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We need to understand the ougin 0][ /5 and L violation o exp/ain :

7 /Le ofzigin of neutitno masses

The Matter-_Antimatter /45ymmet’zg
The .S)tabi[ity 0][ the Proton

New Exotie BLY processes
The SM-ETT
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B and L Violating Effective Operators S. Weinberg

) C—LKHEH

What are the values for A; and Ag?

Naive bounds: A; < 10 GeV and Ag > 10 GeV

These scales could be low and one can hope to test
directly the origin of B and L violation !
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Massive Neutrinos

What 1s the origin of neutrino masses ?

How do we test the theory of neutrino masses ?
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Massive Neutrinos

* Majorana Fermions B-L is broken !

bf > _I-{L_TC Hu \/L +L‘C‘

2

e Dirac Fermions B-L is conserved !

b[ > HAWLVR—FL'C'
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Mechanisms for Majorana Neutrino Masses

T s _HL_TC M, Y, +hee

2

Type | Seesaw
Type Il Seesaw
- Type Il Seesaw
- /Zee’s Model

- Colored Seesaw
- Babu-Zee Model
- Witten’s Model
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(Minkowski, Mohapatra, Senjanovic, Glashow, Yanagida, Gell-Mann, Ramond, Slansky)

Canonical Seesaw
_ 1
—L D YVDKLZ'JQH*VR + §MRV£C’VR + h.c.
MV — mDMglmlT)

if mp ~ 10%2 GeV o> Mp < 101471 GeV

In general we do not know the Seesaw Scale !

The simplest gauge theory predicting right-handed neutrinos is based on local B-L
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U(1)g_y, - Simplest Gauge Theory for Neutrino Masses

Right handed neutrinos predicted from anomaly cancellation
Spontaneous B-L Breaking:

e Dirac Neutrinos:

Spr ~ (1,1,0,n), where |n| > 2 and kn # |2| (k € Z)
e Majorana Neutrinos:

Ser, ~ (1,1,0,2) [:> )\RV£CVRSBL + h.c.

pp — Zpy, — NiN; — e WTeif W — erefdj.  PEP, T Han, T.Li
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P. F. P., A.D. Plascencia, Phys.Rev.D 102 (2020) 1, 015010

pp — Zgr, — NiN; — e;tWﬁBqu: — e;-tekiélj.

o Complex R
R=1

Events(pp — NN, — p*pu~4y)

100 200 300 400 500 600
M N [G(‘.V]

See reviews: Deppisch, Dev, Pilaftsis, New J. Phys 17 (2015)
Cai, Han, Li, Ruiz, Front.in. Phys.6 (2018) 40
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Lepton Number as Local Gauge Symmetry

Realistic Theories:

P. F P, M. B. Wise, JHEP1108, 068

M. Duerr, P. F. P, M. B. Wise, Phys. Rev. Lett. 110, 231801

P. F P, S. Ohmer, H. H. Patel, Physics Letters B735, 283

P. F. P., Physics Reports 597
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SUB)c®@SUR2), @U(1)yxU (1),
P. F. P, S. Ohmer, H. H. Patel

Fields SU(3)C SU(2)L U(].)Y U(I)L
Ut
Uy, = ( L) 1 2 1 3
\I’(){; 2 2
v
Up= <\I’0R) 1 2 : -3
0 R\/§E+
)y
_ L L L _3
X3 1 1 0 -3
M. Duerr, P. F. P.,, M. B. Wise
Fields SU(3)¢ SU(2)L U(l)y U(1)L
\IIO
U = ( 2) 1 2 —2 -3
\\11,16 2 2
Up = ( ]j) 1 2 1 3
U, 2 2
- 3
Mg 1 1 —1 -5
ng 1 1 —1 2
X% 1 1 0 -3
XTI 1 1 0 %
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P. F. P., S. Ohmer, H. H. Patel

SU3)e ® SU2)L @ U(1)y@U (1)

U~ (1,2, 1/2,3/2), Up~ (1,2, 1/2, —3/2),

Ca—>

2, ~ (1, 3,0, —3/2), xr ~ (1, 1,0, —3/2).

—LDY, ZLﬁVR + y\p\TJL\IfRSL -+ szr(ZLZL)SL -+ yXXLXLSL + h.c.

C— New Higgs: Sr ~ (1,1,0.3)

AL =43 ﬁ:> Gauge Theory for Dirac Neutrinos !

see also: M. Duerr, P. F. P., M. B. Wise, Phys. Rev. Lett.
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Some Features:

Dark Matter: X CDM Candidate from Anomaly Cancellation !
Leptophilic Gauge Boson: 2L

Symmetry Breaking:

< Sp >#0 Co—> U(l)r — 22

(), - -V, Up— —VUg, ¥ = -1, XL = —X1L}
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P. F. P,, C. Murgui, A.D. Plascencia, Phys. Rev. D100, 035041

Leptophilic Dark Matter
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The scale for Spontaneous L Violation must be below the multi-TeV scale !
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P. F. P, C. Murgui, A.D. Plascencia, Phys. Rev. D100, 035041

Neff and Dirac Neutrinos

0.40¢

0.35]

T T T T T T

= 0.30] Planck l
0.25]
0.20 - ' - ‘
10 15 20 2

% CASE WESTERN RESERVE

UNIVERSITY g
think beyond the possil m

Mz /g [TeV]

CMB-54 - I Ngis < 0.06
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SURB)c! SU@).! UD)y ! U(1)s M. Duerr, P. F. P, M. B. Wise, Phys. Rev. Lett

Fields SU(3)C SU(2)L U(l)y U(l)B
o
U, = ( E) 1 2 -1 By
\I’L
\I’O
Up = ( ’j) 1 2 -1 By
\I,R
MR 1 1 —1 By B>! B1=3
nL 1 1 ~1 B,
XR 1 1 0 Bl
XL 1 1 0 Bs

Ca—> IL" y, U1 gSg + .. Comm> Se ! (1,1,0,73)

| B= +3 (> Stable Proton !

Gauge Theory for Proton Stability !
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Some Features:

Dark Matter: X CDM Candidate from Anomaly Cancellation

/

Leptophobic Gauge Boson: / B ' Qg ,!ﬁ

New Higgs Boson:
hs — v, 99, YZ, vZp, ZZ, ZZp, ZpZp, WW, xx, FiFi, hh, fifi.

Signatures at the LHC: pp! Zghg ! t@l | t&E _IfI“SS

See: 2112.02103, 2103.13397, 2012.06599, 2008.09116, 2003.09426, ...
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Collider Bounds - Leptophobic Gauge Boson
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P. F. P., A. D. Plascencia, Phys. Rev. D 105, 095021 (2022)

Dark Matter from ?lnoma(y Cancellation

Dirac DM

00 1081
M, |GeV]

The scale for Spontaneous B Violation must be below the multi-TeV scale !
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P. F. P., A. D. Plascencia, Phys. Rev. D 105, 095021 (2022)

Baryonic Higgs Decays

].OO:' = gB = 0.1
[ —— 1
| My, = 400 GeV
- | Mgz, =1.14TeV
= 1071 | M, = 6.28 TeV
Mg ]
E | M, =6.7TeV
- Mg = 7TeV
1072 5
XX — Zphp
| Qpuh? = 0.12
109010 103 102 101
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P. F. P, A. D. Plascencia, Phys. Rev. D 105, 095021 (2022)

Predictions for EDMs

¢c = arg(ynyyy193)

|de| 102 em, |yﬂ-—2hh|—-02 M= uw/3 '”?C=ﬁﬂ/2
e .
———-Idl/e
——— a2/
ACME exp ———. [d¥"]|/e ;
Nature 562, 355-360 (2018). e |d%"|/e

ACME 2018

de|/e [cm]

LACME |l

..ibo e s
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Sjoonmneous CBaryon Number Violation

The minimal theories for Spontaneous B Breaking predict:

- Stable Proton

- Dark Matter candidate from Anomaly Cancellation

- The Symmetry Breaking Scale must be below the multi-TeV scale
- New sources for CP-violation

- Interesting correlation between the EDM and DM constraints

- Strong correlation between the Higgs decays and DM constraints
- Interesting signatures at colliders associated to DM
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THANK YOU !



