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1-3 y-CORRELATION WITH MIXTURES AND POLARIZATION
R. K. Osborn and M. E. Rose
A .
The purpose of this report is to exhibit explicitly the modifications
induced in the y-y angular correlation function by mixed intermediate radiations;
i.e., to compare the 1-3 correlation with mixed, unobserved intermediate
radiation with the usual 1-2 correlation.
The processes under consideration herein consist of:
(a) A nuclear transition from state (J, m,) to state (J; m;) accompanied

by the emission of a y-ray described by propagation vector k; and polarization

vector € ;

(b) A nuclear transition (J; m3) —> (Jo my) accompanied by emission
of a y-ray 52,
(¢) Nuclear tramsition (Jp my) —> (33 m3) accompanied by emission

ge; and

of y-ray _153, € 3
The correletion function may be written in the form
W(r,7,72) = 2 E (7x) (7,) F (74)5
Vels! T <o L memy 5T Smmp, mpmt V2 Tagmy T
1122

where

Ftm (71) =% (3,m: f B(r) [ 3 m )am [8(r) ] Jomo)*

o prmm (72) = Up % | B(r,) | 3ymy)" (dmy [ H(r,) [ 3mp)

and




. T

Fn_m! (75) =Z (35m5 | Bl73) | szg)* (35m5 | H(y,) | ngé)\
o3

\\

-
.

are the density matrices for the transitions (a), (b) and (c) respectively,

and
ik -z
E(7i)=_§ie H
€2.1,
—1.5.=Oo

Choosing a set of base vectors { e } attached +to
the propagation vector Ei as shown in the figure,
and defining a polarization angle as indicated;

one may express

(1)
+1P, A® (L,M,) } .

t
(l)L. C. Biedenharn, M. E. Rose, G. B. Arfken, ORNL 986; G. Goertzel, Phys. Rev.
70, 897 (1946).
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Employing this expansion for the H(yi) and the Wigner-Eckart theorem

one may immediately exhibit the density matrices as: (dropping purély

mltiplicative factors)

Fmiml\("l) = 5: Fy (L,L{PP{d d1) (3 ol Jo)* (3, M3l s)
LpLP Y, |
Li+Li-md- Yy 55V Vi

) opemy Y men, oy

(R

el-ve')

Smomysmmy (7p) = I% ENENFRNEN N FY

Ja od) Jolody g

Ty -my Cngomjmy  myony,nfony
and
By my (73) - 13%13 v (LR Py 8) (3, Mg g )*
2% V3
(35123 13,) (-2) 0 2y Diaden - o5 Bo_, on)s
where

F(LL'PP'3)") = (-1)F+I-J" )/(2J'+i)(§L'+l)(21r+1)

J (L) LL'V

(1)F' L et (iP')J(L') w(3t3'iL,J3) Coppr

(-1P)
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the (.jF Il JI) are the reduced matrix elements,

py=® - (B =t1)
C's and W's are Clebsch-Gordan and Racah coefficients respectively in a
standard notation(2),

J (1)

1 for electric radiation

0 for magnetic rediation,

and :D - ei _,e1) 15 the (22 +1) - dimension irreducible representation
of the rotation that takes the k, (e;) coordinate system into the quantization
system, { e }

It is perhaps worth commenting that S takes the particularily simple
form exhibited herein as & comsequence of averaging over ‘diret¢tions and
polarization of 7, and because it represents nuclear transitions between
energetically degenerate states of sharp (Jm).

The magnetic quantum number sums 3 the expression for W(717273) may

now be performed, ylelding

W(r,7,75) = z Z z Z y (313,05)

13P P I'lLlPlP J
P, (LsLgPsPissdy) (3510 3,)" (350Lg l! 3)

2
( )L. C. Biedenharn and M. E. Rose, Theory of Angular Correlation of Kuclear

Radiations, (to be published in Reviews of Mod. Phys.).

k(
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FJJ (LlLiPlPiJo‘jl) (‘11”1'1” Jo)* (Jl"L]'. ”Jo)

Li+l4-/ v -1 )
(-1) ])/*l,./‘5 (R™ R;);

Where

J+d,-L
[, (1350 = (3110 3))" (3, ln, Mgy) (1) 78 2

The sum over L, is an incoherent sum over the intermediate radiation mixture.

We wish to compare this with the correlation function, W(7l 0 75) »

for the case of no intermediate radiation. To specislize from the general case,

we note that if there is no intermediate radiationm,

dy+do-Ly

w(3.3.3.3 UL)J’

[y (39,L) = (1) RERE

1)31"'32'0*‘31*32‘” ! ) 4

Y (231 + 1)(23p + 1)

-y
= (-1) .PJ 3p to within a normalizing factor.

W o) = > Y Z F) (L;L3PP300,)

3L5P3P3 L LlPlP

(351 25 13,07 (35015 03,) 7)) (L1gR P13 3,) (302 130

: Lyl -pq-Y
(3N Ty lly)) (-1) j)/w-/*s (R B;).

Hence
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We may now, without practical loss of generality, specialize to the

in which the first radiation is pure and unpolarized; i.e.,

WL 7p75) = < W(717275)>’L‘ L, J LI
1

Now
(R (@LPR ) )> J L,L, J L
=F, (1,3,3,)
» dod J;,‘lo Jlel JLJ'_Ll
vhere Ny
-1
R, (1,353)) = (-1) Yo L Vey 4l (214 1) ctlLi W(3y; 1L Y 3,)
for VY even,
= 0 for VY odd.
Thus we now obtein:
W) > ) D T " (3130p) By, (LsL4PsP23.0,)
Ly U L
(3511 Ilaa) (35 1Ly 13,) 7y (L1359 Y 0y-pe 33),
and

w(L, 073) = z X (L3L3P5P53332
LstsPsPs ¥

(351 L3 1 1) (350 131 35) Ty (L13032) :Dyo,_/" (87t R)-
3

case

¢




We note finally that

(LLipPid) D, -1
P;ZP% B (LsLiPsP3dsd, 0,p3-p, (R" R5)

-7y (L 19) B, (LI 6 7)

Where

) (Lylgdydy) = (1) 2 / (23, + 1)(2L5 + 1)(2L5 + 1)
03’"3”

and

w(J pdplslys ¥ 33

J (1)
B, (L5146 T5) = (1) 7 g(1130)  2,(8)

Jisis” _

. Y -2y 2
131'3 BlEt5 T5) )/ L Fyle)
l -1

e

14-Ls ' ' Z
(i3 % %__ [(_1)13_ L, (_i)J (15) (_i)J(L3) 217,

! L -21T
LRSI ] |

We thus write finally:

mlyay)-Z 2 [, (,3,8,) ) (1.3 3.)

- 19272
b5V L
(50150 3.)" (3500313, By (1508353,) A, (Lsls © )




-YO-

'l

and

W(Ly075) - 13215;» R, (L3gdp) (35115 03,)° (3503 113,)

Fy (Ls143535) By (515 6T5)-

We note that for an (MLB, EL3+1) mixture;

e
~

L.LiJV

$y) o33
£, (1514 6T3) = P () + (-1) - 11 (¥ -2) 2. 52(6):
Y ) CLELju (7 + 2 cos2313)(9),
1 -1

whereas for an (ML3+1’ ELB) mixture, ifz is the difference instead of the sum

of these two terms.

We see that the only effect on the correlation function of the presence

of an intermediate radiation is to introduce the Tactor Fy (JljaLe) which is

completely independent of the character of the initial and final transitions. *

In order to exhibit the consequences of this fact most explicity we note that
2
<"(L1°73)>m:3 = | (501503 |
2
L! s
ARV ERN

since

FO(I-lJoJe) = FO(LBLBJBJ2) = Fo(l‘%l‘%'jj'ja) =1

and
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Fo(L}L%JBJa) = 0 for Ly 4 L3.
Thus if we define the intensity ratio
_ 2 2 2
= 10 3, (s s 3 )2 = &
we may then exhibit the mixed correlation function with no intermediste radiation

as

2
W(L1073) = WI + &+ od «w

IIT »
where
wI = Z F) (LlJoJ2) F, (13133332) 4} (1313 9’53)
yY ,
“u= D T Wainte) T Gipgisty) £ agp o Ty)
py
and

= ' ' 6 L4
@ 2 By (L)33,) 7 (15153,9,) 4, (1,1 87,)
Y
Now, in this notation, the correlation function for mixed final and intermediate

radiations may be expressed as
W(L) 7,75) = 5 [F p(33t) + Ty (JldaLé)] §(3,4,)
y

X [F, (1)3,9,) By (bglg33.) £, (1., 67,)

2
TR () By (1) £, (11 67,)

v2d B (139 F, (L) £, (1L 67,) ] :
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J

\

where N(Jljz) is a normalization factor introduced to make

N(3,3,) = ¥ 23y + 1)(28, + 1)
Thus we see that N(JlJz) f;(Jlszz) is just the intensity of the L2-multipole

in the intermediate radiation.
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