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INTRODUCTION

In this paper a preliminary study of Pb21u diffusion ip nuclear
emulsion is made.,

Many & -particle stars which originate from Rn,,, dlsintegra-
tion in nuclear emulsion appear in the form of two brach stars (o -
particles from Rn222 and P°218) plus an 1solated track (« -particle
from POZlu)lo This should result from diffusion of one or both of
Pb2lu and Bi2lh nuclides because the P021h half-11ife (15 x 10“& sec )
is too short to allow for 1ts diffusion.

In this paper we analyse these Separated stars., Our conclu~
sions can be summarized as follows:

1) The observed separations are due éssentially to diffusion of
Pb21u al though the possibility of a small diffusion of Bi?lh is not

excluded,
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2) About 50% of Pb atoms that criginate from the P°218 in nuclear

21l
emulsion do net diffuse in our conditions of WOrk.

3) The order of magnitude of the Pb21h diffusion coefficient at 02 ¢

12

in our conditons of work is 10 C.G.S.

k) The szlh diffusion ceefficient increases wlth increase of tempera-

ture as should bs expected,
5) The diffusion coefficlent seems to decrease with the age of the

emulsion used.

I. NATURE OF THE MIGRATING ELEMENT

A G=5 nuclear emulsion was placed in the upper part of an alu=
minum tube 14 c¢m high and 3,5 cm in diameter., In the lower part of
the tube there was about 600 mg of a pulverized Uranium mineral (250
mg of radium per ton)2 upen which a lead plate 1 c¢m thick was placed,
This plate, having thin perforations, protected the emulsion from the
action of the ’}wrays but allowed the radon to go easily to the upper
par t of the tube. The emulsion face of the nuclear plate was protec-
ted by a stainless steel plate in order to lessen the background of
X -particles originating from disintegrations in air. The radon could
penetrate the emulsion through a thin air layer between the emulsion
and the steel plate. Finally the tube was closed with a rubber plug
and protected with paraffin, The same procedure was addpted for the
exposure of G=2 plafésg to be referred to in Part II,

The exposure of the G=5 plate had a duration of three days at a
temperature around 12° c. After development the 3-branch Radon stars
were observed as well as the separated oneslo In order to find out
which of the elements Pb21u and BiElu diffuses, an analysis of the

electrons associated with the 3-branch, 2-branch stars and the isola-
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ted &€ near the Z~branch stars was made. The results are given in

Table I for 150 3-branch stars and 150 separated ones.

TABLE I _
No, of betas 3-branches 2~-branches isolated
0 Ls 143 L7
1 75 7 71
2 29 0 32
3 C1 0 0

About 5% of the observed cases were considered doubtful since, due to
occasional spdts or background“bebas corasing the origin of the € tracka
it was difficult to establish where the p-rays ériginated; these were
not included in Table I, It should be noticed that in our conditions -
of work the emulsion did not register minimum ionization electrons =
therefore only the low energy part of the spectra of the beta emitters
(szlu and BiElu) and. the low energy conversion electrons were observed,
Table I shows that the distribution of electrons originating
from the isoclated o -~tracks ls statistically identical to the distri-
bution of electrons in the 3-branch stars, the Z-branch ones having
practically no electrons assoclated. Thus we should conclude that
almost all electron emitters are associated with the isolated track,
Therefore, if we notlce that:
‘a) The mwdisintegrations of Rn222, P°218 and P021u are not fol-
lowed by 'y-emiSSion which could produce conversion elecpronsB;
b) The electron-emitter Pb2lu should produce more observabie elec~

trons than Bl in our conditions of worku’g’ég the results of Table

21l
I indicate that”Pbglu is the diffusing element, Bi21u having a much

smaller diffusion coefficient (their half~lives are of the same order
of magnitude)., 1Indeed, if Bi2lu had a éignificant diffusion the elec~

trona from Pb21h would be lost from the 1solated o due to P°2lu and
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the distribution of the electrons associsted with this track would be
different from that corresponding to the 3-branch stars.

Finally we should mention that the electrons associated with the
2-branch stars can be explained as due to the small diffusion of
P°218 already mentioned by Picciotos. Indeed we have found that 3%
of the separated stars (both for the G-5 and C-2 emulsions) have the
longer track due to PoElh in the 2-branch star( Only three of those
cases could not be explained in this way as they had an electron as-
sociated with the 2-branch star and another one with the isolated

track,

II. STUDY OF THE DIFFUSION OF szlu

1. Experiment. |

An Ilford C-2 plate l?xB" and 100y thick was divided in two
parts, each of them was placed in a tube in the same conditions as de-
scribed in Part I. The emulsion was four months old amd had‘been
stocked at 12° C, 100% humidity.

One of thsse tubes was placed in a Dewar bottle with a water and
ice mixture at 0° C;the other was placed in a bath, controlled by a
thermostat at 30° C. After 3 days exposure in these conditions the
‘plates were developed. L5 days after,_this experiment was repeated
with another C-2 plate of the same box, In this case, however, the
tWwo parts of the plate were welghted, both before and after the ex-
posure, in order to determine the variation in water content, This
water content did not change for the plate kept at OO'CP The plate
kept at 300 € did lose, however, an amount of water corresponding to

0,25 mg per square centimeter of emlsion surface,
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2, Obgervations, _
a) As a preliminary study all four plates referred to in Section I
were scamned in order to find the proportion of stars visibly affec=~
ted by diffusion (Ewbranch stars + isolated &) to the total number
of stars. The visibly separated sﬁars correspond to those cases in
which the distance of the 2Z2-branch star vertex from the nearest ex-
tremity of the 1solated track is larger than 0,5u. For each plgte a
total number of 500 stars were observed using 100 x 12 magnification.
The following results wers obtalneds

First exposure;

Plate A (d0 c) - 25%
' o (1)
Plate B (30° C)} = 47%
Second exposures _
Plate a (0° ) - 27%
Plate b (30° C) = L16%

It was also observed that the average value of the separation dis=-
tances should correspond to a few micra. _

These results give already an indication that, in this case
also, a significant proportion of Pbalu atoms are retained in the
point where they originate, not belng able to diffuse, as has been
previously found in Rn8o The decomposifiod'of the 3=-branch stars in-

to those for which Pb doesa not diffuse and thosefor which there 1l1s

21l |
a small diffusion will result from the analysis given in Section L.
b) For each plate 200 visibly separated stars were selected in order
to determine the distributlon of separation distances.

As the determinatlion of the real dlstance between the vertex
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of the two-branch star and the nearest extremity of the o =-track
(separation distance) involves measurement of depth and of the shrink-
age factor we decided to express our results in terms of the horizon-
tal projection of the separation distance. Whenever the vertex of the
star was at a distance smaller than 5p (in the developed emulsiqn)
from the free surface or from ﬁhe glass, the event was re jected. This
is satisfactory since the maximum observed projection ig 8.5 micra,
In Table II are shown the results, normalized to a total number of 100
Qases”fcr each pls.jl_:éo The distances were measured with 100 x 12 mag=
nification for which 1 division of the scale corresponded to O0,5u.

'The cases with-projections smaller than 1,division‘qor:espond to
visibly separated stars with real distances larger than 0,5u, where
the separation can be decided?by differences in depth.,

3. Diffusion coefficient of'szlu in nuclear emulsion.

We wish to determine, from the results of Table II, the values
of the diffusion coefficient of Pbelh’ In view of the experimental -
conditions;

a) Thickness of the emmlsion much larger than the average
diffusion distance;
b) Exclusion of stars with vertex near the emulsion sur-
faces;
e) Exposure time much larger than the half-1ife of szlh
(as wgll as of P°218’ Bielh and Pozlu);
we may use the following idealizétion of our problem;

A large number, No, of atoms of a radioactive element (mean 1life
T ), initlally concentrated at some point, diffuses in anlindefinite
medium (diffusion constant D) and stops at the disintegration point
(the daughters do not diffuse), What distribution is to be expected
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TABLE 1II

1 Scale Div. = 0,5 Number of Cases

Projection in

scale divisions Plate A Plate B Plate a Place b

7 6 15 2

1 - 2 ko 17,5 56,5 2l
2 - 3 26,5 13,5 19,5 25
3 -4 14,5 11,5 6,5 15
y - 5 5,5 10,5. 2 11,5
5 -6 2 8,5 o 6,5
6 - 7 2,5 2,5 0,5 b
7 - 8 1,5 5,5 0 5
8 - 9 0 L 0 L
9 - 10 0 2,5 0 0,5
10 - 11 0 2,5 0 0,5
11 - 12 0,5 I 0 0
12 - 13 0 2,5 0 1
13 - 14 0 2 ) 0,5
1 -~ 15 o 0,5 0 0,5
15 -~ 16 0 1 0 4]
16 = 17 o 0,5 0 0
17 0 o O 0
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for the projected distances between the original position of‘the dif=
fusing atoms and the daughters, after a time much greater than the
lifetime?

- Tiommo hanshcw%O that the ﬁumben of such atoms with pro jected
dis?ances'(on a plane) between r and r + dr 1s given by
dN = N »¥r X, (\r) dr (3)
where

2 = (pT)~t ()

md Ko(x) 18 ‘the K-Bessel function of order zerol% .He has also shown
that the number of daughter atoms with projected distances larger than
a value r; is given by:

o N(r_) = N Ar_ K (Ar ) | ()
where_Kl(x) 1s the K-Bessel function of“ﬂiréé_ordergo

Thus we write (3) as

a/ar = N(r,) ﬁ‘i%%gﬁ (6)

- Bquation (6) has been used to determine the values of A for Pb2lu
in the several plates using the results of Table II and taking rg = 1
scale division. o

7$he advantagérof‘this comés_from the fabt that we dé'not need
to know the total number of diffusing atoms, _

- In Fig. 1 the experimental points for dN/dr are plotted with
the probable errorsr(statistical), indicated, both for plates A and
B, for N;(ré) = 100, In Fig. 2 they are plotted for plates g and b.
By comparison with a set of theoretical curves (6) for several values
of A we have found the best flts of the experimental points and the

corresponding values. The continuous curves and the corresponding
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values indicated in Fig., 1 and Fig., 2 correspond to thsse best fits,
From these valuses and the mean life of Pbalh
T = 38,7 min

we obtain the values of the diffusion coefficient of Pb as given in
12
Table ITI. (Equrtion 4).

TABLE III
l Plate | Temp, | 1 scale div. | p.x 1018
| [ | | (oG8
] A | 0°¢ | 1.25 ¥ 0.09 I .1.7 ¥ 0.2
| B ] 30°¢c | 3.33 %fo.25 | 3.7 I 17
| = ] 00¢ | 0.75 % 0.06 ] o+ * 0.1
l b | 30°¢ | 2.0 ¥ 0.15 l 4.3 * 0.6

We see that D increasses with the temperature as should be expec-
ted, It also depends on the age of the emulsion, orly by a propor-

~ tionality constant

n;Ul:»U

DB - :
gﬁ..z 20_7 :
. b o

The values of the diffusion coefficient for Pb21u (Table II) should
be eomparéd with the value

p & 1077 CooBo
found by Eichholz and Flack! for Thoron. As should be expected Tn,
being an inert gas, has & much larger diffusion coefficlent,
ho -ProPOrﬁiqn of nop-diffusing Pbalh,atoms.

From equation {(5), knowing the number N(ro) of atoms which dif-
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fused more than T (in projection) and the value of A we obtain the
total number N_ of diffusing Pb atoms (ro = 1 scale division), From
results (1), (2) we obtain the numbers N3 of visually non=-separated 3~
prong stars (retained Pb atoms + non distingulshable separated stars)
corresponding to N(ro) = N(1). Indeed results (1) and (2) correspond

to

N(1) + N__

N(1) + Nouq*N

173

where No-l are-'the observed separated stars in the range 0-l. Adding
Ny q to Nj and subtracting W - N(1) we find the number of retained
Pb atoms (which were not able to diffuse):

N =N, + XN

Ret = N3 * Np ;3 + N(1) - N,

The results are given in Table IV where the proportions k of
retained Pb atoms to the total number of cases are also given for

the case of 100 visually separated stars.

K = lNRet

N0+NRet

TABLE IV
[Plate] Nooq I N(1) = | N | N(1)+N5 | N, i Npet | K |
[ I [ = N(ro)l I N(1)+N +N| I ‘ I

t -r =1pdo 0_1 ‘

R S il B o | |
O A R 135] 0,25 | 300 | 275 os66-% 0,022 |
| B | 6 | 94 | 102} 0,47 |l 113 | 1112 {o,32 ¥ 0.022 |
| a | 15 | 8 | 181] 0,27 | 270 | 189 lo,52 * o,0L |
| » | 2 | 98 | 118] 0,46 | 127 | 99 |o.hé * 0.026 |
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We see that the proportion of retained Pb*lh atoms is of
[

the order of 50% in our counditiocns of work

The last column of Tawle 1V gives the fractions k of retalred
Pbclu ntems with probavle errors. These results indicate thnat kb ine-
ereases wuen the temperature decreases ind seem to indlcate that i«
decreases {or older plates,

we are thankful to Proiessors J. Tiomno and U. Camerini for
helpiul discussions, to Delia V. Ferreira 1or help in nmeasurerents
and numerical coipubtations and to Miss Clotvlde 2. Bilbao for help

in measurements,
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