Testing spin orbit interaction at
band - termination

e Spin orbit interaction crucial for evolutoin of
shell gaps and drip line

e |sospin dependence of effective interactions

e |so vector versus iso scalar potential of the
spin orbit potential

e Skyrme vs RMF

Collaborators:
W. Satula, Univ Warsaw
A Baghwat, KTH
J Meng, PKU
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Nd-isotopes
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How to adjust effective forces like Skyrme,
Gogny, RMF,...

e When adjusting the spin orbit force, usually
S.p states are used — difficult to find ’pure’
S.p. states

e How to probe the evolution of the spin
orbit field with N-Z

e time — odd components, like spin-spin
fields difficult to adjust



Terminating states at high spin

e Purest s.p states available

e Deformation and pairing effects well
controlled

e Sensitive to spin-spin interaction (time odd
fields)

e Sensitive to spin orbit potential
e |deal to adjust effective interactions



Nilsson Model
calculations:

AV, Afanasjev et al. | Physics Reporis 322 (1999) {-124
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Select a few simple configurations:

Particle hole excitations across the N/Z=20 shell
gap

In the Nilsson model the energy difference
depends on:

8 Hiitason — %ﬁ% — hiw, {N — 5 [26s + p(€2 — (£%)y)]}.
f7/2
50 Aegg = hw,(1 — 6K — 2Ku).
d3/2
e.g. 42Ca » 6% (f7/2)2
S1/2 and 11~ (f7/2)3 d3/2-3

d5/2



Hirarchy of terms:

1. Harmonic oscilator frequency, #®, governs the scale:
2. 6 x the spin orbit strength
3. 2 xu the 12 term

The global scale associated with am is well adjusted via
binding energies, radii etc.

The spin orbit term is not well established (fitted to
selected s.p. states)

The 12term is not important in light nuclei (in heavy,
due to Pseudo SU3 symmetry, u=1/2)



Energy difference between f7/2" and f7/2"+1 - d3/2-1

Ref. 72 Ellmaz]  Imaa d;_.g ;‘;;1 - Elnaz]  Tmas AE .,
3aCazy [18 3.180 6+ 8207 11 5.108
4 Ca,, [19] 10.568 &t 5.088 13- 5.480
31Scea [20] 0.141 11 3.567 15— 5.574
458, [21] 5417 23/2- 11.022 31/2+ 5605

19] 15.701 35/2~ 10.2584
32 Tiza [19] 7.143 27/2- 13.028 33/2+ 5.885
59 Tizg [19 10.034 14t 15.540 17 5.515
Ve [22] 10.004 31/2- 15.250 35/2+ 5.255

Mean exp. Energy difference AE=5.489, 6=0.251 (<5%)



Comments on the spin-orbit

e For nn/pp active for a pair of particles In
S=1 state, T=1, L=1

e For np: either T=0,L=0or T=1,L=1

e Uls(nN)—N+Z/2=A-Z/2

e Hence: predominantly iso-vector —
Opposite iIsovector dependence than central

potential
AP AP aN-7z
N {‘j (72) —I_J{PJ) 3 A
) (. 1  N-—-Z
LEE("’EJ — LES (l T E .-"jfs A i3 ) -



In Skyrme HF, the energy difference depends on
time-odd spin fields and Is potential

E.‘:?Fi:yrme . [EEE [TEJ :|_|_ H':T'j [ ]]
t=0,1

TE ., . o T
é j“’] = 'fﬁ'? an Cf"ﬂpfipt + Cy pei + 'i'tj J f + "L'E‘Iﬁfv - Jy,

Hy (r) =582 + CP%sAs + CLsy - Ty, + Cl 32+ CY s, - (V % 3,).



Spin orbit In SHF

Vis(g,r)=—iW_ (r)V x o

A, N Wa W,
FLS'[.Q'.F} ~ IHFF_}SI{F}‘FHI Flﬁ'q“']“ﬁﬁ' — |—|ﬂﬂlf :I:—Iﬁ']“]' {s

r —1 /
po=(pn+py)  Pl=(on—pp) Wo=W+iw Wi=3W

e Fock term of the Skyrme force generates
strong isovector spin orbit potential



Radii in Pb-
Isotopes
Skyrme vs
RMF
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Terminating states allow for adjustment

2.5 1 1 ] 1 1 1 | T I T T T T T I
SEM 4
(a) Skyrme LEDF: skP e| (b) Landau LEDF:

2.01 i
2 1.5F -
=
SLor —

0.5 :

VIVETIiOTiHSc2CatScHCa YTVATIiOTiHSc 2 Ca**ScHCa

AE=AE ¢y n-AEineq



Decrease — T L
spin orbit — Landau LEDF: > Ei:
how is the N-Z SKO = onsf
dependence? 0.4 H e ol
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RMF Hartree Energy
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RMF Hartree Field
lap+V +B8(m — S)NWr;, = €Y, V = g,0°
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Spin orbit iIn RMF
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RMF vs Skyrme
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Study energy difference between
h11l/2 and g7/2

50




Binding energies for the Sb isotopes
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Energy difference between g7/2 and h11l/2
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Energy difference
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Conclusions

Band terminating states indeed excellent

tool to determine the effective interactions

Spin-spin interaction in Skyrme can be adjusted globally
Iso vector part of Spin-orbit potential in Skyrme

needs to be adjusted

Deficencies in the effective spin orbit potential in RMF.
Apparently too few mesons to properly account for the iso-
vector dependence. (pi-meson — tensor force..?)

h‘iSt — MOore data'
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Spin-spin fields generates unphysical
polarization in N=Z nuclel
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Determine the Landau parameters
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Landau parameters in Skyrme
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Vis(g.r) =~
m j
VJ | 1

Spin orbit
strength
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N=Z nuclei not
well described!
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