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= Microscopic Approach: Low-Momentum Interactions
=« Advantages for Nuclear Structure

= Proton/Neutron Mixed-Symmetry
= Properties and Signatures
= EXperimental Landscape

First Results

=« Manifestation in odd-mass nearly-spherical nuclei

= Microscopic Mechanism for Formation/Evolution
+ Observables: g factors

« Driven by energy of proton/neutron quadrupole

excitations
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Hierarchy: V>V, > ... all are effective theories
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o Fit all low-energy NN data

» Detalls unconstrained for higher
momenta

» High momentum modes complicate
many-body calculations

» Desire low-momentum interactions
for nuclear structure calculations

3N forces: current frontier in
many-body calculations for
medium-mass nuclei
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S.K. Bogner, T.T.S. Kuo, and A. Schwenk, Phys. Rep. 386, 1 (2003).

L ow-Momentiuminierasiiis

Generate low-momentum interactions for low-energy problems of interest

Evolve cutoff to desired resolution scale NN Y T T Y
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Advantages foriNUGIEalESiditsadie

Using lower cutoffs: Energy independence useful for
Improved convergence for nuclear structure
structure calculations _
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Advantages for NUGIEQrESiddits

e

Using lower cutoffs:

Improved convergence for
structure calculations

Energy independence useful for
nuclear structure
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Variation of observables with cutoff
probes error due to neglected

physics.
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What is a “Mixed=SyminEtd/asiciitrs ‘

Collective Excitations which are p/n asymmetric N Pietralla et al.

Deformed Nuclei (A-Richteretal}  fNearly_Spherical Nuclei

Y~ ,
Fs N T V = ms 4
MS
A\t

o 5 Isoscalar Isovector
Rotor Scissor’ mode Ouadrupole Quadrupole

Focus: Isovector guadrupole excitations of valence nucleons
» Understand collective coupling of proton-neutron (p/n) subsystems

» Sensitive to: shell structures, p/n part of valence shell interaction

I | Goal: Understand properties microscopically w/ Viow K |
J

. D. Holt INT, Oct. 2007 7



Experimentall SpEGUH/SIHHEWIIES

4 == Collective £2 —isoscalar (~ 10-20 W.u.)
—> Weakly-collective £2 (~ 1-5 W.u.) MSSs
=== Strong A/l — isovector operator ~1 MZN

Ex
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CalculationiVeshbrE |

Generate valence shell effective

Interaction from microscopic A A A A
Many body theory: o~
iy 1+ + A A
Viowk T 2" order terms | |
Future: Validate against exact

many-body theories (NCSM, CC,...) _
Intermediate states:

taken two oscillator shells
OXBASH code for diagonalization above/below model space

Experimental s.p. energies from: 89Y and 89Sr

Z N
O(E2)=e, > r?YP(f)+e, > rY?(r)
i=1 =1

EM Transition

Operators: | %(i[mf rais el o D
1 -

[ i
J. D. Holt INT, Oct. 2007

11



First Applicaiions

Parameters

9',=1,¢,=0

e,=2.1e,e,=1.2¢
9%, =3.18, g%,

=-2.18

Simple test: °*Mo

B(M1) [Hy]

2y

ol

+

0.24(3) 1+
B /14(3)
2+, [0.43] A

0.56(5)
[0.69]| Expt.

[Theory]

Also: °2Zr, %5Ru

IJ. D. Holt

First Real Test: °3Nb
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Can we identify MSSs here?
» Will EM transitions be preserved?

» Concern: Large M1 strength
could arise from spin-flip of
unpaired proton

Quantify spin/orbital M1
contributions and check
IS/IV character of excitations
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J.N. Orce, JDH et al., Phys. Rev. Lett. 97, 062504 (2006).

MS in the Odd-MasSNUGIEUSESINE

Proton Scattering (Cologne) [Theory]

Neutron Scattering (Kentucky)| Experiment | Collective (measured and
calculated) E2 transitions:
One- and two-phonon FSSs

B(E2) [W.u.]

Q.Q, 5"

» Weakly-collective E2 to
ground state

|J. D. Holt INT, Oct. 2007
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J.N. Orce, JDH et al., Phys. Rev. Lett. 97, 062504 (2006).

Neutron Scattering (Kentucky)| Experiment | Collective (measured and
Proton Scattering (Cologne) | [Theory] calculated) E2 transitions:
Q.Q. : B(M1) %]
,“6 2z
—‘.’ 3"
: > _ | « Weakly-collective E2 to
3 ) 5
Q.7 > ground state
0.55:92 . 22 |
[0_507' “, 3- | ¢ Strong M1 to symmetric states
2, (Agrees w/ experiment)
> Q 29(8)
21 [0.378]
3 e,
% b 6.01
21 [4.28] [6.01]
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J.N. Orce, JDH et al., Phys. Rev. Lett. 97, 062504 (2006).

Neutron Scattering (Kentucky)| Experiment
Proton Scattering (Cologne) [Theory]
Ji  — Jy Spin B(M1) Orbital B(M1)
Qs s s =3 0.110 0.121
_‘"‘ 5- 57 0.155 0.153
0.’. i
2 5°
3 0 24Qm < 2
+0. " 2
0.55 ;1 5seg
[0.507 o 3
22
> Q 29(8)
21 [0.378]
3 e,
Py . 6.01
2 [4.28] [6.01]

Collective (measured and
calculated) E2 transitions:

» Weakly-collective E2 to
ground state

» Strong M1 to symmetric states
(Agrees w/ experiment)

o B(M1),#B(M1), - just as in **Mo
= One-phonon MS

IJ. D. Holt
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J.N. Orce, JDH et al., Phys. Rev. Lett. 97, 062504 (2006).

Neutron Scattering (Kentucky)
Proton Scattering (Cologne)

Q,Q, 5"

."v 23

q. _
A 3

4

Experiment
[Theory]

B(M1) [p?.]
MS States

Collective (measured and
calculated) E2 transitions:

» Weakly-collective E2 to
ground state

» Strong M1 to symmetric states
(Agrees w/ experiment)

o B(M1),#B(M1), - just as in **Mo
= One-phonon MS

First identification of
MSSs in an odd-mass
nearly-spherical nucleus.

IJ. D. Holt
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Two-Phonon MSESTtateSunESID,

3
» Much more complicated situation: e.q., 2, two two-phonon states

4 == Collective £2 —isoscalar (~ 10-20 W.u.)

é _ ; ~ 1
. Weakly-collective £2 (~ 1-5W.u.) : MSSs
X =P Strong M1 - isovector operator ~In N
3+ 1+ 2;
ms Q:Qm
Qm
Q.=Q, +Q,
1 Q,,=0Q, - BQ,

0- us v
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JDH, N. Pietralla, T.T.S Kuo, and J.W. Holt, in preparation

Two-Phonon M SEStatesSuEINEG,

» Much more complicated situation: e.q., 2, two two-phonon states
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o TWO candidates
from M1 transition

» Confirmed by E2
transitions

» Identified and
predicted properties
of two-phonon
MSSs in 23Nb:

1 3
En, ms Eu, ms
S I8
Eu, ms Eu, ms
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JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

Evolution off Key aSIyNaiiIESRIEY S,

x Experiment 96Ru N=52
1k ~
98P
93Nb94|\/|0 X 100Cd |
0.5 E ~
: B(ML:2;,, —>27) [4]
——
Proton Number (2)

IJ. D. Holt

How do MS structures evolve
towards Z=50 shell closure?

Predict evolution of MS
properties in experimentally-
unstudied nuclel...

INT, Oct. 2007
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JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

Evolution ofi KeyaSIgREaIESRIIEYS!

0—0O Full M1

¢ ¢ Spin M1

A- A Orbital M1
x Experiment

94 MGQ

QZZr
. + + 2
B(M1:2/ .. —>27) [1]
f" ______ A

kT T e A

£ /k- : i " ............ ’ ........... .‘ ...........
s &

¥

¢ 40 42 44 46 73

Proton Number (2)

Qualitative agreement with available data:
parabolic behavior peaks at mid-shell

How do MS structures evolve
towards Z=50 shell closure?

Predict evolution of MS
properties in experimentally-
unstudied nuclel...

IJ. D. Holt
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JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

Evolution ofi KeyaSIgREaIESRIIEYS!

- 4 Spin M1
A- A Orbital M1
x Experiment

94M

922r
0.5 [ i
. + + 2
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Proton Number (2)

Qualitative agreement with available data:

parabolic behavior peaks at mid-shell

How do MS structures evolve
towards Z=50 shell closure?

Predict evolution of MS
properties in experimentally-
unstudied nuclel...

(mixed-symmetric) (fully-symmetric)
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/etralla et al., PRC (1998).

Collectivity strongest at mid-shell? Nothing new
What else can we learn? Why does it happen in this region?

J. D. Holt

INT, Oct. 2007 21



JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

Configuration mixing:

Energy of p/n excitations crucial

Revealing p/nicHalaGteleBiNcllwitIls

g-factors: sensitive to p/n content

+ " +
X
+ N \ +
N
2v N 2FS
+
227[ P ~ * ZZ-F
_|_
2. "
— ~ < v

Can we reveal p/n content of

927y %Mo 9‘6‘Ru 98p( 100

o~
%) \’.‘*
S “ag
= 9SNb ~
> T ;
~ | (Mantica, et al. ‘01
2 E3
O
R >
) ~N
oL . - -

o2 SM
x o2 SM
% 2", Expt.

(Jakob, et al. “99) , .

40 42 44 46 48

Proton Number (2)

» Shell closures: dissimilar p/n content

» Mid-shell: nearly identical (=~ Z/A)
= “purest”

the states we’re interested in?
J. D. Holt
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V. Werner, Benczer-Koller, JDH, Kumbartzki, Perry, Pietralla et al., submitted to PRL.

g factor MeasurementsyiEANSIIUIIES

Can this predicted g factor trend be seen experimentally?

Compare with first measurements of magnetic moments

of MSSs
1.5 {) ~ X cCalculations
1 X 0.95 % 0.98
1 )
=+0.88(27 2
05 g=+0.76(50) ’ ) |
0 $
% 031 %025 %
~05 | ' | |
90 92 94 96

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

Yale/Rutgers Collaboration April/July 2006

IJ. D. Holt
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JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

M1 Matrix Elements andiSiVIaayeiiiieh NS

Components of M1 matrix elements: | Nuc. SMWfs 2+, 2+

I %27 2;) 0462 -0.129

5 | t) 0078 0.725

s %Mo 2.) 0682 -0.461

5 [ 2:) 0426 0652

e BRU 2)) 0.586 -0.584

5 2:) 0512 0548

= 03 98P 2)) 0.510 -0.681

A 2°) 0576 0.448
% ,

Proton Number (Z) 100Cd 2j> 0.376 -0.787

Evolution driven by orbital proton part 2;> 0.638 0.305

Approximations ~60%-70% of total wf

Show clear evolution in p/n character
J. D. Holt INT, Oct. 2007



JDH, Pietralla, Kuo, Holt, and Rainovski, Phys. Rev. C 76, 034326 (2007).

Mechanism [OREVOINH GRS

» Wavefunctions can be approximated in terms of fractional-filling:

2 )~ F20)+ 1 £]2))
2 ) 1= F]20)=F|20)

» Observables then expressed simply:

0(2; )= 2% [, + £ (a1, — 1, )]

f =(Z —40)/10

#, =(2, M2} )
u_ >0, u <0

+ + 1
B(M 1;21,ms — 21 ): g f (1_ f )(,Llﬂ — K, )2

J. D. Holt

| » Immediately see behavior of M1 strength and ¢ factors
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Microscopic RestorationoCidisSyiiiE

 Can this evolution be explained microscopically?

* Energies of 2*_, 2%, excitations vary with addition of protons (fill gg/,):
- 2*, energies of N=50 isotones indicates evolution of 2*_ energy
- 2*, energies of 92Sr and 192Sn indicate 2+, energies

1500 keV

2,
2,

—_—

930 keV

/

-

Y
~

QZZr

E—

+ //’ N
2. 1470 keV ; > 20
% 100Cd

o N
" 1390 keV

N\

+
N\ 2 s

» Degeneracy expected near mid-shell: “purest” collective excitations

« Microscopic mechanism which explains existence, formation, and
evolutionary properties of MSSs in this nuclear region

IJ. D. Holt

INT, Oct. 2007

26



O. Burda et al., Phys. Rev. Lett. 99, 092503 (2007).

4Mo(e, e ) Form FEaGtorSNSAMEIEGY

Electron scattering cross sections: differential data

(do/dQ)/(do/dQ)y,

107

*Mo(e,e”)

107*F

S-DALINAC (Darmstadt) for (e,e’)

IThemba Labs (S. Africa) for (p,p’)

Provides new test of phonon

character of 2%

Calculated cross sections from

DWBA

SM V., « reasonably predicted
measured cross-sections.

0.4 0.6

S Vlow K SM
— QPM
IBM-2

IJ. D. Holt
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O. Burda et al., Phys. Rev. Lett. 99, 092503 (2007).

4Mo(e, e ) Form FEaGtorSNSAMEIEGY

Electron scattering cross sections: differential data

10"}

**Mo(p,p”)

107%L__.

S-DALINAC (Darmstadt) for (e,e’)
IThemba Labs (S. Africa) for (p,p’)

Provides new test of phonon
character of 2*

Calculated cross sections from
DWBA

SM V,,, « reasonably predicted
measured cross-sections.

1.0 1.5

S Vlowk SM
— QPM
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. Use microscopic low-momentum V,,, , for nuclear structure in
nearly-spherical nuclei: focus on MSSs in vibrational nuclei

. First description of MS in odd-mass, nearly spherical ®>Nb
. With experiment, showed first evidence for existence in °3Nb

. Microscopic mechanism addressing evolution of MSS
experimental signatures

. Predicted electron/proton scattering cross sections in **Mo

. Future work:
. Incorporate missing 3N forces into SM calculations
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