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Meant to be a supplementary talk to
So I will skip the introduction about the double beta decay



The weak form-factors

Form factors introduced since proton/neutron are not elementary part.
Depend on vector and axial weak charges of the proton and neutron.
Two hypotheses:

- Conservation of Vector Current (CVC):

— Partial conservation of Axial Current (PCAC):
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Axial-vector current in nuclei

» The axial current is not conserved!
» Thus, its extension to nuclei is not trivial.
» Nucleons interact in nuclei.

Allowed Gamow-Teller transition
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Understanding of the 2 vif-decay NME:s is of crucial
importance for correct evaluation of the 0vpf-decay NMEs

(A, Z) = (A, Z +2) +2¢ + 27,

Both 2vBpB and OvBp operators connect the same states.
Both change two neutrons into two protons.

Explaining 2vBf(-decay is necessary but not sufficient
There is a need for reliable calculation of the 2 vB#-decay NMEs

Calculation via intermediate nuclear states: QRPA (sensitivity to pp-int.)
ISM (quenching, truncation of model space, spin-orbit partners)

Calculation via closure NME: IBM, PHFB

No calculation: EDF



Single State Dominance ( 1Mo, 196Cd,!1¢Cd, ...)
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SSD — theoretical studies

Simkovic, Smotliak, Semenov, J. Phys. G, 27, 2233, 2001
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2vp3~B~—decay
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100Mo 2v2p : Experimental Study of SSD Hypothesis

ANAE

HSD mechanism

& SSD mechanism Single electron spectrum different

NEMO 3 between SSD and HSD

exp. Simkovic, Smotlak, Semenov
J. Phys. G, 27, 2233, 2001
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Double Fermi + DGT transitions, only s,,, lepton states
ZVB B decay rate and no recoil.
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Quenching of g,

Quenching:

q = galgi™s

Free value of g, (Particle Data Group 2016):
gfree, = 1.2723(23)

Effective value of g,:

eff = freeA
9 A=4d9



g,4= (1.269y=2.6 Quenching of g, (from exp.: T;,’" up 2.5 x larger)

(geff, )4 _ 1.0 Strength of GT trans. (approx. given by Ikeda sum rule =3(N-Z))
has to be quenched to reproduce experiment

76 25:\IIIIII\I|IIII\IIII|I\IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|I\IIIIII\lIIIIIIIII|IIIIIIIIIIIIIIIIII
32Ge44=> S standard QRPA
SB__SB+= 3(N-Z) = 36 905_ —— exp. via (p.n) reaction I
F — exp. via (3He,t)reaction
(@] C
virtual \_/}4;tran5|tlon 2 ;
79 Q—q 15__ 1
-t 2
R = -
R o~ F
—_ 10 —
— (1) + 2 F
- (1") Z g
“— ‘i:_ ]
v~y -
76Ge BB\ —rﬂ =
76As 76 . 4
Se () LLLILILll I\IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|I\IIIIII\lIIIIIIIII|IIIIIIIII|IIIIIIIII_
Pauli blocking 0 2 4 6 8 10 12 14 16 18 20
- . E [MeV]

Cross-section for charge exchange reaction:
2 k :
h%] if Nd |Vor|2 [<flOTIi>]|?

‘ q = 0! ! | '
p n p n ’-%—ﬁ
largest at 100 - 200 MeV/A




uenching of g, (from theory: T,,°" up 50 x larger)
8 0J 84 12

(g, )* = 0.66 (“*Ca), 0.66 ("°Ge), 0.30 (76Se), 0.20 (1*Te) and 0.11 (1*°Xe)
The Interacting Shell Model (ISM), which describes qualitatively well energy
spectra, does reproduce experimental values of M?¥ only by consideration

of significant quenching of the Gamow-Teller operator, typically by
0.45 to 70%.

(geff, )* = (1.269 A~18)4 = 0.063 (The Interacting Boson Model). This is an
incredible result. The quenching of the axial-vector coupling within the IBM-2

is more like 60%. J. Barea, J. Kotila, F. Iachello, PRC 87, 014315 (2013).
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Faessler, Fogli, Lisi, Rodin, Rotunno, Simkovic, J. Phys. G 35, 075104 (2008).

(g, )* = 0.30 and 0.50 for 1Mo and !'Cd, respectively (The QRPA prediction).
gefl  was treated as a completely free parameter alongside g,p (used to renormalize
particle-particle interaction) by performing calculations within the QRPA and
RQRPA. It was found that a least-squares fit of g¢f, and g,p» Where possible,

to the B-decay rate and B+/EC rate of the J = 1* ground state in the intermediate
nuclei involved in double-beta decay in addition to the 2vBf rates of the initial
nuclei, leads to an effective g*ff, of about 0.7 or 0.8.
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isotopes performed by
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Dependence of g, on A
was not established.



Improved formalism of the 2vp -decay

F. Simkovic, R. Dvornicky, D. Stefanik, A. Faessler, PRC 97 (2018) 034315



Improved description of the 2 vB[-decay rate

The isospin conservation is assumed
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E,— (E;+ Ey)/2
MEE = medY. M, L T
o = e M B B

Standard approximation .l ; M,
which allows factorization Mg =~ Mgy =me ) E,— (Ei+ E;)/2
of NME and phase space o “ f

Let perform Taylor expansion
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Improved description of the OvBp—decay rate
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Dy .
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1.269 0.6890 0.00716 0.00716 0.1040 0.0170 0.9780 0.0214 0.0006
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Normalized to unity different partial energy distributions
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The single electron energy distribution
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The sum electron energy distribution
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The endpoint of the spectrum of differential decay rate
vs. the sum of kinetic energy of emitted electrons
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A new method to determine effective g,

F. Simkovic, R. Dvornicky, D. Stefanik, A. Faessler, PRC 97 (2018) 034315



Improved description of the OvBf—decay rate
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The g, can be deterimed with measured half-life and ratio
of NMEs and calculated NME dominated by transitions through
low lying states of the intermediate nucleus (ISM?)
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The running sum of the 2vBp—decay NMEs
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&5 tells us about importance of higher lying states of int. nucl.
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&,3 can be determined phenomenologically
from the shape of energy
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The change of the 2vB—decay energy distributions

HSD: £,,=0
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Solution: NEMO3/SuperNemo measurement of € and calculation of M5
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Conclusions

We presented an improved formalism of the 2v3-decay, which takes into
account the effect of lepton energies in energy denominators

There is one additional parameter &,,, which needs to be fitted for the
determination of the 2vp-decay half-life

The phenomenological determination of the &;;and calculation of M5
(within the ISM) might allow to determine g,f. The NEMO3 and
KamlandZEN analysis are under way.



