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1.

Introduction

The purpose of this paper is to describe an experiment
performed on the interaction between mesons and electrons
for the purpose of verifying the expression given by
1
Bhabha for the electromagnetic interaction between a
spin i particle and an electron.

This experiment will

in effect give the combined radius of charge distribu¬
tion of the meson and electron.
The experimental procedure was to observe the "knockedon" electrons as the meson traversed six carbon plates
in a cloud chamber.

The numbers and angular distriou-

tion of the emerging electrons were then compared with
the Bhabha expression.
For the comparison the following calculations were made:
1. Expected angular distribution of electrons
when scattering is considered.
2. Effective range of an electron in carbon.
3« Using the results in 2 (above) the total
number of electrons expected from the carbon
plates.

2
2.

Theory

The expression derived by Bhabha for the electromagnetic
interaction between a spin i particle and an electron is
given by Rossi and Greisen

as
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is the probability for a par¬
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and energy E, traversing a unit

thickness to transfer energy between
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velocity of the primary particle
maximum energy transferable to
the electron in the collision
electron mass in units of

For

this reduces to the Rutherford formula.

Applying the conservation of energy and momentum to the
collision, an expression for the dependence of energy of
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This is plotted in Figure I.

A.

Scattering:

In order to compare experimental results with the above
collision theory, the scattering in the carbon plate was
treated with the multiple scattering theory as given by
Fermi (see Rossi and Greisen'5').

The mean square angle of scattering in a thickness dt is
given by

(6)
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- projection of the scattering angle
on a plane containing the path of
the original unscattered particle

where

yts*/</*/37),a-

=

^ tz thickness in radiation lengths of
the electron.
A radiation length in carbon - 52 g/cm

2

If energy loss is negligible the mean square angle of
scattering for a thickness ^ t is
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For the case where energy loss is negligible, the follow¬
ing expression is given by Fermi for the probability of a
particle being scattered into an angle
a thickness^ t.
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gives an expression for the scattering distribution

when energy loss is considered.

For the case v/here the

energy loss iad and/ he gives
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energy loss/radiation length.

It can be seen that this is the same expression as equa¬
tion (7) if

is substituted for
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In order to treat the total angle of scattering, 0, the
following expression v/ill be used:

S (9/0 - <£/1, &*) ■ <£/ty
the probability of scattering into
the element
jt[ ^ azimuth angle.
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are the projection angles in two orthogo-

nal planes.

The above expression is true since deflections in the
two orthogonal directions are independent of each other.
In the calculation of the distribution it will be required
that the knocked-on electron be of sufficient energy to
traverse the carbon plate following the one in which it
was made.

This requires an average energy of at least

10 Mev and corresponds to an angle of

with the pri¬

mary particle.

With this restriction we will make the approximation that

0

--

Also,

since the angles are small they can be represented

by distances on a plane.

Figure II shows the relations

of the quantities which are used in calculation of the
distribution of electrons in the angle

-
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angle of observation of the electron measured from
the primary particle.

angle into which the electron is scattered in pass¬
ing through the material.

production angle of the electron.

azimuth angle of the electron.

-
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From the diagram it is seen that the angular distribution
of the observed electrons will be

7~(a) = '/vdj
0
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The knocked-on distribution is divided by
3TT/9

in order to get the distribution in the

element
In order to get an idea of this distribution without too
involved numerical calculations the function X

was

divided into three parts in the interval and approximated
by polynomials.
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Also, in the corresponding intervals the value of
was taken as
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The distribution is then the sum of the three integrals.
These are then evaluated for several values of a and
and then, integrating over
is obtained.

£ numerically,

the distribution

(See appendix for evaluation of these in¬

tegrals. )

Although much closer approximation could have been made
with a few higher order terms, the limited amount of time
spent on this approximation showed that the distribution
would be such that a precise check on the angular distri¬
bution function would be iaipossible with the large amount
of scattering in plates of this thickness.

The values of
(5) in Figure

T(d)

obtained are plotted with equation

11
In order to illustrate the insensitive character of the
distribution in angle, a plot is given (Figure I) with a
cut-off in production of knock-on's at 58 Mev.

Since the angular distribution of electrons is so limited
in sensitivity, the number of particles knocked-on and
traversing various numbers of carbon plates is of primary
importance in checking equation (1) against the experi¬
ment.

The number of electrons seen \vill be highly depen¬

dent upon the range of electrons, and the method ?/hich
follows was used to treat this.

B.

Range of the Electron:

The mean square (true) angle of scattering is given by

(10)
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Av df

(The
is

factor of 2 difference between this and equation (6)
due to the average value of the^cosinej^of the azimuth

angle.)

We wish to find, then, the angle

\°*W which

the electron

makes with its original path at the thickness t.

12
This is essentially given by equation (7)
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is the

energy loss/radiation length

Then for the range

4
Assuming that the electron has essentially reached the end
of its range when
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For carbon
<£■

-1.8 Mev/g/cm2 - 9^ Mev/radiation length

Example:

50 Mev electron will have an average range

(28 - 3*9) g/cm2
This 1B a reduction in range from maximum
range of 3*9 g/cm
Steinberger*s

P

as

compared with

3
2
value of 2.0 g/cm .

- 14 For 10 Mev the reduction in range
where R0

=

=

2.1 g/cm2

5»55 g/cm2

Equation (11) agrees very closely with the diffusion range
A

as given by Lauritsen .
The range for energies less than 0.8 Mev was determined
CZ

by the range relation given by G-lendenin-1.
The range energy curves are shown in Figure 1X1.

C.

Calculation of the number of electrons appearing
between the various plates:
A

Following the method described by Hereford , the path
length of the electron will be calculated from its pro¬
duction angle.

Then the probability of a 1.15 Bev meson

producing a knock-on in an angle

with sufficient ener¬

gy to penetrate the remaining plate thickness is

“X((®/x) d © d*
where is the probability that an electron
with energy corresponding to a production angle
penetrate x g/cm2.
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The probability of a collision in a thickness''in which
an electron witfr energy greater than ^ penetrates the
remaining thickness is

In plates of thickness h there is a maximum value that
R(0JQOB(®} can have, viz.,

cos^^h.

Thus, N

is the sum of two integrals

When considering electrons produced in one plate and
traversing the next plate, we have

-

will essentially be

16

-

in the one-plate expression
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Experimental procedure

The knocked-on electrons were observed in a cloud chamber
with a volume 24" x 18" x 10".

The chamber contained

six carbon plates 3*16 g/cm^ thick, and bottom plate of
5/8" lead.

The expansion of the chamber was controlled

by trays of counters in the following manner:
1. Tray above the chamber
2. Tray below the chamber and above 30" of
lead.
3* Tray below the 30" of lead and above a 2"
slab of lead.
4. Tray surrounding the bottom and sides of
the lower 2" slab of lead.
It was required that trays 1, 2 and 3 be in coincidence
and tray 4 in anti-coincidence for an expansion to take
place.

This arrangement would require the meson to pass

through the chamber, traverse the 30" of lead and stop
in the bottom 2" slab.

The meson would then have 1.15 Bev

when passing through the chamber.

The chamber was photo¬

graphed with a stereographic camera with lenses separated
19" and placed 72" from the chamber.

A tray of counters

was also provided below the chamber in order to fire neon
lamps in coincidence with the master pulse.

These neon

-

18

lamps were photographed with the chamber, and indicated
the position of the triggering particle.

The expansion

rate for this event was about eleven per hour.

The dead

time of the chamber was four minutes per expansion.

Ap¬

proximately six thousand photographs were taken.

In Table 1 is provided a summary of the results of the
experiment.

A histogram of the angular distribution is

shown in Figure IV.
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APPENDIX

/(*/ is the sum of three similar integrals as described
in the text. The method of evaluation of these integrals
will be described for one of them.

When the values of
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This was then integrated over t.

t for one carbon plate - .0645 radiation lengths.
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TABLE 1

Summary of Observations

Total Number of Plate Traversals by Primary

54-39

Total Number Knock-on’s Observed
1. Total number of electrons emerging
from one plate but not traversing
more plates.
2. Total number of electrons emerging
from one plate and traversing one
and only one additional plate.
3«

4-.

Total number of electrons emerging
from one plate and traversing two
and only two additional plates.
Total number of electrons emerging
from one plate and traversing three
and only three additional plates.

321

48

11

6
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TABLE 1 (CONTINUED)

Summary of Observations (Continued)

Angular Distribution of Electrons Measured from the Primary
Particle

Angle

Electrons in
Item 1 above

Electrons Traversing
at least One Plate

0°-*10°

4

3

10°-20°

33

9

20°-30°

39

19

30°-40°

61

15

40°-50°

47

11

50°-60°

37

2

60°-70°

24
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TABLE 2

Q§i9lils1i§£_§2§_Ql2§®£Yed_Number_of_Electrons_Trayersing
Var iou s_Ij umber s_gf_Plates_Per_Plate_Traver sal _by_the_Primary
Calculated
Result

Number of electrons
emerging from one
plate but not tra¬
versing more plates.

Observed
Number

Minimum
Energy
Required
for the
Electron

.062

• 059

.1 mev

Number of electrons
emerging from one
plate and traversing
one and only one ad¬
ditional plate.

.0073

.0089

1.9*6 Mev

Number of electrons
emerging from one
plate and traversing
two and only two ad¬
ditional plates.

.0023

.002

15*6 Mev

Calculated
Resuit

Observed
Number

.076

.071

.012

.012

.0044

.0039

Total number of elec¬
trons emerging from
one plate.
Total number emerging
from one plate and tra¬
versing at least one
additional plate.
Total number emerging
from one plate and tra¬
versing at least two
additional plates.
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Figure V
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Experimental arrangement
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