Appendix D

eg’) Matrix Elements for
Electric and Magnetic
Multipole Operators

The electric multipole operator TPt with multipolarity 2%, in pn space is

defined in terms of proton and neutron effective charges e, and e, and its

explicit form is,

i=proton

+€n( >, TfYL(gmﬁs))

i=neutron

TEr = e,,( 3 r;LYL(B,,qS;))
(D.1)

The T2 belongs to category [B] operator (5.2). Writing T?* in second quan-
tized form and evaluating the reduced matrix elements of Y£(0, ¢) in oscillator

single particle orbits, expression for eg;;:l’)(TEL) matrix element is derived,

e (T%) = ex(nalallr®{lngts)
X (—1)ja+%\/(2ja+1)(2jﬂ+1) (jla g is ) {14 (—1)ftiott]
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for z =p and (o,8) € por for z =n and (o, f) € n
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= 0, for (e¢€pand f€n)or(e€nand fEp) (D.2)
The radial matrix elements {nqfq|[r’||nsls) are given by ([Ha-79]),
(n;i’flrk]n,-ﬂ,-) = ]Rn!g!(r)rkRn,g‘(r)rzdr

= B B ()" () ()

u;”O pe=0

(265 + 2ns + DI (26, + 20, + 1YY
nf’ n;! A 2n|+ﬂ]

€y + 4 +2p5 + 2p; + k4 1!
(26, + 2, + 1)1 (20, + 2 + 1)1

1 if 6 +£+kiseven )
D.3
% \/g i 0+ 0, + k is odd (D-3)
T

1 - -
In Eq. (D.3), v = OV 0.96A1° fm~2,

The Magnetic multipole operator T™* with multipolarity 2% in pn space

is defined in terms of magnetic g-factors g}, g7, g7 and g7

™ = ) [V7£Tf' Y,2(6, ¢i)] : { Lz_fl +935;}

i=proton

+ Y [VabvEe.40) [ in 1+gsst} (D-4)

i=peutron

Writing ¢ as
n 2 .
T = D.
g L+15’z (D-5)

where ¢ = p or n and evaluating the gradient V/,r*YX using Eqgs. 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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L
o= S IRE O (Ve [P 0 - 7]

i=proton
- Nk
+ Y JLEeL+ 1 {Y"“‘(f);,fﬁ;) 777 + (g2 — §7)5] } :
i=neutron M
(D.6)

The eg%)(TML) matrix elements of TML operator can be derived by evaluating

the reduced matrix elements of {YL‘I((), ?) {ﬁ;—!» (g5 — §)§'} }L and the result
is,
QM) = (nalolr"Inpla)y/L(2L +1)
297 ; vy ;
x{ [ F25 (=0 ialia + )(2ja + 1)

R 1)

Jp Je I8

" [(g: - 22 R+ e + )

Ly £ L—1
x{ 111 YR, )i | b
ja jﬁ L

forr =pand (a,f) €porforz=nand (a,f) €n
= 0,for (e€pand fen)or (e €nand fEp). (D.7)
In order to use the above equation, one should have the expressions for the

double barred matrix elements (£,[[YX(8,$)||¢s) and (jo|[YZ(8, #)|ljs) and
they are,

(LYE(0, $)|145) = (”1)10\/(25a +1)(2¢5 + 1)(2L + 1) ( L, L &g )

4w 0 0 0

278



(il 0, Dk = (-perrn[ Qe DL DL
(55 ). on

The expression for the radial matrix element (n.f,|ir’"||nsfs) appearing in

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