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The absolute number of spurious tridents for 10'°, 10!, and 10'? ev primary electrons is
computed by the Monte Carlo method for two types of the bremsstrahlung spectrum: for
the one given by the Bethe-Heitler formula and for that described by the Migdal formulae,
which take into account the Landau-Pomeranchuk and the Ter-Mikaelyan effects. It is
shown that it is feasible to measure the energy of fast electrons by determining the energy
dependence of the mean transverse distance between the vertices of electron-positron
pairs produced by bremsstrahlung y quanta. The value of the cross section for the direct
production of electron-positron pairs calculated by Bhabba is confirmed experimentally.

1. INTRODUCTION

MANY investigations! 1% have been devoted to
the determination of the cross section for the
direct pair production by high-energy electrons

in the energy range 0.5 — 100 Bev. Different au-
thors obtained different cross sections for direct
pair production. The cross sections measured in
references 1, 3, 6, 7, and 8, are several times
larger than the value calculated by Bhabha, !* while,
in the other experiments, no such discrepancy is
observed.

The basic difficulty in an experimental deter-
mination of the cross section for direct production
of electron-positron pairs by high-energy electrons
lies in the necessity of excluding the so-called
spurious tridents.*

In the majority of the experiments mentioned
above, a correction for the number of spurious
tridents, calculated by Kaplon and Koshiba,! has
been used. However, this correction for the num-
ber of spurious tridents represents only a rough
approximation, since a number of factors, which
substantially influence the number of the spurious
tridents, have been neglected. In the calculations
of Kaplon and Koshiba, the change in the energy of

*We shall use the following terminology: trident — an event
of a direct production of an electron-positron pair by an elec-
tron; spurious trident — an electron-positron pair produced in
the conversion of a y quantum of the bremsstrahlung radiation
of an electron at a very small distance from its track. The
tracks of the electron and of the pair produced by the y quan-
tum cannot be distinguished in e xperiments from the eventofa
direct production of an electron-positron pair by an electron;
an observed trident is either a trident or a spurious trident.
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the electron due to the emission of bremsstrahlung
quanta had been neglected. This energy decrease,
however, has a direct bearing on the electron scat-
tering, which determines essentially the number of
spurious tridents. In addition, the decrease in the
electron energy softens the energy spectrum of the
emitted photons and leads to an increase of the
angles at which they are emitted. The conversion
mean free path was assumed to be the same for
v quanta of all energies, and to be equal to its
minimum value, i.e., 9/7 radiation lengths, al-
though, for photons of comparatively small ener-
gies (=1 Bev), its marked increase should be
taken into account. The angular distribution of
photons was assumed to be Gaussian, which also
is an insufficiently accurate approximation.
Finally, the results of the calculation are
given as a ratio of the number of spurious tri-
dents to the total number of pairs produced in
the conversion of y quanta of the electron brems-
strahlung. The use of a correction of such a form
for the number of spurious tridents can lead to
ambiguity, since the pairs produced by electron
bremsstrahlung at sufficiently large distances
from the track of the electron have a rather low
detection efficiency in contrast to the pairs near
the track, and spurious tridents are detected with
an efficiency of almost 100%. On the other hand,
the presence of secondary pairs of the electromag-
netic cascade is always possible near the electron
track, and a suitable procedure of distinguishing
these pairs from those produced by the brems-
strahlung radiation of the primary electron does
not exist. It should still be noted that the number
of pairs of high-energy electrons produced by the
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bremsstrahlung is subject to marked fluctuations
even for a strictly fixed value of the electron
energy.

The difficulty in applying the correction was
partially avoided in the experiment of Fay,? who
calculated the average number of bremsstrahlung
pairs for the energy range of the measurements
of the cross section for the production of tridents
by electrons.

In addition to Kaplon and Koshiba,1 the correc-
tion for the spurious tridents has also been calcu-
lated by Block and King,® but their work is also
not free from the above-mentioned errors, and, in
addition, they assumed that the bremsstrahlung
quanta are emitted only at the beginning of the
electron trajectory, which is not the actual case.

In connection with the above, a calculation of
the number of spurious tridents has been carried
out in reference 4 by means of the Monte Carlo
method. The calculation has been carried out, as
in reference 1, for nuclear emulsions. After ref-
erence 4 had already gone to press, the authors
had the occasion to get acquainted with the work
of Weill, Gailloud, and Rosselet,’ who calculated
the number of spurious tridents by numerical in-
tegration.

In the present article, a new, improved calcu-
lation by the Monte Carlo method is presented.

A detailed comparison (where this is possible)
with the calculations of Weill et al.’ is carried
out. The absolute number of spurious tridents
obtained is used in a calculation, based on our
experimental data, of the cross section for direct
pair production by electrons.

2. CALCULATION OF THE ABSOLUTE NUMBER
OF SPURIOUS TRIDENTS BY THE MONTE
CARLO METHOD

The calculation was carried out for electrons

of three primary energies: 101%, 10!, and 10'? ev.

A total of 105 case histories of the passage of an
electron through one radiation length, assumed to
equal to 2.9 cm in the emulsion, were traced for
each of these energies.

It was assumed that the electron, with a given
initial energy, is produced at the point x =y =
z =0 (Fig. 1) and moves along the x axis. Its
passage through matter was followed up to x =
2.9 cm. This limitation was dictated by the fact
that, for x > 2.9 cm, a cascade initiated by the
primary high-energy electron develops intensely,
which makes it difficult to follow the electron
track in the emulsion. Apart from this, a marked
degradation of the energy of the initial electron
occurs at such distances.
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FIG. 1. The Monte Carlo case history.

The coordinates xj of the points where vy
quanta were emitted by an electron of energy Ej
were found by using the value of the total cross
section for the bremsstrahlung, according to
Bethe and Heitler. This cross section was ob-
tained by integrating the differential energy spec-
trum, for the case of complete screening, from
the electron energy 2mc? to Eji.!®* The choice
of the lower energy limit is due to the fact that
the only vy quanta of interest are those with en-
ergies sufficient to produce electron-positron
pairs. The bremsstrahlung cross section, as
well as all the cross sections used in the calcu-
lations for the elementary processes were com-
puted for the NIKFI-R nuclear emulsion. How-
ever, the results are equally correct for the
Ilford G-5 emulsion, since the composition of
both types is almost identical.

The energy of the emitted vy quantum was
determined from the differential energy spec-
trum of Bethe and Heitler.!%@ Two projections
of the angle ¢, at which the bremsstrahlung vy
quantum was emitted, were found by using the
expression for the angular distribution in the
ultrarelativistic case.!® For each emitted energy
quantum E.j, the decrease in the electron energy
beyond the point xj was taken into account: the
energy of the electron beyond the point xj was
taken as Ej,q = Ej —Eyj. In general, it was as-
sumed that, in the interval x; =x =xj,y, the

i
electron energy was Ej,{ = E; — Z} Evk, E being
1

the initial electron energy. All elementary proc-
esses along the path x; = x =xj,; were found for
an electron energy equal to Ej, ;.

The x coordinates of the conversion points
xm were found by means of the equations of ref-
erence 15b for the pair production cross section
(the formulae were integrated numerically) for
Y quanta emitted at points Xy, X3...,%;. Electron
pairs with x’ > 2.9 cm were not considered any
further. The electron coordinates yi, zi, ym.,
zm due to the multiple scattering were then found.
In the multiple scattering process, two angles
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trum of the electron. However, instead of the
bremsstrahlung spectrum of Ter-Mikaelyan, which
was used in reference 4, we used the spectrum
given by the formulae of Migdall" (the numerical
calculations of reference 18 were actually used),
since the latter takes into account both the Landau-
Pomeranchuk!® and Ter-Mikaelyan® effects.

To ascertain the contribution of the process
(in which the vertices of the pairs produced by
bremsstrahlung <y quanta of one of the electrons
of a high-energy pair are found near the track of
the other electron, so that the corresponding Ay
and Az satisfy the criteria of spurious trident pro-
duction) to the number of the spurious tridents, the
case history of an additional electron, shown dotted
in Fig. 1 was followed. It is assumed that the addi-

were taken into account: the angle of the chord
@, and the angle of the tangent 4. The distribu-
tion of the projection of the angle @, was ob-
tained from the Gaussian distribution for y and
z (ay =y/x, az =y/z). However, for fixed y
and z, the distribution of the projection of the
angles of the tangent is no longer Gaussian. In
such a case, it is necessary to use the Fermi
distribution!®® which, for the projection on y
and for a given y, is given by the formula

2V3 4 3 3y?
P(x, 4, ;) dydd,= 22 exp[— (05— L5, + 2]

However, it can be shown that the distribution for
the projection of the angle dy = dy -3% ay is
Gaussian. In view of this fact, we first found the

angles ', and then the projections of the true
angle of the tangent were found from the relation
S =98] +3% aj_. (See Fig. 1; ¢; was always
assumed to be equal to zero).

Each of the coordinates of the electron yp
and zp at any point xp is expressed as:

n n
Y, = th (Z%iy + “nu) H
1 1

2p = ixi <§'9[z + anz) .
1 1

where xj denotes the distance between xj and
Xj_1. Coordinates of the conversion points of the
v quanta and the vertices of the electron pairs
are equal to

1 41
y; = in(}]%iy-{—ouy) + S(Z, By + ‘Ply>'
1 1 1

i

L ! +1
7= S (30 ouz) F 5 () %+ 1),
1 1 1

where s is the path traversed by the y quantum
before conversion, and ! is the index denoting
the point at which it was emitted. In this notation,
the projections of the distance between the elec-
tron and the vertex of the pair are equal to

Ay =Y, — Yy Az =2,—2,.

To be able to compare the results of the pres-
ent calculation with those of Weill et al.,® a value
of 32 Mev-deg X (100;4)"1/2 was used for the
multiple-scattering constant, which also takes into
account inelastic scattering. In addition, to explain
the influence of the multiple scattering constant on
the number of spurious tridents, the calculations
were carried out also with the value 26.2 Mev-deg
X (100p)-Y2 .

As in reference 4, the calculations were car-
ried out for two forms of the bremsstrahlung spec-

tional electron is emitted only at an angle @ with
respect to the direction of the main electron, given
by the formula of Stearns®!

o =(2mc?/ E)In(E / mc?),

where E denotes the total energy of both elec-
trons. For the additional electron, the radiation
energy loss was taken into account. The projec-
tions of the distances between the additional elec-
tron and the vertices of the pairs produced by the
main electron were calculated.

The ionization loss, Compton scattering and
nuclear photoeffect were neglected in the calcula-
tion, because of their small role in the energy
range under consideration. The small energy
losses of the electron in the production of tridents
and the increase of the length of the electron due
to multiple scattering were also neglected.

3. RESULTS OF THE CALCULATION

In reference 1, the pairs produced in the con-
version of the bremsstrahlung y quanta, with
vertices at a distance p = (Ay2 +Az2)1/2 =02pu
from the primary electron, were considered as
spurious tridents. In reference 4, three different
criteria were considered: p = 0.2, 0.3, and 0.4 pu.
In reference 5, the following criterion of a spuri-
ous trident is introduced: Ay = 0.2u, Az = 0.44p.
The difference between the projections on y and
z is due to the shrinking of the emulsion along z.

To work out a single criterion for the produc-
tion of a spurious trident, and for the convenience
of comparison with the work of Weill et al.,® the
results of the present calculations are carried
out for the criterion Ay = 0.2u, Az = 0.44u.
Results will be given below also for the criterion
Ay = 0.3u, Az = 0.66 u, which can be useful for
the determination of spurious tridents in especi-
ally unfavorable conditions of observation and, in
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FIG. 2. Dependence of the average number of spurious tri-
dents n on the transverse distance X (in radiation units) for
various electron energies.

addition, show the dependence of the number of
spurious tridents on the criterion used.

The dependence of the mean number of spuri-
ous tridents n on the distance from the point
x=y =2z =0 where the primary electron was
produced is shown in Fig. 2. The errors shown
represent the standard deviations from the aver-
age calculated from the data of the Monte Carlo
method.

The comparison of the present data with the
results of Weill et al.® should essentially be car-
ried out only for the case of the Bethe-Heitler
bremsstrahlung spectrum and for an electron
energy of 10! and 10!! ev, since neither the
1012 gy energy nor the possible Migdal spectrum
were considered in reference 5. For an energy
of 1010 ev, the results of both calculations coin-
cide within the limit of errors; for 10! ev, our
curve calculated by the Monte Carlo method lies
somewhat lower. This can be explained by the
fact that, in our calculation, the radiation energy
loss was taken into account, which leads to an in-
crease in the average angle of multiple scattering,
and one should therefore expect a corresponding
decrease in the number of spurious tridents. The
results of both calculations can, therefore, be re-
garded as being fully in agreement. It should be
noted that, although at 10! ev the number of spuri-
ous tridents for the Bethe-Heitler and Migdal
spectra are in agreement within the limits of er-
rors, a marked discrepancy is obtained for 10!2
ev electrons (see Fig. 3), Therefore, at energies
~10'2 ev, the question whether the bremsstrahlung
spectrum according to Migdal!? is correct or not
is of primary importance in explaining the number
of spurious tridents.
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FIG. 3. Dependence of the number of spurious tridents n
on electron energy.

Using the weaker criterion Ay < 0.3pu, Az <
0.66 4, the number of spurious tridents per radi-
ation length increased on the average by ~ 20%
for 101° and 10! ev, and by 3% for 10'%2 ev as com-
pared with the data in Fig. 2. For the normal cri-
terion, Ay = 0.2u, Az = 0.44pu, using a multiple
scattering constant equal to 26.2 Mev-deg X
(1001)"Y2 instead of the 32 Mev-deg X (100 u)~¥/2
used in the present calculation, the number of
spurious tridents increases, on the average, by
23% for 10'? and 10! ev and by 5% for 10!2 ev.

This increase in the number of spurious tri-
dents upon changing the criterion and the mul-
tiple scattering constant can be explained by the
transverse distribution of the pairs shown in Fig. 4,
from which it follows that the number of pairs does
not vary greatly if r is changed, for all pairs, by
a factor of 1.2 — 1.5 from the value r =0.2u. The
picture, however, is greatly different for electron
energies of =5 X 101! ev, where the maximum of
the transverse distribution of pairs shifts to the
region p 0.2 —0.3u. In the reduction of experi-
mental data on electrons of such energies, a de-
tailed analysis of the selection criteria for spuri-
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FIG. 4. Differential transverse distribution of pairs; n—
number of pairs, r—distance of the pair vertices from the axis.
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ous tridents should therefore be carried out.

A possible source of the increased number of
spurious tridents, in the case where electron
pairs are radiated, is the conversion of y quanta
bremsstrahlung of a single electron of the pair
just next to the track of another electron, i.e.,
the production of a spurious trident involving the
second electron. Such a cause of increase in the
number of spurious tridents can be especially
important for such values of the pair energy at
which its components diverge to a small extent
at distances comparable to one radiation length.

The information obtained by means of 105
additional electrons showed only one additional
production of a spurious trident. From this fact
one can conclude that the mutual production of
spurious tridents (taking possible fluctuations
into account) increases the number of spurious
tridents on each electron of the pair in not more
than a few percent of the cases.

The integral energy spectrum of primary
electrons after their passage through one radia-
tion length in the emulsion is shown in Fig. 5.

N
0

FIG. 5. Integral ener-
200 gy spectrum of primary
electrons after traversing
one radiation length; N —
number of electrons,

3N = 315.
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It should be noted that, in the limits of standard

deviations, a decrease of the energy by a factor

of E was obtained for electrons traversing one

radiation length, which is in agreement with the

results of the cascade shower theory in approxi-
mation A.

The differential energy spectrum of electron
pairs produced in the conversion of bremsstrahl-
ung radiation <y quanta of primary electrons is
shown in Fig. 6. The energy spectra of spurious
tridents can be useful in accumulating a large
amount of data for good statistical accuracy and
may help explain the distribution of the transverse
momenta with which the spurious tridents are pro-
duced.

The differential transverse distribution of pairs,
the dependence of the average transverse distance
of the pairs from the axis, and the average number
of pairs produced by electrons per radiationlength
are shown in Figs. 4 and 7. In view of the fact
that a possible new method of electron energy
measurement in the range 101 — 1012 ev follows
from Fig. 7, we shall discuss briefly the problem
of energy measurement.

In the study of the isolated electron-photon and
photon components of explosion showers in nuclear
emulsions, one encounters the important problem
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FIG. 7. Dependence of the average transverse distance of
pairs from the axis, p, and of the average number of pairs n
produced per radiation length on the electron energy.
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of measuring the energy of an electron-positron
pair above 10! ev. The most accurate method is
the measurement of the primary electron energy
from the characteristics of the electromagnetic
cascade initiated by it. In that case one usually
measures the energy spectrum of the cascade
electrons at a certain distance from its origin.
Then, from the known values of N (Ej, E>Ey, x)
(number of electrons at a distance x with energy
> Ek), the energy of the electron or of the pair
producing the cascade is determined from theoret-
ical cascade curves. This method becomes the
more accurate the bigger the x that can be used
to study the distribution of electrons of the cas-
cade. However, the emulsion layers have limited
dimensions and, therefore, it is impossible to use
the optimal x for the energy measurement. In
addition, events in which only the initial part of
the cascade is recorded in the emulsion (x =

1.5 — 2 radiation lengths) are very frequent. In
these cases, because of large fluctuations in the
number of secondary electrons, the energy cannot

be determined at all from the cascade development.

Finally, the energy measurements by the above
method are very difficult for the photon component
of explosion showers, where it is very often im-
possible to distinguish between separate cascades.

Another method of energy measurement is
through a measurement of the relative multiple
scattering. By such a method, however, it is
possible to carry out measurements only up to
~ 1011 ev, and it is necessary to have close, al-
most parallel, tracks of high-energy particles.

A unique method is that of energy measure-
ments from the magnitude of the decreased ioni-
zation at the initial portion of the track of very
energetic pairs (E; = 102 ev) (the Chudakov-
Perkins effect). However, the accuracy of this
method is not high, because, in final analysis it
is the angle of emission of the pair components,
which has a rather large distribution, which is
really measured. In addition, marked fluctua-
tions of ionization are also always present.

The possibility of the measurement of the en-
ergy of primary electrons on the basis of the
transverse distribution of vertices of secondary
pairs is very attractive. It should be expected
that the characteristics of the transverse devel-
opment should depend strongly on the initial elec-
tron energy. Unfortunately, calculations of such
a type are almost completely lacking in the litera-
ture, apart from a few qualitative considerations,
which is clearly due to the difficulties connected
with an analytical solution of such problems.

The dependence of the average transverse dis-

tance of the vertices of the pairs (produced in the
conversion of bremsstrahlung y quanta of the
primary electron) from the original axis, which
coincides with the direction of motion of the elec-
tron in the very beginning of its trajectory, has
been calculated. This axis (the x axis in Fig. 1)
clearly coincides with the axis of the developing
cascade. For the calculation of the average r,
only the pairs whose vertices were at x = 2.9 cm
were used. The dependence of the average num-
ber of pairs on the electron energy was also ob-
tained. The result, however, is shown only for
orientation purposes, since the average number
of pairs produced in the conversion of brems-
strahlung 7y quanta depends only weakly on the
energy of the radiating electron. The number of
these pairs has a Poisson distribution for the elec-
tron energies used in the present calculation. It
is evident that this result will not be correct for
the total number of pairs, since the additional
cascade pairs markedly increase the fluctuations
in the number of pairs. The errors shown in

Fig. 7 are standard deviations from the average,
and were computed from the data of the Monte
Carlo calculations.

The straight line obtained for the energy de-
pendence of the mean transverse distance of pair
vertices from the axis, makes it possible to carry
out an estimate of the energy of the primary elec-
tron, provided we have data on pairs produced by
v quanta of the primary electron or on a pair at
a distance x = 2.9 cm from the point of origin.
For the x axis, one should naturally take the
center of mass of all possible trajectories. The
proposed method makes it possible to measure
the energy of the primary electron pair (events
most often found in the experiment) with standard
deviation of 64% for the energy of 10! ev, 44% for
10!! ev, and 39% for 10!2 ev. One should bear in
mind that the accuracy of the energy estimate de-
pends on the number of pairs produced in the con-
version of y quanta bremsstrahlung radiation of
the primary electron. The shown errors are cal-
culated for the average number of pairs for each
energy.

The accuracy of the method decreases for
measurements of the energy of a single electron,
owing to the decrease of the average number of
pairs by a factor of two. In that case, however,
the energy cannot be measured, in general, from
the decrease of ionization in the beginning of the
pair trajectories, nor can the method of the rela-
tive multiple scattering measurement be used
as a rule (the second energy trace is missing).
Therefore, one should think that the proposed
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method will be useful in that case, too.

The electron pairs of the second generation
may represent an additional source of error.
These pairs can be produced in the conversion
of bremsstrahlung y quanta of all these electron.
pairs which, in turn, have been produced in the
conversion of bremsstrahlung <y quanta of the
primary electron. Such cascade pairs may lead
to an underestimate of the energy of the primary
electron.

From the results of the present calculation,
we tried to estimate the approximate number of
cascade pairs. For a primary electron of 1012 ey,
one should expect about three cascade pairs for
8 pairs produced by bremsstrahlung 7y quanta
(for x< 2.9 cm). The average distance of cas-
cade pairs from the axis is larger, by about a
factor of ten, than the average distances shown
in Fig. 7. The mean longitudinal distance x at
which cascade pairs are produced amounts to
=& 2.6 cm, while the average x for the brems-
strahlung pairs is = 2 cm.

The probability of a cascade pair production
up to x=2cm is small, and can, in practice,
be neglected. From the pairs observed in experi-
ments up to x =2 cm, one can calculate their
average transverse distance ry. It should then
be taken into account that r, will be increased
to x=2.9 cm. If we assume that r increases
as x¥2 (in fact, after the emission of a y quan-
tum, its distance from the axis increases only
linearly), then r at a given point x should be
ry = 'fzx3/ 2/2v2 . Furthermore, we can introduce
the condition that all pairs for r > 4rx be ex-

cluded, since they are due to cascade development.

This rule is analogous to the exclusion of the de-
viations larger than 4 times the average value in
the multiple-scattering measurement.

Since the cascade pairs have, on the average,
a smaller energy than the pairs produced by
bremsstrahlung vy quanta of the primary elec-
tron, we can introduce an additional condition
E < E,, where E is the energy of the pair
studied and E, is the average energy of the
pairs. E, can also be estimated from Fig. 5.

We note, finally, that beyond x =2 cm the
number of cascade pairs increases as the square
of x, in contrast to bremsstrahlung pairs, which
are roughly linearly distributed with respect to
x. For an energy of 10it ev, one should expect
one such pair per 6.5 pairs of bremsstrahlung
radiation. The same exclusion procedure can be
applied here. For 1010 ev, one can neglect the
contribution of cascade pairs.

Thus, one can hope that the procedure of the
exclusion of cascade pairs will make it possible

to avoid an underestimate of the electron energy.
A small fraction of the electron pairs near the
axis, with a comparatively large energy, will be
difficult to exclude by the above procedure. How-
ever, because of the small transverse distances
from the axis, this fraction of cascade pairs will
not introduce a large error.

4. EXPERIMENTAL RESULTS

We recorded a high-energy nuclear interaction*
of the type 2+31 a in a stack of stripped nuclear
emulsions irradiated in the stratosphere. The
energy (measured against the value of the angle
containing half of all the shower tracks) was
found to be 9 x 1013 ev. High-energy electron-
positron pairs (E; & 10 Bev) produced in the
photon component of the star were used for the
experimental measurements of the mean free
path Aexp ©f trident production by electrons.

The electron-positron pairs traversed = 1.5 cm
in single emulsion layers, and the shower trav-
ersed about 8.5 cm in the whole stack.

Tracks of shower particles of the narrow cone
and the photon component of the nuclear interac-
tion were followed up to their exit from the stack.
In scanning, the coordinates of the vertices of the
electron-positron pairs were found and recorded.
For further measurements, only the electron-posi-
tron pairs sharply distinguishable from the main
mass of tracks were chosen, a procedure necessary
for a reliable identification of visible tridents.

The measurements of the relative multiple scat-
tering were used mainly to estimate the energy of
the electron-positron pairs. The measurements
were carried out using a Koristka MS-2 micro-
scope. In calculating the electron energy from
the average values of the second differences of
reldtive multiple scattering, the results of refer-
ence 22 were used. It is shown there that the
usual procedure of energy determination, by
measurement of the relative scattering of the
components of high-energy electron-positron
pairs, leads to a serious underestimate.

For two electron-positron pairs, the average
second differences of the relative multiple scat-
tering were not larger than the noise level (0.15
+ 0.02u) even for maximum cell length (4500u).
For such pairs, the ionization near their vertices
was measured by the grain counting method. The
Perkins-Chudakov effect was not detected for these
pairs, probably because the energy was less than
1000 Bev. In addition, the method described in
Sec. 3 was used for the measurements of the
energy in these two cases. The energies of the

*The interaction has been found by A. Ya. Burtsev.
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electron-positron pairs estimated in such a way
were found to be (1 to 3) x 10! ev, which did
not contradict the estimates obtained by scatter-
ing and ionization measurements.

Since a large number of high-energy electrons
is present in the photon component of a nuclear
interaction, an increase in the number of spurious
tridents over the calculated value is possible,
owing to the process discussed in Sec. 3. This
increase can occur in the conversion of y quanta
near the track of the investigated electron. For
an estimate of the probability of such an event, 24
cm of shower-particle tracks of the narrow cone
in the region of intensive development of the photon
component were studied, and no electron pairs
satisfying the spurious trident criterion were ob-
served on this length.

As a result of an experimental study of the
photon-component of the nuclear shower, 25
events of production of apparent tridents were
observed. The total length of the investigated
track, for electrons with an average energy of
20 Bev, equals 42.1 radiation lengths. After ex-
cluding the spurious tridents along each electron
track, according to the results of the Monte Carlo
calculations (Fig. 2), it was found that 9.3 + 5.5
tridents were produced on the given total length
of 42.1 radiation lengths, which corresponded to
a mean free path Aexp = 4.52§:} radiation lengths.
The standard deviation in the determination of the
number of tridents is ANt = vV (ANyT)? + (Ap)?,
where ANyT is the standard deviation in the
number of apparent tridents. The tridents were
assumed to be distributed according to the Poisson
law, which was confirmed by the data of the Monte
Carlo calculation. Ap is the error in the calcu-
lated Monte Carlo curves for the number of spuri-
ous tridents, and it is usually small as compared
with ANyT.

Since the mean free path for trident production
at 20 Bev equals, according to the Bhabha theory,
Atheor = 7 radiation lengths, one can consider that

the measured Agxp is in agreement with that value.

These results contradict to a certain degree the
results of Weill et al.,5 according to which Aexps
outside the limit of errors, is substantially smaller
than the corresponding theoretical value. However,
in reference 5, the error of ANy was clearly un-
derestimated, since, from the data presented there,
it follows that ANp < ANyp.

The obtained data on the production of tridents
by electrons of an average energy of 20 Bev are
not in contradiction with the predictions of quan-
tum electrodynamics.
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