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1. INTRODUCTION

Study of the angular distribution of gamma rays emitted from aligned
states which are formed by nuclear reactions permits assignments of multi-
polarities of the gamma rays and spins and parities of the levels involved.
This method, in conJjunction with the angular correlation technigue, has been
applied to nuclear spectrosgopy for many years, as reviewed by Ferguson.

Recently, particular interest has been focused on (particle, xn) -
type reactions, which were first utilized by Morinaga and Gugelot2 to study
ground-state rotational bands of deformed nuclei, and aré extensively applied
in the search for any low-lying levels. It has been found that a wide range
5,4,5,6

of excited states populated in these reactions are well aligned o]

that gamma rays exhibit angular distributions depending upon the multipolar-
ities and the spin sequences. The simplest method of analyses of the experi-
mental data is to fegard the degree of alignment as a parameter, which may be
determined experimentally, estimated empirically, or evaluated on the basis
of a specific model. |

The present report has been prepared to provide a simplified formulation

of angular distribution functions and tables of coefficients for the angular.
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distribution of gamma rayé which the author hopes will be useful in the analyses
of experimental data. The theory has been well established. One may refer to

7

the review article by Groot et al.

2. FORMULATION
The degree of alignment of a state possessing spin J 1is specified by
population parameters Pm(J)' Instead of using these, we hereafter use the

statistical tensor which is defined by
pk(J) =vJog+1 z(—)J'm(JmJ-mlko)Pm(J) .
: m

For an aligned state (Pm(J) = P-m(J))’ pk(J> vanishes unless k 1is even.

The angular distribution function for the case Ii —>If (see Fig. 1)
W) =1+ AP, (cos B) + A Pu(cos e)

is now expressed as fcllows:

- L.J,
A (J LngJf) (J ) > (F (JleLlJ )+ 25 F (Jf 11T ) + 5°F (Jfl2 g,
where
Jod. -1 1
s (- 2
¥ (JleLQJ y = (<) & [(2L1+1)(2L2+1)(2Ji+l) (L -1 \O)W(J UR TR URES N )

and
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(Tl lly)

o= GRIAEMN

It should be mentioned that the sign of © obtained from the angular distribu-
tion is opposite to the sign obtained from the gamma-gamma angular correlation

of the Ii —>If — I cascade.

The statistical tensor for the complete alignment is

vog+l (JJUQme) for integral spin,
B, (J) = 4

J2J+1 (-) J 2(J 5J-3|k0) for half-integral spin,

which is presented in Table 1. . Then, for this i1deal case,

max 1 2
) = 1:g§ (f (JleLlJ ) + QBfK(JleLEJ ) + 3 fk(JfLELeJ )},

(J, 1B Dpd s

where

fk(J L. L.J, ) = Bk(J )F (J.L

£ lo g Lpd ;)

In Tables 2a, 2b, F, and Bka(= fk) are tabulated.

In actual cases, where the alignment is partial,

A (I = (T, )AmaX(J L.L

12rf 12 f)

where Ok<Ji> is the attenuation coefficient of the alignment:
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: oy (35)
Otk(Ji) = W .

1

The population parameters of a state depend on the formation process
of this state which is in general cémplicated. However, if we assume that the
population parametefs be represented by a distributlon function involving only
one parameter, then ah and @, will be uniquely related to .. Therefore we

6 2

regard Qé as the only free parameter that represents the population of sub-

states. The parameter &

> may be determined experimentally, estimated empirical-

ly, or evaluated on the basis of a specific model.
Figure 2 illustrates ah(J) and a6(J) versus'Oé(J) under the assumption

of the Gaussian distribution:

2
exp |- _m_J
2
. 20
P (J) = 5 5
1
m'=-J 20

(The case that 0=0 corresponds to the compléte alignment: Qk(J)=l.) .In addiﬁion,
Fig; 3 showé O%(J) versus O/J. These figures indicate: 1) au decreases very
rapidly as Qé decreases, and 2) Qg is negligible in most cases of interest.
- Diamond et al.5 showed that the Gaussian distribution of substates of
high-spin ground-state rotational states formed by the heavy-ion induced reactions,
"as a consequence of the "random walkout" of emitted neutrons, accquﬁts for the
experimental angular distributions fairly_well.

If a state J_ is formed only through the preceeding transition Ji - J

£ oy

the statistical tensor of the state Jf is expressed in terms of that.of the state

’Ji as follows:
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: \ M .
P (Tg) = U (I, L50.) oy (9,) .
where
1 ' .
U(JngJf)— 5 [uk(JiLJ)+6u(JLJf)] o
1+8 _
J. +Jf 1
u (3. 1,3.) = (-) * J(EJ REDICEISDUIC I SKD)
Therefore,

B, (7,
ak(J ) = U (J I o f) -—T—-j- Q&(J )

" For convenience, uk's are also tabulated in Tables 2a, 2b. For the “"stretched"

case (LzlJf-Jil), the preceeding transition reduces Q, slightly. For other

2
‘cases, ak's are reduced considerably, and may in fact begpme negative in such
an extreme case as Ji = Jf = 2, Ll = L2 = 2. However, in most cases, wheré
higher-spin states give rise to the formation, the population of~substates may
- still be approximated by the Gaussian distributign.

The computation was carried out with the CDC 6600 computer at the

Lawrence Radiation Laboratory.
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Fig. 2.
Fig. 3.
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Figure Captions

Spin sequence of a transition.

ah(J) and a6(J) versus az(J) under the assumption of the Gaussian

distribution of substates.

Dependence of ak(J) on the distribution paramter o/J.
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Fig. 2
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Statistical tensors for complete

DOV DWN I

312
5/2
7/2
9/2

1172

13/2

15/2

17/2

19/2

2172

2372

25/2

2172

29/2

31/2

32/2

3572

37/2

39/2

41/2

-11-

: Table 1

B2

-1.41421
~1.,19523
-1.15470
-1.,129¢1
-1.13228
-1.12215
-1.12%60
-1-12390
-1.12272
-1012187
-1.12122
-1012034
-1.12004
“1.11979
~-1,119%8
’1011941
-1.11626
-1.11914
-1.11903

'1.00000
-1.,06904
’1-09109
'1010096
-1010624
‘1010940
-1.11144
-1.,11283
-1.11282
_1011456
-1.,11511
-1011555
‘1011589

~1.11€17

-1.11€39
-1.11658
-1.11¢€74
-1.11687
-l.11¢68
~l.11708

m=0

1/2

=}
]

B4

0.

1. 60357
1.27920
1.20687
1.17670
1.16C86
1.15142
1.14531
1.14112
1.13811
1.13588
1.13418
1.13285%
1.13179
1.13083
1.13022
1.126¢4
1.12915
1.12873
1.12837

C.
« 92582

1.0256%
1. 06436

1.083E9
1.09522
le1C240
1,1C725
1.11C68
1.11321
1.11511

1l.11659 -
1.11776

1.11870C
1.11947
1.12010
1.120¢4
1.121cCe
1.12147
1.12180

alignment, Bk(J).

(integral spin)

86

0.

OI
‘1.74078
-1.34840
-1.25245
~-1.20977
~-1.18628
-1.17175
-1.16206
’1.15524
~1.15025
_1014648

-1,14356.

-1.14125
—1.13939
-1013786
-1,13660
-1.13554
-1.,13465
-1,13388

O.

O.

—-¢ 87039

~-a 98473
-1.03418
-1. 06104
‘1007749
-1.0€8837
-1.09596
-1.10148
-1.10563
~1.10882
-1.11134
-1.11336
-1.11501
-1.11636
-1.11750
’1'11845
-1.11927
-1.11997

UCRL-17086

(half-integral spin)
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Table 2a

Angular distribution functions for integral spins.

JI =J

i
JE = Jf
Ll = Ll
I2 = L2

Fo = FQ(J leLeJi)

BoF2 = BQ(Ji)Fe(J leLeJi)
Fh = Fhv(JiLlLeJi)
Buru = Bu(Ji)Fu(JleLQJi)

U2 = ue(JiLlJf)

Uk =y (J,L,3,)
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.Table 2b

Angular distribution functions for half-integral spins.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








