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BACKGROUND

e Two neutrino double
beta decay has been
well studied for decades

« For theory, previously
the observable is the
nuclear matrix element

e This leaves too many

d.o.f's

Barabash NPA935,52(2015)

Isotope T1/2(2v), yr

Hia 4.470:.101°
76Ge 1.65T015 - 1021
828e (0.92 £0.07) - 102V
%7 (2.3+0.2) - 1019
100Mo (7.1£0.4) - 10'®

IOOMO_IOORu(Oii-)
116Cd

128
1300
136 e
150Ng
150Nd-1508m(0} )

2381y

130g,,
ECEC(2v)

67703 - 1020
(2.87 4+ 0.13) - 1019

(2.04+0.3) - 1024
6.9+ 1.3) - 1020
(2.19 £0.06) - 102!
(8.240.9)-10!8
+0.3 20
1.2_02 . 10
(2.0 +0.6) - 102!
~1021




BACKGROUND

e Two neutrino double
beta decay has been
well studied for decades

« For theory, previously
the observable is the
nuclear matrix element

e This leaves too many

d.o.f's

Barabash NPA935,52(2015)

Isotope T1/2(2v), yr

Recommended value
48Ca 4.470:% 1019 0.038 % 0.003
76Ge 16570151021 0.113 £0.006
828e (0.92 £0.07) - 1029 0.083 & 0.004
%7 (2.34+0.2)-101°  0.080 % 0.004
10010 (7.1+£0.4)-10!8

0.185 + 0.005
100pfo_100Ry(0F) 6'71_8:451 .1020

0.151 + 0.005

116Cd

128
1300
136 e
150Ng
150Nd-1508m(0} )

2381y

13084,
ECEC(2v)

(2.87 4+ 0.13) - 1019

(2.04+0.3) - 1024
6.9+ 1.3) - 1020
(2.19 4 0.06) - 1021
(8.240.9)-10!8
+0.3 20
1.2_02 . 10
(2.0 +0.6) - 102!
~1021

0.105 £ 0.003
0.046 £ 0.006
0.031 £ 0.004
0.0181 £+ 0.0007
0.058 £ 0.004

0.044 £ 0.005

+0.09
0.1375 07

~0.26




BACKGROUND

« Widely used many-body approaches for two neutrino double beta
decay

e Nuclear shell Model
« Adjusts quenching factors to reproduce NME
« QRPA
« Adjusts particle-particle interaction to reproduce NME

e IBM etc.

« Use closure approximation with proper closure energy to
reproduce NME
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FORMALISM

Doi et al. PTPS83,1(1985) '
Starting from S-matrix theory, one could obtain the
decay width

Electron w.f.

Kinetic term

/

2 2
[TZU(0+ 0+) azvfd‘Q:z:/ d(&l, 82) Za[ zy) ( V) M}Tzczy):lé"(Ka+La)
ga
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FORMALISM

Kotila et al. PRC85,034316(2012)

« Equal lepton energy approximation (ELEA) :
€ —Mm, =€ —m,= o =w, = 0/4 Ko~Lao>2/ttq

« The nuclear and lepton parts can now be separated by inserting

dW2v — (CZ(O) + Cl(l) COS 912)w2vda)1d61d62d(cos 912)

» With O = 1 eO1ag,, 22 [((Kw) + (La))? + LK w) — (La))?]
(O ]|e+5 |1 (1T ]|c+5107)
5(Qpg + 2m.c?) + E+ — E;

e Fi 2w 11 0) 4
Finally [71/‘)2] ZG;v)gAlmeczszlz
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F O R M A L I S M SSD: Single State Dominance

HSD: High-lying State Dominance

Simkovic et al. PRC97,034315(2018)
e Two commonly used (Ev): Ei; (SSD)and Ecz (HSD)

. Beyond ELEA:  A* [\M + MG+ M — ME[7]

—(E; + Ef)/2
[E _(E +Ef)/2]2 8KL

o With EK — (E€2 _I_ EVQ - E61 - El)l)/z EL — (E€1 —I_ EUQ - E€2 - Evl)/z

K,L
e Here Mgy =m. ZM

n

« With Taylor expansion, one obtains the final expression
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F O R M A L I S M SSD: Single State Dominance

HSD: High-lying State Dominance

Simkovic et al. PRC97,034315(2018)
¢ Two commonly used (&y): Ei; (SSD)and Ecz (HSD)

V 2 2
. Beyond ELEA: A’ =[5\M§T+M5T\ + | ME - My

1 —(E; + Ef)/2
e Here Mgy _meZM [E, —(E & Falf AP =&,

n

o With EK — (E€2 _I_ EVQ - E61 - Evl)/z EL — (E€1 —I_ EUQ - E€2 - Evl)/z

« With Taylor expansion, one obtains the final expression
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EXPERIMENT STATUS

NEMO-3 EPJC78,821(2018)
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e Results from NEMO-3 for 82Se, favors SSD
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EXPERIMENTAL STATUS

NEMO-3 1Mo, Esum > 1.4 MeV
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 Indication of strong SSD
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NEMO-3 Mo, Esum > 1.4 MeV
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THEORETICAL RESULTS

« We adopt two many-body approaches in our calculations:
« pnQRPA
e Well predicted GTR but strength not well fragmented

 Shell Model:

e Severely truncated model space leads to missing
GTR
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THEORETICAL RESULTS

DLF arXiv:2309.13328

030 f //z —— QRPA (g,,0) —— QRPA (g )]
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the decay strength | —— jun45 g,/g,,=0.6
saturates at 5MeV, we will 4 [T i44b gn/ga=06 :
obtain a quenched 3
gA~0.5 5| .

B(GT")

« However, this contradicts
the quenched gA values
~0.6 from fitting the
charge exchange reaction
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THEORETICAL RESULTS
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THEORETICAL RESULTS

Lv et al.PRC105,044331(2022)

» For the fitting procedure
in QRPA calculations, by
default we assume the
NME is "positive”
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physics foundation "L "xe > s

* And B3 spectra could
offer the answer
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NEW PHYSICS
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CONCLUSION AND OUTLOOK

« 2vPP spectra as an addition to the half-life measurement
can well constrain the nuclear theory

« Current results suggest cancellation on decay strength
mediated by high-lying intermediate states for 82Se and
136X e

» These need to be verified with future charge exchange
experiments

« All these analyses will shed light on neutrinoless double
beta decay studies

22
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