Appendix B

Matrix Elements of Surface
Delta Interaction and Pairing
Plus Quadrupole-Quadrupole
Interaction

B.1 Surface Delta Interaction (SDI)

The mathematical form of the two-body surface delta interaction (SDI) is
given by

Vspi(1,2) = —4xGpd(7(1) — 7(2)) 6(r(1) — Ro) (B.1)
where G7 is the strength parameter of the interaction, T' denotes isospin, 1,2

denote the particle index, 7(1) and 7(2) are the radius vectors of the position

of the particles 1 and 2 respectively and Ry is the nuclear radius. The matrix
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elements of the SDI in isospin formalism can be written as [Br-77]

<] jb|VSD1l]C]d>JT Vbcd = ( 1)nﬂ+nb+nc+'nd X

Gr {(2;; +1)(275 + 1)(2jc + 1)(25u + 1)} 172

2(2J + 1) (1 + 8a)(1 + 8c4) *
{(~1ypraattortagy 1, 1T 0) x
(ja -3 L zlJO [ )za+lb+J+T] —
(v 3 3o 3171) (e § 3 317 1) [+ (<171} (B.2)
where G = G4C(Rp), C(Ro) is a radial integral. In pn formalism the
pp(nn) and pn matrix elements follow from V.32 = V3.7~ and Vo =

a

L1+ 6) (1 + 6)"? V™ + Vi ™" Taking Go = Gy = G in (B.2), the
explicit formula for the pp matrix elements of SDI is,

Var? = (ja 3o JIV(pP)ljc Ja J)

= (—1)retmatnetne i G [(2111 + 1)(245 + 1)(27c +1)(254 + 1)} ok
2(2‘] + 1) (1 + 6(16)(1 + 60(!)

{(__1)]b+jd+£b+£d(jb — 14,1170y x

(a =% dc 3T 1) [L 4+ (—1)eretI] (B.3)

Similarly V3" o are defined with strength G. The pn matrix elements are,
Vasld' = (o v JIV (pr)lfe ja J)

G
— (—1)ratnptnctng . : . . 1/2
(=1)retne X 3BT 1) (270 + 1)(25 + 1)(24c + 1)(2ja + 1)] /7 x

{(~ryiwriettobta 150 — HT0) g ~ 4 jo 1T0)~

(s 3 do 2T Ga § e 311} (B.4)
It should be pointed out that low energy spectroscopy determines the value of

G to be approximately 25/A MeV [Br-77]. Some useful properties of SDI are:
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(i) Vap(SDI —pp) = —§ (Na/ (Na— 62p)); (i) Vap(SDI —nn) = =G No/ (Na—
bap)); (i) Vog(SDI — pn) = —G; (iv) ¢(m]) = 0 for all values of o and
[ml’s; () Vaug(SDI - pp) = $(Na/ (Nex = 68))i (vi) Vg (SDI — n) =
S(Na/(Na — 5aﬁ))3 (vii) aﬁ(SDI — pn) = —G. Note that SDI-pp stands
for pp part of SDI interaction and similarly SDI-nn, SDI-pn are defined. From

(iv) it follows that SDI do not produce any SPE renormalizations.

B.2 Pairing plus quadrupole-quadrupole in-
teraction (P + Q.Q)

The P + Q.Q hamiltonian is defined in terms of the pp and nn pairing hamilto-

nians I{;’ and HY and the pp, nn and pn quadrupole-quadrupole hamiltonians

Qp-Qpa Qn-@n and Qr@m

Hpigq = GoH] + G HY + G20Q,.Q0p + G3.00.Qn + G2.0,.Q.. (B.5)

.. . a.s.m
{Godo)IIHE [Geja) 7Y = bubeabsmo X
\/(2]'(, + 1)(25. + 1)(—1) b, p=porn (B.6)
~ 167rr 167r r
Qﬂ;l’ = 5 b2 " (017) (}Sp)) Qu n = b2 Y;?(eny ¢n) (B7)

As can be seen from (B.6), the pairing hamiltonians are defined in terms of
their antisymmetric matrix elements (a.s.m.). The matrix elements of Q.Q

hamiltonians are given by,

R A E A D
Jd e

(Gall@je) GellQ1la); (B.8)
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{Na a2]a”Q”N Ecg]C) = (NaLo|lr? [?||Note) %
VIR T(32053) {1+ (1)} (13.9)

(N, 8l [PIN, €) = N+3/2
(N, e+ 2P /B|IN, £) = —[(N —O(N +£+3)]'/*
(N +2,¢Ir*/P|IN, £) = —%{(N—E+2)(N+e+3)]’/2

(N +2, 0+ 20/IN, &) = %[(N+£+3)(N+€+5)]1/2

Il

(N +2, = 2r*/B|IN, £) %{(N—£+2)(N—£+4)]1/2 (B.10)

((7a3)T1Q0-@pl(eda) Y5 = [(1 4 S )(L + 6:2)] /2%
{Gai 10, @i 7)™
(_1)J°+3d+1 <(jajb)JlQp-QPl(jcjd)t]>n'aus.m} i p=pn (B.11)

((7e0)1@p- @l (Gega) /)5 = ((jas) T\ Qp- @l (eda) Y451 (B.12)

In (B.8) - (B.12) n.a.s.m. stands for non antisymmetric matrix elements.

The relationship between the strengths (G, Gy) and (G%,,G%,,G%,) with the

standard parameters [Ba-68, Be-69, Br-77] (G,, G,, X) are

Gp=Go/4;  G,=22/A (B.13)
X 5
65 = 5o (i5r)
! 5
Gh = e (5;) o
0 5
Gpn X Zg Eg;; apan

247



a, = (2ZJAV?; o, = (2NJA)3; 2 ~ 2
X'~ 2424753 MeV

242 3A\ 13 s
F o S —_— ~ - {3
or o 2o {1 + ( 5 ) } MeV ~ 280 A**MeV (B.14)

The definition of Q.Q interaction given in (B.5 - B.12) is somewhat different
from the form given in [Ba-68, Be-69]. The value of ¢ in (B.14) is verified by
calculating variances of Q.Q) interaction in ds - shell examples and comparing
them with the variances produced by CW [Va-77| interaction. Similar checks
are made for a heavy nucleus by comparing with variances obtained with
SDI. It is useful to mention that for the pairing interaction Vyg(pn) = 0 and
¢2([m]) = 0 for all ’s and [m]’s. Similarly V,4(Q.Q — pn) = 0 for all (e, 8).
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