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53 (A,Z) — (A,Z4+2) +2e~ + 20 (2vBP)

<

° (A,Z) = (A,Z+2) + 2¢~ (ovpp) “t}&

« L-violation: creation of a pair of electrons

- discovery of ovBB . .
A possible diagram

= Lis nota symmetry of the universe

u u
. L | d
= link to baryon asymmetry in Universe (?) a u

w-

« assume 3-v exchange mechanism e

— OvPP key tool for studying neutrinos

. . d
+ Majorana or Dirac nature d
u

==

« mass scale and ordering
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VS. Miightest

+ mgg is the key quantity in ovpp
ﬁ Phys. Rev. D 90, 033005 (2014)
« absolute value of ee-entry of v mass matrix : ' ' '

. 0.1
* Mg = [Mee| = Z e’si |U%i| m;

i=1,2,3
0.01

mgg [eV]

* U= Ulos. - diag (e*"&/z, e €2/, e"¢”'53/2)

0.001
» 1CP-violating + 3 Majorana phases

04 L L
104 0.001 0.01 0.1 1

+ U mixing matrix of oscillation analysis 1

Miightest [€V]

« only two phases play a physical role

* Mgp = elo C052 012 C052 613m1 + el* C052 913 sin2 O1omy + sin2 013m3

No definitive indication on definitive value of mgg from theory

Need to exploit information from the experimental observations
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+ Linear sum of v masses: > = m; +m, +m; = T =m+/m’+a+/mi+b

a=oém? a=Am?—sm?/2
where NH: or IH:
b=Am?+sm?/2 b=Am?+5m?/2

« Limits of the order of 100 meV

+ from data probing different scales (CMB, Lyman-q, ...)

« within the ACDM model

+ unavoidable systematics (not laboratory measurements)

Lya (BOSS) + Planck
———— Lya (BOSS+XQ-100) + Planck

———— Ly« (BOSS+XQ-100) + Planck + BAO

(TN LI i NS |
£ [eV]

Lol P Lo
0.001 0.01 0.1

@ ). Cosmol. Astropart. Phys. 06, 047 (2017) Mijgheest [€V]

S. Dell'Oro, F. Vissani Vienna - Aug 28, 2023 INETA


https://doi.org/10.1088/1475-7516/2017/06/047

O 0 (TAU} \HPENNA 2023

100 (1\“1 L
+ extract value of Myjgpiest
— 8
« (6m?, Am? from best-fit values) E 10 E R
1(Z 5P 3 1
« G(X _ g 4 B¢
182
+ choice for mass ordering (NH preferred) 01 4 M,
1 10 100
- generate compatible value of mgg Mg [meV]

) , )
mys = max{2|Uei|m,- — m?}?j,o} i=1,2,3

« limited by: 3
mig = >_|Valm;
i=1

Miightest = 21 meV

©

— uniform &

« select from possible prior distributions

— uniform mgs

Counts (x10°)

- non-negligible impact

a Phys. Rev. D 96, 073001 (2017) a Phys. Rev. D 96, 053001 (2017) . . . . \
6 s 10 12 14 16 18 20 22

mgs [meV]

a Phys. Rev. D 100, 073003 (2019)
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Differential m;; (posterior)

+ consider NH case

lo 20 30

— Monte Carlo

+ projection (integral over m;)

— Analytic

+ mode around 4 meV

«+ cuts: 16 meV (10) / 5o meV (30)

0.02
+ OR equivalent analytic procedure E
0.01

- dL(Z | cosm) = G(T) dx NPT T s Lannr

0 10 20 30 40 50 60 70 80
mgg [meV]

>
- dc(m, | cosm) = G(X) :T dm,
1

« dL(mpg, mi) = dLPT"(mgg) x dL(m, | cosm) T

: mT(mgg)
* dL(mgg | cosm) = /m_n dL(mgg, m;) dmgg

m(mg )

E(m) (meV]

let us now try to remove any need of priors

0 1w 2 % 4w  » 6w 1
my [meV]

S. Dell'Oro, F. Vissani Vienna - Aug 28, 2023 6/ 14



A differe De DEe P (TAU}\I\PENNA2023

- whatever the true value of mgg: mg(m.) < mgg < mpe(ms)

BB
. we get m;‘"“(mﬁg) and mTax(mﬁB) a Phys. Rev. D 103, 033008 (2021)
« m™" = owhen mgg in (1.4 — 3.7) meV
For an experiment of sensitivity Mmis
3 711;‘,
. S N
© My > mga<(mq): inaccessibility \
Mpg
* Mg < mm'"(m1) observation
) 019 020 12 1020 12 1020
0 m’"'"(m1) <mp g < mpg(ma): exploration mi [meV]

- outcome depends on a4, a,
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« let us approximate a constraint on ¥ with a Gaussian pdf

=-%y

« parabolic chi-square: x* ~
P quare: x T

+ (today §X is about 50 meV)
+ actual impact of functional form is ~ 10%
- restrict to physical range ¥ > ¥ ;i = £(m; = 0) (i.e. ~ 59 meV)

f(x)

+ obtain cumulative Fs(X)=P(E<X)=1—
Z( ) ( - ) f(zmin)

r-X
()= erfc<ﬁ62>
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E-Delad deld

+ convert distribution from X to mgg
+ not univocal (Majorana phases)

. max min
defined for migy and mgg

- get discovery probabilities

C FP = Fy (X (M (m3)))

PR = R (2 (mP ()
0 < FP™ < FP™ < 1 (monotonic nondecreasing)

max

co<mit < m)
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exploration

Discovery Probability (%)
[\~] P [=2} [0
S 5 & 3

(=)

1 2 5 10 20 50

mpp [meV]

only underlying hypotheses

- 3 light neutrinos
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a Phys. Rev. D 103, 033008 (2021)

0.2] ]

‘
| L

051 2 51020

051 2 51020 051 2 51020
mi [meV]

« Majorana mass mps Inaccess.  Exploration Observation
+ known X distribution 5.0meV (L) e R — R 1
) 2.5meV (C) 0 Fg* 11— P
(no priors) o.5meV (R) o P _ It 4 — (Fp — Fpiny
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ﬁ Rev. Mod. Phys. 95, 025002 (2023)
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GERDA-II
MJD
LEGEND-200
LEGEND-1000
EXO-200
nEXO
NEXT-100
NEXT-HD
PandaX-Ill
LZ-nat
LZ-enr
DARWIN
KLZ-400
KLZ-800
KL2Z
SNO+
SNO+II
CUORE
CUPID-0
CUPID-Mo
CROSS
CUPID
Amore-II
NEMO-3
SuperNEMO-D
SuperNEMO

+ present limit: (36 — 156) meV [KLZ-2022] — future searches: (6 — 20) meV
+ bands (Miigntest = 0):  IH: (19 — 48) meV / NH: (1.4 — 3.7) meV

« theoretical uncertainties mostly from nuclear physics
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mg [meV] | Inaccess. Exploration  Observation

50 98.7 % 1.3 % 0.0% S inaccessibility
(pres.) 35 89.7% 10.3% 0.0% £

20 58.6% 11% 0.3% -

15 1.9 % 551 % 3.0% L

10 231% 62.0 % 14.9% :
(future) 5 4% 51.4% 442% ) 25 0

2 0.0% 323% 67.7% s V]
0.0% 12.4% 87.6 %

- today we see limited possibility of observation
+ next-generation ovBp experiments will have much larger room for a signal

« even ultimate experiment at sub-meV gets ~ 20% probability in exploration

+ canceling a4, @, — ¥ in the interval (61.4—67.5) meV
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inaccessibility

inaccessibility

Discovery probability (%)

5 10

mpas [meV]

1 2 5 10 20 50
Mgy (meV]

« forthcoming cosmological investigation will push §> down to ~ 20 meV
« let us assume the minimal value of ¥ compatible with oscillations
+ we take ¥ = ¥, (59 meV)

« broadening of the exploration region at the expense of the observation region
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- the Majorana effective mass is the key parameter in the search for ovpp

« information on mgg can be extracted from oscillations & cosmology

« distribution tends toward low values (few meV)

« it is possible to construct a pdf for mgz which relies on no priors

+ only assumptions: 3 light neutrinos, Majorana mass, known £

+ next-generation ovpp experiments will have high discovery power even in NH scenario

Thank you!

S. Dell'Oro, F. Vissani Vienna - Aug 28, 2023 14 [ 14







ajOralid C U (TAU}\nF’ENNAzozz

- alternative theory for massive & real fermions (E. Majorana, 1937)

eyt (v o= of t_

x =Cx (X = x'o, C'yo—1)
Dirac Majorana

massive particle massive particle

1 .
* Luajorana = Ei(’a —m)x

© x() = 3 [a(pA) v pA) + a” (PA) ¥ (x pA)] i g (E) (i)

P

— Vp, 2 helicity states: [p 1) and |p | )

a Adv. High Energy Phys. 2016, 2162659 (2016)

+ could fully describe massive neutrinos (G. Racah, 1937)

- Majorana’s hypothesis can be implemented in the SM

s x=+CP — wL:PLXEgX (usual field)

« L-violation due to Majorana mass

1 - .
o Loss = — Z vy C'Mypr vgr +h.c. = OvBP proportional to [Mee| = mgs

0,07 =e
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/\
/ \\
- detection of 2 emitted e~ p /
B/ s \
+ monochromatic peak at Qs o/ N
+ observable is decay half-life 7/, of a specific isotope Total clotron onergy
n 1 xnN, /MT - - ing ti
t?/y; —In2-T.e- BB —In2-e. — . 7 Na / M = detector mass T = measuring time
Ny - Ng Ne M,y \/ BA B = background level A = energy resolution
- information on neutrino mass from theory
. m%4
AR
/ po
e Me
Mg < ————
* G, = Phase Space Factor (atomic physics) M /Gou t7]

+ M = Nuclear Matrix Element (nuclear physics)

+ mgg = effective Majorana mass (particle physics)
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