Shell model with residual interaction

H = Hy + Hyesiquai
Start with 2-particle system, that is a nucleus ,,doubly magic nucleus + 2 nucleons®

Hyesiquar = Hi2(112)
Consider two identical valence nucleons with j, and j,

Two questions:

What total angular momenta j, + j, = J can be formed?

What are the energies of states with these J values?
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Nuclear shell structure

Bi209 Table 1 — Nuclear Shell Structure (from Elementary Theory of Nuclear Shell Structure,
o Maria Goeppert Mayer & J. Hans D. Jensen, John Wiley & Sons, Inc., New York, 1955.)
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Experimental single-particle energies
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Experimental single-particle energies @
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Experimental single-particle energies

particle states

3pyy =633
o p—
2008  liw, ©—T—1609keV 209pp
21, —— 896 keV
1 hg, 0 keV
208 energy of shell closure:
42144, PPy,
BE(*Bi)— BE(**Pb) = E(lh,,,)
‘ BE(*'Tl) - BE(*®Pb) =—E(3s,,,)
3ev2 Al E(lhy,,)-E(3s,,) = BE(*Bi)+ BE(*'TI) -2 BE(**Pb)
L
=—4.211MeV
2077 ) p— 207pp
BE(*Pb) - BE(*®Pb) =E(2g,,,)
e states BE("Pb)~ BE(™Pb) =—E(3 )
Ofe States E(29.,,)-E(3p,,) = BE(*Pb) + BE(*’Pb) - 2-BE(**Pb)
prOtOI’]S Livau v v =_-3.432
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Coupling of two angular momenta

Ji+J, allvalues from: j—j, to j;+j, (J;=],)
Example:j; =3,),=5 J=2,3,4,5,6,7,8

BUT: Forj,=j,; J=0,2,4,6,...(2j-1) (Why these?)
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Coupling of two angular momenta

How can we know which total angular momenta J are observed for the coupling of two
identical nucleons in the same orbit with angular momentum j?

Several methods: easiest is the “m-scheme”.

Table 5.1 m scheme for the configuration |(7/2)*J)*

J1=17/2 =712

nmi nmo M J
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712 ~3/2 )

712 -5 1

712 712 0_
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3/2 172 5]

3/2 37 1 13
3/2 ~3/2 0 |

1/2 -1/2 0] 0

* Only positive total M values are shown. The table is symmetric for M < 0.
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Coupling of two angular momenta
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Residual interaction - pairing

> Spectrum of 21°Pb:

208ph,,¢ COre + 2 neutrons

195/2;:] = 2,468) v =2

(two unpaired nucleons)

91
s
» Assume pairing interaction in a single-j shell ?
=
[sd}
1.
(iZ]Mjlvpairing(rlir2)|j2]M]> = _5(2] T 1) gvE 0'] =0
0, v=2]#0

For the ground state the energy eigenvalue is none-zero;
all nucleons paired (v=0) and spin J=0.

» The J-interaction yields a
simple geometrical expression
for the coupling of two nucleons
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Pairing — o-interaction

AE(fljz ]) = (j1j2 ]M|V12|j1j2 fM> = (j1j2 f||V12||j1j2 f)

1
J2T ¥ 1

. 1
wave function: @ntm) = ;Rnf(r) Yo (6, })

. . -V
Interaction: V12(8) = r—rO‘S(H —13) 6(cosB; — cosB,) 5(Pp; — P3)
172

AE(jij2 ) = —Vo - Fr(ny£1nyt;) - A(j2 )

1 1 1 2 2
with Fr(nyf1nyt,) = Ejr_anlfl (T)anez (r)dr
. . 2
and AGy D= Q2j1+1) -2, +1)- (1]/12 _42/2 {))

A. de-Shalit & I. Talmi: Nuclear Shell Theory, p.200
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o-interaction (semiclassical concept)
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Pairing o-interaction
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2 2+ A 4 o-interaction yields a simple geometrical explanation for
Seniority-1somers:
Av =2 AE ~ -V, -Fg tan (9/2)
for T=1, even J
v energy intervals between states 0%, 2+, 4+, ...(2J-1)* decrease
0t with increasing spin.
V i
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The 199Sn / 132Sn region, a brief background

Single particle energies
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The 199Sn / 132Sn region, isomeric states
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Isomeric states in 196Sn — 112Sn
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Generalized seniority scheme @

Seniority quantum number v is equal to the number of unpaired particles in the j" configuration,
where N is the number of valence nucleons.

1
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