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Internal Compton Effect (*).

E. FuscHINI, C. MalONI and P. VERONESI
Istituto di Fisica dell’ Universita - Bologna

(ricevuto il 3 Agosto 1962)

Summary. — In this paper an experimental check on the internal
Cozapton etfect (I.C.E.) is presented. The experiment, performed using
a '37Ba source, consists of the measurement of the differential cross-
section of the effect at 30°, 45°, 60°, 90°, 120°, 150° and 180° angles.
The results are in satisfactory agreement with the theoretical calculation
of S8pruch and Goertzel. ’

" 1. — Introduction.

The internal Compton effect is a nuclear transition through which the
excited nucleus decays emitting a --ray and an orbital electron simultaneously
{more frequently a K-electron). The transition probability for I.C.E. was
~investigated by several authors. An earlier theory, due to CooPEr and Mor-
RISON (1), is valid for high-energy electric-dipole transition, but does not take
into account the gamma-electron angular correlation. If one considers the
process as an internal bremsstrahlung of the conversion electron, one can
apply the theory formulated by (HANG and FALKOFF (!) for the internal
bremsstrahlung in the 3-decay. The theory of Chang and Falkoif was applied
to the experiment of BRowXN and StruPp (*) who firstly showed the presence
of a continuous y-spectrum in connection with internal conversion in the decay
of 137(Cs.

8 work was supported by Euratom-C.N.E.N. contract.
P. Coorer and P. Morrisox: Phys. Rev., 57, 862 (1840).

8. W. CuanG and D. L. FALKOFF: Plys. Rev., 78, 365 (1949).
. B. Browx and R. StuMp: Phys. Rev., 80, 1061 (1953).
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Luter, u theory of the LC.E. has been worked oat by SPRUCH and GOERT-
ZEL (%). The w-electron angular correiation is calculated in the Born approx-
imarivn and for magnetic transition.

The L.C.H. for electric and maguetic trausition was considered by Jaxos-
SON (). This theory is vulid for nonrelativistic energies and does not take the
r-electron angular correlation into account. Finaslly MELIKLaN (%) has extended
the Sprach and Goertzel theory to electric transitions.

Experimentally the vy-electron auguiar correlation is studied in the work
of BrowxN and Srump. The experifnental results show an isotropic behaviour
and dues not agree with the theorevical prevision. Another experiment has
been made by LINDQVIST, PETTERSSON and SIEaBAIN (7); the vy-electron an-
gular ‘correlation is found to be consistent with the theory of Spruch and
Goertzel.

2. — Theory.

In the theory of Spruch and Goertzel for magnetic transition, the relutive
differentinl probability of the I.C.E. is calculuted. .

The relative ditferential probability 2B, (L, g, 8)/642, ¢y s the ratio of the
probability of the effect (for K-electroun, magnetic mualtipoie of order L, per
uuit photon energy interval and per upit solid angle of v-ray) to the probu-
bility of a conversion transition of the nucleus.

The theory of Sprach and Goertzel gives:

(1) E:B:’E(L’_‘O’ (1) . L-m_ . E.(’J‘.‘L.H.F )
£L2. oy FEWETHW - 2t g ‘

where

H= (E") [ WP(L—p*) — ¢E'] —
~— (mE" [qPHL — ul)ng + P — Pyu)—] + —g;; R — Pigs(1 — u2)Q=*,
et
F o= (7 — W= 2mWaZ)#]-L,
W= energy of the transition,

EF =W m—y¢=energy of the electrou,

y L. Nervc amd G. Goerrzer: Phys. Rev., 94, 1671 (1954).
%) A, JakopsoN: Soviet Physics J.E.T.P., 2, 751 {1956).

) E. . MsLikiax: Soviet Physios J.E.T.P., 4, 930 (1957).

(") T. Lixpovist, P. PerrerssoN and K. StrGHA®N: Nucl, Phys., 5, 47 (1958).
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= momentum of the electron,

= energy and momentum of the y-ray (¢=1),

= cosf,

'= E—P,,
« == fine structure constant,
7 == nuclear charge,
Q@ =P-+yq,

.
e = o,

P
q
6 = angle between electron and photon direction,
“
E

L = order of multipole of the nuclear transition,

m o= 1.

In the theory of Chang and Falkoff for the internal bremsstrahlung the
probability that a B-particle emitted with energy W, and momentum P, will
radiate a quantum of energy g, per unit photon energy interval and per unit

solid angle of B-ray, is given by:

&B(W.,q,0)  aP
@ Tagn,

owerwr 1]
T 47°P.q|W (W —Pcos) (W—pcosl): |’

where P and W are, respectively, the momentum and the energy of the electron

after the phofton emission.

The formulas (1) and (2) have been
numerically calculated for the mag-
netic trangition of 13"Ba resulting
from tlie B-decay of *7Cs, whose well

known decay scheme i3 shown in
Fig. 1. In Fig. 2 the behaviour of (1)

and (2), for different y-energy values,
is reported.

The curves of Fig. 2 show that the
angular correlation is considerably peak-
ed for small angles.

The experiment of Brown and
Stump shows isotropy in the 90°+-160°
angular interval; the experiment of
LixnQvIsT, PETTERSSON and SIEGBAHN

was performed at angles larger than 90°.
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Fig. 1. — Decay scheme of ¥7Cx,
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the photon energy plus the electron energy should be equal to the transition
energy minus the binding energy of the electron in the K-shell.)

Other processes, as pointed out by LINDQVIST, PETTERSSON and SIEGBAEN,
can take place in a B-y coincidence measurement:

1) External Compton effect produced by the 666 keV vy-rays of the source
2)' Conversion electron-X-ray coincidence.

3) Internal and external bremsstrahlung of the electron by the 3-decay
of 197Cs.

4) I.C.E. on L-shell.

5) [-v coincidences from 3*Cs always present in the source as a sall
contamination of the order of (3 +-4)Y%,.

6) External bremsstrahluny of the conversion electron.

In principle some of the spurious events can be excluded, by a convenient
choice of energy-channels.

For this, good energy resolution is required, mainly with respect to electrons. .
In the experiment of LINDQVIRT et «l. this condition was satisfied using a mag-
netic spectrometer. In our experiment we have followed a slightly different
method, based on the detection of the X-ray following the K-electron emis-
sion. By a B-v-X coincidence we can exclude events involving only two par-
ticles in the final state, like 1), 2), 3). Event 4) is excluded by selecting X-ray
with @ single-channel analyser. The presence of the event 3) has been eva-
luated and measured directiy. The contribution to the counting rate was
found to be significant only at large angles. This contribution was taken into
account for the correction of the experimental data. The event 6) arises from
the source thickness and from the air between source and (-counter.

The first contribution is negligible because of the small thickness of the
source (~ 50 pg/cm?), but rough evaluations show that the contribution of air
is of the same order of magnitude as the effect under consideration. The
counting rate due to the air could be eliminated working in vacuum, but the
vacuum apparatus introduces some difficulties in the gecmetry.

By inserting a 3 mm thick .Pb layer between y ang 8 counters, the air
contribution is made negligible. The experimental set-up is shown in Fig. 3:
8 is a 20 pCurie ¥7Cs source, deposited on @ thin carbon-coated mylar film,
to insure electrical conductivity.

The electron detector, Cy, is a 1 in. diameter X 2 mm thick antracene crystal,
optically coupled to a 12 em leng lucite light pipe. -

The y detector, €., is a Nal(Tl) crystal 1 in. } in diameter and } in. thick.
Oy, the X-ray counter, i3 a 1in. diameter x3 mm thick crystal of NalI{Tl)
with Be windew. The photomultipliers are 6810 A.
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relations. We detected the X-B-v coincidences with a v-ray energy range
between 50 and 150 keV. In this case DB works as an integral diseriminator
with a biag at about 445 keV.
"Phe measurements were taken at 307, 45°, 60°, 90°, 120°, 150°, 180° angles.
The experimental results are reported in Fig. 5. The dotted and dashed
lines represeat the hehavieours of ’

0,3 e

{where 0.1--0.3 mc? is the vy-énergy range accepited by our apparatus) accord-
ing to the theories of Spruch and Goertzel and Chang and Falkotf, respectively.
Thie solid line shows the attenuation eifect due to the geometrical arrange-
ment.

The experimental and theoretical data are compared and underlined in
the Appendix.

The results are in satisfactory agreement with the Spruch and Goertzel
- formuia.

We are thankial to Mr. V. LepProONI for the caleulations at 6530 IBM cont-
puter and to Mr. G. Busacour and C. QUARANTINI for their assistance with
the electronic eguipment.

APPENDIX

It we take /70, ¢g ax the absolute differentiul probability of I.C.E
we have for (p, the meusured covincidence rate,

0.2 mu
0, Oy 22
N L ~ x o1y
(A1) Cp=1 7 =L, T Extutvbs ’ 207 de,
*TT JT clZ, oq
o Y
0.1 me*

where:

I is the source intensity;

g, 2y, Ox, &3, &, and ex ave solid angles and efficiencies of the detectors
and g is the efficiency of the coincidence circuit.

By assuming (IC) as the probability of the internal conversion we receive
for {4, the B-X coineidence rate measured with the ~-detector off,

(#)
A O} HN; wer N i ‘/ 7
(A.2) e = T(IC )47, Tog CXEBEes
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where, now, ¢ is the efficiency for the detection of conversion electrons and &,
is the efficiency of the coincidence cirecuit without v imput.
The ratio between (A.1) and (A.2) gives:

9.8 me?
Cr €n &, LY R .
o = o eyl (—,,——Wﬁ IC) dg.
Cic &5 &, Jo\an, eql
< 0.1 me?
Bearing in mind that
a2 2
¢ AE _ ,/ 1 ?“B‘
082, 0q/ 20, ¢q’
and assuming
£a Eq
—? = TR Ey T 1, .
£ -z
£r o
we obtain
0.3 me*
{ 2B, q 1 C;
cey a dg =5 2
: '\~:)-f ,‘q =y Crc

RIABRSUNTO

R rifevisce su un esperimente eseguito per mettere jn evidenza leffetto Compton
interno. L esperimento consiste nella misura della sezione d'urte differenziale dell’effetts
agli angoli di 30°, 45°, 807, 07, 120°, 150° e 188°. La misura & stata condotta usando
come sorgente un preparato di 1%7Ba. 1 risultati seno in soddisfzcente accordo con le

previsioni teoriche di Spruch e Geertzel,


















