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The track length distribution f(E)dE in a shower is defined as the total distance traveled
by all electrons while in the energy interval dE. It is representative for the average energy
distribution in a shower. The present paper obtains by numerical methods the complete func-
tions for both electrons as well as for photons in showers of high primary energy. Calculations
have been made for air and for lead, down to energies of about 4 Mev. Close approximations
to the actual cross sections have been used for all energies and all physically significant processes

have been included—radiation, pair production,

energy loss through collision, Compton effect,

and knock-on electrons. As a special result of importance we mention the high number of low-
energy photons that accompany a shower, a quantity that has here been evaluated for the

first time.

1. INTRODUCTION

HE well-known cascade theory of cosmic-
ray showers! has been successfully carried
through to the evaluation of total numbers of
electrons and photons and their energy distribu-
tion for not too low energies. For energies around
and below the so-called ionization limit (cf. be-
low) an analytical evaluation of the energy dis-
tribution is made difficult by the complicated
formulae for the probabilities of elementary proc-
esses and the incoming of additional effects, such
as the Compton effect and knock-on electrons,
which are usually neglected.

The first attempt to determine the number of
low energy electrons in a shower is due to Arley.?
He neglects entirely ionization losses above the
critical energy and radiative effects below it, and
he takes into account only those electrons in the
low energy range that originate from high energy
electrons which are thrown into the low range by
emission of quanta. Thus, the electrons produced
with small energy by quanta are omitted. The
result is a serious underestimate of the number
of slow electrons. The ratio of slow-to-fast elec-
trons near the shower maximum is, according to
Arley, about 1, while the actual ratio as com-
puted in this paper is of order 3 to 4.

A more systematic treatment of the electron

* This paper is based on a Ph.D. thesis submitted in 1942
to Duke University by Mr. Richards. Occupation with
war work prevented an earlier publication of this work.

** Now at Olivet College, Olivet, Michigan.

1 For all older work on shower theory, reference is made
to the excellent summary by B. Rossi and Kenneth

Greisen, Rev. Mod. Phys. 13, 240 (1941).
2 N. Arley, Proc. Roy. Soc. A168, 519 (1938).

distribution at low energies has been given by
Tamm and Belenky® who use simplified cross
sections even in the low energy range, and a
somewhat questionable mathematical approxi-
mation and by Rossi and Klapman* who, by a
numerical method, obtain the total track length
in air above energies of 10 Mev as function of the
energy of a generating electron or photon.

In the present paper a numerical method is
developed to obtain the track-length distribution
down to low energies (~4 Mev) in showers start-
ing with high initial energies.

In the low-energy end the nature of the ma-
terial is of importance and numerical results have
been obtained for air and lead. No terms of sig-
nificance have been neglected, and our results
should be accurate to about £10 percent. Our
results include also the distribution of photons of
low energy which has not been evaluated before.

2. THE EQUATIONS FOR THE TRACK LENGTH

The track-length distribution of a shower
f(E)dE is defined as the total distance traveled
by all shower electrons while their energy lies
between E and E+dE. Similarly we can define
a photon track-length distribution g(K)dK where
we denote the photon energy by K for easy dis-
tinction. This ‘‘normal” distribution is much
easier to calculate than the energy distribution
as function of distance, and it has almost the
same physical significance as the latter, since it

3]. Tamm and S. Belenky, J. Phys. USS.R. 1, 177

(1939); Phys. Rev. 70, 660 (1946).
4 B. Rossi and S. J. Klapman, Phys. Rev. 61, 414 (1942).
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will be the same as the distribution at the shower
maximum, and it will predominate over most of
the longitudinal extension of the shower with the
exception of its very early and late stages.

The following general results are known about
the track-length distribution. Since all the energy
in a shower is dissipated finally by ionization
through electrons, the integral track-length over
all energies is

Ep
f(B)E=E, /8, (1)
0
where E, is the primary energy and §; the energy
loss through ionization which can be considered
as constant over the interesting energy range of
2 Mev to 300 Mev.

The track-length distribution has been evalu-
ated by Nordheim and Hebb? in the high-energy
limit where ionization losses can be neglected
relative to radiation losses, and by Rossi and
Greisen! in the next approximation, where ioniza-
tion losses can be considered as small. Their
result can be expressed as follows

—2
] » (2)

E,[E 0.392
f(E) =0.437—B—[—+0.818———+ .

[ i (E/Bi)
g2(K)=0.437
9 EfK? 0.769 -1
X——[—‘(1+——~—-+"' ] )]
7 B:iLB2 (K/B2)

These expressions give a good approximation
down to about E and K ~ 38;. For lower energies,
as already mentioned, the usual mathematical
treatments break down, and also the cross sec-
tions for occurring processes lose their universal
character.

It is to be noted that for high energies 8;<E
< E,, the distributions are proportional to 1/E2.
We will normalize the distribution so that

f(E)—1/E2

The absolute number of particles produced by a
primary of energy E, is then 0.437(E,/B8.)f(E)
and correspondingly for g(K).

5L. W. Nordheim and M. H. Hebb, Phys. Rev. 56, 494
(1939).
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In the following, we will introduce the natural
units of shower theory, the critical energy, where
radiation and collision losses are equal, and the
unit length on which the energy loss through
ionization is just this critical energy. In these
units 8;=1.

We consider the following processes: for pho-
tons, pair production and Compton effect, for
electrons, radiation, ionization losses and knock-
on electrons. The cross sections, as used in this
paper, are summarized in the appendix. All these
processes are of the type that a primary of
energy E’ or K’ produces a secondary of energy
E or K respectively.

We denote the cross sections for such a process
by a function of two arguments. ¢(E’, K), for
instance, is the probability that an electron E’
produces a quantum K and so on. Of course,
o(E’, K) is the same as o(E’, E'’—K), since the
electron remains at an energy E’—K after emis-
sion of the photon K. If necessary we add an
index to the cross sections, for instance:
radiation by an electron,
pair production,

Compton effect,
knock-on electron.

(44
op
Oc
(4]

The equations that describe the balance of all
effects are then as follows

f g( !(,)C ( :,’ ) !
+ El g E,, E dE,

- f f(E)s(E, E')dE'
0

d
2 BAE) =0, (4
+dE(B f(E)) 4)
f " HEYe(E, K)IE
K
+ [ ax)ex, KYaK
fK ¢(K)o(K', K)
K
_ f ¢(K)o(K, E)dE’
]
K
_ f 2(K)o(K, K')dK'=0. (5)
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The first terms describe the production of a
“particle” of one kind (electron or photon) by a
particle of the other kind. The next terms give
the number of particles added or removed from
an energy interval by processes involving energy
changes. The last term in (4) takes account of
the continuous energy loss by ijonization for
electrons.

The principal difficulty in the treatment of
these equations comes from the second and third
terms of Eq. (4).

D(E)=f f(ENo.(E', E)dE'

- f f(E)or(E, ENIE, (6)

since it is well known that the radiation prob-
abilities diverge for small K, i.e., E'—E, as 1/K
(infra-red catastrophe). The expression (6) has,
therefore to be understood as the finite limit

f(E")o-(E', E)AE'
E+e

D(E) = 1213[

- f  HE)ouE, EVIE'. (6)

If the energy loss due to radiation could be
considered as of continuous nature, D should be
representable by an expression similar to the last
term of Eq. (4), i.e.,

d
D(E)= E[Br(E)f(E)]v )

where 8,(E) is the average energy loss to radia-
tion as function of energy.

We shall now prove that Eq. (7) is in fact a
sufficient approximation for our purpose.

The cross section for radiation at high energies

is of the form
El
E

where .S is a homogeneous function of the frac-
tional energy reduction E/E'. The total average

’

d
o(E, E"YdE' =——S
E—FE’
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energy loss is then

E E E'
= E—E' E, ’ r_ . ’
B j; ( Yo(E, E')dE j; S(E)dE

) . ©)
=Ej; S(x)dx=EJ; S(i g

Introducing the new variable E''=(E*/E’) into
the second integral in Eq. (6) and renam-
ing it afterwards again E’, we obtain the trans-
formation

- [ ) [f(E') —%%E)]s(g g—%

We know now from Eq. (2) that f(E) behaves
at high energies similar to 1/E2% Also, the dis-
continuity of the energy loss is most important
for high energies. We can put, therefore,

o(E)

de

fEY="""; o(B)=p(B)+(E ~B)—,

( o (E') E
where ¢ is a slowly varying function of E for the
representation of which the first term in its

Taylor development is sufficient. We obtain then

de ¢ °° EN\dE’
wo-(59) [ )

dE E E E'] E”

d 1 © 1\ dx

(O

dE EJ/EJ, x/ x?

=;E(% fo 1 S(x)dx) =;E(ﬁff(E))-

We have proved thus the substitution Eq. (7)
for the limit of high energies, where the ioniza-
tion losses that produce the deviation of ¢(E)
from a constant are not too important. In the
opposite limit of low energies radiation losses
become, in any case, of lesser importance, and
we are thus justified to combine D and the last
term in Eq. (4) to the simple expression

d d
—[EA8IE)]=—[BESE)]. (1
64BN I=—[8ESB]. (10)

This substitution has been checked for the dis-
tribution as found later in this paper, which
permits a numerical evaluation of Eq. (6). The
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error made by Eq. (10) turned out to be of order
8 percent for E=1.

It is of advantage for the further treatment to
introduce the total number of new electrons pro-
duced by photons and by knock-on collisions as
a separate function through the definition***

h(E)=f g(K)e(K, E)YdK
E

+f f(ENex(E', E)AE'. (11)
Equation (4) then takes the form
d
h(E)+—1L[(8.+8:) f(E)]=0.
( )+dE[(B +BIf(E)]

Integration of this relation between two energy
values gives

B(Eo)f(Eo) 4 1
B(E)  B(E)

We can bring Eq. (5) for the photons into a
similar form

f(E)=

f "WENE. (12)

g(K) =

U(;) ‘ f " {E)o(B, K)E

K
+ [ swrow, Bax}, (13
K
where

o(K) =fw (K, E")dK', (14)

is the total absorption coefficient for photons of
energy K.

The functions f(E), g(K), and thus also k(E)
are known for sufficiently high energies, let us
say above E,, from Eqgs. (2) and (3). The integral
equations (11), (12), (13) permit us now to com-
pute these functions for lower energies with the
help of an iteration process.

For energies E that are not too much lower

*** The second term in the expression for k(E) represents
new electrons produced in knock-on collisions. The mini-
mum primary energy E’ to produce a secondary of energy
E is 2E. The change of ene;gy of the primary can be con-

sidered as already contained in the term for energy loss
through ionization.
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than E, a zero approximation for f(E) will be

given by B
B(Eo)f(Eo)
fo(E) = 15
B(E) 13
We find then a go through
oK) = { Eo(E', K)IE'
g 01, F(ENa( )
Ey
+ ) fo(E)e(E', K)AE'{, (16)
B
and an A, through
ho(E)=| g(K)o(K, E)dK
Ey
+[ e Bk ()
E

These functions are then introduced into the
right side of the full Egs. (11) to (13) and new
functions fo(E) +f1(E), and so on, are calculated.
If necessary the cycle is repeated. It has been
found that this process converges rapidly. The
iteration was stopped when it could be estimated
that the next step would give a contribution of
less than 5 percent. It was in no case necessary
to go beyond an f,.

The method is practicable since most integra-
tions can be arranged with a variable lower limit,
so that the process of integration from an E, to
an E vyields at the same time all intermediate
values of the function in question.

The convergence of the method becomes less
good for too low values of the final energy, since
fo is in that case not a good approximation. The
obvious remedy is, of course, to carry out the
integration in steps, i.e., firstly to an energy E;,
and after evaluation of all functions to this value,
to resume the process with E; in place of E,.

Actual calculations have been carried out for
air and lead. They will be described in the
following section.

3. CALCULATIONS
a. Air

The analytical expressions for f and g (Egs.
(2), (3)) can be used for energies as low as 3 in
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TaBLE I. Track-length distribution in air.*

Primary Energy Ep>3 Ep=1

EorK fT(E) f(E) F(E) g(K) G(K) f(E) F(E) g(K) G(K)
0 2.3 «©
0.05 5.9 5.5 1.9 45 6.6 1.7 0.63 16 1.6
0.10 3.8 3.7 1.6 23 5.0 1.3 056 7.8 1.0
0.15 2.8 2.8 1.5 15 4.1 1.0 050 49 073
0.20 2.2 225 14 11 3.5 0.89 045 34 0.53
030 1.5 161 12 6.0 2.7 0.74 037 1.7 031
040 1.1 1.27 104 39 22 0.64 031 091 0.19
0.50 0.89 097 092 28 18 0.57 025 058 0.12
0.75 053 062 0.73 14 13 048 0.12 020 0.02
1.0 036 042 061 079 1.05 0.42 1]
1.5 021 023 046 041 0.77
20 0.14 0.145 037 025 0.60
2.5 0.10 0.100 0.31 0.16 0.51
3.0 0073 0073 027 0.12 044

* E or K =energy in units 86 Mev. In order to obtain absolute values
multiply the Ez>>3 columns by 0.437Ep, the Ep =1 column by 1.2.

f(E) =track-length distribution for electrons, frg(E) =track-length
distribution as calculated by Tamm and Belenky.

— @ ’ ’
F(E)= " f(EE".
g(K) =track-length distribution for photons.
G(K) = f}” e(K")dK".
For E and K >3, use Eqgs. (2) and (3).

units of the shower theory. The asymptotic cross
sections (A4), (A6) for complete screening are
valid down to about E=1. A first-iteration cycle
was carried through between these energies. For
the evaluation of the terms containing radiation
and pair production it is only necessary to com-
pute terms of the form

f " jENaE E,
E

with =0 to 3 as functions of the lower limit,
where the functions f are known from previous
steps, and where high energy tails can be evalu-
ated analytically. After carrying through the
iteration for two cycles, the knock-on and Comp-
ton contributions were added. The former ones
are completely negligible, while the number of
Compton electrons remains small. Therefore, it
was sufficient to use the integrated probability
(A9) and to assume that the produced electrons
have the average energy (A10).

After the functions f(E) and g(K) were deter-
mined down to E=1, the iteration process was
resumed with this new upper limit, under use of
the cross sections (A5) and (A7). The Compton
effect is of considerable importance in this in-
terval and has to be recycled, and also ‘“‘post-
Compton’’ photons have to be included at lower
energies. The expression for the number A of
electrons produced by a photon distribution g(K)

JR. AND L. W. NORDHEIM

through the Compton effect (compare (A8))

® g(K) {
1+
YErimen K(K—E)

(K—E)?

he(E)=B %

}dK,

contains the lower limit also in the integrand.
Thus, strictly speaking, a complete new integra-
tion would be necessary for every value of E.
It was found, however, that a computation based
on the assumption that all electrons produced by
quanta of energy K have the same average
energy, Eq. (A10) gave values of % that were in
a fairly constant ratio to the true values. This
was verified by carrying out the full process for
the values E=0.3 and 0.05, where the ratios of
the complete integrals to the approximate ones
were 1.2 and 1.25. For other values of E, there-
fore, the approximate values were calculated and
corrected by multiplication with 1.23.

The results of the calculations are shown in
Tables I and II which give f(E), k(E), and g(K),
and the total number of electrons above energy
E, i.e., the integral

FE)= [ e
E
also the total number of photons
G(K) = f g(K")dK'.
K

The function f(E) can be approximated for low

energies by
f(E)=2.641og(1/E)—2.4, (18)

showing, as is to be expected, a logarithmic in-

TABLE II. Electrons produced with low energy by
pair production and Compton effect (air).*

E hpair kCompton h¢otal
0.05 13.9 26.5 40.4
0.10 9.4 8.3 17.7
0.15 6.7 4.1 10.
0.20 49 2.3 7.2
0.30 3.1 1.00 4.1
0.40 2.2 0.58 2.8
0.50 1.65 0.35 2.00
0.75 1.00 0.11 1.11
1.00 0.70 0.06 0.76

* h(E)dE =number of electrons produced in energy interval dE.
Same units and normalization as in Table 1.
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crease for very low energy values.f The relation
(18) permits an approximate evaluation of the
integrated number of electrons to E=0. We find
the contribution

0.05

f F(E)dE=0.405.

The total track length of all electrons in air as
evaluated by us is thus 2.26. The normalized
value for a primary E, is thus 0.437X2.26E,
=0.989E,. The factor is so near to the required
value unity (comp. Eq. (1)) that we can be sure
that no physically important effect has been
omitted, and it furnishes thus a good check on
our calculations.

Since for air a new cycle was started at E=1,
it was comparatively easy to evaluate the track-
length distribution produced by single primary
electrons with this energy. The results are also
given in Table I. In order to normalize these
functions, we observe that the track length for
a single electron near its initial energy should be
1/(dE/dt)=1/B or 0.5 in our case. The figures of
the table should, therefore, be multiplied by
0.5/0.42=1.2 in order to correspond to one
primary electron.

b. Lead

For lead the critical energy is only 6.7 Mev.
The asymptotic formulae (4), (5), are applicable
to energies for which the asymptotic forms of the
cross sections are valid, i.e., to about E=10 or
~67 Mev. The iteration process was therefore
started from this energy on. It was possible to
carry it down to E=0.5 or 3.4 Mev, which is
nearly the same in absolute value as our lower
limit for air (E=0.05 or 4.3 Mev). No new com-
plications arise. It may be stated only that
knock-on electrons and post-Compton photons
were entirely negligible since the energy as meas-
ured in radiation units remains high for the whole
range. The results are collected in Table III.

4. DISCUSSION

In comparing air and lead we see that the
electron distributions are essentially the same if
t The photon distribution behaves like (1/K), due to
this factor in the radiation cross section, and since the prob-

ability to produce a photon with K <E is approximately
independent of E.
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TaBLE III. Track-length distribution of electrons
and photons in lead.*

Ep>>10

Eor K f(E) F(E) 2(K) G(K)
0.5 0.90 1.02 6.4 2.8
1.0 0.43 0.71 2.0 1.8
1.5 0.26 0.54 0.89 1.16
2.0 0.17 0.43 0.49 0.83
3.0 0.089 0.30 0.21 0.51
4.0 0.054 0.23 0.11 0.37
5.0 0.036 0.18 0.072 0.28
6.0 0.025 0.152 0.048 0.22
7.0 0.018 0.130 0.032 0.18
8.0 0.014 0.114 0.022 0.15
9.0 0.011 0.102 0.016 0.13

10.0 0.0086 0.092 0.012 0.12

* Unit of E or K =6.7 Mev. Normalization and meaning of symbols
same as in Table I.
expressed in their respective radiation units. The
photon distributions are, however, quite differ-
ent, the number of photons at half the critical
energy in lead being 2.3 times the corresponding
number for air. The reason for this difference lies
in the smaller absorption coefficient for photons
in lead for the same reduced units which increases
their free path and therefore their track length.
This effect does not react strongly on the electron
distribution since finally all photons are recon-
verted into electrons.

One of the results of our calculation is the
ratio of the number of quanta to the number of
electrons in a shower as a function of energy and
also, of course, the evaluation of the total number
of photons. While at high energies the ratio of
photons to electrons is 9/7, the photons are pre-
ponderant at low energies. If we consider all
energies down to our lower limit of ~4 Mev, we
find that for both air and lead there are about 3
times as many photons as electrons.

The calculations for both air and lead have
about the same lower energy limit of ~4 Mev
in absolute units. Since the total track length is
given by Eq. (1) for all materials, it is possible
to determine the fraction of the shower of energy
less than 4 Mev. It is about § for air and % for
lead. The fraction of the total shower above the
critical energy is 27 percent for both air and lead.
A further comparison can be made with the
calculations of Rossi and Klapman.* They find
for the fraction of the track length above 10 Mev
in air a value 3.06/4.3=0.71. This is in complete
agreement with the value from our calculations
(1.64/2.26).
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It is interesting to compare our results with
the analytical formula of Tamm and Belenky.?

This formula, normalized as ours to 1/E? at
high energies, can be written as follows:

$Eyen. =23 (1+e)ef[—Ei(—e> 1

+

1+e
e—(ep—e)]_ (14ee[—Ei(—ep) ] l . (19)

€p

The symbols have the following meaning:
e=23E; ¢,=2.3E,, where E, is the primary
energy of the shower-producing electron in radia-
tion units. E7 is the exponential integral accord-
ing to the definition in Jahnke-Emde.¢ The values
of the above function for E,= « (i.e., infinitely
high primary energy) are also given in Table I.
It is surprising how close the agreement between
our values and the Tamm-Belenky function is,
in spite of the neglections made in the derivation
of the latter. The explanation of this behavior
lies probably in the fact that the Tamm-Belenky
function is so constructed that it has the correct
asymptotic behavior as 1/E? at high energies and
that it satisfies the energy principle (Eq. (1)).
These requirements already determine to a con-
siderable extent the character of the function.
However, an attempt to calculate a photon dis-
tribution by the Tamm-Belenky method would
probably give rather inaccurate results. Equation
(19) includes the dependence of the track-length
distribution on the primary energy of the shower-
producing electron. According to the preceding
remarks it will be safe to use this formula if not
too high an accuracy is required.

APPENDIX

Units and Cross Sections

For a complete discussion of cross sections,
compare W. Heitler” and B. Rossi and K.
Greisen.!

For the unit of length we take the radiation
length ¢,

1
—_—=— ) NZZ 1g18324,
to 137\ mc?

S E. Jahnke and F. Emde, Tables of Functions (Dover
Publications, New York, 1943).

"W. Heitler, Theory of Radiation (Oxford University
Press, London, 1945), 2nd ed.

(A1)
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where N is the number of atoms per cc and
Z=Z+1. 7 is introduced in order to include
approximately the effects of the atomic electrons.
The value of ¢y is 3.03X10* cm for air and 0.519
cm for lead.

In order to find the unit of energy 8; we equate
the total energy loss by radiation

(%)

NZZ

mct
2
X (4 lngSZ‘*—i—;), (A2)

to the energy loss by collision

2N7l'84Zr ElEo
(%) | @
coll mc? 2m6212Z

where I=13.5 ev according to Bloch, and E;,
the maximum energy of secondary electrons, is
taken as 10 mc?. Secondary electrons of higher
energy are introduced separately as knock-on
electrons. The values for E, are 86 Mev for air
and 6.7 Mev for lead. With these units, we obtain
the following probabilities:

Pair Production

At high energies (complete screening)

dE 4K 4K
o(K, E)dE——~2[1————+——] (A4)
K 3E 3 E
The factor 2 is introduced to include both

electron and positron. At low energies, the
approximation

dE
(K, E)dE=—K—><2¢rp,ﬁr (for E<E,), (A5)

is made, where op.i: is the total cross section for
pair production as evaluated by Heitler.” E, has
been taken as 1.15 for air and 10 for lead.

Radiation by Electrons

At high energies the cross section is

dKf4 4K K?
o(E, K)dK =—[——— —+—
K L3

] (A6)
3E E?
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At lower energies the simple interpolation
formula

d
o(E, K)dK =—
K

3 3E EE,

Kr4 4K K2
[ ] A7)

gives an extremely satisfactory approximation as
can be verified by comparison with the graphs
given by Rossi and Greisen.!

Compton Effect

The probability for a Compton transition per
unit radiation length is for K”>>mc?

K"

o(K, K’)dK’=-———(1+—— , (A8)

with B=137rmc?/4Z 1g183Z~t=0.017 for air and
0.0265 for lead. The integrated Compton prob-
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ability is

o(K) = —(1g—+ (A9)

mc?

The average energy E of an electron produced in
a Compton collision with a quantum KX is

_ 47 2K 1\
E=K[1—-—(lg—+— ]
me® 2

(A10)
3\

The absorption coefficient for photons is obtained
from the combination of Compton and pair pro-
duction cross sections.

Knock-on Probability

2BdE 2E'
o, 20 221 22
E" E

(A11)

where B is the same as for the Compton effect.
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Microwave Spectra of Some Linear XYZ Molecules

C. H. Townes,* A. N. HoLpgEN, AND F. R. MERRITT
Bell Telephone Laboratories, Murray Hill, New Jersey

(Received June 29, 1948)

Measurements of the pure rotational spectra of a number of isotopes and vibrational states
of OCS, CICN, BrCN, and ICN near one centimeter wave-length have been made. Experi-
mental techniques used and interpretation of the spectra of linear X YZ molecules are discussed.
Tables include frequencies and intensities of lines and comparison with theoretical values,
rotational constants By, rotation-vibration constants «, I-type doubling constants, internuclear
distances, half-width parameters of lines, quadrupole coupling constants, and nuclear quadru-
pole moments. Agreement between experimental results and available theory is good in all

cases except for the values of I-type doubling constants.

INCE much of the pure rotational spectra of
molecules lies in the microwave region, and
since microwave techniques have been developed
to give both high resolution and accurate fre-
quency measurements, microwave spectroscopy
may be expected to make a considerable contri-
bution to the study of molecular rotational
spectra.
Among the simplest of the molecules which
can be studied with microwave techniques are

* Now at Columbia University, New York, New York.

those of the linear XYZ type, when their end-
to-end dissymmetry is sufficient to give them an
appreciable dipole moment. Their spectra are
relatively simple and intense, so that they pro-
vide a good test of theory and techniques, and a
good introduction into more complex types of
molecules. Only brief statements of some of the
more important observations on this type of
spectra have so far been published. Even though
microwave study of these simple linear molecules
may be regarded as just well begun, it seems



