately one. Also, since the
VUV or the soft X-ray radiation is effectively reflected from the
absorbing walls only in the case of glancing angles of incidence, a
comparatively small reduction in the pore diameter leads to a
considerable reduction in the filter transparency. As can be Been
from Fig. 1 the result differs from the case of the transmission of
microwaves in metal waveguide with a diameter greater than the
critical values D > D .= 0.586Ar (for Hyy mode), when the wave
propagates almost without loss, being reflected from the walls of
waveguide (see ref. (1)). It should be noted that at present there
are no proper theoretical calculations of T,. even for such a
simple porous filter geometry as considered here.

Fig. 2 1llustrates the cut-off spectral characteristics of the
10 um thick PETP NTF without coating and with 0.2 um thick Ni layers
deposited on both sides. Curve 3' corresponds to the filter with
0.64 um pore diameter (see Fig.3) which was coated by Ni (sputter
deposition). Original value of the pore diameter (before deposition)
of this sample was equal to 0.75 um. As the result the transmittance
decreases, the slope of T(A) lines changes and the UV transparency
1imit of the filters disappears after the metallization of the
filter.

In the spectiral range of 0.1 to 0.3 ym the dotted lines 1’ - 3'
can be aepproximated by exponents (or by the straight lines on the
scale chosen (8]). These curves were found to decrease inclination
in the vieible and near IR range.
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T, 8t A=120 nm vs pore diameter A AN 2
D of PETP filters with thickness 1 2 3 ANam
L=2.5 e (1), 5 pm (2) and 10 pm
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Fig. 2. Neasurements of transmission T vs A of uncoated PETP
NI with D =1,2 um and n2=1.o ue (solid curves 1 and 2
respectively) and T va A for the same filters but with

0.2 um thick N1 metallization (dotted lines 1', 2' and 3').
L=10 wm, N=2,5¢107 pore/ca’, D,=0.75 um (before Ni deposition)

Slightly undulating shape of curves 1 and 2 is explained by
the strong nommonotonic dependence of the optical constants in VUV
and UV range (9], where polyethylene terephthalate has absorption
bands near 143 nm, 195 nm and 245 nm. As a consequence reflection
from the pore walls changes with A. These reflections give a certain
A-variable addition to the value of T and 7.

In some cases other type of amlf—anputude oscillations on the
T(A) curves are observed for the NIF with large size pores (Fig. 4,
a and b). These oscillations are similar to maxima and minima of
transition or reflectance of thin transparent smooth films. However
the distance a A between neighbouring maxima or minima of T vs A
curve for porous filme is about 2n times greater than the same a A
for continuous film with the refraction index n.
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Fig. 3. Scanning electron micrograph
of a sample 3' with Ni layer.
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Pig. 4 a,b. Transmission T as a function of A. 1: Uncoated
7.8 um thick PETP porous film with D = 2.5 um, N = 2#10°
pores/ca’. 2: The same sample with Au (~0.1 wm) thick
sputtered filme on each filter's side. 3: 6.7 um thick
PETP film without pores. T v8 . curves were measured by
Hitachi spectrometer, model 340.

T v8 A oscillations are due to relative by small value of power
loss of the visible or near IR radiation propagated along the pores
and in part reflected from pores outlets. If the pample is wuncoated
then such oscillations are observed together with close maxima and
minima in interference pattern of polymer film (see curve 1 in Pig.

4a and D).
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It 18 worth noting that presented optical characteristics are
interesting from the point of view of the fabrication of highpass
aiffraction filters. Other optical properties such as polarization
and transparency, angular anisotropy, scattering, etc. will be
consildered elsewhere.
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PETP TRACK MEMBRANES MODIFIED BY RADIATION GRAFTING
N.I.Zhitariuk
Laboratory of Nuclear Reactions, Joint Institute for Nu-

clear Research, Dubna, P.0.Box 79, 101000 Moscow, Russia
One of the promising trends in composite membrane technology
is radiation-induced graft polymerization. Using a proper po-
lymeric substrate of definite pore size with high mechanical
strength and sufficient chemical resistance one can obtain a memb-~
rane characterized by selectivity and mass transfer rate which de-
pend on the grafted polymer nature and its distribution between
the pores. This method can be used to obtain asymmetric mem-
brane whose selective layer consists of polymer which is not able
to form a suitable film by means of cooling from the melt or
pouring from the solution.
The track membranes which in our work serve as a substrate for
preparing graft membranes are made of poly(ethylene terephthalate)
(PETP) film. They have high strength at a low thickness (10 um),
low dispersion of pore size, low adhesion of particles to the sur-
face of membrane,etc. Besides these advantages, they also have so-
me bottlenecks: low resistance to concentrated alkaline solutions,
poor retention in the pores of extragent golutions which, as a ru-
le, have low overall solubility parametar. The latter follows from
hydrophilization of membrane surfice as a result of etching. As
was pointed ouezﬂ such shortcomings can be eliminated by means
of grafting a suitable polymer onto track membranes made of PETP.
However, it is necessary to take into account that their pore size
can be changed during grafting and this can affect the .flow rate
of modified membranes.
The aim of the work is to investigate some properties of track me-
mbranes modified by grafted polystyrene (PS) and poly(methylvinyl
pyridine) (PMVP) as a function of porosity and pore size (in figu-
res they are marked "F* Wwith pore size in um). For comparison the mo-
nomers are also grafted onto PETP film (in figures it is marked "L"
with thickness in um).
Biaxislly oriented PETP film of 10 um thick manufactured in Russia
(marked as L~10) is used (lavsanm" film prepared in accordance with
SU State Standard 24234-80). The film was filled with 0.2 & wt. of
kaolin. Track membranes were prepared by irradiation of PETP film
with ions of 'xe*® accelerated at the cyclotron U-300 at JINR".
Graft polymerization on membranes and film was carried out by the
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methods of preirradiation in air and vacuum®. An irradiated mat-
rix was placed into liquid monomer which was bubbled by argon or
evacuated and thermostated at 70 °c during different periods of
time. After the completion of polymerization the grafted samples
were washed by boiling benzene (when styrene is grafted) or boi-
ling ethanol (when MVP is grafted) during 24 hr. Grafting yield
was calculated as the percentage weight gain of membrane or fiim.
Gas permeability through PETP track membranes and graft membra-
nes were determined at a differential pressure up to 0.2 bar by
means of a gas flow int. the atmosphere. Knowing the gas permeabi-
lity of original membrane (Uo) and of graft one (Ugr) their ratio
(Uqr/Uo) has been calculated. Swelling of polymeric substrate was
investigated with a gravimetric method.

Relactive gas permeability of graft membranes. During graft
polymerization the size of membrane pores is expected to change.
The effect of pore clogging was investigated for membranes both
with different pore sizes and between pore distances under the
condition of constant porosity (from 8 to 9 %) (Fig. 1), and with
different porosity, that is when nembranes have constant pore den-~
sity (6.10° en™?) but different pore diameter (Fig. 2).

In the first case (Fig. 1) the relative gas permeability chan-
ges negligibly at low grafting yields. This range of grafting
yields depends on the pore size of membrane subgtrate and expands
vith pore size. Subsequently, as the grafting yield increases, the-
re is a sharp drop of gas permeability (with the exception of mem-
brane 1-P-gr-PS for which a drop of gas permeability takes place

N e8)F 005 f
earF oi-¢ ® 15-Fl6-05)
. |-ru4¢l
. * Q05-F (610"
& s
# oy
. - A
ﬂ - 1 7o qﬁu 10 20
Gratting pietd (%) Gratting yield (%)
Fig. 1. Relative gas permeabi- Fig. 2. Relative gas permeabi-
lity for graft membranes vith sity for graft membranes with
constant porosity as compared constant pore density as com-
with that for original ones vs. pared with that for original
grafting yield of PS8 ones vs. grafting yield of PS
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Fig. 3. Relative thickness of Fig. 4. Swelling curves of
film (1~10) and track memb- track membrane and film grafted
ranes 1-F and 0.1-F vs. graf- with PMVP followed by quater-
ting yield of PS nization with methyl iodide

at a higher grafting yield, i.e. more than ~ 60 §). Since there is
a linear change of membrane thickness during grafting (Fig. 3) it
may be supposed that a sharp drop of gas permeability occurs be-
cause of decreasing pore size. The obtained dependences suggest
that at a low grafting yield the effect of membrane surface modi-
fication can be reached without pronounced reduction in pore size.
As follows from Fig. 2 the character of pore clogging is approxi-
mately identical for membranes with large pores [1-F(6-106) and
1.5-?(6-106)]. But when we compare the curves of gas permeability
change for membranes with close pore size, i.e. 0.1-F (Fig. 1) and
o.os-r(s-lo‘) (Fig.2) it can be seen that the character of gas pe-
rmeability reduction changes depending on the average distance be-
tween the pores: for low L (0.6 um against 4.8 um) clogging of po-
res intensifies as the grafting yield reaches ~ 7 §.

Svelling of graft membranes. Swelling of composite membrane
in liquid can show the change in its structure as a result of gra-
fting. The svelling, on the other hand, can affect both the pore
size and the critical surface tension and thus the flow rate
through membrane®™™. 1In the case of hydrophilic polymer grafting
the graft material quickly swells in water (Fig. 4). The degree of
svelling reaches the squilibrium value in a few miputes at room
temperature. Such a high rate of swelling seens to be affected by
more hydrophilic and less dense structure of grafted polymer as
compared with original matrix. Thus, grafting of various monomers
leads to the growth of composite membrane swelling in the solvents
vhich have the overall solubility parameter near to that of graft

polymer.
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Thus, during grafting of PS the pores of track membranes are clog-
ged by grafted polymer to a greater degree when their original di-
ameter is smaller and their number per unit surface area is larger.
As can be seen, the change of the relative thickness gain of the
sample during accumulation of grafted PS decreases in the range:
L-10, 1-F, 0.1-F, that is as L decreases and hence because of in-

creasing surface area.
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A method to determine the statistics of pore formation in polymers
M. Danziger
Dresden University of Technology
J. Kriiger and A. Schulz
Institut (iir Reine und Angewandte Kernphysik, Univer: ..at Kiel

1 Introduction

It is now more then 30 years since Young (1958) and Silk and Barnes (1959) published the
first results on nuclear tracks in solids. These investigations were only the beginning of the
development of new track detectors in nuclear physics. At present a wide spectrum of problems
exist. concerning the etching techique of material ircadiated by heavy ions.

The explanation of the interactions of heavy ions with solids along their trail, especially the so
called core of the track, is now as ever an actual problem. The core is the range where the
100 geacrates a primary disturbance. By the recent publications a new model is introduced {1).
This model bases on the theory that the incident ion is causing a disturbed st-ucture directly
around its trajectory, described by vitreous properties [2].

The irradiation originates local regions, where charged particles or dipoles are not compensated
completely. Though the solid is electrically neutral, i.e., the sum -€ all charges is zero, the
scparaic regions can have charges causing polarization.

The separate regions are interconnected and if there is a change of polarity in one of them the
others will "feel” it

The change of the solids structure along the latent trail expresses the energy loss of the ion on
its travel through the matter.

Durning the etching process the deposited energy is transferred to the whole solid. The influence
of etching reactions can effect & change of polerization in a separate region by the transition of
a {ree charge or dipole from one state of equilibrium into another.-

The epergy barrier between these states of equilibrium is very small and so a transition from
one into the other 13 possible. These are so calied two level systems. But a transition of a
charge or dipole into another state of equilibrium is connected with a change in polarization
in the surrounding. The neighbouring regions react to this change and this response can be
compared with an oscillation of the regional units. These are low-energy excitations.

That's why the model is called the Model of Low Energy Excitations.

A response function (3], describing the reaction of the solids of the external disturbance, i.e.
the penetrating ivn. released by the etching process,

al » pl-n
kv e (- (=mely k:) W

can be calculated by the model. Thereby ris the pore radius, . the maximal wave number of
the low energy excitations, I, is the distance between two states of equilibrium if no correlations
occure, a, the polarization density, o the so called interaction parameter, kp the Boltzmann

constant. T the absolute temperaturs and v the Euler constant.
The response function is proportional to radial etching rate in the case of only one pore in the

investigated solid
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In the case of high pore density inthe solid the radial etching rate is proportlona.l to the
imaginarv part of the Fourier-transformation of the response function

X = f dry(r)sin(kr) (2)
with

x
]
-

The value # is the effective radius.

Since for instance in irradiated polymers the radius of the core is smaller than 10 nm, a high
quality technique of measure is nccessary to reach out measurements in.a range smalier than
| nm radius of pore.

For calculating the effective radius

1 d
He) = \/x(R(t) - R, NSr ®)

with £ effective pore radius at the time t, x conductivity of the etchant, R(t) electrical resistance
of the conductance cell with membrane at the time t, R. resistancs of the: conductance cell
without membrane. d thickness of the solid film, N track density, and S area of Lhe sample in
the case of high track density, some important assumptions are provided:

- cylindrical shapes of the pores
- very thin films of solids \polymer films).

1f it is possible to measure the time development of these small radii it is given & new question
namely the statistics of the opening process of the pores.

‘The time dependence of the pore opening can be developed by applying the model of low

eaergy excitations.

This paper will present an experimental seiup connected with a mecthod which allows onc

to determine the statistica of the pore origin and to modulate the etching process for values of
tadii smaller than 5 nm.

2 Experiment

Within the etching cell filled with eiectrolytical solution the investigated matter is fixed between
two electrodes. The cell and a reference resistance are switched in series whereas a generator
provides this circuit with sliernating voliage.
During the etching process the values of the voltages, measured directly at the reference resi-
stance as well s at the exit of the generator, are transferred to e computer for evaluating these
data.

Fig. 1 shows the principle of the experimental set-up.
Dy inset of a thermostat water of constant temperature can rinse through
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I'ig. 1 Schemalical representation of the experimental setup

the double wall of the etching cell, providing for unchanged etching conditions during the whole
measurement. {n the case of vitreous solids irradiated by heavy ions, for example thin polymer
films, the etching means penetrate along the trajectories with track etching rate vg, that is
considerablv higher than the bulk etching rate vg.

Soon the first channel-like micropores are originated within the sample and its smail current,
iollowing the alternaung voltage, can run through the matter.

An ohm resistance can be assigned to the polymer film and the time development of its value
while the ctching pracess forms the basis for the calculation of the origination of the radius of
the pore. Accurding to I'ig. 2 the value of the resistance, dependent on the time, is computed
bv evaluating the deta both of the reference voltage and the voltage of the gencrator: The
calculation of the resistance of the polymer film is based on the following equation:

Unj IzuI|
——en 4
|znl + Z, “)

Uses and Up are the corresponding effective voltages. S|

Go: = veliagn, gvun by tho guaenter — computer
Rg: m susighenss of the selimeter
“;‘: - apadly of the vehmater : ci,_
- - redarenss veliags =+ computer —{ =
G: e apedy o the vhe
R: o  Obm smivtenss of the polymer flaw ¢,
G- apedy d e fin —
Us: = &nhd ‘ -
z" -

”dh** 'E-_m

Fig. 2. Equivalent circuit of the experimental s..up
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Zres and Z; describe complex resistances, with Z,¢y = R,of||Rel| Xcr 20d Zz = Ryl|Xc. Xcg
and X¢ name the capacity resistance. Two other quantities R, C are defined:

R=R.,s+ R,

C=CLl[Cr=CL+Cy, (%)
The next equation shows the relation between R and Up as well as U,,;:

1 1 u3
R= -'-k' Re(Zn/) + ’kT . RE(Zn/) + ‘Zn[l’ ' (W:f - 1) ’ (6)

3
k=2 Im(Zyef) w:C+1—wC¥Zpyf? (_:_:_o_ - 1) ’
ref
w=2-r-f “(f... frequency)
As long as no micropore has still broken through the resistance R; of the thin film can be set
as an infinite high value (oo} .
During this phase of the etching process the illustrated circuit in Fig. 2 can be taken.

T e oty o __ |

t ->
Fig 3. Time dependence of Z¢
(R], = oo) . (7)

For the determination of the capacity C the next equatic.a is assumed:

Ze = U-lc- = J (%"‘; - 1) (ReesliRe) . ®)

In Fig. 3 the time dependence of Z¢ is shown.

The curve possesses an approximate horizontal curve in the range of the time of the beginning
of the measurement to sbout 1000 s.

This range of constant Z can be fitted by a movable line, the so called capacity line and make
it possible to determine an exact capacity for every moment.

Then this uncertain value is substituted in (8) for calculating the time dependence of R(t),

presented in Fig. 4.
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For measuring the time dependence of the radial etching rate, corresponding to the reaction
of the solid on the etching process connected with the influence of the irradiation, it is necessary
to aim cylindrical shapes of etching microchannels, especially in the range of very small radii of
pores. Therefore

1 0T 0% 10 .
N

Fig. 4. ‘Time dependence of the foil resistance

10 187
t () = f (am) —>
Fig 5. Effective pore radius Fig. 6. Etching rate versus
versus time the e ffective radius

of etched pores

polymer films smaller than 10 um thickness are used. Furthermore to reach out & highest
desintegration of time during the measurement extremely dilute etching solutions are inserted.
Using (3) and the relation R(t) a time function of the pore radius can be illustrated by graph
(Fig. 5).

In the case of films with high track density, r(t) has to be interpreted as an effective radius 7 .
The differentiation of the curve #(t), executed by the program, leads to the radial etching rate
of the pore, of course this is an effective rate too (Fig. 6).

These experimental results accord to the outputs calculated by the model of the low-energy
excitations.

3 Experimental results in connection with the model
of low-energy excitations

In Fig @ the radial pore etch rate is shown obtained by the experiment (stars) and a
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theoretically caiculated curve with the help of the model of low-energy excitations. Fitting
the theoretical dependence x"(F) (see eq.(2)) to the experimental curve total group of model
parameters n. &, l; and ag ave computed by a parameter adaption by means of the computer
program MINUITS (Cern-Library).
For the parameter optimization only values of  lower than r, are taken. In addition to this
fact only this part of the curve was taken, whose shape in a double logarithmic manner is like
a straight line. As has been shownin Fig. 6, for # < 0,1 nm & deviation exisis between the
experimental and the theoretical curve. What's the cause of this difference ?
By the assumption that all pores are opened over the whole range of # the model calculates
the fitting function x"“(f). So it is not taken into account that the pores don’t open simul-
tancously.  But this asynchronous Pprocess of the opening of the pores has to be considered for
values of # < 0,1 nm. It is now possible to derive a time distribution of the number of opening
pores N,,, by including the mentioned difference between experimental and theoretical curve:

L(t.L N_“"_". , (9)

Fioe (t) = Nup

the time dependence of N,,, can be calculated

t (8)

Fig. 7. Number of opened pores in dependence  of the time

£ (¢

oes(t)
where  fep)(t) the time dependent experimental values of the pore radius, fi..(t) the values
of pore radius, calculated by the model of low-energy excitations and N,,, the tine dependent

number of already upened pores.
In Fig. 7 the calculated curves for N(t) are shown.

Nesp = N(t) = Neaper - (10)

4 Conclusion

It was shown that it is in principle possible to determine the statistic of the pore generation,
represented in Fig. 6. For calculating the time distribution N(t) the model of
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low-energy excitations, describing the etching rate in dependence of the effective radius #(t),
is used.
Optimal measuring conditions are required for achieving exact statements about the pore ope-
ning prucess by applying the method performed in this paper. The represented results were
accomplished by an experimental set-up, that must be still improved for the future.
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Theoretical Estimations of
Nuclear Track Membranes
Sterilization Ability

Kusnetaov L.V.
Laboratory of Newtron Physics, Joint Instituie for
Nuclear Research, Dubne, Russia 141980

Abstract. Influence of multiple holes on sterilization sbility of track membrane is
studied in terms of effective pore radius, provided circular form of single track holes
(channels). It is shown that when effective radius is not very large the triple pores are
the most important, their distribution over effective radius is calculated. For large
pores we present s statistical approach, based on concept of critical local porosity.
The results can be used in designing of track membranes with optimum parameters.

1 Introduction

Nuclear track membrane technology now became s well-established commercially ex-
ploited  process, the membranes being used in s great number of applications [1).
One of the most ir rortant questions concerning nuclesr track membrane production
is how to find » compromise between selectivity and permesbility of filters. Per-
mesbility grows with membrane porosity, provided etched track size is fixed, but
selectivity decreases monotonicslly due to the channel overlap [3]. The latter effect
was studied from different points of view (2},(3],(4] for structures with different chan-
pel shapes. In the paper of Riedel and Spobr [3] it was pointed out that the ability
to select microscopical perticles of given sise by nuclear track membrane is not deter-
mioed by the number of multiple holes. And we want o add that even the simplest
stochastical pattern formed by identical parallel channels uniformly dispersed on film
surface has enormous number of various statistical characteristics, so it is very im-
portant to choose those, that are relevant to the problem under consideration. For
instance if you are to investigate disk-shaped particles filtration you must estimate
one type of average values, and in case of spherical particles — some other averages.
Still in both cases, if you want {0 get s representative characteristic related to the
particular filtration process, you can’t aveid the analysis of pore shape, and it is
barder than only to count pore multiplicity.
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2 Effective pore radius

In the following we will consider filtration of identical rigid spherical particles through
the membrane with uniform cheanel density no, assuming channels to be parallel. All
the chennels are identical, their radius is Ry, their diameter — d = R, /2. Following
[3],[4) we define:

® Sy = xR3 — area of single channel ,
® p = nySy — nominal porosity, further referred to as porosity,

o P, = probabilily that & channel is involved in s grouping of chaunels (pore) of
multiplicity m (geometrical figure formed by intersection of such grouping with
film surface will be referred (o as m-cluster).

Now for any given pore we define its effective radius B* as radius of maximum
rigid spherical particle which can still penetrate through it. Thus defined B* equals
the radius of the maximum circle inscribed into the cluster. Now we can split P,

defining;:
e P2 = probability that a channel belongs to m-cluster with R* = R, ,
® P (R) = probability that a channe] belongs to m-cluster with B* < R.
The values defined allow to construct distribution function of clusters over R*.
Since each m-cluster must be countxd only once [3], for the distribution function we
. 1
P(R) =Y ;P,..(R)
™
snd corresponding distribution density
1d
s(R)=) ;d_ﬁp"'(ﬂ)'
Tbe probabilities P, P2 and Pn(R) must be calculated numerically. We use the

formules [5): .
Pﬂ = (;“!-—l-)i /ﬂ. #ﬁ [RXX] J’?me-.."“("m’-) 4 (l)

‘LCR’"’;V‘:?,...,M 3j|...jj."ﬂ- j,l,...,li}.*’..,(d ,
Slfs. .- ) = mea{O(F, ) U... UO(Fm, )},
where O(7,d) is a circle of radive 2R, with ite center in #. The integral in this
formaule is weighted volume of {1, — region in R7*~? corresponding to bound clusters.
Weight function e~%%#("-7a) ig o probability for particular cluster to survive, i.e.
pot to get another circle intersecting with it.
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Now we note that (2, can be divided in two parts: 10, C € : R*(7;...7) = Ro
and 2\, where the first part corresponds to "secure” clusters with effective radius
R* = Ro, and second part corresponds to "leaking” clusters with effective radius
larger than K. Analogously to (1) the probability of secure clusters is:

P = L / By, . . . 7 e SinlfsFm) (2)
= 1) o, O
ead distribution function of leaking clusters is:
m~1
Fu(R) = (mL-f)—! () EF .. e R), 3

3 Resuits for m=3

As could be esen from (2), to calculate pore distribution function over R* one have
to sum wp over all multiplicities. But Py, P2 drop drastically with increase of m in
the range of porosities we are considering (p < 20%), s0 we can take only several first
termes. The same bolds true for P(R), but in this case the summation begins from
Muun(R) = [x(arcsin(Ro/R))*] + 1 (vee [5]). It means that for obtaining P(H) in
the region where R/, is not much bigger than unity it will be sufficient to study
clusters with m = 3, 4, and even only 3-clusters are enough for estimations, while for
R/R; > 1.b one has to deal with m = §,6,...

We restrict ourselves by the first region, which corresponds to filtration of particles
through the membrane with channe! diameter only elightly less than particle size.
This is the case whea one is interested in schieving as bigh permeability as possible.
Clusters with m = 3 are especially important here. Figure 1 sbows the dependence
of Py, P? and P{** = Py ~ P? on porosity. Our resulis for the probability for »
chaanel 10 be involved in 3-cluster are in good correspondence with results of Riedel
and Spobr {4] for square channels, though our values are somewhat bigger and the
difference grows with p.

Compariag Pi** with P, we see that percentage of leaking clusters increases with
growth of p, but not considerasbly — from 20% a¢ p=1% to 25% at p=20%. It could
be concluded that loaking clusters are more compact than secure ones , though effect
is not crucial. Figure 2 shows distribution depsity of 3-clusters n3{R) over effective
redius. The average value of effective radiue of 3-cluster is about 1.05R,.

We uweed Monte-Carlo techaique for calculating integrals in 1- 3, our runs took
sbout aa hoar of PC/AT-388 computer time. We bad no opportupity to perform
longer russ, bet if one would require more precise figures, they can be easily obtained,
providing the sppropriate computer is available.
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Fig.1 Probabilities that & channel belongs to: triple pore — Py, secure triple
pore — FPY, leaking triple pore — Pi** g functions of porosity
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4 Problem of complete sterilization

The described approach, based on the shape analysis of every possible configuration,
loses its applicability when we are interested in filtration of particles which size is
more than two-thiee times bigger than d. It occure due to two reasons —— imnpossi-
bility of carrying out calculations because of drastic increase in required computer
time for large multiplicities and principal ambiguities in definition of R* for some
configursiions (for instance, what effective radius we should escribe to hoof-shsped
chaio of channels if the internal ares is linked with outside by very thin bridge, liable
to break uander the slightest pressure?)

it’s true that pores with character size from 2d and bigger are very rare, but huw
can we judge whether we needn’t consider them? If we take d = 0.2um, p = 10%,
then ng = 3 10%, and if the probability for a channel to be involved in 8 pore with B*
w P*, there will be about N = ng P* such pores on 8 square centimeter uf n: rbiane.
Restrictions on N vary according to the prablem under consideration. We choose
the criterion N =1 <=3 P* = 1/n, for dividing pores 1 those which must be
sccoonted for (P~ > 1/n,), sad those which really rare and irrelevant (/* < 1/ny).
f¢ could be seen that we still must deal with sores with very low values of P* which
can’t be trested by exact method snyway.

So we propose s semi-phenomenological approach for cstimation of P* for large
pores. Our ceniral assumption is — if on & square with side ! the local porosity
r = Ny, So/P reaches some critical value r* the pore is formed at this place with
character sise |. Critical porosity depends on { and on film thickness and can be fitted
from experimentel data. But we will assume for {/d € (2,5] the values r = 1 -- 1.2,
ead won't discuss vow its dependence on film thickness.

Now, based on this assumption, we can estimste density of pores with size | us

a(l) = & Plaip,) ()

where o = [/d, and P(a;p, r) is probebility o find on & square { x { the value of local

porasity more thaa r, while the overall porosity is p. Using Poisson distribution we
fisd-

b ”~» l
P(ao’o ') = Z '(-o':-')-'c-.""(li d' P ') = ﬁ Z

melalr] : LY

Figure 3 ahows dependence of n{l) for three values of r, while the oversll pornsity

w fized p = 0.1. Pigure 4 shows n(p) for r = 1 snd two values of a. Channel diamete:

wae chosen 1o be d = 0.2um.

@7 )
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Fig-3 Number of holes of character sise { on 1em? of  film with p = 0.1, d = 0.2um
for three values of critical local porosity
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5 Conclusion

As it was pointed out before, we believe that correct problem statement is one of the
critical points in investigation of statistical pattern of nuclear track membranes. In
the first part of our report we restricted ourselves 10 consideration of spherical-
shaped particle fliration, but the technique described can be applied t0 has grest
varisty of eimiler problems. One ocoly has (o figure out what pore parameter is
srelevast to the problem, and change the algorithm calculating R* for new slgorithm,
calculating required value. The latier could be the maximum length of interval,
inscribed into the pors for studyiang disk-particle filtration, the ratio of pore perimeter
1o pore ares for modeling membrase behavior under the bubble test, etc.

The chansels in most of indwstrial track membranes are not parallel, and to de-
scribe (them we must account for chaanmel angle distribution. In the statistical ap-
proach this will lead 10 depeudeace of # on this distribution, but the exact method
sesds some modillcation.

The author is grateful 1o Professor Perelygin for his stimulating interest in this
work.
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MESU-OPTICAL FOURIER TRANSFORM MICROSCOPE
WITH DOUBLE FOCUSING

Yu.A.Batusov, L.M.Soroko, V.V.Tereshchenko

Laboratory of Nuclesr Problems
Joint Institute for Nuclaar Research, Dubna, Russia

The meso-optical Fourier trensform microscope (MFTM) described in the
carlier papers |1,2,3] is designed for fast searching for particle tracks in
nuclear emylsjon with known orientation and dip sngles. In the system |1]| the
meso-optical mirror with ring response produces two meso-optical imegss of
the psrticle trsck which sre on the opposite sides of the focal ring. The focus-
ing of the diffrected light is teking placs only in the meridional saction
slong the radial coordinats. In the sagittal saction of the MFTM thers is no
focusing at all and a8 was expleined in (4] MFTM fn the sagittsl section can
be considered ss one dimensions]l “pin-hole" camsra. It wes elao shown in |4|
that the length of the meso-optical imeges in tha ssgittsl section of the system
{11 13 equsl to the diamster of the field of view of the MFTM. This property
of the MTM with single focusing ensbles one to localize espatislly the end
of the straight 'ine particle track in the field of view of the MFTM.

The first prototype of the WFIN with double focusing which has besn stu-
died in |S| contatne & singls cylindricsl lens to sccomplish the foousing slong,
the redisl coordinate. The focusing slong the engulat coordinats in the sagittsl
section of the MFTM is produced by the Fourier transform lens. The meso-opticsl
imeges of e particle tracks haveths form of blurred epots. The double focusing
pgives the sssliorstion of the signel-to-noiss ratio but needs one sscrifice -
the abeervation could now be accosplished only in ¢ smell pert of the arientation
sngles. The mein drewbeck of the first prototype of the MFTN with double foousing
S| wes very smsll epsrture of the single cylindricsl lens used in thess experi-
sents: 1:30. Due (o this the expected resolution slong the radisl coordinets
wes only 15 um. The mein cbstacle for incressing of this featurs of the system
wste sphericsl snd coms sberrations of the single cylindricsl lens.

fo resove this orswback of the first prototype of the WFTN with double
foousing we asde o specisl cylindricel objective with two cylindricsl lenses
to suppress the sphericsl snd coms sberrstions.

In this psper we descride in deteil the WFTM with doubles foousing. It
is shown experisentally thet this device emsbiss ons to get extramsly high concen-
tration of informstion about the gosition of the perticle treck in the nucleer
snulsion leysr snd thus 10 incresss the signel-to-noies ratio .
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Schematic diagrem of the meso-optical Fourier trensform wicroscope (MFTM)
with double focusing is shown in Fig. 1. The convergent light besm has sn as-
tignstic structure: the focus in the meridional section is in the median plane
of the nuclear emulsion laysr 1, end the focus in the sagittal section is in

the plane where the pick up matrix of

the read-out CCO Tv-camera is mounted.

The distence between the center of

h the CCO matrix and the optical axis

'.f of the system is R. The distance between

! nuclear emulsion laysr and Fourier

transform plane is H. The width of the

illuminated repion was equsl to d =

36 wm, and the length O ° 3.0 mm,

The diffracted light is transformed

by the cylindricel objective 2 into the

maso-optical image which is pickedup by

CCO TV coemera 4. The concentration

of the diffrscted 1light into images

spots was s0 high that we uss neutral
sbsorber filter 3.

The cylindrical objective of our

device wass constructed as s projected

Fig. 1. Schemstic disgres of the meso- YS'®" ©Of w0 comonents with fiwed

c(x':}:"a)l Fourisr uiml'on microscope distsnce to the object 1} = 32 mm,
with double focusing: 1 -

nuclear emulsion layer, 2 -uglm,. snd to the pick up matrix of the CCD

cal abjective, 3 - nautral sbeocber 'V-G“l'.. lz = 128 em. The linesr

of the light, ¢ - O wetrix of te
Iv-comers. Below to the left section 0 cicAtion of this syste wes M -
of twe nuclesr emulsion leyer: 4:1. The celculstions were mede accord-

e S, Ty V9 % 0o romties 1] o

region is the pert of the illumi-  SupPress the sphericel snd come sberre-

retsd volume which sess one pixsl tios. The expected resolution of
the systam is equal to 2 um.

The test experiments with one stw MFTM of double focusing were sccomplished
for pstticle tracks of nson nuclei from “1° to “8" snd of shower particle tracks
which ste lying to the right from the perticle track “0". The rositions of these
particle trecks, the orientstion sngle Gxy and the dip engle @7 ssesured by the
asrws] system with ordinery sicroscope sre given in Fig. 2.
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The results of the measurements of Z-coordinate of these particle tracks
made by MFTM with double focusing are shown in Fig. 3. The depth of the nuclear
emulsion layer h = 200 pm can be decomposed into 33 pixels of CCD-matrix. We
see the non-horizontal position of the nuclear emulsion layer which produces an
angle 1°'G with horizontal plane of the system.

The results of the measurements accomplished automatically by the computer
are presented in Fig. 4 in the form of 3D-plot with four parameters: effective
orientation angle Bss, transversal (radial) coordinate X, effective depth
coordinate Z and the intensity of the meso-optical signal I. The measure of the
latter was a diameter of the ball on the top of the Z-segment. We must conclude
from Fig. 4 that the c'c"-doublet of the parallel particle tracks is not resolved
intv two components. The cause of this is the computer program which can dis-
tinguish two spots on the screen of the computer monitor when they have large
muytual distances.

lieanwhile the c'c"-doublet is indeed a resolved one on the screen of
the computer monitor with horizontal axis as a Z-coordinate and with vertical
axis as an Q%-coordinate. The comparator level was equal to 200 when the noise
corresponded to comparator level 150.

The two resolved peaks of c'c"-doublet are shown in Fig. 5 in another

scale for the same axes X and QQ; .

346 w w8 6 7

5 6

Fig. 2. The object of the test measurements: particle tracks of high ionization
level (neon nuclei) "3" - “"8" and the shower particles tracks a, b, ... . Four
parameters of each particle track are depicted: transversal coordinate X, depth
coordinate Z, orientation anple 6xy and dip angle 87
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Fig. 3. The results of the measurements of the depth coordinate Z of the object
particle tracks: 1 pixel corresponds to 6 pm of Z-axis

Fig. 4. 30-plot with four parameters (see text)
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The cross section of the c'c"-doublet along Z-axis is shown in Fig. 6.
We see that two peaks c' and c" are well resolved for mutual depth distance
52 = 60 pm. The resolution of the system can be estimated as AZ = +15 pm,
One pixel of CCD-matrix corresponds to 10 uym along Z-axis.

To make the equivalent comparison of the I¥TM with double focusing and
the Fourier transform microscope of the direct observation we accomplish the
control experiment with inverse position of the cylindrical objective. The
linear magnification of the cylindrical objective was equal in this configura-
tion to ky = 0.25 instead of M} = 4.0 in the main experiments. The resolution
alung Z-coordinate was egual to A7 = 150 pym and we cannot discriminate the
particle tracks with cdifferent Z-coordinates. The results of these measurements

vith inverse geometry can be presented nou in the form of 2D-ploi.

* # #
I(z) ’

280 c c‘

'

260

240
T, e30pm
220 1 pixets pm

22=6Qpm

200

180

180p Z
Fig. 5. The resolved peaks of c'c"- . .

] - Fig. 6. The cross section of the
doublet in the coordinate frame ¢'c"-doublet along Z-coordinate
Z, Qﬁ)f, (see text)

The properties of the 1FTM with duuble focusing were tested experimcntally,
It was proved that the information about the particle track in nuclear emulsion
cair be concentraled in onu spot in the plane of the CCU-matrix of the Tv-camera.
The dinensions of this spot are of the order of 2x3 pixels.

The analogous concentration of the information were observed in the MFTM
with single focusing {1| but the dimension of the corresponding spot along
angular coordinate was equal to the lenglh of the field of view of the MFTM.
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In our system with double focusing the corresponding dimension of the spot
has, been changed from 2.7 mm tc 40 pm or 60 times smaller than in the previous
system |1].

The angular resoclution of the MFTHM with double focusing nan be estimated
as 88 = 1.37 and the resolution along the depth coordinate Z as 3z -10 pm.
This gives 20 additional degrees of freedom along Z-coordinate in comparison
to the Fourier transform microscope of the direct observation. The noisc is
suppressed in the same proportion. The system with two arms will have 82 =7 pm

ond 8)( = 3 pm.
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JUMPING SPARK COUNTERS
OF RADIUK INSTITUTE

V. A, Nikolaev, V, E, Kopchenov, A, V, Kozunov
S. K. Krivonogov, N. B. Plastinin

Khlopin Radium Institute, Roentgen str. 1,
Saint-Petersburg 197022, USSR

INTRODUCTION

For realizing the spark jumping technique, proposed by Cross and
fommasino, 1970, various designs of the spark counters are usged
(Monnin, 1980). From 1976 ti11l1 1991 our inatitute developed
many types of spark counters with different complexity degree for
exploitation in various conditions. Fig. 1 shows an externel view

of these counters and Table 1 gives their main technical
characteristics.

TABLE 1, Spark counters technicel

cnaracteristics
PEATURES COUNTER MODEL
AIST, MAK| MSK |]AIST-3 JISTRA | HECTOR

Automaticn type - - control] device] computer
Pressure dev.ice type manual |manualj motor |magnitimotor
Lizximum detector
square, cm? 20 1,5 1,5 1,5 1,5
Rgproducibility of
count, % 2 4 2 2 2
Linear range fluernce,

em™® | 40uo 4000 | 4000 | 2000 | 3000
liumber of package
detectors 1 1 1 1 100
Weight of instrument,

kg 5 003 4:5 3 7
Counting time for 1000
tracks/cmz, min 4 4 3 3 3
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SPARK COUUTERS WITH WAWUAL PRESSING DEVICS:
AalS2 » I.J'xk, +SK

AIST (iiikolaev el aml., 1973) is the most simple and widespread in
our country counter wihicli operates witl. an external serial hign-
voltage and scaling blocks, It features high reliability and pos-
gibility of pressure adjustment the value of which has a high rep-
roduction from cycle to cycle. This counter is equipped with set of
with electirodes of different shape and

interchangeable cassettes
different track detectors (Fig. 3).

size which allows operation with

KAK (Kopchenov, 1994 ) has similar to AIST mechanical block

which incorporates high-voltage block, voltmeter and scaler.
It has little sizes and power consumption from an accumulator
about 4W,which makes it convenient for operations in car labora-

tOryo

SOURSES OF CHARGED PARTICLES

W, f aerosol Rn
converter filter chamber

B(6-22)mm  B40mm I|
— J TRF\CK DETECTCRS
detector £ilm

rotectwe film .‘
\¢(6-50)m \ holder

™
S/

ol sources
(objects)

?,Lchuid sobid

CASSETTES
hole tn Cid

ljdg'sz)mm

electrode

Mig. 3. Additional eguipLeut for spark counters
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LSK (Fige 4) is the smallest one of our counters ('"pocket" variant)
It way designed for operation with detectors of one size and lLas
possibility of pressure adjustment. Due to small weighl and size
it's portable and suitable for business trips. Etching procedure
may be performed in commonly used every~day vacuum flask, sc the
total weight of kit for chemical arnd breakdown processing doesn't
exceed 2 kg.The counter operates with external scaling and nigh-
voltage blocks.

Fig. 4. Small-sized spark counter MWSK:
1, cover; 2, buffer; 3, cassette;
4, electrode; 5, high voltage input

Circu.t diagrams of this counter are shown in fig., 5. The distin-
ctive characteristic of this diagram is a part for track short-
circuit eliminution (Ewvdokimov et al., 1988)., In the case of shori-
circuit, defincd like an absence of sparks during (1-2)S, an opc-
rator may produce a powerful electrical discharge of capacitor C
by means o switch S1 for evaporation of aluminium frow the irack
and so short-circuit elimination, Another feature of this circuit
(rige. 5b) is tue absence of parallel to the detecior capacitor which
connected as a rule for elimination of secondary break-downs thro-
ugh the track. Spccial measurements (Evdokimov et al., 1986) hLave
shown practical abgence of such bregk-dovms in our counters at an
optiuunm pressuse. Owing lo minizum (spurious) capacitance of spaid
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“V Fige. 5. Circuit diagrams

I )52 S24 Ima of counters
Si
oma MO a) parallel
j—' C II_ b) consequent
{nf
E electrode =
detector
"’I"‘ At fitm
InF 100K 6,2KQ) (300

———=—¢ 0UTPUT (4
o) b) nf

discharge chain the diameter of zone evaporated in Al layer is mi-
nimal too, 850 we have g llnear measured range of the traversing
track density up to 4000 em” (fluence 80GC cm 2).

AUTOLATED SPARK COULTERS: AIST-3, ISTRA

In order to design the counter for common use with minimum service
operations control device has been developed which mssures the co-
unter operation for one detector automatically according to a pre-
gset progream.

TLe f.rst counter cf suchi type was AIST-3 (Evdokimov ct al., 1957)
in whaocis tue end of breuddowu process was aeternined by the abseuce
of pulses for ¢ s. llis counter was equipped with unique pressing
mechanism which comprigses an electromotor arive of elastic spleri-
cal segment with a radius of 5 cm. By this geometry tnhe detector is
pressed from the center to the periphery and thereby additionally
smoothed and prevented the formation of ingulated zones on detector
at highl tracks density.

Spark counter ISTiA (Kopchenov et al., 1989) is the further deve-

lopment of our amutcmatic devices. It was intendea in prespect fcr
serial production and hias nore siuple design in coupariscn with
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AIS?-3. for example, this counter has decreased weiglit~size indi=-
ces, electromagnetic press drive and device for track short-circuit
elimination. In the absence of sparks during 1 s, this device pro-
duccs a powerful electrical discharge. The absence of breakdowns
during the next second determines an end of count (Evdokimov et
al., 1988),

MULTICHARGED SPARK COUNTER-HECTOR

Automated counters AIST-3 and ISTRA facilitate the work of operator
but practically don't free him because he must recharge the de-
tector every (2-4) minutes., Por regular procesgsing of many detec-
tora, as, for example, during dosimetric examination of great col-
lective, a multicharged spark counter has been developed. It has
container for 100 detectors, which are equipped with a readable co-
de. Operation control of the apparatus is performed by standard se-
rial minicomputer, Llechanisms for pressing and pulling the alumini-
zed foil are similar to ti.ose of apparatus AIST-3, ISYRA and are car-
ried out with electromotors. Information from scaeling circuit
can be read out through output device in minicumputer. The block
diagram of the apparatus is shown in Fig. 6.

9] 5o L8
2 v‘o L8

{T | 34'—1!—4'—'*—5
T T

Fig. 6. Block diagram of the device HiCTOx: 1, computer;
2, photocode reductor; 3, disk rotator; 4, high
voltage block; 5, scaling circuit; 6, detector
output mechanism; 7, mechanism for pulling alumini-
zed foil; B8, pressing mechanism; 9, detectors
container
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CONCLUSIOL

All spark counters developed by us (except HECTOR which is now under
test) are widely used both in our institute and in others for
track count from alphe and fission fragment detectors ( Evdokimov
et al., 1986) in wiclear physics (Vorob'ev et al., 1986), neutron
dosimetry (Borodin et al., 1990), radon veolume activity measureme-
nts (Vorob'ev et al., 1990), alpha-dosimetry of solid and liquid
samples (Nikolaev and Potapova, 1990),.
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APPLICATION OF AUTOMATIC SPARK-OVER TRACK COUNTER
FOR FISSION DENSITY DISTRIBUTION MEASUREMENT IN A
CRITICAL ASSEMBLY

Zhuk I.V', Lomonosova E.M', Gloubokij N.N', Edchik I.A®
Ridiko L.I', Yaroshevich O.I', Boulyga S.F-., Tzekhanovich I.A®

Recently an automatic spark-over track counters (ASTC) are
widely being brought into action to count number of tracks on a
surface of alpha- and fission track fragment detectors as part of
the study on nuclear physics, neutron aud reactor dosimetry (1].

Authors used in experiments on nuclear zZero power reactors
(crit}cal assemblies) ASTC, visual counting technique and thin
film breakdown counters (TBC) [2]. The results of the experiments
are compared and analyzed.

In this paper the axial distribution of U-235 and U-238 fis-
sion fragments density in fast-thermal assembly FTA-5 is studied.
Thie critical assembly consists of fast core, imitating composition
of a fast resonance spectrum core of advanced steam-cooled reac-
tor,safety zone ( belt ), filter and converter zone, thermal zone
[3]. The critical assembly is surrounded with radial polyethylene
reflector.

As a detector for registration of fission fragments emerged
from the target plastic film of 6 mk thickness was used. To get
optimal etching and conditions for counting as well as to carry
out experiment correctly the foullowing registration characteris-
tics of film were investigated:

~ dependence of redistration effectiveness on duration of
etching,
- temperature of estching solution, density of etching reactive,
fission fragment track density,;
- dependence of ASTS counting rate on voltage.
The measurements were carried out under the following
conditions:

s - The Institute of Problems of Energetics,
2 - The Institute of Radiation Physics and Chemistry Problems,

Academy of Sciences of Republic Belarus
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- etching in the KOH-solution ( density of solution 1.25¢g/cc,

corresponding to 20 C, at 60 C,

- etching duration was 45 minutes,

- while track counting with ASTS four preliminary breakdowns
under voltage 600 V and six operating breakdowns at vol-
tage 390 V of solid track detector were produced.

Axial distributions of [J-235 and 1-238 fission density were
measured in the centre of the fast covre and in the polyethylene
raflector of the thermal zone. Targets were manufactured by coa-
ting with fission substance ( 0.2 mg/sc for U-235 and 2 mg/sc for
U-238 ) of an aluminum background ( diameter 19 mm, 0.2 mm thick-
ness ).

"Fission layer diameter of the background coincided with the
diameter of solid track détector { STD ).STDs in close contact
with corresponding radiators were located on a special holder, one
STD from another beind spaced with 27 mm. Six measurements for
each distribution were conducted under constant exposition tiﬁe
and assembly powei.

At the center of critical assembly axial distributions of
11-23% and 1J-238B fission density were measured.U-235 fission den-
sity distribution was measured in the lateral reflector of
thermel zone.

Precision of axial fission density distributions includes
( for confidential intervel 0.95 ) the following components:

- statistical error of measurements ; for the fast core
measurements it does not exceed 3 and 5 percent for U-235 and
U-238, correspondingly,;

- systematical error of impulse number in the mode of coun-
ting;for the track density range of 1000 ~ 3000 tracks/cm’ it is
about 2 percent;

- systematical error due to uncertainty in the content of
0-235,0-238 is about 0.5 percent for fissile targets;

- systematical error due to uncertainty in the content of
fissile material is about 3 percent for each separate target;

* - systematical error due to uncertainty due to presence of
background tracks; for spark-over counting it does not exceed 10
tracks/cm” { about 0.5 percent. );

- systematical errors connected to etching reagent concen-
tration uncertainty, its temperature, so on were eliminated by
simultaneous etching of the whole set of detectors.

202



So, the total error in axial fission density dlstributions
with ASTS technique of counting of fission fragments is 4-5 per-
cent in the central part of core and 6-7 percent for regions of
minimal neutron flux density. The resulting error of measurements
in TBS method and visual counting of tracks does not exceed 4 %.

However, taking into account that ASTS technique eliminates
the limitations (absence of electronics and time consuming visual
counting),and at 'the same time it has high efficiency and low
disturbance for visual counting technique as well as fast getting
of result ( TBS- method ), it should be concluded that applica-
tion. of ASTS counters for measurements on critical assemblies i;

reasonable.
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THE METHODS OF TRACK MEASUREMENT IN NUCLEAR
EMULSION BY THE TEMP DEVICE

ALESHIN Y.D., KOLESNIKOV B.B., MAKSIMOV A.I,, MELNICHENKO [.A_,
SILAEV V.L

Institute of Theoretical and Experimental Physics, Moscow

In the paper we present the first results obtained with a new TEMP device for search
and measurement of events in the nuclear emulsion.

Three-coordinate measuring TEMP device was made on the basis of two-coordinate
DIP deviee (1], for search for events in nuclear emulsion. The main details of TEMD
deviee are:

1) a motion of stage has accuracy 0.5 ki in all three coordinates,

2) a stage is equipped with electrieal drives for X0 Y and 7 digitizers,

3y an optical system of device projeets a nuclear emulsion picture on the television
vharuber,

1} an acenracy of the counter-registrating system is (L5 mkm.

D1 an operator table,

Gy electronie cirenits and power blocks,

) IV mouitor WK4060,

R) the mraximun of enlsion plate 15 100 <200 mm

The detailed deseription of the tunction blacks of TEMP deviee is considered inonr
carly papers [2.3].

The deviee consists of an optical-mechianical part of a counter read-ont systems and
TV systenn, The nuelear emulsion to be measured is placed o a stage which can nyeasare
with an aceuracy about (0.5 mkm. By means of optical sy=tem an image 3= peojected to
a TV sereen. The total magfication on i projection sereen is optical wagnification aud
e de viston magnification equals 100 times. Specially for b device acanvisal s eoithi,
of tocopetaor for varions enialsion chandber wis ereats B For e des apesnton oa the
TEMP deviee followed idong, the porracks 0 chomuber of sinalio o xperimaen 4 from

layes to aver during one minate
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DEVELOPMENT OF A NATIONAL PERSONMEL NEUTRON DOSIMETRY
PROGRAM IN THE ISLAMIC REPUBLIC OF IRAN

M. Sohrabi and M. Katouzi

National Radiation Protection Department
Atomic Energy Organization of Iran
P. O. Box 14155-4494, Tehran
Islamic Republic of Iran

ABSTRACT

A neutron personnel dosimet. program has been
recently put into operation at t.e National Radiation
Protection Department (NRPD) of the Atomic Energy
Organization of Iran (AEOI) to provide services to some
AEOI workers as well as to those working with neutrons in
different applications. The dosimetry program applies the
Neutriran Albedo Neutron Personnel Dosimeter (NANPD) (1).
It is based on the detection of fast neutrons by direct
intecactions in polycarbonete and by the detection of
albedo neutrons and direct thermal neutrons by the
interaction 19B(n,g)7Li applying electrochemical
etching (ECE) of recoil and alpha-induced tracks in
polycarbonate. The principle, the dosimetric parameters
and the design characteristics of the dosimeter as well
as its response on 18 different phantom configurations
were previously studied in detail (2-4). To provide more
reliablity of neutron dose evaluation at low and high
doses and to further assure safety of exposed foils
during handling and ECE operations, a new foil
combination with an additional '°B convertor and two
polycarbonate foils was also designed and incorporated
into the dosimeter for a service on trial. Based on this
design, the service went experimentally into operation
covering only 30 neutron workers at this preliminary
stage. In this paper, some relevant parametric and
dosimetric characteristics and calibration of the
dosimeter as well as monitoring experiences are presented
and discussed.
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