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Overview

Introduction: Collective Excitations,
Proton-Neutron Symmetric and Mixed-Symmetric

Recent and Current Work:

First Measurement of the Magnetic Moment of a MSS

Sub-Shell at Z=58?

Outlook
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Symmetry and Mixed - Symmetry
Proton - Neutron
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A Prime Example:      Mo
Experimental Identification of MSS's

94

Large number of methods employed:

in-/off-beam gamma-spectroscopy

photon scattering

neutron scattering

Neutron and photon scattering both
require large (1g / 10's of g) isotopically
enriched material !
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Truncation of the Shell Model Space
Defining a Language: the IBM

Fermions pair to Bosons!

algebraic treatment within the:

Eigenstates of the corresponding Hamiltonian can then be labeled by their F-Spin
They carry the bosonic analog of isospin: F-Spin

F. Iachello, A. Arima, T. Otsuka

s ds d

Interacting Boson Model (IBM)

Valence nucleons tend to pair in a given orbital: "Cooper - like"



6th Coulomb Barrier Workshop, Yale 2007Volker Werner

g Factors of the First Excited State
Proton - Neutron Structure in the Zr Chain

J. Holt et al., nucl-th/0612070v1 (2007)

enhanced neutron contribution

Shell model calculations using V
offer a microscopic explanation

negative g factors for 2   states in Zr

lowK

+
1

T. Kuo

Rutgers@Yale

Zr Mo Ru Pd Cd

21
+

G. Jakob, N. Benczer-Koller et al., PLB 468,  13 (1999)
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Effects of the Z=40 Subshell Closure
Zr and Mo underlying Structure
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Precession Measurement
Transient Field Technique

0->2->0 cascade

4 3

Beam
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Rutgers/Yale g Factor Setup
Transient Field Technique

0->2->0 cascade

4 3
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of a Mixed - Symmetry State
First Measurement of the g Factor

We understand the proton-neutron configurations... or not? -> Esmat Elhami

G. Jakob, N. Benczer-Koller, et al.

22
+

21
+

g=+0.76(50)

g=+0.6(2)

Yale/Rutgers Collaboration April/July 2006
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Shell Effects at Z = 58 ?
Mixing between MSS's and FSS's

h 11/2
g 7/2

d 5/2

132np
136

138

Sn

Ba

Ce

(G. Rainovski et al., PRL 96, 122501 (2006))

N
2

m

N
2

m

proton g
closes at Ce

7/2

Z=58 usually not
considered as
sub-shell closure
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DPG 2007, GiessenVolker Werner

Sub - Shell effects
Shell effects in Nd close to N = 82

f 7/2
g 7/2

d 5/2

gap

n Sn132

Nd144
J=0,...,6

J=0,...,4

p

Only successful explanation so far in a
particle core coupled model (PCM)

Microscopic treatment missing.
i.e.: why wouldn't protons promote into d

J. Copnell et al., PRC 46, 1301 (1992) Gent

5/2

2+
1 6+

14+
1

+0.209(7) +0.131(36) -0.56(22)

g factors for the ground state band are known:

+
1

+
1

+
1

+
1B(E2;4  -> 2   )/B(E2;2   -> 0   ) = 0.98(3)

RUTGERS

J. Holden et al., PLB 493, 7 (2000)

C. Fitzpatrick, Yale, 2005



Cd Si(        , 2n ) Sm Pm Nd
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Identification of MSS's at Yale
Directional / Polarization Correlations

(11 Clovers, 9 BGO's)

gamma-gamma angular correlations

Replaced old WNSL DAQ with MSU DAQ

First experiments accomplished with new setup:

Using YRASTBall array as YRAST"Cube"

Renewed timing branch

Liz Williams

Robert Casperson

138Nd
Russ Terry b

+
b

+

141
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Summary & Thanks

­> Robert Casperson

Recent work around N=82 gives hint to subtle shell effects
Importance of hexadecapole configurations

FSS's and MSS's in terms of pn � configurations
Zr region as an ideal testing ground for collectivity vs. sp�effects
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