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INTRODUCTION.

The theory of energy-loss by ionisation by a charged particle while traversing through
matter as worked out by Bloch (1933), Bhabha (1938) and others gives the ionisation loss
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where ¢ = number of atoms per c.c. of the medium,

Z == atomic number, I(Z) = mean ionisation potential of the atom, where according

to Bloch, I = 135 e.v.
7o = e2/mc2, B= vjc, m= mass of the electron,
W, = maximum energy transferred to a secondary electron initially at rest.
This is given by
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M being the mass of the charged particle and E its initial energy.

It is & well-known fact that a charged particle while traversing through matter loses energy
in two ways, viz., by ionisation of the atoms, and by radiating a y-quantum in the electric field
of the nucleus. When the charged particle is a mesotron of mass about 200m, it is found by
numerical calculation that the radiation loss is relatively unimportant for energies less than
100 e.v. Hence in experiments on the measurement of energy-loss of cosmic-ray mesotrons,
only ionisation loss needs to be taken into account.

Corson and Brode (1938) first measured the specific energy-loss of cosmic-ray electrons
lying within the energy range from 108 to 3 x 107 e.v. by the cloud chamber method. They
compared their results with the theoretical deduction from equation (1) by arbitrarily mani-
pulating the values of the constants outside the parenthesis as also of W,.  Sen Gupta (1943),
by cloud chamber experiment, measured the specific energy-loss of mesotrons up to the energy
of 3x10° e.v. and found agreement with the theory by manipulating the value of W, to fit
the measured values. Recently Hazen (1944) has measured the average energy-loss by the
cloud chamber method and has found agreement with theory for small transfers of energy
(<104 e.v.).

In the present investigation, attempt has been made to measure the specific energy-loss
of mesotrons by coincidence counter experiment, by comparing the absorption curve of meso-
trons in lead with their energy-distribution curve. The method, originally suggested by
Street, Woodward and Stevenson (1935), was later used by Blackett (1937) to determine the
range-energy relationship and energy-ionisation relationship of cosmic-ray particles.

From the mesotron energy-spectrum curve, the value of Z—E’ at definite energies can be
found, N representing number and E energy of mesotrons. From the absorption curve, on the

other hand, the value of ?—TV can be found. Dividing the latter by the former, we can get the

value of Z——g at definite energies.
) ExPERIMENTAL METHOD.

The absorption curve of mesotrons in lead was determined by the coincidence counter
experiment. Three counters were arranged in the same vertical line so that their axes lay in
the same vertical plane. Also the edges of the counters (i.e., of the copper cylinders within
the glass envelopes) lay between two parallel vertical planes perpendicular to the axes of the
counters. Desired thickness of lead could be interposed between the two upper counters.
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The circuit used was Rossi coincidence circuit with mechanical recorder. The energy-spectrum
curve determined by Jones (1939) has been used along with it to deduce the values of dE/dT at
different energies. ‘

RESULTS AND DISCUSSIONS.

The results of the absorption experiment are shown in Table I. In the third column of
the table, the absolute vertical intensity j, with different absorber thickness is listed. This is,
as usual, defined to be the number of cosmic-ray particles passing per second through unit area
in the vertical direction within a cone of unit solid angle. This is obtained from N, the total
number of coincidences observed per second, by using the following formula due to Greisen
(1942). '
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where ¢ = length of the counters, b = diameter of the counters and ! = separation between
the extreme counters.

The next column of Table I lists the relative intensity at different thickness, the intensity
at zero thickness being normalised to unity. The absorption curve in Fig. 1 has been drawn
with these values of the intensity.

TasLE L.
Total number
. s of threefold
Thickness .T coincidences Absolute vertical R o
of Lead in : PRl Relative intensity.
° observed intensity ‘7, . v
gm.[em. corrected for
background.
0-0 3,320 0-0129 + 0-00015 1000+ 0:0117
11-4 928 0-:01164 0-00025 0-899 4+ 0:0196
28-5 1,011 0-0109+4 0-00023 0:848+ 0-0179
57-0 1,288 0-00976+ 0-00018 0-757+0-0142
85-5 2,360 0-00965 + 0-00013 0-747+ 0-0103
114-0 1,103 0-00930 + 0-00019 0722+ 0-0146
228-0 93 0-00890 + 0-00062 0-690 4+ 0-0480
342-0 575 0-00868 + 0-00024 0679+ 0-0190
456-0 1,420 0-00855 % 0-00015 0-6614+ 0-0118
570-0 318 0-00822 4+ 0-00031 0-638+ 0-0240
1026-6 84 0:00740 1+ 0-00054 0-574 4 00420

The electron component of the cosmic-rays is almost completely cut off by 10 cm. of lead
(114 gm./em.2). So the latter flat portion of the absorption curve (Fig. 1) beyond the thickness
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114 gm./cm.2 of lead represents the mesotron component. The curve has been extrapolated
to zero thickness by drawing the tangent to the curve at this point. This extrapolated part,
then, represents the abserption of slow mesotrons in 10 cm. of lead. The total proportion
of the mesotron component at sea-level is given by the ordinate of the point X in Fig. 1 where
the extrapolated part intersects the zero absorber line. This is found to be equal to 0-795,
total cosmic-ray intensity at zero absorber thickness being normalised to unity.

Specific energy-loss of mesotrons at different energies can be determined from the absorption
curve in the following way. As stated above, the energy-spectrum curve of Jones (1939) has
been used for this purpose. Jones has determined the differential energy-spectrum, i.e., the
number of particles within definite energies. Using his data, the integral energy-spectrum was
determined which gives the numbers of mesotrons above definite energies.

From this energy-distribution curve, the number of mesotrons dN within definite energy
limit dE, starting from zero energy is found. Then from the absorption curve, the absorber
thickness d7', starting from zero absorber thickness, required to cut off this number, is noted.
Dividing dE by dT, the specific energy-loss of mesotrons in lead corresponding to the mean
energy between 0 and dF is found. Next, again from the energy-distribution curve, starting
from energy dE, the number of mesotrons within the same energy limit dE is found out, and
again from the absorption curve the corresponding thickness d7' is obtained in a similar manner,
In this way, proceeding along the absorption curve and the energv-spectrum, the values of
dE[dT at definite mean energies are obtained. The results are shown in Table IT.

TaBLE II.

i : i y
! i |

. Number of | Absorber thick-

Mean energy of Range of , particles ‘dN’ | mess corre- {Specific energy-
the particles energy | within the : sponding to the | loss (dE/dT)
(Ex108 ev.). | (dE X108 e.v.). | energy-range | number dN in mev.

|, ’ (4T gm.fom 2).
- _ S S o
35 1-0 t 0-0215 i 48 ©2.083
15 1:0 [ o001 | 110 L 0-909
5-5 1-0 | 0-0223 ; 148 ; 0-676
65 1-0 | 0-0215 ! 162 ; 0-617
7-5 10 | 0-0215 5 154 ' 0-649
85 10 Lo00199 ! 138 . 0725
9-5 10 ! 0-0199 ! 139 ! 0-719
10-5 10 f 0-0199 139 } 0-719
11-5 10 I 0-0183 1 130 ) 0-769
| | !

In Fig. 2, the values of dE/dT have been plotted against the corresponding values of E.
The experimental curve has been compared with the theoretical curve determined by using
Bloch’s ionisation formula (equation 1), taking the mass of the mesotron to be equal to 200m.

The nature of the experimental curve is somewhat similar to that of the theoretical curve,
i.e., there is an initial rapid fall followed by a very slow rise in the value of d&/d7. The rise
after the minimum of the experimental curve, though very slow, is nevertheless discernible.
The minimum appears in the energy region of 5x108 to 7x108 e.v. This is, however, not in
agreement with the theory which shows a minimum in the region of 2x 108 to 3 x108 e.v. The
value of the energy-loss near about the minimum is also not in harmony with the theoretical
value. The experimental value of 0-6 x 108 e.v. is much smaller than the theoretical expectation
of 111 x108 e.v.

The lack in agreement in the position of the minimum between theory and experiment
is, however, to be expected. For the experimental absorption curve for mesotrons as also
their energy distribution curve at low energies are not very accurate. In fact, the 10 cm. of
lead used to filter off the electron component in determining the energy-spectrum also cut off
the low energy mesotrons, so that the low energy part of the spectrum is not very reliable.
Similarly, the extrapolation of the absorption curve for mesotrons at low energies is also not
very reliable. Here a linear absorption of the slow mesotrons has been assumed which is
hardly true. To get more reliable values of dE/dT at low energies, the initial part of the mesotron
energy-spectrumm must be very accurately known. It is found by using a different energy-
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spectrum due to Hughes (1940), the position of the minimum does not materially change. In both
the cases, the values of dE/dT at low energies are much higher than the theoretically expected
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values. If, however, there were a larger number of low energy mesotrons than observed in
the energy-spectrum, these values would come down. Also for closer resemblance between
the nature of the theoretical and experimental curve at low energies, the exact nature of the
absorption curve for slow mesotrons must be known.

It is, however, difficult to explain the discrepancy in the actual values of the energy-loss
near about the minimum. This discrepancy was also observed by Sen Gupta (1943). The ratio
between the experimental and theoretical energy-loss near about the minimum as found by him
has the same order of magnitude as that found in the present investigation (~0-6). Sen Gupta
pointed out that agreement between theory and experiment could be obtained if the value of
W, in the theoretical equation (1) were modified according to his observations. He found
this at the minimum to be nearly 1,100 e.v. It has been found that in the present case agreement
can be expected between theory and experiment with the following values of W, corresponding
to different values of E.

Tasre IIL.
. i . _
Einl0%ev. | 70 80 l 90 ! 10:0
( [— -
Wain e.v. 1,740 2,400 ; 3,640 } 5,020
i

On the other hand, if the theory be assumed to be all right, then for agreement between
theory and experiment, the experimental energy-spectrum should be more flat at higher energies.
The experiment of Hazen (1944) seems to confirm the latter conclusion. But it seems that the
slope of the energy distribution curve at high energies is fairly accurately determined, and
different observers have obtained concurrent results [Jones (1939), Hughes (1940)]. So it is
more likely that the theoretical formula has to be adjusted to ensure better agreement between
theory and experiment.

The author is grateful to Prof. M. N. Saha, F.R.S,, for his kind interest during the progress
of the work. He also acknowledges with thanks the helpful guidance offered to him by
Dr. N. N. Das Gupta.

SuMMARY,

The specific energy-loss of cosmic-ray mesotrons has been deduced from absorption measurements in
lead. The experimental results have been compared with the theoretical energy-loss calculated frora Bloch’s
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ionisation formula. The expected increase after & minimum has been observed, but the experimental values
of the average specific energy-loss are found to be about sixty per cent of the theoretical values. It is
suggested that the meximum energy transferred to the electrons is less than that predicted by the theory.
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