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> Brief introduction

> Neutrinoless double data decay (Ov(3f) in light

neutrino exchange mechanism

Different upper limits of mgg due to NME uncertainties (short-range contact term)

> Ov(3 process in minimal Type-l seesaw

Constraints of minimal Type-l seesaw from current and future Ov33 experiments

» Summary






Brief background
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32 33 34 35 36 Furry, 1939
Z
Isotope  Daughter Qpp (keV)* foa B fom (%) T (y0)° TV (yo)°
#Ca 4Tj 4267.98(32) 30.187(21) 16 [6.4707 (stat) *}2(syst)] x 1019 > 5.8 x 102
76Ge 76Se 2039.061(7) 37.75(12) 92 (1.926 + 94) x 10! > 1.8 x 102
82Se 2Ky 2997.9(3) 38.82(15) 96.3 [8.60 & 0.03(stat) 113 (syst)] x 10" >3.5x 10%
%7r %Mo 3356.097(86) 32.80(2) 86 [2.35 + 0.14(stat) £ 0.16(syst)] x 10" > 9.2 x 107!
100Mo T00Ru 3034.40(17) 39.744(65) 99.5 [7.121313 (stat) & 0.10(syst)] x 10'® > 1.5 x 10?*
16cd 1168n 2813.50(13) 37.512(54) 82 263100 %107 > 2.2 x 103
130Te 130 2527.518(13) 34.08(62) 92 [7.711098 (stat) § 9% (syst)] x 102 > 2.2 x10%
136X e 136B3 2457.83(37) 38.857(72) 90 [2.165 4 0.016(stat) > 1.1 x 10%
+0.059(syst)] x 102!

150Nd 150Sm 3371.38(20) 35.638(28) 91 [9.34 £ 0.22(stat) 1092 (syst)] x 10'8 5 20 s 107

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002
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Experimental results and future proposals 5
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Theoretical mechanism—which one dominates?

amplitude and

mechanism particle physics parameter current limit test
o2 oscillations,
light neutrino exchange ?E |Ue21, mz| 0.5 eV cosmology,
neutrino mass
2 LFV
; 2 | Sei -8 -1 )
heavy neutrino exchange G% M, 2 x107° GeV collider
i 2 4 Vezi —16 -5 ﬂavor,
heavy neutrino and RHC GL. myy, M—M‘V‘g 4x10 GeV collider
flavor, a
Higgs triplet and RHC G2 m4 %&— 10715 Gev—! collider
FMW|m2 M = J:)
AR WR e~ distribution n\/ Up
5 _ flavor, e”
A-mechanism with RHC G%mTW %ﬁh 1.4 x 10710 GeV—2 collider,
Wr e~ distribution e
flavor, n p
n-mechanism with RHC G’%% tan¢ ’Uei Sei 6 x 10—9 collider, Or O
e~ distribution
11, collider
short-range R ASusy 7x 10718 GeV~? fAavo ’
Asusy = f(mg, ma,, mg, , mx;) vor
GF |gin 20° Mgy Mg M 2 x 10713 Gev—2 flavor
long-range R 1 "6 Tha 1lid ,
~ G—Fmb [Mis1 Mas| 1x 10714 GevV—3 cotider
9 ASusy
. 2 4 spectrum,
Majorons o [{gx)| or [{gx)| 10~ % sl cosmology

Rodejohann, Int.J.Mod.Phys.E 20 (2011)
+ nuclear matrix element (NME) ?+ new physics parameter ?(effective

neutrino mass)



Formula (light neutrino exchange mechanism

= Lo (mﬁﬂa M)

—1
(Tl 2)a = Fa(mﬁﬂa Mai) = In2

— Ga |Mai|2 m%’ﬁ

_ 2 .
mpg = | _UZm;
] Cirigliano et al , Phys.Rev.Lett. 120 (2018) 20, 202001

long hort long M BHark

R snort ___ . L al

My, = Mai + Mozz' = Mai (1 + naz) Nai = ~ long
at

g4 =agi”c g =127

> Quenching effect: correct the NME by g2 and the decay rate by g4
(Ab initio many- body theory)

» Short- range NME: Contact operator suggested to contribute to light- neutrino exchange, cirgiiano et ai. PRL2018
» We do not know neither the value or the sign of short- range NME well.
> Unknown value of the hadronic coupling g)'N, to be determined experimentally or Lattice QCD calculations



Lonﬂ-range NME 8

Nuclear Model Index [Ref.] ™Ge #8e Mo "Te Xe

N1[25] 289 273 - 276 2.28

N2 [25]  3.07 290 - 296 245

NSM N3 [26] 337 319 - 179 1.63
N4 [26] 357 339 - 193 176

N5 [27,28] 2.66 272 224 3.16 2.39

QL[29] 5.09 - - 137 155

Q2[30] 5.26 3.73 3.90 4.00 291

QRPA Q3[31]  4.85 461 587 4.67 272
Q4[32] 312 28 - 290 1.11

Q5[32] 340 313 - 322 118

Q6 [33] - - - 405 338

E1[34] 460 422 508 5.13 420

EDF E2[35] 555 467 659 641 477

E3[36] 6.04 530 648 489 424

I1[37] 5.14 419 384 396 3.25
12[13] 634 521 508 415 3.40

IBM

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002



Short-range NME (contact term)

Mshort
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More recent discussion: Cirigliano et al, PRL2021; Yang and Zhao, PLB2024;

Liu, Huang, Fang arXiv:2405.10503



Current constraints
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Sensitivities to (q2mgg)Tve at 3o

Experiment Isotope € b Fih
[mol-yr] [events/(moly)] [yr~! eV 2
LEGEND-1000  "Ge 8736 4.9-107 2.36 - 10726
SuperNEMO 82Ge 185 5.4-1073 10.19 - 10726
CUPID 0006 1717 2.3-10~4 15.91 - 1026
SNO+II 13%7% 8521 5.7-1073 14.2-10-26
nEXO 136xe 13700 4.0-1075 14.56 - 1026
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Formulas (minimal type-| seesaw)

1 0 MD I/E
mass = — = (1, NS h.c.
L ass 2(VL R)(Mg MR) (NR)+ C

1/T7 1/2 = G| Mo, (0) - meg|?

el = i) el 504 + (R2) o, 115 (v) - 13 05|

fa(Mn) = Mo, (Mp) /MOI/(

12

Mass dependent nuclear matrix element (NME)

OvBp decay limit (90% CL), smallest NME

101f minimal Type-l seesaw
NMOQO, [1,4] meV

IMO, [15, 50] meV

10—4 L L IIIIIII L L IIIIIII L L IIIIIII L L LU Ll
107 107 1072 107
Agostini et al., Rev. Mod. Phys. 2023
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My My, [MeV]

My Mo, [MeV]
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Mass-dependent NME

102E
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g4=1.27,w/o

g4=1, Argonne
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10*

dQRPA: Numerical
calculation

Others: interpolation
with two extreme values
= e
MoAmi) = Gy mz M
dQRPA: agrees with
ISM for light neutrinos
and tends to be
consistent with CDFT

for heavy neutrinos

In light neutrino mass
the NME from dQRPA
model is smaller than
that of the IBM-2 model,
and in heavy neutrino
mass the reverse
applies.

13




10

A y2 functions of m,

I I I 1 1 1 I 1 1 I I 1 1 1

= - - - == == - ol

Meft [GV]

ga=1, Argonne src

90% C.L.
GERDA
MAJORANA
CUORE
EX0-200
KamLAND-Zen

Combined



Current limits (M, & |R./?)
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The peak shape
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» The IMO case is
similar

» The NME hierarchy
changes with
neutrino mass



Constraints from other probes 17
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Future sensitivities 18

NTrue
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Noj = Baj+Saj(Meg, Maj)

Assumed number events

Assuming no positive OvBp signal is observed,
Leading to sensitivities independent of true NME model

Sei(Mefts Mai) = In2-Na-eo-(T7})5i T/ (1 yr)

ol

B, :ba'sa'T/(l Yl“) T=10 yr

Experiment | Isotope | € [mol- yr| | b [events/(mol- yr)]
LEGEND-1000 | "%Ge 8736 4.9 .10
SuperNEMO 82Ge 185 5.4 -1073
SNO-+II 130T 8521 5.7 -1073
nEXO 136X e 13700 4.0 -107°




Future sensitivities (M; & M)
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The NMO case

More parameter
space can be
tested compared
the current
experiments



Future sensitivities (M; & M.,) 20
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Summary 21
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» NME uncertainties due to the SRI may lead to the bound on g2mgg
varying by a factor of order 5

» Comparison of mass dependent NMEs in different nuclear models

» Derivation of limits and sensitivities on the parameter space of minimal type-|
seesaw from current and future OvpB[3 experiments



Outlook 22
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Better understanding the short-range NME in Ovf8

Better understanding the nuclear structure

The quenching problem

NME statistical uncertainties

LEC from lattice calculations

Sensitivities to different particle physics mechanisms and
how to distinguish them

From OvBB to mg;: improving the calculations of NME
From Ovpp to discriminating NME models: more information on mg,
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