
Proton and Neutron Approximate Shell Model: 

Factorization-based Importance Truncation

16
O

d=1

17
O

d=3

18
O

d=14

19
O

d=37

20
O

d=81

21
O

d=119

22
O

d=142

23
O

d=119

24
O

d=81

25
O

d=37

26
O

d=14

27
O

d=3

28
O

d=1

17
F

d=1

18
F

d=3

19
F

d=14

20
F

d=37

21
F

d=81

22
F

d=119

23
F

d=142

24
F

d=119

25
F

d=81

26
F

d=37

27
F

d=14

28
F

d=3

29
F

d=1

18
Ne

d=1

19
Ne

d=3

20
Ne

d=14

21
Ne

d=37

22
Ne

d=81

23
Ne

d=119

24
Ne

d=142

25
Ne

d=119

26
Ne

d=81

27
Ne

d=37

28
Ne

d=14

29
Ne

d=3

30
Ne

d=1

19
Na

d=1

20
Na

d=3

21
Na

d=14

22
Na

d=37

23
Na

d=81

24
Na

d=119

25
Na

d=142

26
Na

d=119

27
Na

d=81

28
Na

d=37

29
Na

d=14

30
Na

d=3

31
Na

d=1

20
Mg

d=1

21
Mg

d=3

22
Mg

d=14

23
Mg

d=37

24
Mg

d=81

25
Mg

d=119

26
Mg

d=142

27
Mg

d=119

28
Mg

d=81

29
Mg

d=37

30
Mg

d=14

31
Mg

d=3

32
Mg

d=1

21
Al

d=1

22
Al

d=3

23
Al

d=14

24
Al

d=37

25
Al

d=81

26
Al

d=119

27
Al

d=142

28
Al

d=119

29
Al

d=81

30
Al

d=37

31
Al

d=14

32
Al

d=3

33
Al

d=1

22
Si

d=1

23
Si

d=3

24
Si

d=14

25
Si

d=37

26
Si

d=81

27
Si

d=119

28
Si

d=142

29
Si

d=119

30
Si

d=81

31
Si

d=37

32
Si

d=14

33
Si

d=3

34
Si

d=1

23
P

d=1

24
P

d=3

25
P

d=14

26
P

d=37

27
P

d=81

28
P

d=119

29
P

d=142

30
P

d=119

31
P

d=81

32
P

d=37

33
P

d=14

34
P

d=3

35
P

d=1

24
S

d=1

25
S

d=3

26
S

d=14

27
S

d=37

28
S

d=81

29
S

d=119

30
S

d=142

31
S

d=119

32
S

d=81

33
S

d=37

34
S

d=14

35
S

d=3

36
S

d=1

25
Cl

d=1

26
Cl

d=3

27
Cl

d=14

28
Cl

d=37

29
Cl

d=81

30
Cl

d=119

31
Cl

d=142

32
Cl

d=119

33
Cl

d=81

34
Cl

d=37

35
Cl

d=14

36
Cl

d=3

37
Cl

d=1

26
Ar

d=1

27
Ar

d=3

28
Ar

d=14

29
Ar

d=37

30
Ar

d=81

31
Ar

d=119

32
Ar

d=142

33
Ar

d=119

34
Ar

d=81

35
Ar

d=37

36
Ar

d=14

37
Ar

d=3

38
Ar

d=1

27
K

d=1

28
K

d=3

29
K

d=14

30
K

d=37

31
K

d=81

32
K

d=119

33
K

d=142

34
K

d=119

35
K

d=81

36
K

d=37

37
K

d=14

38
K

d=3

39
K

d=1

28
Ca

d=1

29
Ca

d=3

30
Ca

d=14

31
Ca

d=37

32
Ca

d=81

33
Ca

d=119

34
Ca

d=142

35
Ca

d=119

36
Ca

d=81

37
Ca

d=37

38
Ca

d=14

39
Ca

d=3

40
Ca

d=1

 1

 10

 100

 1000

 10000

 100000

Neutron dimensions in the SD shell model space 0d(3/2), 0d(5/2), 1s(1/2)
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Dimensions in the SD shell model space 0d(3/2), 0d(5/2), 1s(1/2)

Fig. 4. Convergence of Gamow Teller beta-decay 
log-ft values compared to experiment and 
another approximate method: nuclear density 
functional theory (DFT) and the particle-core 
coupling scheme from [PRC 105, 044306 
(2022)].
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We applied our unique proton/neutron factorization scheme to obtain approximate 
shell model results for the challenging case of 70Ge with multiple observables.

"Do we really need all those numbers?" Energy Spectra (70Ge): We outperform PHF with 
the same interaction and capture tricky third 0+

E2 Transitions (70Ge) 

Gamow Teller Beta Decay (70As to 70Ge) What's next: Extrapolation and 
nuclear reaction observables

LLNL-POST-836009

Figure 1. Dimension 
of nuclei in the sd-
shell model space. 
(e.g. USDB.) For more 
complex model 
spaces, dimensions 
can exceed 1016 

We'd like to make this 
smaller, so we can 
actually compute 
those models.

The nuclear shell model remain the gold-standard for structure.
Its cost reflects this.

Figure 2. Dimension 
of neutron subspace 
for nuclei in the sd-
shell model space.

Full configuration interaction (FCI)

Proton and Neutron Approximate Shell Model (PANASh):

Construct a basis:
Truncate:
Diagonalize H:

Can we extrapolate to the full model-space solutions?

What about other observables relevant to nuclear reaction 
theory: gamma-ray strength functions (GSFs) and nuclear level 
densities (NLDs)?

Like a "poor man's" Density Matrix Renormalization Group 
(DMRG) [PRL 69, 2863 White (1992)], we use a partial solution of 

the Hamiltonian to construct a special, truncated basis

Fig. 1. Convergence of the first few 
excited states as a function of matrix 
dimension. M-scheme dimension in this 
space is 280 million.

Fig. 2. PANASh (this work) compared to 
experiment and other methods including 
projected Hartree Fock [J.Phys.G. 48, 
9095107, Lauber, et al. (2021)]. Our method 
captures complex structure of 70Ge, including 
third 0+ state. 

Fig. 3. Convergence of quadrupole transition 
strengths as a function of the basis cuttoff 
energy. B(E2)'s are approaching FCI values. We 
will need to study this further to understand 
the convergence. Our calculations are bounded 
by uncertainty of FCI.

Experimental data from NNDC

Experimental data from NNDC

Fig. 5. Preliminary density 
of levels from PANASh 
compared to observed 
levels reported in NNDC.

Rapid convergence of 
spectra with truncation size

We were inspired by 
[PRC.69.024312, 
Papenbrock, et al.
(2004)] and related 
work to consider a 
factorization inspired 
basis...

Ground state BE 
within 0.5 MeV of 
FCI


