
Appendix D

ea/3 Matrix Elements for 
Electric and Magnetic 
Multipole Operators

The electric multipole operator TEl with multipolarity 2L, in pn space is 

defined in terms of proton and neutron effective charges ep and e„ and its 

explicit form is,

r El = £ rfY\e„4>i)
=proton

\

/

+«« £ (D.l)
* \»=neutron /

The TEl belongs to category [B] operator (5.2). Writing TEl in second quan­

tized form and evaluating the reduced matrix elements of YL(0, <f>) in oscillator 

single particle orbits, expression for (^pIj\TEL) matrix element is derived,

c£J{TEl) = ex{naia\\rL\\npl0)

x (-1 + ±12 ^ J ^ j [l + (-l)^+^+f'} ,
for x = p and (a, /?) G p or for x — n and (or, /?) € n
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0, for (a 6 p and j3 G n) or (a G n and j3 € p) (D.2)

The radial matrix elements (nata\\rL\\nglft) are given by ([Ha-79]), 

(n/£/|r*|n,-£i) = J RnitXr)r2dr
nf n, /I \ fc/2 /= EEf-D"^ (

Ai/==0 /i|=0 \
nj \ / n,N ) V

A

X

+ 2iif + 1)!! (2^, + 2n, + 1) 
______

(^/ + 4 + 2/f/ + 2/jt; + A; + 1)!! 
(2^/ + 2/j,/ + 1)!! (24 + 2fii + 1)!!

1 if l\ +£2 + k is even
2

ll

if it + £2+ k is odd
(D.3)

In Eq. (D.3), v = ~ v ~ 0.96/1-1'3 /m!.

The Magnetic multipole operator TMi with multipolarity 2L in pn space 

is defined in terms of magnetic (7-factors g^, g%, gf and <7"

tMl = E [Vi-fKitO,«] .
i=proton

9i
„ 24P---- -- + 9Pss,

+ E [v.rf YM <l>i)] .
f=neutron

fill

4 + 1 

24
4 + 1 1+ 5«

Writing <7 as

4 + 1

(D.4)

(D.5)

where x •= por n and evaluating the gradient V^r^F^ using Eqs. 5.7.1 - 5.7.2 

of [Ed-74] and Eqs. (A.2.19, A.2.20, A.2.21) of [Br-77] one gets
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TMl = £ V'i(2i + l)rf-‘{rI-1(«,^,) 9PJi + « -F)^]1

L«=proton

%■

i=neutron

(D-6)

The e^g {^TMl ) matrix elements of TMl operator can be derived by evaluating 

the reduced matrix elements of | YL~l(0, <f) ^gj + (gs — <?),sj j and the result 

is,

{S(TMl) = (nJa\\rL-l\\neip)^L(2l + l)

291 (~l)L+ja+J^Mjp + mjp + 1)
x U + l 

L-l 1 L
*< *

+ 2 gf
L + L

;(2ja + l)(2j0 + 1)

x
4 4 L-l )

1 i i2 2 A

. 3a 3p L 

for x —p and (a, ft) € p or for x = n and (a, ft) € n

0, for (a 6 p and ft £ n) or (a € n and ft G p). (D.7)

In order to use the above equation, one should have the expressions for the 

double barred matrix elements (ta\\YL{9, <^)H4) ar*d {ja\\YL{@, <f>)\\jp) and 

they are,
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(l^WY^MV^U) = (-1 y.«^(3!L±Wie + lW+l)

x J fi ) {l + (-l)€a+^+L} • (D.8)

The expression for the radial matrix element {na£a\\rL~1\\np£p) appearing in 

(D.7) is given by (D.3).
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