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Next generation ab-initio nuclear theory

Do atomic nuclei posses symmetries, that are not of QCD? 

How to use them to increase the predictive power of ab-initio 
nuclear theory?
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Wigner SU(4) symmetry

Wigner SU(4) Symmetry

The nuclear Hamiltonian contains forces that can be 
written such that they depend on space coordinates alone.

E. Wigner, Phys. Rev. 51, 106–119 (1937)

NN forces at LO in the large number of colors of QCD are 
SU(4) symmetric for S-waves.
D. B. Kaplan and M. J. Savage, Physics Letters B 365 (1996) 244-251

Proposed as a medium- and long-distance symmetry of the 
NN force. Broken at short-distances. 
A. Calle Cordon and E. Ruiz Arriola, Phys. Rev. C 78, 054002 (2008)

Argued that symmetry becomes evident in NN forces at a 
particular resolution scale. 
D. Lee et al, Phys. Rev. Lett 127, 062501 (2021)

For SU(4) invariant Hamiltonians, nuclear states populate irreducible representations of the SU(4) group. 

Single-particle statesInterest revived in the 90’
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Irreducible representations of SU(2) & SU(3)

Single-particle states

SU(2) of isospin Gell-Mann SU(3) 

Two-particle states 

3 Generators:

One can be diagonalized

8 Generators:

Two can be diagonalized
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Irreducible representations of SU(4) 

There are 15 group generators:

It is possible to diagonalize simultaneously                   and the quadratic Casimir operator

Single-particle states (Fundamental irreducible representation):
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Irreducible representations of SU(4) 

Two-particle states Many-particle states

E. Wigner, Phys. Rev. 51, 106–119 (1937) S.S.LM, T. R. Djärv, C. Forssén, D. R. Phillips, arXiv:2503.16372v2
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Back to Physics

Are nuclei approximately SU(4) symmetric?

What consequences SU(4) symmetry introduces to nuclear observable?
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SU(4) decomposition of Nuclear States

Solve the many-body Schrödinger equation (here with chEFT interactions and ncsm)

The obtained wavefunctions can then be decomposed into SU(4) irreducible representations

using the Lanczos alghoritm with the nuclear wavefuction as the first Krylov pivot

Diagonalization of the tridiagonal Lanzos matrix gives the representation of the eigenvalues of 
the quadratic Casimir in the Krylov space.

C. W. Johnson, Phys. Rev. C 91, 034313 (2015)
A. E. McCoy et al, Phys. Rev. Lett. 125, 102505 (2020)



12

SU(4) decomposition of light nuclei

S.S.LM, T. R. Djärv, C. Forssén, D. R. Phillips, arXiv:2503.16372v2
S. Wesolowski et al, Phys. Rev. C 104, 064001 (2021)

A. Ekström et al, Phys. Rev. Lett. 110, 192502 (2013)
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Axial-current operator

The Gamow-Teller operator is a combination of generators of SU(4). 

It does not connect different irreducible representations. It is block-diagonal in SU(4) irreps.

We take the axial-current operator, up to N3LO in the counting of
and study the block structure of the current in the long-wavelength limit 

We show that, up to small terms, the full axial current is also block-diagonal in SU(4) irreps

E. Wigner, Phys. Rev. 56, 519–527 (1937)

P. T. Nang, Nucl. Phys. A 185 413-432 (1971)

S.S.LM, T. R. Djärv, C. Forssén, D. R. Phillips, arXiv:2503.16372v2

N.C. Mukhopadhyay, F. Cannata, Phys. Lett. B 51 225-228 (1974)

Option 1

A. Baroni et al, Phys. Rev. C 98, 044003 (2018)
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SU(4) predictions of axial nuclear matrix elements

SU(4)
GFMC

G.King et al, Phys. Rev. C 102, 025501 (2020)

S.S.LM, T. R. Djärv, C. Forssén, D. R. Phillips, arXiv:2503.16372v2
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Conclusions

Are nuclei approximately SU(4) symmetric?

SU(4) symmetry is broken, but not to the point to be irrelevant for the structure 
of nuclei.

What consequences SU(4) symmetry introduces to nuclear observable?

Selection rules in nuclear beta decays, based on SU(4) symmetry and 
block-diagonal structure of the axial current.


