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Neutrino-less double beta decay

(A, Z) - (A, Z+2)+2e (0vBPB)

Neutrinoless Double Beta Decay (A Z71)
. N
Electron 3 forbidden ’,/’
Neutron v Proton (A7) Bf decay to
excited states (A22)
Y
dis-excatation ys
3 1 \ —_—
Electron @ ' ¥ \ " l

Rare Process
Violates Lepton Number by 2 Units

2



Standard Picture for 0033
*0v00 mediated by light neutrinos

® The half-life for Ov33

2
1 m,
i = M|

» (' — contains the phase space factors (calculable)

» M, is the nuclear matrix element (important and
complicated.)

® |mt| = |UZ? m;| — the effective mass, (interesting)



'T'he etlective mass

Imﬁe = ImerQI L m2U822€'21'(11 IL mBUeQSCQj(_IQI

e ¥ Mass Spectrum e Absolute v Mass Scale e CP phases

10° g~
ol | NH: my << mo << mgy
S, .2 IH: m3 << my = mo
E” 10
3 QD: my = my = may
10
10'4 - Ll 1 Ll 1 l-
10° 10t 10 10?2 w0 1

linhtact mace (a\/\



Experimental Results

® Results from experiments using B%ya

> T» >1.07x10” years at 90% C.L. (KamLAND-ZEN)

A. Gando et al. Phys. Rev. Lett.117, no. 8, 082503 (2016)

> T,,>1.6x10" yearsat90% C.L. (EXO)
J.B. Albert et al. , Nature 510,229 (2014)

# Results from GERDA using "°Ge

Ov 25
T, >5.2x107 years at 90% C.L
M. Agostini et al., Nature 54, 47 (2017)

® Disfavours the positive claim by Klapdor-Kleingotherus et al.

T,), =2.237)51 x10” years at 68% C.L.

Klapdor-Kleingrothaus, Krivosheina, Mod. Phys. Lett. A21, 1547 (2006)



Bounds on |m?” | = mgs

* The lower bound on half-life can be translated to an

upper bound on Mg}

NME . .

v o T o | el | Il
(TGCC) (ISGXC) (76Cc) (136Xc)

EDF (1)[52] 46 42 | 020 | 006
ISM(U) [53] 2.81 | 2.19 | 0.33 | 0.12
IBM-2 [54] 5.42 | 3.33 | 0.17 | 0.08
pm-QRPA(U)[55] | 5.18 | 3.16 | 0.18 | 0.08
SRQRPA-B[56] 5.82 | 3.36 | 0.16 | 0.08
SRQRPA_B[56] 175 | 2.20 | 0.20 [ 0.11
QRPA-B [57] 5.57 | 2.46 | 0.17 | 0.11
QRPA-A[57 5.16 | 2.18 | 0.18 | 0.12
SKM-HFB-QRPA [58]| 5.00 | 1.80 | 0.18 | 0.14

Awasthi, Dasgupta, Mitra,
Phys. Rev. D. 2016

The variation in the upper bound is due to different NME



Current limit and future reach

AdﬁB[eV1

i-guorldno +

10!

1072

Andrea Giulani
Frascati Physics Series

107 Vol. 64 (2016)

103 102 10! 1
Lightest neutrino mass [eV]

* Width in 788 due to oscillation parameters and Majorana phases
* Next generation experiments can probe IH

* New physics predictions in the desert region ?



e Non-standard NC interaction

e Standard NC interaction:

Vog+Tf—=v,+f

H= % [Uciag(0. Amdy. Any) Ut 4 V]

V = matter potential in presence of NSI,

1+ €ee  Eepe’®n el

V=A| e e o €up €ure/OnT

ee‘re-‘mr -‘¢pr

€ur€ €rr

Here, A = 2V2Ge N.E and ¢ ge@8 = Y ‘fﬁgf

Va+1T —=vg+

C = =GPl sTar"vsfyuf

Vo -SV.S
S = Diag(1,-1,-1)

Coloma, Schwetz, 1604.05772
P. Bakhti, Y Farzan 1403.0744




The Dark-LMA Solution(NSI)

[ R

LI | lllllll

[ | lllllll

IIIIIIIIIIIIIIIIIIIE EIIIIIIIIIIIIIIIIII-IH
1 E sin? 65 ~ 0.3(LMA)
1L sin®f15 ~ 0.7(DLM A)

9 E L S =

1 F LMA-I LMA-D =

1L = -

1 E LMA-0 E

L1 LI L1 1 I L 11 I 1 L1 1 I 11 I L1 1 I L1 1 I L 11
06 08 10 02 04 06 08 |1
] ]
sin O sin B¢

Miranda, M. A. Tortola, and J. W. F. Valle J. HighEnergy Phys. 10 (2006) 008.



Do Scattering Experiments
distavour DLMA ?

Scattering experiments like CHARM, Nu'leV,
COHERENT can measure the N SI parameters

pall

BN o OMB

l\l\—li |( )llll(l\l
A% CL linit = 48 MeV

“uﬂ T

DLMA disfavoured at approx 30

1 Tk
Mz (MeV)
DLMA disfavoured for

For light mediators M3 2 10 MeV, Mz > 43 MeV at 95% C.L. (1 d.o.f)
e'geV = egev = % - %

Coloma, Gonzalez-Garcia, Maltoni, Schwetz

Denton, Farzan, Shoemaker,
Phys. Rev. D(2017).

J. HighEnergy Phys (2018).
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Current Status of the DLMA solution
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Esteban,. Gonzalez-Garcia, Maltoni, Martinez-Soler, Salvado,J. High Energy Phys. 08 (2018)
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M3810mar = l"’f& Amﬁtm l (@2 =0,r).

MB310min = |‘{3 cos2f12 M&. | (e2=7/2)

my & my & JAmE, << my & vAm2, .
MBA N Omaz = \/ Amzmrcfs (g = ag = 0),

mﬁﬂmiu ~ mll(l - 38?2033 - 11823)"
(a2 = a3 = 7/2)

No cancellation for DLMA

=ag =10 .
M550 =\ A2 | VF s5c3e™e + mg slyees]. 2 8 T Higher value for DLMA

a; = 0and ag = 7/2.




Probing the DLMA region in 0v30

Agostini, Benato, Detwiler,Phys. Rev. D (2017)

Ty, 2 3o Discovery Sensitivity [yr]

10™

100 ; mpy = 1073 &V Band

100 1000 10 10° 10° 107 10°

Sensitive Exposure [kgis, yrl

Less exposure needed for DLMA

Isotope | NME (M, )

G(10 “year ')

T\ ;, range (years)

Xe | 1.6-48

14.58

5.3 x 107 — 1.7 x 10™

e | 28-6.1

2.363

20 x 10% - 34 x 107

Wpe | 14-64

14.22

49 %107 —292 « 1077

1 - CDFPoisson(C36|S3a + B) =50%.

Vishnudath, Choubey, Goswmi, Phys, Rev. D. (2019)
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mgel eV

Comparison with sterile neutrinos

MDaxaullowed ||>~ GIERDA 1 Kaml AND Ten

0.1

0.01

0.001

10~4

10

4 0.001

Miightest ( €V)

0.1

* Predictions in the desert zone

* DLMA range narrower

m,g,q( eV

Disallowed by GERDA 1 EKEawlAND  Zew
0.1f ik
e
0.01F -
0.001} D
| \‘ N “\“ ‘!“ ' | (“1‘ W ' ! ‘u‘ ‘.\“ ““‘ “" v | f\ ‘ ‘\
. W “ k“ A ‘ “'\‘H V \‘J ”L“’ . / "‘H | “\ |
“ ’ |
‘ { ! \f ' I
10—4_5 1 ....|_4 e | . | g ..
10 10 0.001 0.01 0.1

Miightest ( €V)

Already in the disallowed part

Cancellation regions

Deepthi, Goswami, Poddar, Vishnudath (in progress)



Conclusions

In presence of NSI, the solar neutrino problem admits a new solution
with sin?#;5, ~ 0.7 (Dark-LMA solution)

We studied the implication of this for neutrino-less double beta decay
ForIH, predictions remain the same

The NH predictions are higher for smaller masses

This is in the desert region between NH and IH (0.004 -0.007 €V)
Future experiments can explore this region, if no signal is found for IH

Neutrino-less double beta decay experiments can test the DLMA region
in this parameter region.

15









Exposure FWIIM @ Qpp Background S i . i
kgyr]  [keV] [counts/keV /kg/yr| [10°® yr]

Cuoricino, [177) 40.7 (TeO,) 58421 0.153 4 0.006
CUORE-0, [17%) 3Y (1ey) 51203 005 £ 000G
Heidelberg-Maoscow, [179] 11 (== Ce) 423014 0.06 + 001
IGEX, [180, 181] 8.1 (""Qe) ~ 4 = 0.06
GERDA-L [165, 182) Ge diodes 17.7 ("'Ce) 32102 ~ 0.01
NEMO-3, [183] tracker + 6.0 (199MG) 250 0.013

calorimcter
Present
EXO-200, [1584] i LXe TPC 175 (™ Xe) (1L.7%0.2)-10"

KamLAND-Zen. [185, 156) loaded bhguad 348 (**"Xe) ~ 0.01
scintillator

Future

CUORE, [187) bolometers T4l (TeO,) 5
GERDA-IIL, [172) Ge diodes  37.8 (~Ce) 3
LUCIFER, [1585] bolometers 17 (Zn%2Se) 10
MAJORANA D [189] Ge diodes 448 (""" Ge) 1

NEXT, [190, 191] Xe TPC 100 (==rXe) 12.3 - 17.2

AMOoRE, [192] bolometers 200 (Ca™ MoO,) 9

nEXO, [193) LXe TPC ATS0 (=Xe) 58

PandaX-II1, [194] Xe TIPC 1000 (*™"X<)

SNO+, |[195]) loaded hquad 2340 ("**Te) 270
scintillator

SuperNEMO, (196, 197) tracker | 100 (#28.) 500 120
valorimeter

'mwim(mwmm. 14 of Reaf. |1 89]).

wo nmxmme 4 tones fidonecial vnlnme

Cour assumption by rescaling NEXT. Viel, Vissani, 2016




