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The aim of this paper is to give a quantitative
explanation of the value found by experiment and the energy
dependence of the track density of relativistic particles in
a nuclear emulsion, based on the peculiarities of the ioniza-
tion process for silver bromide and on the physico-chemical
structure of emulsion. An understanding of these points
is important for the identification of high-energy particles
in nuclear emulsions, and also for an explanation of the

activation mechanism of AgBr microcrystals.

I. Misuse of the Bethe-Bloch formula to describe

the dependence of track density on particle velocity

in nuclear emulsion

Numerous experiments /1-15/ have been devoted to the
study of the relativistic increase in track density of particles
in nuclear emulsion. Those papers show that the increase in

track density at the ionization plateau (relativistic rise)

R-= 9?/9!711'1 -1 (1)

is 10 - 15% above the minimum ionization density when the average

track density of the relativistic particles is 3P = 18-25 grains/
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)

*
100 microns ‘. (A detailed summary of the experimental data is

given in /15/).

An approximate value for the energy dependence of the
track density of particles in nuclear emulsion is usually found
by means of the Bethe-Bloch formula with a correction for the
medium's polarization /16/, i.e. it is considered that the track
density g is proportional to the specific energy losses along a

particle track in silver bromide.

CELRE RS 0). o

where e and m are the electron's charge and mass; Ze is the
particle's charge; P is the relationship of its speed to the
speed of light C; n is the density of electrons per 1 cmj; I
is the mean ionizing potentiai of AgBr; :(e) is the correction
ror the density effect; and TO - the highest recorded energy

ot 6‘ electrons - is selected from a (2-50) KeV range.

We will show that it is incorrect to use the Bethe-

Bloch formula, allowing for polarization of the medium,

for nuclear emulsions. In fact, formuia (2) may only be used

%¥) The value R = 18%, obtained in /7/, is wrong in so far as the authors
only related the relativistic increase to collisions with energy
transfers of W < 2 KeV. The recalculation of R using this paper's
data gives R = 12%. According to the author's evidence, it seems
that the value R = 10% is underestimated due to the regression of
electron tracks with ionization in the plateau region. The results
of paper /8/, where a drop in the plateau level was found when
Yy R 200, will also not be used here.
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when T is significantly greater than the ionizing potential of
all the atomic electron shells. At the same time, the ionizing

potentials of the silver and bromine shells K and L equal

K

= = L _ L
U, = 25.53 KeV, UBr = 13.48 KeV, UAg = 3.4 KeV, UBr = 1.55 KeV,

K
Ag
i.e. of the order of, or greater than To.

It is possible to calculate (-dE/dx) To correctly for
any To value by using a formula for specific energy losses by
a particle in collisions where energy transfers are greater than

the threshold value Wm

(_d,_E_ - arneaj@} Zmaa‘;') Pz}',

dx Wi <W<T

2§ fitas - 8vn DY

vt

(3)

Expression (3) is based on the collision theory for a
polarized medium which was simulated by harmonic oscillators
/17/. In this case, ri and Ii - the force and energy of the i
oscillator (i = 1.2 . & .k) - are linked with the mean ioni;ing

potential by the relationship

el = 2 fi 8T,

ded_

and were calculated from the dependence of the photoabsorption

cross-section O AgBr on the energy of the photon h )) (fig.1),, as
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*
shown in /18/ ). T is the energy which is significantly greater
than the ionizing potential of the atomic electron shells; S is
the number of oscillators witih I;(’Nm and S(Wm,e ) is the correc-
tion for polarization of the medium. Wwhen #m = O, formula (3)
Ia)
becomes the Bethe-bloch formula (2) and 5~(Wm,‘3 ) coincides with

& (B ) as obtained by Sternheimer /16/.

t is clear that a particle's specific energy losses
(-dE/dx)TO, where To is any energy less than T, may be expressed
thus:

_dE . (-dE _dE
( d ')T" i Zx )o<w<T -( “’l‘x)‘r‘(w,;‘r , (4)

and T meets the following condition for nuclear emulsion

T>» U5 225,53 KeV.

]
{

%#) In the range hv = 2-14 eV, Opppy Was established according to the
data in /19-21/. Above 100 eV, it was accepted that OpgBr = Upg + OBr-
The value Opgpy (Hv) is known from experiments /22-26/ and the depend-
ence OBr(hV) was re-calculated from the experimental data for the next
element-krypton—~using the empirical formula

Gbr(h"‘) = (Zg./2k) Gy \/;“) 22Kr /Ezi‘,r) 5

The results coincided closely with the measurements for oOp,. available
in the range above 8 KeV /22/. The value OpgBr in the range hv =
14-100 eV was Ffound by interpolation, as shown in Fig. 1, and the
values obtained for Ij.; fj and I were close to those expected for

sE_y £; = 1and T = L4 ev /27/.
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The results obtained by calculating the relativistic
increase in energy losses in AgBr using formulae (3) and (4),

for different To values
e (-4E JE
RE. ( dx)glp/(«ax T, ) Fiin - 1

differ sharply from the RE calculations using the Bethe<=Eloch
formula with a correction for the density effect (table 1). As

was to be expected, R, rises (and does not drop in accordance

E
with the Bethe-Bloch forecasts) with the growth in To - due to
the increase in the relative contribution from collisions with
the electrons of the Ag and Br inner atomic shells, where the
density effect is weaker. In addition, table I shows that even
when formula (3) is applied correctly, it is still impossible

to reconcile the experimental values with the calculated values for

the relativistic rise and grain density obtained when assuming

*
that g is proporticnal to the specific energy losses (-dE/dx)T

Thus, it is wrong to assume that the grain density of

nuclear emulsion is proportional to the specific energy losses

(-dE/dx)T .
(o]

%) Skirda's paper /28/ also mentions the misuse of the Bethe-Bloch
formula, yet the author proposes to retain it for the description
of ionizing effects in nuclear emulsion, having replaced n, I and
I, by their "effective" values. This method will be disproved by
the data in this paper.
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2. Energy transfer distribution in collisions with

Ag Br microcrystals

Attempts have already been made in several papers to
explain the track density observed for relativistic particles
in nuclear emulsions, bearing in mind the fact that only col-
lisions accompanied by sufficiently high energy transfers may
be photographed efficiently /29-33/. However, these papers hardly
mention the dependence of track density on particle energy, and
the energy transfer distribution in collisions with crystals in

the emulsion is calculated by an extremely simple method.

Prom now on, as in /33/ the nuclear emulsion will be
taken to include spherical crystals of silver bromide of diameter
d which are distributed at random in the gelatin and are identical
photographically /34/. As the results of the calculations do not
depend on d, the size of the microcrystals may vary. When a
charged particle collides with these crystals, Arelectrons,

Auger electrons .and also photoelectrons occur. The latter ionigze

the Ag and Br atoms, forming a latent image.

Let us assume that when a particle passes through the
emulsion, it does not undergo more than one collision in each
microerystal of silver bromide (it is shown below that the col-
lision multiplicity factor involves some slight corrections).
Letf; (E, W) be the differential distribution of the energy
transfer W for particles of energy E in collisions with silver

bromide; in that case the number of grains per 1 cm. of track$:
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To
g(E) = R [ FOW) (B W) dW - (5)

where F (W) is the probability of the appearance of a single

*)

activated crystal AgBr ’, and ‘12:0.5 - that part of the volume

occupied by AgBr crystals in the emulsion.

From now on it will be convenient for us to use
expression (3) and the integral distribution (dN/dx)Wm< W,
the number of collisions per 1 cm of AgBr which are accompanied

by energy transfers from W to T /17,18/,

Bl B e

dx Wi e weT mc‘LP (

E 3l D L))

(6)

=34

where,ﬁ;(Wm,Q} ) is the correction for the density effect.
Expressions (3) and (6) are derived as a Born approximation and
do not forecast the effects which Tsitovich found /35/ by allowing
for radiative corrections but without providing reliable
experimental proof. Formula (6) was successfully used for the
description of the relativistic increase of ionization in bubble
chambers /17,36/ and for the calculation of primary ionization in

gasses /18,37/.

The integral distribution of energy transfers in

collisions between relativistic particles and AgBr crystals,

#) F(w) also takes into account the spatial non-homogeneity of the
microcrystals' sensitivity /31/.
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when the particles' Lorentz factor is 2{': 103, is calculated
using formula (6), as shown in fig. 2. This distribution drops
sharply with a rise in W (in 90% of collisions the energy
transferred is less than 250 eV and only in 0.08% of collisions
(~#0.16/100 microns) is the electron able to escape from the path
or create an additional cluster, i.e. secondary ionization /7,30/.
Therefore, as a rule, electron paths which are formed by a
charged particle are significantly less than d, i.e. not more
than one crystal is activated as a result of each collision. At
the same time we normally consider that when W > To the electron
escapes from the track and does not activate the microcrystal in

which it was formed. In this paper To was chosen to be 20 KeV
/7,40/, yet this choice is not significant as the results are

virtually independent of To when it is greater than 10 KeV,

The energy transfer distribution in the case of
collisions with light atoms in the emulsion also drops sharply
when W rises, and the number of collisions is several times
smaller than in AgBr (fig. 2). Therefore electron paths formed
in the gelatin are considerably less than the mean distance
between the microcrystals and they do not generally activate the
silver bromide: the number of 5\e1ectrons penetrating the AgBr

from the gelatin does not exceed 0.4/100 microns.
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3. The probability of the appearance of activated

microcerystals and track density in nuclear emulsion

The dependence of track density on particle energy in
nuclear emulsion is determined to a considerable extent by the
probability of the appearance of microcrystals F (W). If P(W)
has a well-defined threshold, such as F(WS;Wm) = 0 and
MW)%J:],tmn

. Ts
ORE I TCM PIVES N G- I
1 w. ™ o 2
i.e. g (E) is proportional to the specific number of collisions
with energy transfer trom Wm to To. The grain density is
proportional to the local energy losses only if the development

probability is proportional to the energy transterred in the

collision, (W) = CWw

To
ca(_'&)F ’1'5 CwW A (E,w)dw = Cl( (- f‘Tf; . (8)

In so far as F(W) € I, then assuming that F(TO) < I, we obtain

CS'%%; and
dtb
g®« & (-&), (9)

The latter expression enables the upper limit of grain density

to be calculated for different To values.

The results given in table 1 show that the assumption
concerning the proportionality g(E,) and (-dE/dx)TO contradict

the experimental data: R =~ 13% when gp = 18-25 grains/100 microns.
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In fact, the dependence F(W), has a non-linear form
/38/. To calculate g (E) s we shall investigate the range of
variation of W tor n intervals in each ot which F(¥) may be

approximated by the linear function
Fisai bW | (is42...n). (10)

After substituting (10) into (4), we obtain:

g(€) - LZ (3" i f (e w)dw + j; éaw.(e.w)atW] ,

Wit Wioe
or |
n dn | de
E)» QG\—T~ ' 2 Bl
g( ) 'l?'c( (dx wi-uw‘w.'+ e.( dx “’a-q‘w‘w‘] ’
(11)
where (.c(N/dii),,,,i_“_\‘/‘\n/-l and (‘AE/"IJC)W;‘-NWA‘Wi

are found from (3) and (6) in the same way as relationship (4).
Thus, for any form of function F(W) and with the aid
of formulae (3), (6) and (11) it is possible to find g (E) in

nuclear emulsion as an approximation of single collisions.

4. Calculation of the multiplicity factor for collisions

in an emulsion!s microcrystals

In practice, a particle may undergo 2, 3 or more

collisions in each microcrystal. The Poisson probability for



_11-

the x-multiple activation of a spherical crystal with a diameter

4 is

. . !o‘ M
P (e) = 20 - "

‘L:o (12)

where M = d(dN/dx)T0 - the average number of collisions with

W < To over a length d in AgBr. Px drops sharply when the col-
lision multiplicity factor increases, so that in the case of
relativistic particles in emulsions where d £ 0.4 microns, it is
possible to keep to x = 8-10 (table 2). The mean multiplicity
factor does not exceed 2 (table 2) for the activation of an
emulsion's microcrystal by particles with ionization at a plateau
range where d = Ol « 0.4 microns. In this case, the average
distance between successive collisions inside the crystal is
greater than 0.2 microns and, according to the data given by
Kuks /34/, they should function independently. The probability
of the development of a microcrystal in which x independent

collisions has occurred is

= Wi, W Wa) =4 4 A C1- Fwpl}.  (3)

i

From the above relationship, it is clear that the mean
probability for the development of an 'FX(E ) crystal which has

undergone x - multiple activation is

Fel(®) = 4~ (-7 (e, (14)
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Here

g (8)

Fo(E) = ) (dN/a(Sc_)_{ (15)

the mean probability for the development of a once-activated

crystal, as found from (6) and (11). Hence

E)=Z 92(E) = KZ P () F, () (16)
where gx :ﬁ: is the density of the grains formed as a result of
the development of x-multiple activated crystals, and X = 3} /2d

{
is the number of crystals intersected by a particle per 1 cm of
emulsion.

g LEJ was calculated both as an approximation of single
collisions with the emulsion's crystals (11) and also for

multiple collisions (14) and (16). The results proved to be
crosely related (the difference did not exceed 6% for g and

0.008 for R) and this may be explained by the low mean probability
of the development of crystals affected by a relativistic particle

w—t

F = 0005 - 0.08.

5. Results of the calculations and their assessment

51 The dependence of grain density on particle

energy and the sensitivity threshold of nuclear emulsion

In calculating the dependence g (Xﬁ (fig.3), we used

those sensitivity distributions for the F(W) microcrystals which
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had been measured by Zhdanov and Kuks for the NIKFI-P emulsion
/38/. However, these data had been obtained by electronirradia-
tion of the emulsion's microcrystals which were surrounded by a
layer of adsorbed gelatin whilstAthe g (5@ calculations must
relate directly to silver bromide: therefore a correction had

to be made for electron braking in the gelatin. Using the path-
energy relationship for slow electrons in the gelatin /39/, we
found that the values R =13% and pg ~=20/100 microns found by
experiment could be obtained if the thickness of the adsorbed

7 g/cmz, was considered. By taking into account

gelatine, ~ 10~
electron braking in the gelatin shell, the microcrystals'
sensitivity threshold is shifted from 170 eV /38/ to -. 20 eV,

thus correspcnding to the bare AgBr crystal.

The results of the calculations are shown in fig. 3
where the solid curve corresponds to F(W) when g min = 26.5/100
microns; F(W) is taken from /38/ and converted to the threshold
Wm = 20 eV. This curve is an adequate approximation of the ex-
perimental data. A large number of other non-decreasing F(W) func-
tions were also tested. The calculations showed that, irrespective
of the shape of the F(W) curves when the sensitivity threshold
ranges from O to 60 eV, the g (X) dependences obtained hardly
differ from the solid curve in fig. 3 when R = 137 and

gp == 20/100 microns.

Table 3 shows the g min values calculated for the F(W)
functions in /38/ converted to the threshold Wm = 20 eV, These

values proved somewhat lower than in /38/; however, bearing in
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mind the error in measuring F(W) for low electron energies,

they should not be thought to contradict each other.

The maximum value for an AgBr crystal'’s sensitivity
threshold, at which the dependence g (X) comprises R = 13% and
gpo220/100, is ~90 eV and corresponds to F(W) with a well-defined

)
90< mk T° These data
show that the sensitivity threshold of an AgBr microcrystal is

threshold, i.e. when g (¥) = const (dN/dx)

considerably less than the 170 eV value obtained in /38/ and is

not more than 90 eV,

We shall define the point where g (K) reaches a
plateau by the valuezlp which is equivalent to a relativistic

growth of 0,9 R, i.e.

(¢ (¥p)/g min = 1] = 0.9 R.

Calculations show (fig. 3) that when R = 13% and

gp~ 20/100 microns

Yp = 50 = 60.

The X p value decreases slowly as the emulsion's sensitivity
increases. The lower limiting value Xf’==40 corresponds to F(W)
with a well-defined threshold Wm = 90 eV, However, the cor-
responding broken curve g (3@ in fig. 3 is not an adequate
approximation of the experimental data. The upper limiting value

¥p = 90 is shown by a broken and dotted curve in fig. 3, for
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which P(W) was selected so that g (X) should reach a plateau as
slowly as possible when R>=13%. However, this curve corresponds
to a grain density of only 6.3/100Amicrons. Therefore, we
conclude that the relativistic growth R = 13% when% p =~20/100
microns corresponds to a<Xb value within the range 40<'Xp < 90.
The g (}O dependence which we calculated reaches a plateau more
quickly than the curves calculated by the Bethe~Bloch formula for

which ¥p = 90 - 140.

The slight dependence of}'p on the emulsion's sen-
sitivity enables the curve g (X), as shown in fig. 3, to be used
for the approximation of experimental data when R = 11 - 15 %
where R is the measured relativistic increase of ionization.

For this purpose it is necessary to extend the scale in both
directions along the ordinates! axes from the unit in the
relationship 1.13/(I+Rexp).

5e2s Relativistic increase of ionization and

sensitivity of nuclear emulsions

The relativistic increase of ionization drops with the
growth in grain density, i.e. with the rise in sensitivity of
nuclear emulsions. Thus, using the F(W) curves obtained in /38/,
asQﬁf:increases from 20 to 30/100 microns, R decreases from 13%

t0 11.5% = 10.5%.

Calculations using various F(W) functions with a threshold

from O to 60 eV show that when the nuclear emulsion's sensitivity
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drops l.5 times, R increases, but also by not more than 1.5 times
and vice-versa. Herz and Stiller observed a decrease in R with
an increase in gp/ll/, and they found that in the emulsion
Gewaert-715 with a sensitivity gp = 33/100 microns, R was con-

siderably less than in other emulsions where gp.220/100 microns.

The reason for the inverse dependence bhetween the
relativistic increase in a nuclear emulsion's ionization and its
sensitivity is summed up as follows. The increase in the emul-
sion's sensitivity is conditioned by the reduction in the Wm
sensitivity threshold and the increase in the distribution curve
of the microcrystals! sensitivity F(W), this being achieved by
the sensitization of the emulsion or the intensification of the
development process. In both cases there is an increase in the
probability that slightly activated microcrystals will be
developed, i.e. there is an increase in the contribution from
distant collisions accompanied by small energy transfers whose
relativistic increase is suppressed to a very large degree by

the medium's polarization effect.

The maximun possible relativistic increase in a nuclear
emulsion R 40% corresponds to F(W) with a clearly-defined

threshold Wm = 4 KeV, when
q-= L[(dN/d:’"-)tc,,gm.v.t‘r '

which leads, however, to a very low grain density~1/100 micron.

It is worth making a closer experimental investigation

of the rise in the relativistic increase of ionization when the
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sensitivity of the nuclear emulsion drops, as that rise‘aids the
identification of relativistic particles. In this connection we
notice that a considerable increase in R is observed for tracks
of multiply charged particles in eitremely underdeveloped
emulsions. The dependence of the relativistic increase on the
sengitivity of the emulsion calls for the careful use of calib~

ration curves obtained on samples with a particular sensitivity.

53+ The independence of g and R on the dimensions

of the microcrystal

Calculations show that g and R are virtually independent
of the dimensions of the emulsion's crystals (table 4). This is
because g and R are hardly affected by the collision multiplicity
factor: it is the relatively rare collisions involving high energy
transfers which are photographically efficient, and not the fregquent
weak multiple collisions. The independence of R on the dimensions
of the microecrystals when there is close sensitivity in the nuclear
emulsion is confirmed by the experiment performed by Herz and

Stiller /11/.

5«4 Dependence of g and R on @O

Contrary to the forecasts of the Bethe-Bloch formula,
gy R andX;;imcrease when To rises due to the growth in the
relative contribution of close collisions (fige4). When
TOZ, 10 KeV g, R andgp virtually cease to depend on To due to

the small number of collisions with energy transfers of W D10 :
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(dN/dx)To 3 10 KeV™~0,4/100 microns. The constancy of g, R and
Xp when To is large makes the selection of To non-critical when

7710 KeV.

5.5 Relativistic increase of ionization in dilute

emulsions

As the relativistic increase in the specific number
of collisions with the light atoms of the emulsion forming the
gelatin is considerably less than in AgBr, an increase cannot be
expected in the relativistic rise of grain density in dilute
emulsions. On the contrary, the penetration of a small number
of energetic d-clectrons from the gelatin into the AgBr and back

again may lead to a slight reduction in R.

Relativistic rise of grain density and energv losses in a nuclear ewulsion.

An answer can now be found to the question why the measurements of the
curve and value for the relativistic rise of grain density should gene-
rally agree with the calculations of specific energy losses made using
thebBethe-Bloch formula; it has been shown above that .t is wrong to
include the density eifect in that formula. The reason for this is that
because both dependences have the same [form and because of the low sen-
sitivity threshold of the nuclear emulsion, the values for the relati-
vistic increase in irain d-nsity and for the energy losses were similar;
an arbitrary selection of the To parameter in the range 2-50 KeV leads
to an even closer match between those 2 values. It is noted that in

bubble chambers where the sensitivity threshold is considercbly higher
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(Wm 72 0.1 - 0.5 KeV and the 'effective" threshold is close to 1l KeV),
the relativistic rise in track density is always co:siderably greater

than for (- dE/dx)To/36/.

It should also be noted that our conclusions partly coincide with,
and partly differ from Skirda's conclusions /28/. He investigated
ionization eifects in nuclear e¢mulsions using the false assumption

that g and (—dE/dx)To were in proportion.

In conclusion the authors wish to thank Prof. A.I. Alikhanyan and
I.M. Kuks for their unfailing interest in this paper and for their useful
advice, A.T. Matachun, V.A, Chechin and A.P. Shmeleva for their
assistance, and also K.I. Vassilyeva and V.1, Patrikeyev for their

help in getting the manusciipt ready for printing,



Table 1

Relativistic rise of the specific energy losses of charged particles

in silver bromide depending on Ty

To, KeV 1 2 5 10 15 20 40
Calculation using the
Bethe-Bloch formula .9 ¢ 19.8|17.8|16.4|16.7 |15.1 {13.9
with an allowance for

Relativistic | the density effect!®)

rise of R, 7%
Calculation using for- |
mulae (2,3) in this 4.7 7.2 9.6 {11.1}11.9}12.2 (12.1 ¢
paper

Calculation of grain density at a

plateau using formula (8) in this

baper. assuming that g v (-dE/dwyTo, | 17°3 | 11:0| 5.3 | 2.9 2.0 1.6 0.9

grains/100 microns.
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Table 2

Probability of multiple collisions of a charged particle
in microcrystals of nuclear emulsion

Type of Mean diameter Volume con- No. of micro- Multiplicity factor x of collisions Mean multiplicity

nyglear of undeveloped centration of |{crystals crossed in microcrystals of nuclear emulsion factor for collision

e;ulsion microer stgl AgBr in nuclear by charged with an energy transfer in crystal of

y emulsion particles W < 20 ReV nuclear emulsion
d, microns n K/100 microns 0 1 2 3 4 5 6 ox

E;?ﬁgf;ﬁ’ned 0.10 0.490 736 0.654910.2690|0.0636|0.0108|0.0015]0.0002 |0.0000 0.44
Ilford-L4 0.14 0.489 525 0.5568|0.3121[0.1018|0.0240]0.0045{0.0007 (0.0001 0.61
Ilford-K5 0.20 0.489 367 0.4400)0.3383|0.1537]0.0510{0.0134{0.0029 {0.0006 0.87
Ilford-C5 0.27 0.489 272 0.338410.3339|0.1986|0.0870{0.0304[0.0086{0.0028 1.17
NIKFI-P 0.28 0.510 273 0.3145]0.328410.2080|0.0974(0.0365|0.0114{0.0039 1.21
Kodak NTB-4 0.40 0.490 184 0.2154{0.2841(0.234510.1458}0.0732{0.0309{0.0161 1.73

_'[Z_
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Table 3

Comparison of experimental and calculated data
in terms of the sensitivity of nuclear emulsion NIKFI-P

Calculation using the sensitivity
. 3g) | distributions of an AgBr micro-
Experimental data crystal3®), converted to the
threshold W, = 20 eV
' -1 . -1
&min (100 microns) 8nin (100 microns)
9.5 £ 0.5 8.5
14.5 * 0.5 ' 12.7
26.4 £ 2.4 18.8
42.5 £ 2.5 25.0
55 x5 31.3
Table 4

Dependence of grain density of particle tracks and of relativistic
increase of ionization on the size of a silver bromide microcrystal

Type of Mean diameter of an | Grain density | Relativistic
nuclear undeveloped crystal | at the plateau rise in
emulsion in an emulsion, grain density
d microns gp R(Z%)
Bepecially 0.10 23.2 13.4
ine-grained
I1ford L4 0.14 23.0 13.3
Ilford K5 0.20 22.8 13.2
Ilford G5 0.27 22.5 13.0
Kodak NTB4 0.40 22.0 12.7
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Mass absorption coefficient of photons by
silver bromide)nA pr(hV) = 6.02 X 1023
OAgBr(hv)/A. The arrows indicate the ab-
sorption limits of the K, L, and M shells

of the Ag and Br. The dotted interpola-
tion mAgBr(hv) in the range hv = 14-100 eV
in accordance with the conditions I} f. = 1,
I = 440 eV (3.5). =
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Integral distribution of the number of
collisions of a relativistic charged
particle (y = 10%) in nuclear emulsion:
(1) silver bromide; (2) gelatin (calcu-
lation done for molecular nitrogen with
density 1.312 g/cm®, equal to density

of the gelatin). The irregular shape of
the curves is linked with the absorption
limits of AgBr and N:.
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Fig. 3 Track density of relativistic particles in

nuclear emulsion in relation to the Lorentz
factor y. The solid curve indicates a highly
probable curve for the dependence g(y) when
R = 137; the dotted curves and broken and
dotted curves indicate the maximum possible
deviations from that curve. The experimental
points are taken from the following papers:

X (Ref. 4); V (Ref. 6)3 O (Ref. 7); A (Ref. 9);

® (Ref. 10); O (Ref. 11); O (Ref. 12). The
points obtained in Refs. 9 and 12 are also
grouped together for close values of Y.
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4  Dependence of grain density on the
plateau g, and of the relativistic rise
in R on T,. Solid curves are obtained
for the microcrystals' sensitivity dis-
tribution converted to the threshold
W = 20 eV and corresponding to gpip =
26.5/100 microns °%®). The dotted curves
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