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Interactions in the sd-Shell

To Many-Body Simulation:
e Interaction file

itz EiEeies - Single Particle Energies (SPE)
information about nuclide _ TWO—BOdy Matrix Elements
(TBME)

e Information about nuclide

|::> - # of valence protons

- # of valence neutrons
- # of excitation states

3 SPE's
63 TBME's

24Mg

protons = 4
neutrons = 4

# excited states
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Interactions in the sd-Shell

Single Par > Eneragies Typlca| Interaction |nput:

63 2.1117 =3.9257 -3.2079

2 2 2 2 1 0 -1.3796

2 2 2 1 1 0 3.4987 “ no. ,

22 11 10 1.6647 Gold Standard” is Alex Brown's USDB

2 2 1 3 1 0 0.0272

2 2 3 3 1 0 -0.5344 -

2233 1o REEEE interaction (a fit to many-body spectra)

2 1 1 1 1 0 0.1922

2 1 1 3 1 0 1.6231

2 1 3 3 1 0 2.0226

11 1 1 1 0 -1.6582

1 1 1 3 1 0 -0.8493

1 1 3 3 1 0 0.1574

1 3 1 3 1 0 -4.0460

1 3 3 3 1 0 =-0.9201

3 3 3 3 1 0 =-3.7093

2 1 2 1 2 0 =-4.2117

2 1 2 3 2 0 -0.6464

2 1 1 3 2 0 =-0.4429

2 3 2 3 2 0 =-0.3154

2 3 1 3 2 0 =2.5110

iveca oo IBME
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Motivation

Magnesium-24 Energy Spectra
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See differences in energies and order of angular momentum.
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Motivation

SPE and TBME Comparison
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Matrix Element

Element by element comparison is not enlightening.
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Method

We investigate the effects of perturbations of the SPEs and
TBMEs on the energy spectra output by our CI code:
0E,
Ea(Ni +6X) = Eo(\)) + =26 + -+
O\
The second term can be evaluated using the Feynmann-Hellmann

Theoreom:
OE,

O\

= (Vo |Hi|Va)

We do not expect all SPEs + TBMEs to contribute equally.
Use a Singular Value Decomposition to determine dominant
linear combinations.
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A Comparing Shell-Model Interactions

SVD of USDB Interaction

Eigenvalue Spectra from SVD
Space: Ne®’-Ar*®, Ground State + 10 Excited States
10T T T T T T T T T T T T

s o Ground + Excited| _|
10 A Excitated States

Eigenvalue

1 5 10 15 20 25 30 35 40 45 50 55 60
Linear Combination Index
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SVD of USDB Interaction

Eigenvalue Spectra from SVD
Space: Ne®’-Ar*®, Ground State + 10 Excited States
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Subspace Analysis

Subspace Decomposition

MILCOM Decomposition

Ground State + 10 Excited States
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“MILCOM" = most important linear combination
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Subspace Analysis

Interaction Comparison

Parameter Set Comparison
Space: Ne” - Ar®® Ground State + 10 Excited States
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Linear Combination Index
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Subspace Analysis

Interaction Comparison

Parameter Set Comparison
Space: Ne” - Ar®® Ground State + 10 Excited States

0.4 :
[ O uspB* | |
03 O  Chiral -
A Daejeon | :
[ X Arizona T
02 v Oakridge |
Triumf
o s T 4
3 T
g o1 ; : : : =
a : x
~ L : : i
’g : :
o R ‘ o
ﬁ & @ :
L 14 : : |
© x A
0.1 M : ol
L : o |
0.2 =
1 2 3 4 5 6

Linear Combination Index

Stephanie Lauber March 2nd 2017 Ab Initio Workshop 12 / 15



Comparing Shell-Model Interactions

Subspace Analysis

Future Work

Currently comparing:
Arizona

Chiral

Daejeon

- Oakridge

- Triumf

Open to more sd-shell interactions with similar analysis for
different shells (coming soon...)
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