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Double-beta decay and nuclear matrix elements

neutrino mass

O neutrino mass is zero within the standard model
O neutrino oscillation measurements clarifies the finite mass of neutrino

Neutrino oscillation cannot determine the neutrino mass
Double-beta decay may determine it if the neutrino is Majorana particle
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phase space factor effective mass of electric neutrino

O Precise value of the NME is necessary to determine the neutrino mass
O Theoretical values of NMEs are within a factor of 2-3
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QRPA for double-beta decay

I gpp Can be determined from B decay and 2vpp decay
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two pnQRPA calculations (from initial and final states)
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Two sets of intermediate states do not agree because the QRPA is an approximation

— matching of the intermediate states
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PP O(a) is a overlap quantity from the two HFB states



Matching of the intermediate states

QTDA overlap Mustonen et al., Phys. Rev. C 87, 064302 (2013)
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Skyrme QRPA for double-beta decay

Mustonen and Engel, Phys. Rev. C 87,064302 (2013)
I Skyrme EDF: global parametrization in full sp model space
I QRPA calculation for 76Ge, 130Te, 136Xe, 150Nd

I HFB model space: two-dimensional, 20 fm (0.7 fm mesh)
I axial deformation allowed

| QRPA A B\ (X™\_, (X"
B* A*)\y») =1 yn

two-quasiparticle dimension ~ 500,000, truncation to 15,000
(almost 2p or 2h states and states with high 2gp energy removed)
full diagonalization necessary for double-beta decay calculation

— SKM*, g4 = 1.25 -..modified, g4 = 1.25
— SkM*, g4 = 1.0 — modified, g4 = 1.0
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QRPA with large model space is computationally demanding




Finite-amplitude method (FAM)

Nakatsukasa et al., Phys. Rev. C 76, 024318 (2007)
QRPA: small-amplitude limit of time-dependent density functional theory

O

O FAM: linear response formalism of QRPA for DFT

O efficient iterative solution to the QRPA problem

O one-body induced field not through two-body AB matrices
O easy implementation on top of existing mean-field codes
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1.3185 13183 5.729(—4) 5.776(—4) 5.781(—4)
1.3731 1.3731 1.539(—2) 1.510(—2) 1.511(~2)
24582 24581 0.1796 0.1784 0.1783
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FAM for sum rules

NH, Kortelainen, Nazarewicz, Olsen, Phys. Rev. C 91,044323 (2015)

QRPA poIeTs( °

QRPA sum rule pole from v X
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vr>0

Contour integration including all the positive energy poles
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TABLE V. Sum rules (in MeV* ¢ fm*) for the isoscalar and isovector monopole operators calculated with the MQRPA and the FAM. The
FAM calculations were performed by using N4, = 301, N4, = 101, and N;, = 200 integration points.

k= —4 k=-3 k=-2 k=-1 k=0 k=1 k=2 k=3 k=4
MQRPA(ISM)  0.013077 0.037 185 0.253118 5.00072 ©139.825 ] 4200.82 131368 4342358 157906069
FAM(ISM) 0.012579 0.036 992 0.253 186 5.00385  139.844 | 4199.44 131277 4336644 157058272
MQRPA(IVM) 0.00063616  0.00273872  0.07120949 | 2.78540 113908 } 4735.03 }199525 8527358 370625216
FAM(IVM) 0.00043 157 0.00275227  0.07133510 © 2.78615 113908 § 473430 J199510 8524830 368643941
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FAM for pnQRPA

Mustonen Shafer, Zenginerler, Engel, Phys. Rev. C 90, 024308 (2014)

FAM code development for pnQRPA (Skyrme-EDF HFBTHO)

B decay strength Gamow-Teller resonance (?2Ne)
(contour integration)
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Global calculations, new Skyrme parametrizations fitted to B decay and GT
Mustonen and Engel, Phys. Rev. C 93, 014304 (2016)



2vBB decay NME from the FAM
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2vBB decay NME from the FAM

Da Im w NH, Engel, in preparation

first order poles at
wi = £, k and wy = 0y, K

Re w ~ R
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(272) /dw/ dw, Tom.prmt (0, W FF/GT W' FF_/GT ) fprnt pn (W, W)

pnp n’

© QRPA poles contour D encircles all the positive energy poles
contour D’ encircles all the negative energy poles
double GT transition
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FAM with (o)t- from initial state, FAM with (o)t- from final state

complex-energy FAM allows us to compute DGT and 2vBB NME very efficiently
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Test calculation for sum rule

code: HFBTHO, pnFAM(Mustonen et al., Phys. Rev. C 90, 024308 (2014))

I small calculation without MPI parallelization (#8Ti)

I HFBTHO: SLy4, Ngy=b, no np pairing in the HFB level

I isovector pairing Vn=-230 MeV fm3, Vp=-260 MeV fm3

I to: Isoscalar pn pairing, t;: isovector pn pairing (volume-type)

I contour integration: 200 points for the arc, 200 points for the line

Fermi Gamow-Teller
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phase transition to np-pair condensation at t;<-300, t5<-310.
where some of QRPA poles become imaginary.
the integration does not correspond to the sum rule anymore



DGT and !"## nuclear matrix element
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I"## experimental value

M,. = 0.046+0.004 MeV-! (Barabash, Nucl. Phys. A 935, 52 (2015), with g,=1.27)



I"## decay NME from the FAM

I"## . not very easy n o p
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O neutrino propagator(intermediate state)
O integral over the neutrino momentum
O two-body operator is not separable (neutrino potential)

expansion of spherical Bessel function

o0 l
Jo(gras) = 47> Gilara)ji(are) Y Yin(Fa)Yim ()
=0 m=—I

g-integral and I,m-summation must be computed separately
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