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Outline

CC computations of beta decays in 2He
and *C. Benchmark GT with other
methods (CI-IM-SRG, NCSM).

The quenching of g,

Role of 2BCs and correlations on super
allowed Gamow-Teller transition in 190Sn

Compute 2vBB and OvPBPB decay in *3Ca
with full-space coupled-cluster



Quenching of Gamow-Teller strength in nuclei

Long-standing problem: Experimental beta-decay strengths quenched compared to
theoretical results.
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Energy (MeV)

Charge exchange equation-of-motion
coupled method

Diagonalize H — G_THNeT via a equation-of-motion technique:
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Energy (MeV)

Charge exchange equation-of-motion
coupled method

Diagonalize H — e_THNeT via a equation-of-motion technique:

1 1
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A. Ekstrom, G. Jansen, K. Wendt et al, PRL 113 262504 (2014)
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Benchmarks for Gamow-Teller transitions in 8He

*He (g.5.) [MeV]
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Normal ordered one- and two-body current

Gamow-Teller matrix element:
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. 4 Normal ordered operator:
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One- and two-body currents and normal ordering in
Coupled-Cluster

CCSD similarity transformed normal-ordered current operator: 1 = T1 -+ T2

3-body terms 6-Rody ter
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Normal-ordered 1-body approximation

J. Menéndez, D. Gazit, A. Schwenk
PRL 107,062501 (2011)
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Benchmarks for Gamow-Teller transitions in 14C
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¢ = (S -S,)/13BN-2)

Quenching of lkeda sum rule in 14C
SN(GT) = SNGT™) — SNGTH) =3(N — 2)
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Quenching factor:

Sar(@op) — S(_*}_T(a)t_lc;p)

Q= 3(N — 7)

Sum rule calculated in CC:
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A. Ekstrom, G. Jansen, K. Wendt et al, PRL 113
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Accurate BEs from light 2> heavy - infinite
matter from a chiral interaction
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Gamow-Teller transition in 1°0Sn
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1001n from charge exchange coupled-cluster
equation-of-motion method

3 1+ 1+ Hinke et al, Nature (2012) 2.93(34) MeV
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Super allowed Gamow-Teller decay of 199Sn

< SMMC
* LSSM Effects of triples
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Neutrinoless BB-decay of 48Ca
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methods. From Y. lwata et al, PRL (2016).



Neutrinoless Bp-decay of 48Ca

(BT O[*8Ca)|? = (*¥Ti|0|**Ca) (*®Ca|OT[*3Ti)

Closure approximation with 0 qv 2
Gamow-Teller, Fermi and Tensor M o Mz~ + M
contributions: gA

The ground-state of #8Ca is computed in the CCSD approximation:
Hy|®o) = Eg|®0), Hy =e "Hye', T=T; + T3
The CC energy functional is expressed in term of left/right ground-states

(Po|(1+ A)Hn|Po) = Eo, (Pgl(1+ A)|Pg) = 1.

A= Z)\ZaaT+ Z)\ababaa

zgab



Neutrinoless BB-decay of 48Ca

48Ti is computed using a double FNR,M ‘ (I)()> — E,uR,u ‘ (I)O>

charge exchange equation of

motion method with 2p2hand (P | [, FN — (BT E
3p3h excitations < O‘ M < O‘ w

1

a 1 abc
R'u — Z Zrijbpgp;gnmj + % Z rijbkpngNijnmj
1jab 1jkabc
L,u — Z Z lfbpbpanjn;r- + % Z l;ijcpaprchinjn}
1jab 1jkabc

The Nuclear matrix element for OV in 48Ca is given by:
[(BBTi|0]*Ca)|? = (*8Ti|O]*¥Ca) (*¥Ca|OT|*®Ti)
= (Bo| LoOn|Po) (Po|(1 + A)OT n Ro|Po)
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48Tj from CR-EOM-CCSD(T)
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Neutrinoless Bp-decay of 48Ca

NMEforOVBB
Method Ferrb\ \ Tensor

CCSD 0.97 \ -0.12
CCSDT-1(10) e‘ﬁﬁ\N\ 0.09 0.1
CCSDT-1( ?\ 0.11 -0.11
CCSDT-1(14) 0.45 0.10 -0.11

el ' S ' ' ]l * NME computed with the chiral NN +
| 48Ca : 3N interaction 1.8/2.0 (EM) [K.
- — ; Hebeler et al PRC (2011)]
= 20 _ 1 ¢ Model-space N,,., =10, hw = 22MeV.
= . 1 ° Not converged with respect to model-
1} e o - space or truncation in 3p3h
| = o ' amplitudes
ol . . . . . * Preliminary CC results agree with
QRPA IBM EDF SM SM  SM QRPA

(p7)  (MBPT) (sdpr)



Summary

TIE | - - Quenchmg of GT
: f\;\ strength in nuclei from
o b | two-body currents
L Eseu = Super allowed GT
. s transition in 199Sn
SMMC
* ) LSSM
—@— Exp+extr | .
= e = The NME for Ov[3[3 in
,,,,,, o rowecoreg | 43Ca from coupled-
cluster calcualtions
Method Fermi Tensor
CCSD 0.97 0.31 -0.12
CCSDT-1(10) 0.44 0.09 -0.11
CCSDT-1(12) 0.50 0.11 -0.11

CCSDT-1(14) 0.45 0.10 -0.11



