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INVESTIGATION OF (ete=) PAIR PRODUCTION
BY BELECITRONS WITH E =Z2.4 GEV

P1-5143

[Following is a translation of a preprint of a Russian-
language article by J. Bohm, V.G. Grishin, M.M. Muminov
and V.D. Ryabtsov, Joint Institute for Nuclear Research,
Dubna, 1967, pages 3-26.]

Direct production of (ete-=)-pairs with Ey & 10 llev by
l.24-4 Gev electrons was investigated with the help of 24-1iter
propane bubble chamber of the High Energy Laboratory of the
Joint Institute for Nuclear Research, The obtalned cross sec-
tion Oty = bh+i4 mb is in agreement with the theoretical value
cbtained by Bhabha. The method proposed admits a successful
messuring of the T gpr by means of a hydrogen bubble chamber,

Par, l. Introduction.

The process of the production of electron-positron pairs
by cherged particles has been studied in a number of theoreti-
cal studies/1-8/, The first one to calculate the cross section
of the process

e+Zae +vetreT+Z (1)

to the Vaitszekerx-Williams approximation was Bhabhs/1/., In
studies/4,5/, the cross section of this reaction was calcula-
ted with the help of Feinman's+# diagram. In this calculation
only two diagrams out of the elght possible ones were taken
into consideration (Figure lc, 1d) and the contribution of the
remaining ones was evaluated approximately. In the same stu-
dies, the Vaitsgzekers~-wWilliams approximation analysls was car-
ried out and the authors came to a conclusion that the cross
sections obtained by Bhabha/1l/ can be compared with the experi-

mental ones when the energy of the primary electrons (Ep) is
greater than 10 Gev,

éﬁbamslator’s Yote: % -- transliterated from Russian/
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Study/v/ gives calculations of differential cross sec-
tions of the reaction (1) taking into consideration all eight
diagrams (Figure 1) with the help of an electronic computer
for E -~ 6 Gev and for great momentum transfers to (e*e-)-pair,

The ohtained results differ from t ose caleulated bv

-~ Wb VR DA b WO ek W Wl N e .|-.‘ FE SO VS ALl b WY
the Bhabha's formulas by two-three times. From this we make
a conclusion that all of the diagrams (in Figure 1) should be

taken into consideration if E,= 1-10 Gev.

Figure & shows total cross sections for E, = 0,01-
100 Gev cslculated by the formulas obtained in studies /1-6/
for a molecule of propane (Cz Hg)e It can be seen from Figure
2 thet the theoretical cross sections differ from one another
by =~ 30%. Therefore 1t 1s Interesting to calculate the cross
sections of the process (1) with the help of electronic com-
puter taking all of the Felnman's dlagrams correct to = bk,

2. The production of the (e*te~)-pairs by the electrons
has been studied experimentally 1n many works (for example,
see studies/9-25/). Almost all experimental results were com=-
pared with the Bhabha's tbeory/l/. The basic difficulty in
the experimental determination of the cross sectlon of the
process (1) is the i1solation of the background events cccurr-
ing as a result of the conversion of the breaking y -quanta
in the materisl (pseudotridents) because the cross section of
the breaking radiaticn is approximately 100 times greater than
the cross section of process (1). The background of pseudotri-
dents depended on the conditions of the experlments and was
80% of all registered (ete-)-pairs.

The first serlies of experiments was of a quslitative
nature and was carried out with the help of diffusion chambers,
the source of electrons was /B—active nuclei (see, for exam-
ple, survey work/9/), :

The second series of studies was connected with the
methods of nuclear emulsions. In most of the experiments,
nuclear emulsions were exposed to cosmic rays (for example
/10-16/), 1In the experiments of /17-18/, electron beams from
sccelerators (E, = 420 and bb0 Mev) were used. The work/10
gives the calculations of the deperdence of the number of pseu-
dotridents on the distance of the vertex of the (e*te-)~pair
from the track of the primary electron in the emulsion plane.
These results have been used by many researchers for isoclating
the tridents from the background. Filgure & shows the mean
free paths of the electrons in ths Jlford G-& emulsion for
process (1) obtained in works/10-18/, 1t can be seen from
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Figure 3 that for Eo > 1 Gev, the experimental values of the
cress sectlon are Z-4 tlmes greater than predicted by the
Bhabha's theory.

The authors of study/19/ have snalysed the method of
measurement of reaction (1) in nuclear emulsions and consider
that the disagreement between theory and expgrimental results
was established. On the other hand, article?‘oy points out
the very low statistics in all of these studies (60 tridents
and pseudotridents), a high level of the background (== 80%),
greet inaccuracies in measuring the energies of primary elec=-
trons, due to which the experimental results become question-
able,

There are also three stuiies/21’23/ in which the cross
section was determined with the help of electronics for
E,= &b, 230 and 31.b Mev, respectively. The results of stu-
dies/€1-22/ are in egreement with the theory of Bhabha. The
differential cross sections at E,= 31.5 Mev/€3/ apre one-third
of the theoretically calculated cross sections of reaction
(1)/1/ and are within the li?itj of theoretical uncertainty
of cross section calculation/ 4/. The background of pseudc-
trident s wes determined in these studies wilth the help of mea-
suring the cross section of the production of (ete~)-pairs in

targets of various thicknesses.,

Thus, at the present time the process of the production
of (ete~)-pairs by electrons has not yet been sufficiently
studied experimentally or theoretically. Therefore, it is in-
teresting to study this process with the help of electron ac-
celerators by the method of bubble or spark chambers with cal-
cula tions of theoretical values of the cross sections of (1)
on electronic computers,

Par. 2. Experimental Methods

The production of (ete-)~pairs by electrons was studled
with the help of a Z4-liter propane bubble chamber of the High
Energy Laboratory of the Joint Instltute of Nuclear Research
placed in a magnetic field of 14.3 kG éEilogaus§7o The chamber
was irradiated with g.yeam of 77, # -mesons and electrons with
pe = 4,00+0,06 Gev/<4/, The electron content in the primary
beam was determined experimentally gyg was found to be equal
to (2.0+0.6%)/55,26/ and (1.3+0.13)%/£7/,

The events were selected according to the following
scanning rules:



) 1. The (e*e~)-pair or a pair consisting of a positive
and neguatlve relativistic rays lles on the particle track from
the beam (without clearsnce between them),

€. At the point of pair production, nc fracture at the pri-
mary particle track 1s noticeable (8£1°),

de The svents are within the effective volume of the
chamber (see Appendix I).

A total of 43 thousand frames were scanned and 203 events
were found. Twelve thousend frames were scanned twice. The
eff'eciencies of a single and a double scanning were found to
be equal to €31 = (8743)% and €o=98%, respectively. Cne
event detected in the scanned materisl corresponded to a cross
section of (1.2+0,12) mb,

In 80% of events, the (ete-)-pair was ldentified by the
ionization, energy throw-off, D -electrons and by the range-
energy ratio (a negative track with a lower energy was con-
sidered to belong to the pair). Only one event with a secon-
dary interaction cof the primary particle was found.

The anslysls of the background events connected with ¢ _me-
sons indicated that thelr contribution to the selected events
did not exceed 4% (see Appendix I1I1).

The methods of measuring electron energy 1in a propane
bubble chamber taking into account the ionlzation and radla-
tion losses were described in the wor'k/‘f8 o Lrrors in the de-
termination cf electron energy were (£0-25)%. '

The cross sections of the bremsstrehlung and the pro-
duction of (e+e-)-pairs by ¥-quanta in a matter are well
knOWﬂ/29’5b[ This fuct, in principle, makes 1t possible to
1golate gquantitstively the process of a direct production of
(ete-)=pairs :

e +Zse retres 2 ’ ) (1)

against the background of the bremsstrahlung accompanied by
a conversion of V’-quanta into the (e+e~)-pairs:
e°'+z..'y+'e;+2 (2)

y+‘2'-ae++e-+Z'- . (3)



For an experimental determination of the cross section
of process (1) in a propane bubble chamber we used s method
similar to the one used in nuclear emulsion/10/,

The diagram of the background process (2) and (3) in
the chamber plane (X,y), perpendicular to the direction of
the magnetic fleld, 1s shown in Flgure 4. A ig the point of
orgination of the braking y=-guantum and B is the point of its
conversion into an (e*e~)-pair, while AB'! 1s the trajectory of
the motion of the electron in the chamber., When the conversion
lengths are small (£= 4B < 9 cm), 1t is possible to ignore the
angular distributicon of the bresking Y -cuants, multiple scat-
tering of the electron in propane and its energy losses at
£ £ 9 cm (see Appendix III). In thls approximation, the elec-
tron, after its emission, moves along a circle with R==K(E-E)/),
where K= 0,235 cm/Mev for H= 14,3 kG.

The distance between point B' and B 1s designated by
o Let us assume that g Q0 if B lies cutside of the cir-
cle (R), and £<0 if B is Iccated within (R). It is evident
that magnitude £ has a wide distribution for the background
process (£ > 0), while for process (1) <=0 if we ignore
mea surement errors.

Teking into account the approximations performed above,
we obtain that
el (4)

_ The magnltude £ was measured on a microscope MBI-9
/Biologicel Immersion Microscope/ with an evepiece micrometer
(15 X 6,3). OUne division of the micrometer corresponded to
1.82 microns in the frame, Hereafter all values of the magni-
tude € are given in the photographs in the number of divisions.

The first method for measuring Z consgisted in the
following (see Flgure ). The coordinates X of points Xj,
Xo, Xx, and X, were determined with the help of an eyepilece
micrometer., %he rules of the event selectlon ensured that

X2 < X3 and X4 7 Xj. The value of & , was calculated in the

following vway: ?t‘“.' X3, 1T XoZX3 and X4 Z xg;glu: Xo-X1,

if X4 £ Xz end Xp £ X1, In all other instances & ;= 1(Xg+Xp)
The second method consisted in meassuring the distance

between the axes of the electron tracks and the (ete~)-pair
(£ 2). The distridbution histogram of 4¢ = £, -Z¢ is shown



in figure 6, 1t was obtained from this that AE =0.15 divi-
sions and &( 4¢€) =1.9 divisions. Since these two methods for
measuring & yilelded identical results, hereafter we shall not
differentiate between them.

In order to obtaln quantitstive results, it is necessary
to determine the error in measuring the value of £ « The fol-
lowing meesurements were conducted for this purpose.

¢ Cn the primsry 7 -meson tracks (pc=4 Gev), the value

was mea sured by the same method._as it was done by us for
the events with the (e+e*)-pai:r-s‘.__ From this we obtain the mini-
mum possible welues of the RMS /root-mean-square/ error-of
6 ¢ = £ divisions (see Figure 7).

7
The value of & was al so measured for 180 instances of

occurrences of scattering of 7 -mesons (pc = 4 Gev) on the
electrons (E§= 200-680 iev) in the propane bubble chamber,
The meen sngle of escape of o -electrons (6g = 10-< radian)
by the order of magnitude 1s equal to the mean angle between
the electron and the positron in the (ete~)-pair. For the
process of the 7 e -scattering, it should be that Z =0, The
distribution histggram of events according to £ is shown in
Figure 8. Here 5= -0.7 divisions and 5,=3,7 divisions. Due
to the fact that the point of the 7 e - Scattering is not deter-
mined as well as the point of producticn of the (ete-)-pair
(only double icnization and two secondary tracks), we consider
that &, =56.7 divisions is the meximum value for Sz in the
case of (ete-)-pairs.

The magnitude & for 63 (e*e=)-pairs wss alsc measured
by two physiclsts. 1In order to make these messurements inde-
pendent, another area of tracks removed by 3-4 bubbles from
the apex of the palr was used during the second measurement
of & . It was determined that the error in the difference of
the two messurements, l.e. £,~-£5 is equal to &= 3 divisions.
A precise determimaticn of the value of full error in the mag-
nitude g presents great difficulties., Hence it was asssumed
in this study that 2.0 divisions <o0g < 3,5 divisions, 1.e.
the values are included between the minimum and maximum pos—
sible values, The mean width of the electron track was also
measured. It was found to be egual to (3048) divisions,

The distribution histogram of 205 (ete=)-pairs accord-
ing to the wvalue of Z is shown 1n Figure 9, #ost of the events
(90%) have the value of 5§22 -3 divigions. A discussion of the
effects which may influence this distribution is given in
appendices II and I1l.



Par, 5. IExperimental Results

The distrivution of the background events (processes

(£) and (&) in relation to the valus of £ was calculated

(see Appendix 1V, equation (4.1IV)). When accurate to ==%%

b ) - i - 3 > : ,

the forn of distribution does not depend on the encrgiles Ey
and E. In the calculation, it was assumed that measurement
errors for all values of £ were distributea according to Gauss
with a og dispersion, ‘~rthe hlstograms for the background pro-
cesses (£) and (&) are shown in rigure 9 by broken lines. Nor=-
malization was done according to the number of events in an
interval of & = J4-1¢ divisions.

1t was found from the difference of the background and
experimental histograms for 0 = & divislions that the cross
section of (ete-)-pair production in propane (CxzHg) wascé tp =
= bb+Z4 mb., The error mentioned here takes into consideratilon
statistical fluctuations of the number of primary electrons/L7/
the number of detected tridents and the number of eventa in the
interval of = 3-16 divisions, by which the background distri-
Yution was normalized. 1f we also consider the indefliniteness
in ¢ (£,b-8.0 division) as a systematic error, then Opp= 55+24 mb

Figure 10 shows a distribution histogram of the selectsc
evente in relation to the energy ol the (ete-)-pairs for
Ey = 10 Mev. The broken lines represent a theoretlically
calcutated distriputicn of events by the energies of the (ete~)-
-pairs for processes (1), and (Z), (3). The distribution for
tridents (egquation 7,IV)) was normalized for 48 events and the
background curve (equatlion 6,1V) was obtained with the assuap-
tion thabt the nurber of clectrons in the primary beam is equsl
to (1.619.15)%/27/. The error shown in Figure 10 1In the first
energy interval (10-60 kiev) 1s connected wlth the errors in
calculating the background curve (= 12%) and the obtained num-
ber of tridents (= 45%). The calculated histogram has an error
of =~ 1£% for the energy of Ey = 150 Mev. It can be seen from
Figure 10 that the theoretical and the experimental histograms
are well in agreement for Ey > 60 liev. The experimental histo-
gram for LBy = (10-60) iev lles lower than the thecretical one
but agrees with 1t within the limits of a double error,.

Figure 11 shows & distributlion histogram of the detec-
ted events by the energies of the primary electrons (E Z 1.26
Gev)., Broken lines show the thecretical histogram only for
the background processes normalized for the total area., The
theoretical distribution isg in a gualitative agreement with
the experimente.

Pable 1 provides celculsted valuyes of the number of
background events for three values of 5 max (equation
(£,IV))., The cited error 1s connected with the Indefiniteness
of the lower limits of energies E./ pin = 1043 iev and
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Eyin = 1.2b640.2b Gev and the number of electrons in the beam.
It can be obtained from here that the number of tridents for
%x,JgZQ divlsions is equal to 14419, which is in agreement
wiéﬁ the number of tridents determined by the distribution
of events in relation to & .

The cross section of the production process of (ete=~)-
pairs by the electrons in propane wgs calculated according to
the formulae given in the article/lf. It was found to be
equal to J gy = (6048) mb (equation (3,IV)). The shielding
of the nucleus by the atomic electronswas lignored in the cal-
culatior»s grﬁ it we s assumed tbat EyTmin = 1043 Mev and Eyin~=
=1.2b640,25 Gev. If the shielding is teken Into account,
then the cross section (1) becomes lower by about lb%, but
on the octher hand, we d id not consider the contribution to
the cross section by the producticon procegs of the (ete~)-
pairs in the field of atomic electrons whlch mskes the cross
section of the trident production = 18f higher, Thus, with-
in the limits of the gbcve-mentioned errors, we obbalned an
agreement between the theoretical and the experimental values
of the cross section for process (1).

During scanning, we found only one event with a secon-
dary nuclear interaction which was not connected with a direct
generation of an (e+e=)-pair by a 7 emeson (€ = -26 divi-
sions). Hence, it is possible to conclude that the cross sec-
tion of the process

- 12 - .
773 C -, % 12 -
B TTre teTaC, (&)

1s less than =~ 20 microbsrn. 4 rough evalustion of the ex-
pected cross section of the diffraction production of the
(ete=)-pairs by 7 -mesons on a carbon nucleuys results in
a magnitude of the order of several microbarns?54/e

Thus, the following results have been obtained in this
study.

1. The cross section of the (e*te=)=-palrs production by
electrons with E = 1.26-4 Gev in propanse (CSHB).hﬁS been stu-
died. The obtained value of T y, = (55+24) mb agrees with the
theoretical T gp =(60+8) mb/l/. bue te this fact, a disagree-
ment of £-4 times between the theory end the experiment (Par.l)
appears Lo be scarcely probable for propane,.

2o The methods used in this experiment permit a suc-
cessful study of the production process of (e*e=)-pairs by
electrons with the help of a hydrogen bubble chamber beczuse
the background caused by pseudotridents in thils case will be



about 10 times smaller (Lyag(H) = 10 M, Lpgg(CzHg) = 1 m).
In order to determine the cross section of Jtp accurate to
=~ 77, 1t is necessary to have about 70 thousand frames

(10 electrons per 1 frame) from a 0-cm hydrogen bubble

chamber.,

The authors are grateful for procfltaeble discussions
to 1. Wi+ Gramenitskiy, M. Iresh, . I. Podgoretskiy, V. N.
Strel'tsov and members of the scannlng and measurement groups.

Appendix Je -

Events of the (Z) and (3)-type were selected for
é*max_ﬁbEO divisgions. Therefore the beginning of the effec-
tive area is 10 cm from the inlet of the chamber (Y = =15 cm).
The thickness of the inlet pert of the chamber was 0,32 of the
radiation unit of length, At the end of the chamber the scan-
ning efficiency becomes lower. In view of this, the effective

volume was set as follows:

8 <X <27 cm, ~15<Y <12 oM, 2<Z< % cm,

gut of £49 registered events, 221 were located In thils area.
In 18 cases 1t was impcssible to measure the velue of £ and
in 21 czses we ocould not determine the pulses and the direc-
tion cosines of the electrons.

The distributions of the points of (ete~)-palr produce-
tlon along the coordinates X,Y,Z are shown in Figure 1,

The distributions of the direction cosines €, m, n of
the primary tracks at the points of (e*e~)palr prcduction are
shavn in Figure ][] 2.

The distributions in Figure (]l and /12 are well in
agreement with the dilstributions obtained in the work/ <7

Appendix II
Background Processes

1., In order to determine the number of accidental
overlaps of (e+e=)-palrs caused by conversion of yﬁquanta
forming in the port of the chamber, 7 thousand frames were
scunned on the tracks of the T -mesons., We discovered 737
(ete=)-pairs directed along the flight of the primary parti-
cles (+b®), Hence, it was determined that there should be
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several occurrences of accidental overlaps on our material.

Z2e The cross sections ¢f braking radiastion and a direct
production of the (e*e")-pairs by m~ and 77, -mescns are many
times smaller then in the case of electrons/34/. Therefore
the contribution of these processes to the 2 ¢y cross section
was not taken into consideration.

Appendix III

l. The mean solid angle of the braking y-quantum
escape in relation to the primsry electlon is equal to

elY;: mgé /29/ (E 1s the energy of primary electron, m is its
mass) and almost does nct depend on the energy of ye-guantum
EY . The braking Yy=-quanta in 90% of cases escape at an angle
of @ ,,{ < dme<,

¥

The distribution of the angle d (projection of the
solld angle 63 on the plane (x,y)) 1s approximstely & nor-
mal distribut 10]1/10/ with 8=0 and 6, = me ‘

RVl ]

£. The dlsplacement dispersion of cocrdinate x of the
eiectron trajectory caused by multlple scattering in propane

18 equal to X< == 10-7 1S cnf,

%, Between points 4 and B! (see Figure 4), the elec~
tron loses its energy basically due to the braking radiation,
lean energy losses at a length of AB' £ Yom are equal to 6%,
In view of this, the calculated total number of backgrcund
events 1Is increcased (see Appendix 1IV).

4, The optical system of the bubble chamber consists
of two cameras (focus F= 6,1 cm) mounted cn a base B= 30 cm
at a height of H= 64 cm above the chamber., In connectlon with
the distribution of the dilscovered events along Z (see Figure
1 1c), averwge increase was found to be equal to (10%0.4).

<+ . )
. Wwithin the chamber, the yglue £ 1is a vector é—""—’Lé,ai,«,éé}-
é? and EZL are the images of 5' in the left and the right
frames and, in general, gi;¢.;it o If we ignore the refrac-
tion factors, then
e - ‘ B -2%
A (T P SR L Lt I

w 10 =



(Point E' in Figure 4 has the coordinates B'=/X,Y,27 in the
chamber ). 1In view of the presence of multiple scattering
and the escupe angle of @1\(, € pax < 1 division and Z= O,

, Approximately for 0% of the detected events, the value
of & was measured on the left amd the right frames, The histo-
gram of the value of € = (€, - £yp) is shown in Figure [J3.

From this we cobtained €= 0.15+<.2 divisions.

5. An electron between the points AB' (see Figure 4)
can be scattered by atomic electrons. Approximately in 3% of
events the electron scatters at an angle of 05 > 6'(Eg> 3 Mev),
which results 1n an adiltional displacement g5 705 (c¢g = 3 divi-
sions). Thus, the above effects which can influerice the
distribution of the detected events are unimportant,

Appendix IV
Let us introduce the followlng designations,

Nj =-- Avogadro's number, 4 -- the welght of a propane
grem-molecule, p -- density of propane, t -- thickness of the
target penetrated by the electron (in the middle of the cham-
ber t = 0.b84 rad, of length), AY -- width of the interval
glong axis Y in the chamber to the center of which the thick-
ness 1s equal to t, Es;=4 Gev -- energy of the electrons in
front of the chamber (for t=0), E -~ energy of primary elec=-
trons within the chamber, m(Ey ) -- conversion probebility of
a Y-quants with energy of E~ on one radiation length L 1n
propane/sd/, No ~- number of electrons falling onto the cham-
ber, w(E,t,Eo)dE =~ probability that an electron with Initial
energy Eo after passing the target of T thickness will have
an energy in the interval of E1E+dE/éQ/. & (Eyr,E)dEY' desig-
nateg the cross section of the formation of a braking ~-quan-
tunm with an energy in the intervsl Ey, Ey +dEy Dby an elec-
tron with energy E in propane taking into consideration the
scanning and the radiation in the field of atomic electrons
[, ¢z (Ey,E)AE is the cross section of a direct pro-
duction of (e+te-)=-pairs in propane with an energy 1n the in-
terval of Ev, Ey +dEy by en_glectron with energy E without
taking scanning into account /

, Ny (1.1V)

1. Total number of pseudotridents in propane is de=-
termined by the expression:
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E, E-mV2K(E=EE

N=WAYS [QE [dE, [w(E,tE )o(E ,E)x
Emin E}'A.mln 0 ' ‘ (20 IV)

;L(Ey)exn[— u(E),)V] dt.

2o Total number of direct (ete~)-pairs:

Ep E<m
N=
MAYF [ dE fw(E,tED)O'B(Ey,E)dEy.

Em!n E Ymin

S« Distribution of pseudotridents depending on 6 is
determined by the expression:

iN ED E—m fmax

-d—g-—_=MAY§ [4E [ dE, Sw(ELEDO(E, E)u(E Ix
’ E 0

E
exp min Ymin

. : VIR(E =E,) 1 1 2
x'exp[-y(Ey)\/ 2K(E—Ey)f] 2\/.2_ Y v_}_ﬂgéxp[‘;;‘é(f"few) ]df

4. Distribution of primary energy E for pseudotridents

E Eem \/zx(s-sy)rfm,

]
=MAYS [ dE dE (E.4E Jo(E_, E)u(E
; I f y { w JIE,, Edu(E )x

. dN
d ‘exp

win E}/min

1 1 B 12
ey (B )] e e (1 TPy ] .
xexp [ = ( y) mBEexp,[ YE .

The calculations were done with Eyipn = 800 Mev and = 0,2,
Here U = R E 18 a RS error of the measurement of energy E.

5., Distribution of energies of the (ete-)-pairs for
pseudotridents

dN V Eo ZK(E'-E}”F:M:: -
=MAYY [dE f w(E,t,Eo)a(Ey,E)x
Y ! Em!n 0 )

xu(E},) exp [~ p (Ey)f]df.

6. Distribution of energies of the (ete~)-pairs for
tridents

-



E
0
=MAY T [ w(E,t,E )0 (E ,E)dE.

E
4 min

dN
dE

It was assumed in all calculations that AY=Fcm. 2
designates, for pseudotridents, summation along the area of
Y = (-16.5; 7.5)cm which corresponds, on the average, to the
breking y-quamtum production area and for tridents Y =(-13.5;
10.9 )cm.

t

T able 1~

nax 1V N theory N experiment
| ' 20 ' 204 + 23 : 203 + 14
. 15 178 + 19 182 + 13
1 9 187 + 15 . 151 + 12
e
Literature

" 1.H.]. Bhabha. Proc. Roy. Soc. {London) A 152, 559 (1935).
2. G. Racz;h. Nuovo Cimento, 14, 93 (1937), ; 4, 112 (1937).
3. M.M. Bloek, D.T. King, W.W. Wada. Phys. Rev. 96, 1627 (1954). .
4. T. Murota, A. Ueda, H. Tanaka. Prog. Theoret. Phys. 16, 482 (1956).
5. T. Murota, A. Ueda. Prog. Theoret. Phys. 16, 497 (1956).

6. F. F. Ternovskly. ZhETF (Journal of Experimental
and Theoretical Physics) 37, 793 (1959).
7.E.G.Johnson.  Phys. Rev. 140, 4B, 1005 (1965).
8. J. Bjorken, S. Drell, S. Frautsche, Phys. Rev. 112, 1409 (1958).
9. H.Crane, J.Halpern, Phys. Rev. 55, 838 (1938).
10. M. Koshiba, M.F. Kaplon. Phys. Rev. 97, 193 (1955),
11, J.E.Naugle, P.S. Freier. Phys. Rev. 92,1086 (1953).
12, M. Koshiba, M.F. Kaplon. Phys. Rev. 100, 327 (1955).
13. M. Gailloud, R. Weill. Ph. Rosselet. Helv. Phys.vAcla 30, 281 (1957).
14. M.M. Block, D.T. King, W.W. Wada. Phys. Rev. 36, 1627 (1954).
15.].F.Naugle, P.S. Freier. Phys..Rev. 104, 804 (1956).
16.P.K. Aditya. Nuovo Cimente 11, 546 (1959).

T4
- ) -



17, L.L. Stanley, Bull. Amer, Phys. Soc. 2, 167 (1956).
18, F. J Loeffler Phys. Rev, 108, 1058 (1957)

19, R. Weill, Helv. Phys. Acta 31, 641 (1958).
20P.K. Aditya, Nuovo Cimento _1_3_, 1013 (1959).

21. N.S. Shiren, R.F. Post. Phys. Rev. 86, 617 (1952).
22. M. Camac. Phys. Rev. 88, 745 (1952). )
23. L. Criegee, Z. Physik, 158, 433 (1960)

. 44. Kim ¥hi In, A. A. Kuznetsov, V. V. Miller. Pre-
print of the 0I¥al (Joint Institute for Huclear Research)
€09<, Dubna, 196b. . '

2b. V. G. Grlghin E. P, Kistenev Mu Chun., YaF
(hucle&r Fhysics), £, 888 (1965).

26, V. S. Pantuyev. Preprint of the (0IYaIl., 2100,

Dubna, 1965.

27, Ya.aohm V., G, Grishin, V. D. Ryabtsov. Letters
of ZnETF, Vol. {ssue , 106 (1566).

8. V. O. Grishin et al. Preprint of the CIYal P-2E77,
Dubna, 1960,

29.H.W.Koch, J.W.Motz. Rev. Mod. Phys. , 31, 920 (1959).

30. H, A.Bethe, W.Heitler. Proc. Roy. Soc. London. A 146, 83 (1934).

31. J.A.Wheeler, W.E.Lamb. Phys. Rav. 55, 858 (1939); Phys. Rev 101 1836 {1956),

32, Ya, Bénm; V. G. Grishin. Preprlnt of the (¢lYal
P-c656, Dubna, 1966.

35, V. Galtler. wuantum Theory of
GITTL Press, Moscow, 1906,

34, A. 1. skhlyezer, I. Ya. Pomeranchuk, UFN (Progress
in Physical Sclences), Vol. LXV, lssue 4, 593 (1958).

Radistion,

Manuscript received
by the Editorial Office
27 January 1967



: (I ) 5o B
\ T )
)
)
b) 5)
58 A B R A B BEE BE B
K
§ X K A
8 ) B 8
e) 1) g) n)

Figure l. Feinman's diagrsms for the producticn
process of (ete~)-pairs by electrons,
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Distribution of space coordinates of the
points of productlon of (ete~)-palrs in
the chamber for 203 events, &) along X,
b) along Y, c¢) along Z.
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The dep@ndemce of tota] Cross sects
PIrocesg (1) on the electrop ene
lateg by the formulas: 1) Without
ing the SCanning or the Nuclenyg by
electrons/4w~ £) Without considering the
scanning/l,Qf; 5) Complete scanning/a/;
4) Complete 8Cann %5/4/; 5) Withoyut cone
Sidering Scanning/ o :
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Figure Me. Distribution of primary electronic in
processes (1), (2), and (3).

a) Along £ = cos B3,, b) Along M - cos Olys
¢) Along n = cos ©y,, where 6 1xs O1y, ©, are
the angles between the direction of mdtion

of primaery electrons at the point of produc-
tion of the (e*e~)wpair and the axes X,Y, and
Z, resgpectively, which are connected with the
chamber,
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Pigure 3. Mean free path ’6 cm for process (1) in
: nuclear emulsions Ilford G-b obtained in
various exporiments. The solld curve was
calculk ted according to theory /17,
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Figure [J3. Distribution histogram for the magnitude

AE =5, —E- ., whers €s and
g~ were measured In the left and the

right frames, respectively.
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Figure 4. Diagram of the background process (£), (9)
in the plane of the chamber (x,y) perpendicu-
lar tc the directicon of the magnotic field,
A 18 the origination polnt of the brzking
¥ -quantum, B is the point cf its conver-
sion into a (ete=)-pair; 1 -- primary electron;
R =~ radlus of the circumference along which

¢

electron & moves.
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Figure b. Measurement disgram of € ywith the =id of
an eyeplece micrometer, Straight lines show
the aversging of the X coordinates over
3=4 bubbles.
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Figure 6. Distribution histogranm for the magnitude
Ag =5 T 5
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Distribution histogram for the magnitude
€ measured on the primary - =-meson
tracks.
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Figure 8. Distributicn histogram of the magnitude
% for the process of sgcattering of
T =mesons on electrons.,
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Figure 9. Distribution histogrem of the magnitude
£ for the detected eventss Broken lines
show the histogrems of the cglculsted dis-
tributions of the mugritude € for the back-
ground processes (&), (3) with three values
of measurement error (<2’¢ = Z.,b; 3.0 and
b.5 divisien)e -
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Histogram of the distribution of events
according to the energies of the (e*e~)-
-pairs for the process {l) and the back=-
ground. Broken lines show a histogram of
the total of calculated distributions for
tridents and for the background (absclute

number ).
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Flgure 1l. Histogrem of the distribution of events

1 according to the energy of primary elec-

ﬁ trons, Broken lines show the calculated
[ histogram for the background processes
alone with consideration of measurement

errors for the energies of the electrons
(20%) o0
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