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Allowed by the current Standard Model Beyond-Standard-Model (BSM) process
2 neutrinosin the final state 0 neutrinosin the final state

Neutrinois a Diracfermion, i.e. particle Neutrino is a Majoranafermion, i.e. its
and antiparticle are distinct own antiparticle

Big impact on our understanding
of BSM physics!
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OvBpB nuclear matrix
element (NME)

This is where nuclear
theory Is important!
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« Gamow-Teller (GT) transition: neutron
MPEE = (0} | Z[.:r‘..j @ o, 0107, ) changes to proton and the spin from
neutron to proton flips
* Double Gamow-Teller (DGT) transition: a
strong nuclear process where two neutrons
change to two protons with the same spin
flipping behavior
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« Gamow-Teller (GT) transition: neutron
MPET — = (07, ] Z[c:rj @ o, 0107, ) changes to proton and the spin from
neutron to proton flips
* Double Gamow-Teller (DGT) transition: a
5 strong nuclear process where two neutrons
MY = M%. — (QV) MY + MY change to two protons with the same spin

ga flipping behavior

M = (05, 1Y o @ opry, 1'Var(rin)| 0. )

1.k
| N\Only difference is the

Var(rjk) = Tik neutrino potential!
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Courtesy of C. G. Payne's thesis

Steps of VS-IMSRG:
1. Decouple core energy and valence-space Hamiltonian from full-space Hamiltonian

2. Solve the simpler valence space Hamiltonian exactly
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& TRIUMF summary

* Experimental observation of OvBp can have a big impact on our understanding of

physics.
* Precise NME calculations are critical to constraining experimental searches.

* Previous results showed that there was a linear correlation between DGT transition
NMEs and OvBp decay NMEs.

« \We showed that this linear correlation still holds when using the first principles
computational technigue known as VS-IMSRG.
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22 TRIUMF VS-IMSRG and First Principles/Ab Initio Techniques
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Important parameters:
* emaz . harmonic oscillator basis size (2n +1 < epas )

FLA
* E3ma: : 3-body force truncation
m (idea”y Eg?naj: =3- E*m,am)
| Het O * hw: harmonic oscillator frequency

shell
-8 Note: all operators are currently truncated at the
2-body level

Courtesy of S. R. Stroberg

Steps of VS-IMSRG:
1. Decouple core energy and valence-space Hamiltonian from full-space Hamiltonian

2. Solve the simpler valence space Hamiltonian exactly
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Detector set up 11B5+

« Experimentally, DGT Iis yet to be observed.

 Lots of experimental interest! D1

« Current experimental searches use heavy ion
double charge exchange interactions.

« M. Takaki et al. used °C(*80,'8Ne)!?Be to
probe DGT transitions [1].

« K. Takahisa et al. used and 3C(1!B,1Li)*30
and >°Fe(11B,!1Li)*°Ni[2].

« More experiments need to be done.

Target
Q2 SX Ql l

Target

Thin foil

b T4 (PET: 0.5um Myler)
X VDC

¥ #- "\ Plastic scintillator
0 1 2 3m DSR \
R S LRSS

Focal Plane Detector

[1] M. Takaki etal., JPS Conf. Proc. 6, 020038 (2015). Diagram of the Grand Raiden
[2] K. Takahisa et al., arXiv:1703.08264, (2017). spectrometer, Osaka University [2].



