
PH YSI CAL REVIEW VOLUME 101, NUM BER 2 JANUARY 15, 19S6

Directional Correlation of Gamma Rays from Sn"'
R. P. SCHARKNBKRG, * M. G. STEWART)t AND M. L. WIKDENBKCK

Harriso Randat/ Iaboratory, University of Michigan, Ann Arbor, Michigan

(Received October 6, 1955)

The directional correlations of successive gamma rays from Sn"' have been measured. Sn"' decays via
1.09-Mev—1.27-Mev, 1.49-Mev —1.27-Mev, O.SO-Mev —1.27-Mev and 0.40-Mev —2.09-Mev gamma cas-
cades following beta decay from 54-minute In"' . The measured directional correlation functions are in
agreement with those expected for 4(Q)2(Q)0, 4(Q)2(Q)0, 2(10% D, 90% Q, 0' phase)2(Q)0 and 2(4% D,
96% Q, 0' phase) 2(Q)0 spin sequences, respectively.

INTRODUCTION

~ ~HE complex decay of 54-minute In" has been
studied by many authors. Slatis et al. ' con6rmed

the existence of the 0.137-Mev, 0.406-Mev, 1.09-Mev,
1.27-Mev, 1.49-Mev, and 2.09-Mev gamma rays by
studying the internal conversion electron and photo-
electron spectra. A consistent decay scheme was pro-
posed and is shown in Fig. 1.

The scintillation spectrum of In"~ is shown in Fig.
2. The above named gamma rays are in evidence. The
photopeak at 0.80 Mev corresponds to the transition
between the 2.09-Mev and 1.27-Mev levels. The
scintillation sum spectrum' shown in Fig. 3 supports
the decay scheme of Slatis et al. , including the 0.80-Mev
gamma ray. The measurement of the directional cor-
relation of the various gamma cascades would give
information about the spins of these excited states and
the multipolarity of the associated gamma radiation.

PROCEDURE

The apparatus used has been described in a previous
article. ' For these measurements the counters were
shielded by ~~ inch of aluminum. The discrimination
level of each counter was set to select the cascade of
interest. The sources were prepared by irradiating a
0.25-gram bead of natural indium metal (embedded in
a paraffin block) with the stray neutron flux from the
University of Michigan cyclotron. The data was col-
lected in the double-quadrant sequence 90'—120 —150'—
180'—180'—210'—240'—270', running 100 seconds at a
position. The coincidence rate was normalized using
both single counting rates. The method of data col-
lection reduced source lifetime effects to less than 1%
of the coincidence counting rate. The resolving time
of the coincidence circuit (2r =2X 10 ' sec) was
measured at intervals and used to correct for accidental
coincidences. The eGect of hnite angular resolution was
computed by the Rose' method. (Js/Js)'=0. 85,
(Jy'Js)'=0. 60. A least squares fit of the data was made
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FIG. 2. Scintilla-
tion spectrum of the
gamma rays from
Sn116

O

? o cu0

O

O

FIG. 1. Decay scheme of In"' including the
0.80-Mev gamma ray.
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Fro. 3. Scintillation sum spectrum~ of the
gamma rays from Sn"'.
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FIG. 5. 1.09-Mev —1.27-Mev correlation.

to the function

F(0) A 0 +A p P9(c st) +A 4'P (4cos )0,

where P&(cos8) is the Legendre polynomial of order
A. The Rose correction was applied to the normalized
expansion coefficients A~ and A4.

RESULTS

To obtain a clean selection of the 1.49-Mev —1.27-
Mev cascade, the discrimination level of the first
counter was set integrally at 0.90 Mev and the dis-
crimination level of the second counter was set integrally
at 1.3 Mev. The experimental points are shown in Fig.
4. A least squares fit of the data to the function F(0),
corrected for solid angle, gives, A ~ =0.120~0.045,
A4=0.033~0.018. Table I lists several possible "pure"

correlation functions. We conclude that the measured
correlation is in agreement with that expected for a
4(Q)2(Q)0 spin sequence.

To obtain a preferential selection of the 1.09-Mev—
1.27-Mev cascade the discrimination level of each
counter was set integrally at 0.90 Mev. The 1.49-Mev—
1.27-Mev cascade will now contribute only about one
tenth of the coincidence rate. The experimental points
are shown in Fig. 5. The error Gags represent root mean
square statistical errors. A least squares fit of the data
to the function F(e), corrected for solid angle, gives
A ~ ——0.099+0.015 A4 ——0.000~0.018. This composite
correlation is in good agreement with that expected
for a 4(Q)2(Q)0 spin sequence.
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FIG. 4. 1.49-Mev—1.27-
Mev correlation.
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TABLE I. "Pure" correlation functions.

Correlation
function

l,24-

l.20-
Q —Q basic
D—Q basic
0—Q basic
2(D)2(Q)0
2(Q)2(Q)o

0.1020—0.0714
0.1786
0.2500—0.0766

0.0091

—0.0043

0.3264

1.16

1,1 2

To cleanly select the 0.40-Mev —2.09-Mev cascade
the discrimination level of the first counter was set
integrally at 1.90-Mev and the diGerential discrimi-
nator of the second counter was set to straddle the
0.40-Mev photopeak. The experimental points are
shown in Fig. 6 The error flags represent root mean
square statistical errors. A least squares fit of the data
to the function F(8), corrected for solid angle, gives
A2 ——0.038+0.039 24=0.234&0.067. The expansion
coefficients can be simultaneously fit by a 2 (D,Q) 2 (Q)0
mixed correlation function as shown in Fig. 7. The error
lines show the range of 8, the mixing parameter, re-
quired to 6t each expansion coefficient. 6=5 lies within
both these regions. This means the 0.40-Mev gamma
ray is a mixture of 96% quadrupole and 4% dipole
radiation. The ratio of the matrix elements 6 and its
phase (&) are defined according to Biedenharn and
Rose. '

The three directional correlation measurements are
su%.cient to assign spins to the five excited states of
Sn"' Measurement of the 0.80-Mev—1.27-Mev cascade
would give information about the 0.80-Mev gamma
ray. Only a partial selection of this cascade is possible.
The discrimination level of the first counter was set
at 1.1 Mev. The differential discrimination of the
second counter was set to straddle the 0.80-Mev photo-
peak. The experimental points are shown in Fig. 8.
The error flags represent root mean square statistical

A2, + 8'

.as&

FrG. 8. 0.80-Mev—1.27-
Mev correlation. 1.08-
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errors. A least squares 6t of the data to the function
F(e), corrected for solid angle, gives A2=0.120+0.060,
34=0.139~0.070. To roughly estimate the multi-
polarity of the 0.80-Mev gamma ray we assume the
measured correlation is a composite oi 2(D,Q)2(Q)0
and 4(Q)2(Q)0 correlation functions. The measured
expansion coeScients determine the mixing parameter
8 and y the fraction of the 4(Q)2(Q)0 correlation iunc-
tion present in the composite correlation. The range of
8 is shown in Fig. 9. The most probable value is 8=3.5,
which corresponds to a y=0.5, a value which agrees
with estimates based on the scintillation spectrum.
This means the 0.80-Mev gamma ray is 90%quadrupole
and 10% dipole in phase radiation.
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SUMMARY

We have assumed, of course, that the ground state
of Sn"~ (50 protons, 66 neutrons) is a 0+ level. On the
basis of the above directional correlation measurements
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Fzo. /. Graph of the expansion coefficients of a 2(D,Q)2(Q)0
correlation function as a function of the mixing parameter 0. The
errors lines indicate the range of 5 for the 0.40-Mev —2.09-Mev
correlation.

'L. C. Biedenharn and M. E. Rose, Revs. Modern Phys. 25,
729 (1953).
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FIG. 9. Graph of the expansion coefficients of a 2(D,Q)2(Q)0
correlation function as a function of the mixing parameter 0. The
error lines indicate the range of 8 for the 0.80-Mev —1.27-Mev
correlation.
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we make the following spin assignments: 1.2/-Mev level
spin 2, 2.09-Mev level. spin 2, 2.36-Mev level spin 4,
2.49-Mev level spin 2, and 2.75-Mev level spin 4. We
further classify the 1.09-Mev, 1.27-Mev, 1.49-Mev,

2.09-Mev gamma rays as quadrupole, the 0.40-Mev
transition as a 96% quadrupole, 4% dipole 0' phase,
and the 0.80-Mev gamma ray as a 90% quadrupole,
10% dipole 0' phase radiation.
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Nuclear Elastic Scattering of Photons*
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(Received September 16, 1955)

A NaI(T1) scintillation spectrometer biased to detect only photons in the upper energy tip of a betatron-
produced bremsstrahlung spectrum is used to measure the difterential nuclear elastic scattering cross
section at 120 degrees as a function of photon energy from 4 to 40 Mev. The targets ranged in Z from Na
to U. Total cross sections are calculated by assuming a dipole angular distribution. The scattering cross
sections tend to exhibit two maxima, one below the particle threshold that corresponds to the scattering by
separate levels, and one that follows the giant resonance for photon absorption. Both the maximum cross
section and the energy of the giant resonance vary smoothly with A from Na to U and are roughly propor-
tional to (ilrZ/A)s and A 't', respectively. The dipole dispersion relation is used to compare the scattering
data with the neutron yield data in the giant resonance region.

I. INTRODUCTION

'HE absorption of gamma rays by nuclei has been
the subject of numerous investigations. The most

recent compilations of experimental data are those given

by the Saskatchewan' and Pennsylvania' groups. Most
of this work has involved the measurement of neutron
emission cross sections which, when integrated over the
"giant resonance, " have been compared to the pre-
dictions of the dipole sum rule. The elastic scattering
process associated with the nuclear absorption of
photons presents an alternative way of studying the
basic interaction. This paper is an account of an experi-'

mental study of the elastic scattering cross section as a
function of both energy and atomic number. 3 The
results are compared with the neutron yield cross
sections.

The scattering of photons in the region of the "giant
resonance" was probably first observed by Gaerttner
and Yeater4 and Dressel, Goldhaber, and Hanson. ' In
a more re6ned experiment' Stearns studied the scat-
tering of the Li(p, y) photons by various nuclei using a

*This research was supported by the U. S. Air Force, through
the OfBce of Scienti6c Research of the Air Research and Develop-
ment Command.' Montalbetti, Katz, and Goldemberg, Phys. Rev. 91, 659
(1953); Summers-Gill, Haslam, and Katz, Can. J. Phys. 31, 70
(1953);J. Goldemberg and L. Katz, Can. J. Phys. 32, 49 (1954).

s R. Nathans and J. Halpern, Phys. Rev. 93, 437 (1954);
R. Nathans and P. F. Yergin, Phys. Rev. 98, 1296 (1955).

3E. G. Fuller and E. Hayward, Phys. Rev. 94, 732 (1954);
95, 1106 (1954); Proceedings of the lP54 Glasgow Conference
(Pergamon Press, New York, 1955), pp. 155-161.The cross sec-
tions given in the present paper differ from those previously
published because of an improved estimate of the solid angle.

4 E. R. Gaerttner and G. L. Yeater, Phys. Rev. 76, 363 (1949).' Dressel, Goldhaber, and Hanson, Phys. Rev. 77, 754 (1950).' M. S. Stearns, Phys. Rev. 87, 706 (1952).

NaI(T1) scintillation counter which detected only the
elastically scattered photons. The results indicated that
the cross section for the elastic scattering of 17-Mev
photons by heavy nuclei is of the order of a few milli-
barns.

II. EXPERIMENTAL METHOD

The present experiment is an extension of the Stearns
experiment. The discrimination level of a large NaI(Tl)
scintillation spectrometer is set to detect only the
photons in the upper energy tip of the betatron brems-
strahlung spectrum. The spectrometer is first calibrated
at a given energy by observing the number of counts,
C1, produced when the spectrometer is placed in the
direct beam from the betatron (see Fig. 1). Simul-
taneously a charge, Qr, is collected from a transmission
ionization chamber in the direct beam. With the
detector rotated to the 120' position the number of
counts, C2, produced by scattered photons is recorded
while a charge, Qs, is collected from the ionization
chamber. On the assumption that the shape of the
bremsstrahlung spectrum is the same for both the high
and low intensity beams, the elastic scattering cross
section is then given by:

(& )A +(C2/Q2) (Ql/cr)

where E includes geometrical factors as well as a cor-
rection for the absorption of photons in the target. The
scattering cross section was determined as a function of
energy from 4 to 40 Mev by changing both the peak
energy of the betatron and the gain of the amplifier so
as to keep the end of the bremsstrahlung spectrum at
the same discrimination level. The measured cross


