
~PJ3 Z/5"

l A

BNL 16480

BR00KHAVEN NATIONAL LABORATORY

Associated Universities, Inc.

Upton, L.I», N.Y. 11973

• PHYSICS DEPARTMENT

Informal Report a

O

TABLE OF ATTENUATION COEFFICIENTS FOR ANGULAR DISTRIBUTION

OF GAMMA RAYS FROM PARTIALLY ALIGNED NUCLEI

E. der Mateosian and A. W. Sunyar

January 3, 1972

is?

N O T I C E

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Atomic Energy Com-
mission, nor any of their employees, nor any of their contractors, subcontractors,
or their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.

-NOTICE-
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor Ihe United States Atomic Energy
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
mates any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privaleiy owned rights. 0I9HMBUTI6N 8F THIS DSSiMEHT 18 M U H H L



-2-

ABSTSACT

A set of attenuation coefficients bave been calculated to

be used in the interpretation of angular distributions of gamma radia=

tions from partially aligned nuclei.

• " " * " * * * * " - • • • - " • ' - -
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Excited staces produced in heavy ion (HI) reactions of the type (EH

are well aligned relative to the beam direction. As a consequence, gamma rays

depopulating these states exhibit characteristic angular distributions depending

upon the multipolarities of the radiations and spins of the involved nuclear

states. This fortunate circumstance provides the researcher with the opportunity

to study high and moderate spin states in a wide range of nuclei„ In<leed, tables

of coefficients needed to interpret measured gamma, ray angular distributions have

appeared in the literature, a particularly useful example of which is the tables

2 2

published by T. Yamazaki in Nuclear Data,, This paper provides tables of &ngu»

lar distribution coefficients for the case of total alignment and formulas for

calculating attenuation coefficients <%,(J) when alignment is incomplete.

The angular distribution function for a transition J. -» Jf, where J

represents the spin of the nuclear state is usually expressed as

I- A4P4(cos6) (1)

In Yamazaki"s notation, the angular distribution coefficients A,, which appear in

this function are labelled A_ for the case of complete alignuient. Thus, in

t h i s e a s e •" • . •

W(6) = 1 + A2
TnaXP5(cos0) + A4

m3XP4(cos0) (2)

2
If the alignment is partial, this function may be replaced <y

w(e) « i + a,V"MV!ose> + aA^.^ose) <3>

where o_ and a, ere attenuation coefficients which depend on J and the distrita"

tior of the nuclear state over its m subsCates. Yamazaki gives explicit expressions



-4-

for the calculation of coefficients Ojf(J) and discusses the experimentally

fiable assumption that partial alignment may be represented by a Gaussian its

tributioa in m states«

In the following table Q^CJ) has been calculated for Ka2,4 aad J

ranging from 1 to 26. The distribution in m states is characterized by ,

meter a which is the half width of the assumed Gaussian distribution; in

cular, the m-state population parameter is given by

•2

m'2

» 2
2T e

For convenience, the attenuation coefficients Op-(J) are tabulated against o/j

for values ranging from 0.1 to 2.0,

To illustrate the use of these tables consider the following example:

Assume that a J. = 10 state has been prepared by some means so that its m-state

distribution is represented by a gaussian centered on the m = 0 state. Assume

also that this state decays by an L = 2 transition to a final state Jf = S. With

the help of Yamazaki 's tables one obtains values for the angular distribution co-

efficients for maximum alignment which, in this cases would he

/ = 0.41353, A 4
n a x » -0.17514

Since the nuclei are only partially aligned after their formation, an expei?£

mental determination of A, and A, will yield values which are equal to On

and CVAA,1083*, where Cn a n d CXA depend on the width of the Gaussian distribution
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If a/j x-rere 0»3 for the J. - 10 state, one obtains from the following table She

attenuation coefficients

aj(10) s 0.7560, a4(10) = 0.4093

The expected angular distribution coefficients would then b@

(0.7560)x(0,41353) o

A4 = a^10^A^aa^ = (0.4093)x(-0.17514) =

authors wish to thank F. Thieberger and Wo Bernstein for prograsn°

ming help and E. Auerbach for. programming help and the use of M s subroutine for

generating Clebs°Gordan coefficients,,
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.S8546E 00
•74433E 00
•57748E 00
•43385E 00
•32795F 00
•25298E 00
•19963C 00
•16090F 00
•13214P WO
•11030E 00
•9337OE-O1
•80010E.01
•69295E-Q1
•60577F-01
.b3395F-01
»47409E»01
»42r37lE.Ol

•69957E-03
•57047E-03
•90788E 00
•66963£ 00
•39641E 00
•20566E 00
•10599E 00
•5745SE-01
•33119E-01
•20207E-01
•12949E-01
•86491E-G2
•59835E^0S
•42645E-08
•31181E-02
•H3310E^02
•17764E-02
•13768E-02
•10832E-02
»863<*SE-03
•69659E-03
•568C8E-03
•90768E 00
•66902E 00
•39562E 00
•20507E 00
•10564E 00
•57253E-01
•32997E-01
•2O131E-01
*12B99E-01
»86160£-02
•59604E-02
•424S2E-02
•31061E-0E
•23219E*C2
•17693E-02
»l371*E-0S
•10788E-02
•S6008E-03
•A9390E-03
*56577E«C3
•9075IE 00
•66846E 00
•39*90E 00
•20454E 00
•10532E 00
•57067E-01
.32886E-01
•20062E-01
•12855E-01
•85858E-02
.5S396E-02
•42331E-02
«309&lE-02
•23136E-03
•17631E-02
. 13666E-02
• 107blE«»02
•8b703E-03



0/3

21
21
22
22
22
22
22
22
22
22
22
22
22
22
22
22
2c
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
22
23
23
23
-•̂
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24
24
2*
24
24
24
24

1-9000
2.0000
• 100C
• 2000
.3000
.4000

»sooo'
.6000
• 7000
• 8000
.9000

1*0000
1*1000
1*2000
1*3000
1*4000
1.5000
1.600C
l«700C
1*8000.
1*9000
2*0000
.1000
«2000
»3000
»<fOOO
.5000
*6000
• 7000
.8000
.9000

1.0000
1.100C
Ii2000
1*3000
1*4000
1*5000
1.600C
1.7000
1*6000
1*9000
2*0000
• 1000
»2000
• 3000
.4000
• 5000
• 6000
• 7000
.8000
• 9000

1*0000
1*1000
1 • 2000
1*3000
1*4000
1*5000
1*6000
1.7000
1*8000

•3809ifi>0i
•3442SF-01
•97130F 00
•86522E 00
.743S3E 00
• &7683F. 00

. .43322E 00
•32742E 00
.25255E 00
•19S27F 00
•I606IE 00
•13190F 00
»11009F 00

- »93l9SPi.0i
•79S6OF«Q1
.69164f-01
.60463F-01
.53293E-01
• 47319F.-01
•422SGE.01
•380l8K>01
•34359E-01
.9712bE 00

. »SS500£ 00
• 74337F. 00
•57623E 00
•43265F 00
•32694F 00
•25215E 00
'19895E 00
•16034E 00
.13167F 00
•10991F 00
•93036F-01
.79722E-01
•fe9044E»01
•603b8L»01
•5320lE»Oi
•47237f«01
•42216E-01
•37952E-01
.34299E.01
•97120E 00
•884S0E 00
•74295E 00
•57568C 00
• 43212F. 00
• 326491? 00
• 25179E! 00
• 19865L" 00
.160101-: 00
•13147F 00
•10973E 00
*92889t>0l
»795961i>0l
• 6893Se>01
.602616-01
.531166-01
•47161E.01
•4214AE.01

•69138E-03
•56374E-03
•90734E 00
•66794E 00
•3S4S4E 00
•20404E 00
•10503E 00
•56895E-01
.32783E-01
•19998E-01
•12813E*O1
.85581E.02
•59202E-02
t42194£«02
•30851£«0£
.2306EE«02
.17574E-02
•1362OE»O2
»lO7l5Ei>&2
.85417E*w3
.66905E-03
•56191E-03
•90719E 00
•66747E 00
•39363E 00
• 203i>9E 00
•10475E 00
•56737E^01
.32669E-01
•19940E-01
•12775E-01
•85324E-02
•5902bE-02
•42065E-02
•30755E-02
•22990Ef02
•17519E-02
•13578E-02
•10681E-02
•85146E-03
•68682E-03
•56010E-03
.90705E 00
•66703E 00
.39307E 00
•20317E 00
.10450E 00
.56591E-01
.32602E-01
•19885E*O1
•12740E-01
• 85087E<*02
•588b8E-0c
•41946E-02
.3C668E-02
•22924E"02
•17468E-02
.13537E-02
.1064BE-02
i84886E-03



a/3

24
24
25
2b
25
25
2b
25
25
2b
25
2b
2b
25
25
Zb
Zb

as
25
2o
2b
2b
26
26
2b
2o
26
26
26
26
26
26
26
2*
26
26
26
2b
26
26
26
26

1*9000
2*0000
• 1000
• 200C
• 3000
• 4000
• 5000
• 6000
• 7000
• 6000
• 9000

l*G00C
1*1000
1.2000
1*3000
1*4000
1*5000
1*6000
1 • 7000
1*8000
1*9000
2.0000
*1000
• 2000
• 3000
• 4000
• 5000
• 6000
« 7000
.8,000
• SOOO

1»COOO
1*1000
1*2000
1*3000
1*4000
1*5000
1*6000
1*7000
l.&OOO
1*9000
2*0000

• 37891F.-01
•34244F-U1
•97115F
•63462F
•7425bF
•67S17F
•43164F
• 32608F.
•25145F
•19838E
•1&987E
•13128F
•10957E
•'52753E.
•79479E-
•68833F-

•&C1/2t«
»63037E.
•47091F.
•42086E-

•J78J46•
•34l93Fi
•^7111f
•88445F
•74219F
•57470E
• 43119F
»32570E
*25114F.
•19812F
• 15966E
• 13111F
•10943F

9 7COCee•
•79371F-

00
00
00
00
00
00
00
00
00
00
oo
.01
.01
.01
fH
.01
.01
.01
f\ 1•vX

.01
oo
00
00
00
oo
00
00
03

oo
00
00
.'11
'Ml

'01
•68739F-01
• 60090F.-
t 3C?Owl>
•47026E-
•42028F-
•377S2F-

01
n«
'Vi

0101
01

•68462E-03
.5581SE-03
•90692E 00
•66663E 00
•39255E 00
•20279E 00
•1042/E 00
•56456E-01
•32521E-01
•19835E-01
•12708E-01
•84867E-02
•587C4E-02
•41836E-Q2
•30587E-02
•22862E»02
•17422E-02
.13500E-02
•106S0E-02
•8465SE-C3
•6S279E-0?
•55665E-C3
•9O6dOE 00
»66625E 00
•39207E 00
•20243E 00
•10406E 00
•56331E-01
•32446E-01
•19789E-01
•12677E-01
•84665E-02

•30513E-C2
*228Q7E-02
•17378E-02
• l3468E<*02
•1Q594E-02
•84439E-03
•68107E-03
•55531E-03


