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Trend in realistic ab-initio calculations

Explosion of many-body methods (Coupled clusters, Green’s function Monte
Carlo, In-Medium SRG, Lattice EFT, MCSM, No-Core Shell Model, Self-Consistent
Green’s Function, UMOA, ...)
Application of ideas from EFT and renormalization group (V,,,. Similarity
Renormalization Group, ...)
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Oxgyen chain with interactions from chiral EFT
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Quenching factor Q (%)

The puzzle of quenched of beta decays

Long-standing problem: Experimental beta-decay strengths

quenched compared to theoretical results.
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R(GT) Expt.

= Renormalizations of the
Gamow-Teller operator?

=  Missing correlationsin
nuclear wave functions?

" Model-space truncations?

= Two-body currents (2BCs)?

G. Martinez-Pinedo et al, PRC 53, R2602 (1996)
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Nuclear forces from chiral effective field theory

[Weinberg; van Kolck; Epelbaum et al.; Entem & Machleidt; ...]
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A family of interactions from chiral EFT

{ NNLO,,: Accurate radii and BEs

Simultaneous optimization of
NN and 3NFs

Include charge radii and binding
energies of 3H, 34He, 14C, 190 in
the optimization

Harder interaction: difficult to
converge beyond °®Ni

Ekstrom et al, Phys. Rev. C91, 051301(R) (2015).
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Saturation in nuclear matter from chiral
interactions
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Theory to experiment ratios for beta
decays in light nuclei from NCSM

NNLO.., (c, = 0.82)
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Theory to experiment ratios for beta
decays in light nuclei from NCSM

N3LO(EM) + 3N,, SRG-evolved to 2.0fm™ (c, = 0.7)
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Consistent with QMC calculations 0 GT only

of beta-decays, S. Pastore et al, 7Be% %7 Li§
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Gamow-Teller transition in 1°0Sn
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Coupled cluster calculations of beta-decay
partners

Diagonalize H — B_THNBT via a novel equation-of-motion technique:
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Coupled cluster calculations of beta-decay
partners

Diagonalize H — e_THNeT via a novel equation-of-motion technique:
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Coupled cluster calculations of beta-decay
partners

Diagonalize H — e_THNeT via a novel equation-of-motion technique:
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Coupled cluster calculations of beta-decay
partners

Diagonalize H — e_THNeT via a novel equation-of-motion technique:
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Coupled cluster calculations of beta-decay
partners

Diagonalize H — B_THNBT via a novel equation-of-motion technique:

1
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Introduce an energy cut on allowed three- ”
particle three-hole excitations: g
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Charge exchange EOM-CCSDT-1

) (SIHIS) (DIAIS) (T|VIS)
Heespr—1 = |(S|H|D)Y (D|H|D) (T|V|D)
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Charge exchange EOM-CCSDT-1

_ Pespace [(S|H|S) (DIHIS) (T|VIS)
Heespr—1 = |(S|H|D) (D|H|D)| (T|V|D)

(S|VITY (DIV|T) (T|F|T)| a-space



Charge exchange EOM-CCSDT-1

~ P-space (5@5) (D\IE\S) (T|V]S)
Heespr—1 = |(S|H|D)Y (D|H|D) (T|V|D)
(S|VITY (DIV|T)Y (T|F|T)| a-space

" Bloch-Horowitz is exact; iterative solution poss.
FPPRP -+ HPQ(W — FQQ)_lﬁQpRp = wRp

* No large memory required for lanczos vectors
= Can only solve for one state at a time

» Reduces matrix dimension from ~10° to ~10°
= Method scales as N’

W. C. Haxton and C.-L. Song Phys. Rev. Lett. 84 (2000); W. C. Haxton Phys. Rev. C 77, 034005 (2008)
C. E. Smith, J. Chem. Phys. 122,054110 (2005)



Normal ordered one- and two-body current

A A 1 2
Gamow-Teller matrix element: OgTm = Oé% + O % = gAl\/ EA

A 1 : E
:'“" Normal ordered operator:
c3, C4 OGT — ON _I_%

Benchmark between NCSM and CC for the large transition in 4O using NNLO,

Method |\ Mat(oT)| | Mc|
EOM-CCSD 2.15 2.08
EOM-CCSDT-1 1.77 1.69
NCSM 1.80(3) 1.69(3)
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Structure of the ligthest tin isotopes
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Charge exchange EOM-CCSDT-1

- P-space (5@5) (D@S) (T|V]S)
Heespr—1 = |(S|H|D)Y (D|H|D) (T|V|D)
(S|VITY (DIV|T) (T|F|T)| a-space
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Convergence of excited states in 190In
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Energy [MeV]

1001n from charge exchange coupled-cluster
equation-of-motion method
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Super allowed Gamow-Teller decay of 199Sn
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Convergence of GT transition in 100§n
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Role of 2BC and correlations in 190Sn
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The small role of short-ranged 2BC on GT decay
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One-body normal ordering of 2BC in free
Fermi gas
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The role of 2BC in the sd-shell

¢ this work N3LO(EM) + 3Nln|/,/'/
shell model
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The role of 2BC in the pf-shell

3
¢ this work N3LO(EM) + 3N|n|/,/
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Quenching of lkeda sum-rule from 2BC

114 Q=qg?=(5"=S")/[3(N-2)]
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Inclusive electron scattering and the
Coulomb sum rule

The CSR is the total integerated strength of inelastic longitudinal
response function

CSR(q) = / dw R (w,q)/G2(Q?)

R (w Zl (£10(a)|0)[25(w — Ex + Eq)

Here p(q) is the nuclear charge operator
Final state different from g.s. since we want the inelastic response

We approached the problem as we do for the calculation of the total
strength of the dipole response function in PRL 111, 122502 (2013).



Coulomb sum rule
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Comparison to data in ‘He and 1¢0

= CSRfor 160 based on
NNLO.,, and N3LO(EM)

= Comparison to data in **C
and to Mihaila and

He Heisenberg (PRL 2000)

P % " Good agreementin “He
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Comparison to data in 49Ca
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Summary

Forces and 2BCs from chiral EFT explain (to
large extent) the quenching of GT strength in
atomic nuclei

Make predictions for the super allowed GT
transition in %Sn

Promising coupled-cluster results for total
inelastic longitudinal response

Next steps is to look at the inelastic
longitudinal response function and neutrino
response on 0 and #°Ar.
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