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Building blocks of shell model FRIRE!DIERKER

Model space (set of orbits for active particles) f2%YZEfS

- Combination of the model space #2E!Z2f4] and the number of nucleons FIF %
determines the dimension “XJT

Effective Interaction H3NHEE{ER
5. T T
H=Y;ein; + % jpivijml) afaay

1

Two-Body Matrix Element (TBME)

Single Particle Energy (SPE)

History of the shell model FZIEZE! D FERR

larger dimension XY KEFLLRTT ......... many-body structure
more precise TBME KUFRHELHEEER ... nuclear forces

interplay between structure and force—> paradigm
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Matrix of Hamiltonian H Slater determinants

— diagonalized
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Increase of shell-model dimension &%’
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About TBME (two-body matrix element)



At the beginning, x 2 fit is made as usual. FHOET1 vk

Example : 0%, 2%, 4* in 80 (oxygen) : d5/2 & s1/2

<d5/2,d5/2,J,T=1 |V | d5/2,d5/2,J, T >,
<d5/2,s1/2,), T=1 | V | d5/2,d5/2, J, T >, etc.

Arima, Cohen, Lawson and McFarlane (Argonne group) 1968

Later and till now, combination between fit and microscopic

calculations is the major way. 5. MRHERETEE T YLD IE

Example : USD interaction by Wildenthal & Brown

sd shell d5/2, d3/2 and s1/2

63 matrix elements
3 single particle energies



Changes by the fit : big or small ?

TBME 2 T T I T T T N
. - O
two-body matrix element 3 . L o T=0 % |
3 x T=1
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> ]
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For two-body interaction, our understanding from microscopic basis (i.e.
nucleon level) has been advanced enormously

BAHIZBETAERFIICNETIIHEYDES

NN interaction  potentials from scattering BRELEER T —2 M5
(Hamada-Johnston to CD-Bonn),

HFT, Latfice QED METHCE  (RBRT—HDLY)
31& 7]

2{ALSH  LEERIEL?

Renormalization  G-matrix, SRG, MBPT
Renormalization Persistency

USD family sd shell
KB3 family pf shell
GXPF1 family pf shell
SDPF-M  sd-f7p3
SDPF-U  sd-pf
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Conventional Shell Model
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Monte Carlo Shell Model
bases important for a specific eigenstate

optimized basis vectors selected by quantum Monte Carlo method

and by variational method
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EEANIMNLDRETOERR

Nj : number of basis vectors (dimension)

NB/ N, : number of (active) particles
J,I1 (n)
“P(D» = E S P ‘¢(D )> \ N, : number of single-particle states
n=I
N, Nsp/
SR EET H(D™)) = D |-) nEEOEE<ML
o<1\ =t (RL—52—1751IK)

E(D)=(¥(D)|H|¥(D)) | |
Minimize E(D) as a function of D utilizing Deformed smgle-par‘ncle state
gMC and conjugate gradient methods
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Conjugate gradieritv
taken from wikipedia
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Energy [MeV]

Energy of *Gein pf+g9/2 model space

Energy Variance [MeVz]
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2Ge, JUN45 int.
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(no-core shell model approach) ‘\ . /
: \ | / Ngpe=>
Convergence vs. number of basis states \ / Nshell_=34
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MCSM basis dimension

T. Abe, P. Maris, T. Otsuka, N. Shimizu,
Y. Utsuno, and J. P. Vary,
Phys. Rev. C 86 054301 (2012)
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Benchmark for energy levels of p-shell nuclei

Abe, Maris, Otsuka, Shimizu, Utsuno, Vary, Phys. Rev.
C 86, 054301 (2012).
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Density profile of the

Abe, Maris, Otsuka, Shimizu, Utsuno, Vary, Phys. Rev. C 86, 054301 (2012). intrinsic state of 8Be
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Energy-variance extrapolation

Extrapolation of ®¢Ni O*

* Second-order -305
extrapolation using
energy variance _ 08 0%,
(AH2)=(H2)-{H)2 = 307 [

* Points are ;%’ 08 | 02
calculated with N

each number of bases 309 r 0,
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N. Shimizu, Y. Utsuno, T. Mizusaki, T. Otsuka,
T. Abe, and M. Honma, Phys. Rev. C 82, 061305(R) (2010)
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Level scheme of %8Ni (a doubly magic nucleus
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proton neutron excitation
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O* state proton neutron
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Configuration Space Dimension

Configuration Interaction
(Interacting Shell Model)
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N=Z7

Shell-model dimension (without symmetry consideration)
for the pf- to pf-g- shell nuclei.

SciDAC Review, winter issue 2007 +

Courtesy of Utsuno
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