


What is the origin of mass?

mass by standard Higgs.
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» Quick comparison [SM + RH v]: “standard” high-scale type | seesaw vs low-scale seesaw

High scale: ©O(1019~15 GeV) Low scale: O(MeV - TeV)
Theoretically “natural” YV ~ 1 Finetuning of Y (or approximate LN conservation)
“Vanilla” leptogenesis Leptogenesis possible (resonant, ...)
Decoupled new states New states within experimental reach!

A. M. Teixeira, neutrino 2020 Collider, high-intensities (“leptonic observables”)




UTs, Neutrinos and Flavor
Symmetries

R. N. Mohapatra

A% UNIVERSITY OF

+ MARYLAND

WIN201/, UC, Irvine

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




What is the gauge group
‘L and how predictive it is?

= SUSY SU(5): minimal version—> disfavored by p-
decay, nu mass etc.

= Non-minimal version i.e. SUSY SU(5)+ VR +
extra Higgs: OK but typically too many
parameters (with no extra symmetries) to be
predictive.

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




GUT group SO(10):
Just right for seesaw

= [WO key ingredients of seesaw i.e.
(a) right handed neutrino
(b) B-L symmetry

= Both are automatic in SO(10) unification:

(Georgi; Fritzsch, Minkowski'74)

= SO(10) D B—L
= Fundamental {16}- rep

O SM fermions + vg

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




SUSY not essential for
coupling unif. in SO(10)
= Non-SUSY SO(10) unification—> correct sin“ Oy

(Chang, RNM, parida’83; Chang, RNM,Parida,Gipson,Marshak’85; Deshpande, Keith, Pal'93; RNM,
Parida’93; Bertolini, diLuzio, Malinsky'09;Altarelli, Meloni'13)

s Predicts seesaw scale out of

segsaw scale
2-step unification %
. 50 E _15
= p-decay snggal /
p % €+7T Tﬁ 30t E
> ] |
(Babu, Khan'2015) 2 | L
10t = =

> 4 6 8 10 12 14 16 18
LOgm(,ufGeV}

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




Lepton-quark interplay In
renormalizable SO(10)

Leptons Quarks

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




Successes of renormalizable
SUSY SO(10)

orks quantitatively: ( 10+126)
» Predicts normal hierarchy: | ——

* 0,,,0,, large ol

[ |
GB G.IE2 G.Iﬂtl D.Iﬁé O.IE$ 0:3 :
Sin“20,
v “| ”
L lq a rg e (Goh, RNM, Ng, 03 ; Babu, Macesanu'05)

. Soim A _913 = 015
m

armaos

Also predictive and works for non-susy SO(10)+U(1)p!

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf




#Bottom line for experiments
= Inverted hierarchy will “rule out” GUTs !

= Normal mass ordering + evidence for non-
zero Sbov at current sensitivity will rule
out two step SO(10); perhaps =>TeV W,

= Eagerly waiting for measurement of dcp
to narrow down the choice of models!

https://indico.fnal.gov/event/9942/contributions/116734/attachments/75717/90810/WIN_2017_final3-Mohapatra.pdf
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Searches in Low energy LHC
experiments

GeV 100 GeV 1 TeV 106 GeV 1012 GeV
My
Leptogenesis from Resonant Leptogenesis
Oscillations (ARS) A. Pilaftis and T. E. J. Underwood Nucl. Phys. B692, 303 (2004)
: A. Abada, H. Aissaoui, M. Losada 0406304
Asaka, Eijima, Ishida, 1112.5565 v
Asaka, Shaposhinokov, 0505013 Th | L .
Akhmedov, Rubakov, Smirnov 9803255 A erma € ptoge nesis
Leptogenesis from LPV M. Fukugida and T. Yanagida Phys. Lett. B174 (1986) 45-47

W. Buchmuller, P. Di Bari, M. Plumacher arXiv:0401240
R. Barbiere, P. Creminelli, A. Strumia, N. Tetradis

decay of the Higgs

T. Hambye and D. Teresi arXiv:1606.00017

Eijima, Shaposhnikov 1703.06085
Eijima, Shaposhnikov, Timiryasov 1808.10833

WER AL ER T X, SUSYIEZELYVA ALY
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P > Table 1. Compilation of /~ f -emitters with a O-value of at
least 2 MeV. The transition energies O and the natural

Figure 2. Ground state mass parabola for isobaric nuclei, abundances are shown.
showing the necessary configuration for double beta decay. Only
the one (a) on the even-even (E-E) shell, whose f-decay is Transition O-value (keV) nat. ab. (%)
blocked (b) but which could decay via two subsequent steps (c¢) is
allowed to do double beta decay. The shift of the parabola of the wCa —35 Ti 4271 0.187
odd-odd (O-0O) nuclei is due to the nuclear pairing energy. ;gGe _,;g Se 2039 78
giSe —»gé Kr 2995 9.2
282r —>2§ Mo 3350 2.8
100M0 100 Ru 3034 9.6
K. Zuber, Double Beta Decay, Contemp. Phys. 45 ligpd liz? Cd 2013 11.8
(2004) 491-502 lig(d lég’ Sn 2802 7.5
123Sn — 123 Te 2288 5.64
lg!,)Te 122 Xe 2533 34.5
lggXe _,1;2 Ba 2479 8.9
3

_ IONd —139 Sm 36 5.6 I
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“Observation of neutrinoless double-beta (OvBB) decay would signal violation
of total lepton number conservation. The process can be mediated by an
exchange of a light Majorana neutrino, or by an exchange of other particles.
However, the existence of OvBp-decay requires a nonvanishing Majorana
neutrino mass, no matter what the actual mechanism is.” PDG2020




Lifetime for standard Majorana case

(T =G M2 (mffﬁ)z

phase space factor ‘
Bx)—1—NJB= nuclear matrix element

z Uelmv

If neutrino is Majorana type,

1 0 0 tes 0 4s;e N\ e, 4s, o /00
U = (0 +Cp3 +523> 0 1 0 (—512 +C1o 0) x[0 e"2 0
0 —Sp3 +Cp3/ \=s;3¢® 0 +cyy 0 0 1 it

(Cij = cos6;j,s;; = sin Hij)
Another two CP phases which cannot be accessible by oscillation.
BEhZ1—NJBEN10DD 1 ([CBE. HFen(F1004Z( TAT)
FonDRE (&,
J\WHJ5> RIV—-TZE o« BRIERXBFE]
I\W97 5> RUZTY RIZE o BRI X B ]

2 2 Lia 2 2 ,i(az1—26)| 2
mﬂﬁ |(m1c12 + my,Sise 21)c13 + ms3Si3€ Lt )|




Nuclear matrix element

Continuum

V. Rodin

Ov /33 decay nuclear matrix elements

Large difference in nuclear matrix element calculations: factor ~ 2 — 3
X = Fermi (1), GT (onom),Tensor
0+|Z’rn TmZHX necory 2

H(r) = neutrino potential

EOF & A
7+ IBM ®m -
. * ]
6F Non TT.» . ¢ 1 EDF:large NMEs
- I ¢ s, y ,
5 oo S A A T -4 QRPA: wider range
3 4 :_ A | x _:
= 0 L om e = 1 NSM: small NMEs
3 — I ; S _
:F } . T ¢+ 1 IMSRG abinitio
- P 1 “Ca NME: quite small
- 1 (no 2b currents)
J. Menéndez, Neutrino 2020 BT 76 82 100 116 130 136 150
A

M. Agostini, G. Benato, J. Detwiler, JM, F. Vissani, in preparation




Current limit

v FEMERIX., YT FCPHAIIEDEZ . CP conservinglEHHIEICEIEL-IHE
IRENNSA—FDLREED-OIZIENH S,
v RIE. YA FHEABREIRSTZES

1

0.1

excluded by
cosmological
observations at
95% C.L.

BE=—a1—hFI)/EE
[<m>| [eV]

. I0.1 | . .”1
S. Pascoli, June 2020 Mmin [€V]




www.nu-fit.org

v5.0: Three-neutrino fit based on data available in July 2020
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FIG. I. Marginalized posterior distributions for mgs and m; for NO (a) and IO (b). The solid lines show the allowed parameter space
assuming 3¢ intervals of the neutrino oscillation observables from NuFIT [12]. The plot is produced assuming QRPA NMEs and the
absence of mechanisms that drive n; or mgg to 0. The probability density is normalized by the logarithm of m g and m;.

PRD 96, 053001 (2017)
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Front—Runner 1 : KamLAND—-Zen
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Y Pulse shape —

/ \ s “’ateN discrimination (PSD)

FrOnt_Runner 2 GERDA Y. Kermadic, neutrino2020

i 4 _ _\___ Liquid Ar "\ for multi-site and
&// Y \ = surface a, [f events
Ge detector
anti-coincidence
% B LAr veto based on Ar
PMT | scintillation light read
B ,- by fibers and PMT
Y o '
(44 . .
oo \ : Muon veto based on v' 88%-enriched Germanium
Ica 2
\_ T S Wi \ Cherenkov light and detector : 35.6 kg—44.2 kg
L / >< plastic scintillator v’ Ultra-high energy resolution
, Iz

All detectors - 103.7 kgyr

- [ After LAr veto and PSD

NN 24Bi & #*Th gamma lines
—— 2vpp decay MC -
—— Tin=1.8-10% yr (90% C.L. lower limit)
——— Background level
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Front—Runner 3 : CUORE T O’Donnell, neutrino 2020

Cu frames

Ge thermistor

Si heater

TeO, bolometer
130Te : Natural abondance(34%), 206 kg
Very high energy resolution.

CUORE ROI Spectrum

Best fit {global mode)
======= 90% lumit on T,
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Counts | keV

2480 2500 2520 2540 2560 2580
Reconstructed Energy (keWV)



Jason Detwiler, University of Washington
Neutrino 2020 - Virtual Meeting
1 July 2020




Isotope Mass Resolution (o) Signal Sensitive Background
. L [keV] Efficiency [cts/mol_ /ROI/yr]
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