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(VI 3a) and (VI 3b) of reference 12, in which cott and
have been replaced by limiting strong-coupling

values.
One may check the rotational interpretation of the

low states of Xe"' qualitatively in several ways: (1) the
level order is consistent with the predicted order
0+, 2+, 4+, 6+. (2) One can calculate the nuclear
deformation from the energy of the first excited state
using the relation"

P'= 171/A'"Es(Mev). (3)

The result is P=0.310, which fits very well into the
systematic trend of the other Xe isotopes, "suggesting
a regularly decreasing nuclear deformation as the
closed neutron shell at X=82 is approached. (3) The
ratios of the energies of the excited states, Ee/Es and
Es/E dseviate from the limiting strong coupling ratios
in the expected direction, but the deviation is too large
to receive quantitative explanation in terms of the

"K.W. Ford, Phys. Rev. 90, 29 (1953).

TABLE VI. Energy ratios for excited states in Xe" .

Experiment

2.25
3.66

Without
b.pz

3.33
7.00

Theory
With
b,Bz

1.94

first order correction given by Eq. (2). The comparison
of theoretical and experimental ratios is shown in
Table VI. It seems reasonable to interpret the Xe"'
levels as collective rotations, but the nuclear deforma-
tion is not great enough to lend quantitative validity
to the strong coupling approximation which works so
well in the rare earth region and the region near uranium.

The authors are indebted to Dr. M. B. Sampson
and the cyclotron group for making the bombardments,
and to Mr. Arthur Lessor for making the chemical
separations. They are also indebted to Dr. Kenneth
W. Ford for many helpful discussions. The separated
Te"' was obtained from the Oak Ridge National
Laboratory.

PH YSI CAL REVIEW VOLUM E 94, NUM 8 ER 2 A P R I L 15, 1954

Angular Correlations in the Be'(d, pT)Be" and Be'(d, aT)Li' Reactions*

L. CoHEN, t S. S. HANNA, aNn C. M. CLAssf
Department of Physics, The Johns Hopkins University, Baltimore, Maryland

(Received October 29, 1953)

The (d,py) correlation at Re=0.84 Mev was measured under the following conditions: (1) proton
direction fixed at 0' to the deuteron beam, gamma direction varying, (2) proton direction fixed at 90' to
the beam, gamma direction varying in-the deuteron-proton plane, and (3) proton direction fixed at 90',
gamma direction varying in the 90' plane, perpendicular to the beam. The three correlations were different,
and showed varying amounts of anisotropy. The appearance of terms in cos'8 in these correlations indicates
that the spin of the 6rst excited state of Se' is &2. Coupled with other information on this state, this
result gives a spin assignment of 2. A qualitative discussion of the correlations is given, and the effect of
the deuteron stripping process is considered. The (d,ny) correlation was also measured with the alpha
direction fixed at 90' to the beam and the gamma direction varying in the deuteron-alpha plane. Failure
to detect a departure from isotropy again confirms the assignment of ~ to the spin of the first excited
state of Li~.

I. INTRODUCTION

HK electromagnetic radiation from the erst
excited state of Be" has been studied in coin-

cidence with short-range protons in the reaction,
Bes(d,p)Be"*(y)Be' The coincidence yield in such a
reaction is, in general, a function of considerable
complexity, involving the directions of the deuteron,
proton, and gamma ray, as welI as the deuteron energy
and the properties of the various states and particles
taking part in the process. The correlation function will

*Assisted by a contract with the U. S. Atomic Energy Com-
mission.

$ Now at Knolls Atomic Power Laboratory, General Electric
Company, Schenectady, New York.

f Now at Rice Institute. Houston, Texas.

be designated by W(8v, 8~,&), where 8v and 8v are
measured with respect to the direction of the deuteron,
and g is the dihedral angle between the proton-deuteron
and gamma-deuteron planes, all in the center-of-mass
coordinate system.

The following correlation functions were measured:

(1) W(0,8~,$)='W(0,8~). H only waves of the same
parity are present in the gamma-ray transition, as will
be assumed henceforward, the correlation function has
reQection symmetry in the 0~=90' plane, and can be
written:

W(0,8,) P As cos'"8,= W(0,180—8~),



AND CLABANCOHEN

~ fuQctlpnthe cplrel«loechanism. ,e gre~ter than I pr m

w, (8)= ~
jn of e

here g is an ln eg
& I*and 2 7 ls t e

red wit h

i,2 I, is the SP

nucleus

ay measu

ma radlatipn.
s comPpund-n

.
gle « the ga

f the captured

of the ga
18p) U one assu

f t}e compou d
here 8, is the a g

ation direction o
annot be

( /

rticipatmg
mg the fo

respect to
b atory Tlie

l r momeii-

fprmation .
tant role» de

f the same
trpn in the

l the orbital a gu

nucleus p y
f ction' gf o y

the corre].a-
greater than

d eutron
I ha-gamma

of the cprr
nd nucleus ta P ' asbefore'.

turn of the c P
as made»sp;

n. Since no

elatio n un
4e art,

ca ture n '

pf the a p

he comppun .
ut g7=90

&
a

surement was
v* Li' reaction

parity in t
mmetric abou &

A measu
Bes(d rr)L &

18p) correlatio»

n will be sy™

la, tion in th '.
the W(90,8q,

de for

tio

corr
as detected»

ents were ma
anisotropy"'

f ther measuex ected& no uras P
directions.ther alpha

n functlo

180 ~

x
W(90 180- r2g =8'W(90 8 180)= Z

ion

IL APPARATUS

W(90,90,4) = ~

2

L L
L L 0

iI

o.~
I

p+
AL FO!L &H giLS

'ted by ' '

njuQ ction

~

a ain I]ml e

were used»
n pf

'de crystals w
f the detection

W(90 8 0) =W (9~8» '

Sod i™0
l tip}ier «bes

The crystal

W(90 8~,1%) '
~ith 581 p

ys and the pro
inch cube;

equivalent o
t antisym

b th the gamma ~

detector was a o
chamber

'
e the talget c

since W( '
states «opp . '

these te~~~
sed in the g

ted outside
h ~bomber.

there are s
esi natlng

us
s mpu. n

f t

hpwever,
t pduced De grms are Hl rp

the detector
d bout the a

detector
be rotate

f theP

talQS&

and coul e
th resppnse o

' d'de crystals

b pI oneo t

ucet e
~ mlp l

p =W 9p )8p p7p p
I prder tp re

s thin sodiu
punted

n pr
and gammas,

' r less was mo

=—w'(9o'(90,8 1g )

t n f Ilct o t
d A cryst l

indo opt ca y'
wr '

t h b o a
h rystal was

(90904) in g'"'(3) W
jven by

app2-ml nl
bers were use

lS g

cpvered y
~

target cham
cpn-

indrica ar
ne cham e

Two cy
he exPeriment.

ll; the other o
e course of .

lth a -in. w
ts were

vide an . .
ted o a .

Two se

prientation t e c
f luminum w

ts pf targe s

am does n P
rrelatlpn

—' ». wa ~

ilium

If t e e
course a

roto

d uteronbea
unique cor

brass with a
' t dof thinbery lu

th r pf thin
econ»s e

s the p

e reac lpt' n then o
'

tipQ of the phe dlrec
in em

~

m pr nic
Ployed: pn

'
gael backing

&

t ntalum

toft

er or a

indepen
means f the st lpp g

thin alum»u
thicker copP

bserva

on
psjts oQ

d in the 0

obta»e;
proceeds

ryll m
'

backing e
'

the fprward

0 the react o

I

tipns, » w
targets wer

gpv
direction.

1K d and analyz

Eo- p84 gK

2

am

po
mg/cm .

e ee
al zers, w

d t ctors were
hich we e

e-9
Pulses from

ulse-height " y '
Rpulston.

I

The output
d uniform plu

d the single-

ts of t e an
sestot eco

X

resente
'

re cord e
latprs whlc P

lers whlc
~

uit wa, s a
d to the sca

cidence circ
circuit an

tes. &he co»
th a resolv»g

annel cpun g
d revlous y& ' 'dence rate

tin ra
~,

l 2pf Pne use
tal coincl en

pdjLicatlpn p
v The acclden

f secpnd

4.RO

&(Ti) detec tor o~ W

'denCe Clr "'
f the C»

p ln C1

m pne p

. ht with a "'
er thickness. Slmla

75 PSeC rOm

te ulse he&g .
og absorber

ed by
e other.

Appro
d' as a func o"

5& delay
lses from. the

S 5~~ (y952) .

ticlesfro

83 586 ( '
underlayed p"

.
Phys Rev. 88,

4 @952).

phys. Rev
th' and the

and Cha~ie y
Rev SS

Arden, an
are discussed

4B'edenharn B y '
B Cheston, P yh'

Soc (Lond»)

'Bieden ' ' 'tati»s on

&952)
Gallaher and

. S iers, Proc. Phy '

Other P
f ence

Phys. Rev
d. tiy from an

G R Satchler a '

& i&95O)

Ciass and S
2 and (3) f

~

ohtained from
980 i1952).

Nuc&eonics»

' C. M.
nts under (

n )unction
~ to include «y Roulsto»

8 The stateme
eneral correla

it ble nmdi6cationfunctio g
~g the co Po"



ANGULAR CORRELATIONS

Se'+ d
PULSE HE IGH T SPECTRA IN Ngl

Eq ~ 0.84 MEV, Q a 90
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FxG. 2. Pulse height spectra for different absorbers. The two
lower curves were taken at increased gain but are plotted to
approximately the same energy scale as the two upper curves.
The high-energy end of the spectra in the lower curves is badly
distorted by over loading in the amplifier. Curves labelled coin-
cidences show the particles in coincidence with 3.4-Mev gamma
radiation.

The deuteron beam, obtained from an electrostatic
accelerator, had an energy of 0.84 Mev for practically
all the measurements.

proton group p' is superimposed on the two alpha
groups (not resolved). In the lower curves the alphas
are well below the short-range protons. In all the spectra
the very broad group of short-range tritons from the
beryllium reactionr also falls in the region of the p'
group.

As in the case of the charged particles, the gamma-ray
spectrum is very complex. In addition to the 3.36-Mev
gamma from Be'(d,p)Be"*, there are at least seven
gamma rays from Be'(d,e)B"*,a 0.87-Mev gamma from
0"(d,p)0"*,and a 3.1-Mev radiation from C"(d,p)C»e
The sodium iodide spectrum of these gamma rays has
been investigated in detail in this laboratory, and the
results will appear in a separate publication. Under low
resolution, one obtains the spectrum shown in Fig. 3.
The broad peak contains the multiple structure due to
pair production and Compton scattering in the crystal
of the following gamma rays: 3.6 and 2.9 Mev from
B"* 3.4 Mev from Be"* and 3.1 Mev from C"*

The p-y coincidences were obtained as follows. The
gamma-ray detector was calibrated with radiation of
known energy. With a wide, 7.5-volt channel, the
gamma-ray analyzer was set to record radiation of
about 3.4 Mev. The proton analyzer, also with a 7.5-
volt channel, was then set in the region of the short-
range proton group, and a coincidence spectrum was
obtained by varying the setting of the proton analyzer.
Typical coincidence curves obtained are shown in Fig.
2. %ith the proton channel on the peak of the coinci-
dence curve, a coincidence spectrum was then obtained
for the gamma rays. A typical curve is shown in Fig. 3.

Coincidence curves were obtained in this manner
before nearly every run. Despite the fact that all these

IIL THE Be'(d,p)Beta~(y)Beto REACTION

The observed charged-particle spectrum included
two groups of protons, two groups of alpha particles,
and two groups of tritons from Be'+d, proton groups
from C"+d and 0's+d, and elastic deuterons. In order
to avoid overloading the detector and the circuits, it was
necessary to eliminate the elastic deuterons by inserting
a suitable amount of absorbing foil between target
and crystal. Figure 1 gives the approximate pulse
heights of the various relevant groups as a function of
thickness of aluminum foil. The curves were calculated
using the pulse height data on NaI(Tl) of the Illinois
group. ' The target chamber was provided with a foil
wheel incorporating four foils, and the spectra obtained
are shown in Fig. 2. p, p', and rr indicate groups from
the beryllium reaction, and p, is the proton group from
carbon. In the two lower curves for the thicker foils,
a higher grain was used and the upper end of the
spectrum is badly distorted by overloading in the
ampliier. In the two upper curves the short-range

~Taylor, Jentschke, Remley, Kby, and Kruger, Phys. Rev.
84, 1034 (1951).

RR
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FIG. 3. Pulse height spectra for the gamma radiation from
Be'+d (labelled "reaction"), Na~ (0.5 Mev), and Po-Be (4.4
Mev). The coincidence curve shows the radiation in coincidence
with short-range protons.

r L Resnick and S. S. Hanna, Phys. Rev. 82, 463 (1951).
SRasmussen, Hornyak, and Lauritsen, Phys. Rev. 76, SST

(1949).
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compared to the rate obtained without the additional
foil.

The angular correlation measurements were obtained
by observing, at each angle of the gamma counter, the
coincidence yield, the single channel yieMs of both
detectors, and the integrated beam current. The time
of observation at each angle ranged from 10—30 min.
In nearly all the correlations runs the angu1ar settings
were repeated at least once, and sometimes as many
as eight times.

The 90' setting of the proton counter was made in
the laboratory system of coordinates. Hence, the 90'
correlations are actually for 0~=95'(c.m.). The effect
of this 5' shift on the correlations is considered below.
If the coincidence yield is normalized to the proton
yield, it is necessary to consider the following: (1)
variation in the distance of the gamma counter;
(2) absorption of the radiation in the target backing;
(3) center-of-mass correction on the gamma yield, and

(4) variation in the energy and hence the efficiency of
detection of the gamma ray. In most instances these
eGects were small compared to the experimental
uncertainty in the measurements. Suitable corrections
have been applied in those cases in which the effects
were appreciable.

Pro. 4. The W'(90,8&, 180) and W(90,8&,0) correlations. Measure-
ments vrere made from 0&=0 to 45' in the @=0plane and from
8&=0 to 150 in the p = 180plane. d tY& indicates the angular aperture
of the gamma counter.

measurements indicated that the proton-gamma coin-
cidences were well isolated, other sources of coincidene
radiations may be considered. They are listed in Tablt
I.With the channel of the gamma detector set to exclude
radiation below about 3 Mev, the alpha-gamma and
proton-gamma radiations from Be' and 0",respectively,
are eliminated. The absorbing foil completely stops the
protons from the C" reaction. There remains the
gamma-gamma and also perhaps neutron-gamma
coincidences from the Bes(d,ny)B" reaction. With a
wide channel set on 3.4 Mev, the gamma-ray detector
will also record some of the 2.9- and 3.6-Mev radiation
from the 3" nucleus. These gamma rays are both in

coincidence with a 1.3-Mev neutron; the 2.9-Mev
radiation is in coincidence also with a 0.7-Mev gamma
ray. The use of thin sodium iodide crystals and energy
discrimination makes the proton channel very insensi-

tive to these radiations. It is believed that the rise in

the coincidence spectrum at very low pulse height in

the lowest curve of Fig. 2 is due to coincidences between
2.9-Mev gamma rays in the gamma detector and
0.7-Mev gamma rays in the proton detector. As a
further test of the purity of the desired coincidences, at
the maxima of the coincidence spectra, an additional
foil was placed between the target and the proton
detector so as to completely stop the protons with very
little eQ'ect on the neutrons and gammas. The coinci-

dence rate obtained in this manner was negligible

TAmx I. Coincident radiations from deuteron bombardment of
Be' and target impurities. Particle energies are computed for
Eq= 0.84 Mev, 8=90' and an absorbing foil of 0.2-mil aluminum

Target

Be'
Be'
Be'
016
+12

Particle

p', 1.5 Mev
~', 3.6 Mev
Sp
p', &.5 Mev
p', 0 Mev

Gamma ray

3.4 Mev
0.5 Mev
2.9, 3.6 Mev
0.9 Mev
3.i Mev

(A) The W(90,1)»180) Correlation

The aluminum target chamber was mounted with its
axis vertical. The beam, the proton detector (at 90'),
and the rotating gamma detector were in a horizontal
plane. The target plane was vertical and at an angle
with respect to the beam which was varied between
30' and 60' in various parts of the experiment. The
aluminum foil thickness was either 0.20 or 0.28 mil
producing the charged particle spectra at the top of
Fig. 2.

Four measurements of the angular correlation were
made under somewhat different conditions. The resu}ts
are shown in Fig. 4. A pronounced variation of the
coincidence yield with angle is observed. The data from
the four runs were averaged together and plotted in
Fig. 5(A). The correlation appears to have the property
that

W(90,0„0)=W(90, 180 0„, 180).—

Accordingly, data in the 8=0'—+90', &=0' quadrant
have been plotted at the corresponding points in the
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with the beam and with the direction of the proton.
counter (at 90' to the beam). The gamma counter was
rotated in the vertical 0~=90' plane. The aluminum
foil was 0.65 mil, producing the spectrum in the lowest
curve of Fig. 2.

Two separate runs were made. Their average is shown
in Fig. 6. A very small correlation is observed, at most
10 percent. Because this correlation was performed
under different conditions, the W(90,8r, 180) correlation
was remeasured briefly. No great accuracy was achieved,
because of the dHBculty of making settings and measure-
ments on the gamma counter in the horizontal plane.
The results are given in Fig. 6. They are in substantial
agreement with the earlier measurements on the W(90,
8r, 180) correlation.

0.4—

0.0—

«04~
I I I I I

50 60 90 I20 l50 l80
e,

FIG. 5. (A) shows an average of the four runs in Fig. 4. Points
in the 8&=G'—+90', &=0' quadrant have been plotted in the
8~=90'—+180', @=180' quadrant. (8) shows the data in (A)
folded about 8~=90' with corresponding points averaged. (C)
shows the result of subtracting the points in (8) from the data
in (A).

8=90'—+180, $= 180 quadrant, producing a smooth
curve in this quadrant. In order to display the sym-
metric part of this curve, it was folded about 0~=90'
and corresponding points averaged to produce the
symmetric curve in Fig. 5(B). Subtracting the points
in this plot from the observed yield, gives the anti-
symmetric curve in Fig. 5(C).

The data in Fig. 5(B) are fitted very well by the
least-square curve,

W(90,8~, 180)= 1.24(1—1.23 cos'8~+1.03 cos'8~),

which is the curve drawn in the figure. The points in
Fig. 5(C) have been fitted with the curve,

W'(90,8„,180)= —0.20 sin28„,

which seems to provide a good description of the data.
Since the dependence of the correlation function on the
angle P is not known, it is not possible to obtain an
exact modification of these functions for the 6nite
apertures of the detectors. An approximate calculation,
assuming the dependence on p to be negligible over the
apertures, indicates that the coefBcients should be
be increased by 14—18 percent.

(C) The W(0,8,) Correlation

The brass target chamber was reoriented with its
axis vertical and with the proton detector at 0' to the
beam. Beryllium targets on thin backings were used so
as to allow protons to reach the detector. With an
0.9 mil absorbing foil, a spectrum similar to the lowest
curve of Fig. 2 was obtained. The location of the beam
tube and the proton detector limited the settings of the
gamma counter to angles between 45' and 150'. In
some of the runs the gamma counter was retracted at
the extreme angles to obtain greater angular coverage
in 0~, necessitating a large inverse square correction at
these angles.

All the observations made on this correlation are
shown in Fig. 7, plotted to the same scale as for the
other correlations. A weighted average of all the data
is given at the bottom of the figure.

In this correlation there appears to be a small but
definite departure from isotropy which is symmetric
about 0~=90'. A satisfactory fit to the data can be
obtained by including terms up to cos48. A least square

f l I I I I I 1

Be'(d, n)EIe" (5) Be
Ed 0.84 MEV

VERTICAL CORRELATION

e, .90' e„.SO'

I l I i I l I

90 I20 150 l80 210

HORIZONTAL CORRELATION

9 ~90 g a l80

(B) The W(90,90,$) Correiatjon

The brass target chamber was mounted horizontally
with its axis along the beam direction. The target was
oriented so that its normal made angle of about 60'

o I i I i I i I

0 50 60 SO I20e,
Fio. 6. The gr(gp, 90,y)'correlation and the W(90,8~,180) correla-
tion taken with the same physical and geometrical arrangement.
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IV. DISCUSSION

The appearance of a term in cos'8~ in the symmetric
part of the W(90,8„,180) correlation and in the W(0,8~)
correlation places a 'lower limit of two on the spin of
the first excited state of Be". Several investigators'
have observed the angular distribution of the protons
with respect to the beam at bombarding energies from
3—15 Mev. The appearance of a forward peak in the

' F. A. El Bedervi, Proc. Phys. Soc. (London) A65, 64 (1952);
C. F. Black, Phys. Rev. 87, 205 (I952); Fulbright, Bruner,
Bromley, and Goldman, Phys. Rev. .SS, 700 (1952).

Fro. 7. The W(0,8&) measurements and a weighted
average of all the data.

analysis gives

W(0,8„)= 1.03 (1+0.20 cos'8„—0.23 cos'8„).

The correction for the detector apertures would increase
the coe@.cients by about 15 percent. Although these
coeKcients are fairly large, it is clear that they are
subject to considerable uncertainty. Over the range of
angles available, the measured coincidence yield varies

by about 10 percent, which is only two or three times
the combined experimental and statistical error.

distribution, corresponding to the l„=i peak in the
stripping reaction, places an upper limit of three on the
spin of Be"*, and indicates even parity for the state.
These experiments, therefore, limit the assignment to
2+ or 3+. With an assignment of 0+ for the ground state,
the radiation is either E2 or M3. Thomas and Lauritsen"
have measured the internal pair formation coeScient of
this gamma ray, and have found it to be consistent only
with K1, M1, or K2 radiation. Hence, an assignment
of two to the spin of the first excited state of Be' is
indicated, as is the case in a large number of the even-
even nuclei. "The choice of two, instead of three, for
the spin is supported by the very good fit that is
obtained in the W(90,8„,180) correlation with a function
containing terms only up to cos48~. Although the lack
of a term in cos'8 could be ascribed to other circum-
stances, it is a natural result of the assignment of spin
two.

The antisymmetric term observed in the 8„=90',
/=180' correlation, is of interest. B can be attributed
in part at least to the fact that the correlation was
actually obtained at 8„=95' in the c.m. coordinate
system. Hence terms in the general correlation function
containing cos8„which vanish at 8„=90', are small but
not negligible at 8~=95'. These terms arise from
interference among magnetic substates in the triple
correlation process' and provide a dependence on 8~,
having the symmetry observed, although not neces-
sarily of the simple form sin28~."As mentioned in the
introduction, the same behavior, even at 8„=90', can
be ascribed formally to the presence in the compound
nucleus of two or more participating states, not all of
the same parity. The proton and neutron angular
distributions from Bes+d, at bombarding energies in
the range of the present investigation, show asymmetries
which can be attributed to interfering states in the
compound nucleus. ~" These same distributions also
give evidence for some deuteron stripping at these
bombarding energies. It is therefore interesting to
examine the stripping angular correlation in connection
with the measurements in the present investigation.

It is clear that the three correlations that were
studied are not compatible with the stripping process
alone. The stripping correlation should be a function
only of the angle between the gamma ray and the
direction of recoil of the Be"*nucleus. When the protons
are emitted at 0', the axis of the stripping correlation
coincides with the proton direction. When the protons
are observed at 90', the axis turns out Ito be at 45' to
the beam, in the /= 180' plane.

A stripping angular correlation can be Icomputed for
each channel spin entering the stripping process. With

"R.G. Thomas and T. Lauritsen, Phys. Rev. 88, 969 (1952)."G. Scharff-Goldhaber, Phys. Rev. 90, 587 (1953).
"Pote added ie proof.—We have recently measured the cor-

relation for a setting in the laboratory corresponding to 8„90'
in the center-of-mass system. The antisymmetric term appears
to be reduced, but not eliminated, at this setting.

"Pruitt, Hanna& and Swartz, Phys. Rev. S7, 534 (1952).
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W, (8,) = 1+cos'8, for channel spin 1,

W, (8,)= 1—cos'8, for channel spin 2.

In the 0~=0' correlation, 8,=8„, and it is not possible,
on the basis of symmetry, to separate a stripping
correlation of the form 1+Ds cos'8, from the observed
correlation. The stripping process, however, cannot
account for a term in cos40.

Be (d~) Li (V)L~

HOR I ZONTAL COR R E.L ATION

E =0.84 MEv
d

In the 8~=90', &= 180' correlation, 8,=8„—45',
and cos'8, = s (1+sin28~).

Hence the term in sin28~ observed in this correlation
could be attributed in part at least to the stripping
process. W, (8,) would have the form 1+Ds cos'8„
with D2&0. Removal of a correlation of this type from
the W(90,90,$) and W(0,8~) correlations would in both
cases increase the observed departure from isotropy.
It is not possible to carry out an analysis in any detail
because of the unknown parameters involved, especially
in view of the coherent nature of the stripping and
compound nucleus processes. It would be interesting to
observe the (d,py) correlation at other deuteron energies
and proton angles, in particular at the maximum of the
stripping distribution.

V. THE Be'(d, e)Li'*(y)Li" REACTlON

Following the measurement of the W(90,8„,180)
correlation in the (d,py) process, a measurement of the
(d,try) correlation was obtained with the same experi-
mental arrangement. It was necessary only to change
the setting of the gamma channel from 3.4 Mev to
0.5 Mev, and make a small adjustment in the channel
of the charged particle detector. With an 0.20-mil
Al absorber, (see Fig. 2), the alpha coincidence curve
was observed at slightly higher pulse heights than the
proton coincidence curve shown in I ig. 2.

Reaction

Li'(p, p'y) Li'
SM(N ~&)Li~
Li'(d, py) Li'

Be'(d,ny) Lir

Correlation

(pv)
(oV)
(d,pv) W(0,s~)
(~',»)~(9o,»,~)
(z,p&)w'(90, 90,@)
(d,py) W (116,8q, 180)
(d,p~) W(90,90,y)
(~,Pv)
(~,v)
(d,ep) W (152,e~,180}
(d,ay) W(90,8„,180)

Beam energy,
Mev Ref.

0.8—i.i
thermal
0./ —0.8
0.63
0.50
0.41
0.60
1.00
0.70
0.40
0.84

' R. M. Littauer, Proc. Phys. Soc. (London) A63, 294 (1950).
b B. Rose and A. R. W. Wilson, Phys. Rev. V8, 68 (1950).
e See reference 2.
d J. O. Newton, Proc. Phys. Soc. (London) A64, 938 (1951).
e W. H. Burke and J. R. Risser, Phys. Rev. 8'7, 294 (1952).
f A. J.Salmon and E.K. Inall, Proc. Phys. Soc. (London) A66, 297 (1953).
g J. Thirion, Compt. rend. 232, 2418 (1951).
~ Phillips, Heydenburg, and Cowie, Phys. Rev. 85, 742 (1952).
I See reference 15.

TABLE II. Summary of experiments in which no anisotropy
has been detected in the emission of the 0.48-Mev gamma ray
from Li~*.

30 90 I 20

8~
Fro. 8. The W(90,8„,180) correlation for the (d,o,y) process.

In view of the many experiments, cited in Table II,
in which the 0.48-Mev radiation from Li"* is found to
be isotropic, it was fully expected to be isotropic in
this case also. A measurement of the correlation there-
fore would provide a good test of the equipment and the
method of energy selection. On the other hand, it would
give one more "determination" of the spin of Li'*.
In this instance a comparison with the markedly
anisotropic (d,py) correlation would be fairly convinc-
ing, since both reactions originate in the same manner
and involve the same states in the compound nucleus.
The (d,ny) correlation has recently been measured by
Vebergang and Tanner" under diGerent conditions,
with an isotropic result.

The results of the present measurement are shown in
Fig. 8. It was not thought worthwhile to achieve the
same accuracy in this correlation as in the (d,~)
measurements. If the data are folded about 8~=0' and
90', the resulting correlation can be considered isotropic
to within about 5 percent. It should be noted that in
this measurement the discrimination between the e-y
and p-y processes is not complete, since the gamma
counter, set on 0.5 Mev, will respond to some 3.4-Mev
radiation, and the protons and alphas are imperfectly
resolved in the particle channel. There is perhaps a
trace of the (d,~) correlation discernible in the (d,ay)
measurement in Fig. 8.

A summary of the correlation experiments on the
0.48-Mev gamma ray is given in Table II. There is now
abundant evidence for the isotropic distribution of
this gamma ray under a variety of conditions in a
number of reactions, leading to the assignment of
~ for the spin of the 6rst excited state of Li'.
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53 (1953).


