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New physics?

Symmetry magazine
(Oct 2015)

Lepton
Number
Violation

TeV-scale

Deppisch et al. (2014)
De Gouvéa et al. (2019)
Helo et al. (2013)

Symmetry magazine

CERN press release (Aug 2014)

(Mar 2019)
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Goal of this talk

Origin of matter

Ovpff—decay Collider physics
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New physics? Model O2

We study a simplified model: “Model O2" peng et al. (2015)

05

<

SM + §:(,2,1/2) and F: (1,1,0)
mg, mg ~ 1TeV

Minimal interactions to illustrate the ideas:
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. TeV-Scale and the Origin of matter

Origin of matter
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Standard leptogenesis scenario  fukugita & Yonagida 1586

® SM + heavy right-handed, Majorana v
neutrino NV: L

Out-of-equilibrium decay, AZ # 0

’ H L
® Quantum corrections: N ‘/\T\ N _L/h
['(N - HL) # I'(N — HL) N T,
= CP—violation

SL,
SL

® Sphaleron processes: AY — A9 4 —/jphl< b
dy, /\]/\ vy

arXiv:hep-ph/9812447
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Standard leptogenesis scenario  fukugita & Yonagida 1586

® Standard LG works, but requires m,, = 10° GeV  Davidson & Ibarra (2002)

Parameters > K=10%, my=10""GeV, € =107
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® \What if we include accessible TeV-scale effects? Model O2
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TeV-scale LNV effects

® \\Vhat if we include accessible TeV-scale effects? Model O2

9Q
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I. TeV-Scale and Energy tfrontier probes

Collider physics
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LNV searches at colliders

® Signal: two same-sign electrons and two jets, pp — jje~e™

q . q q
I
I
I

S . i
e
_____ 6:|:
e+ S
ot

F
S _ _
q ¢ q q
Dominant contribution
(a) t—channel (b) s—channel

® Background:

- SM processes with 2SS leptons (e.g., JWW, 1t W, tt7Z)
- | Charge misidentification (e.qg., tf, Z/y*)
- | Jet-fakes (e.g., 11, W + 3))

Dominant contributions
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TeV-scale LNV effects

® Madgraph + Pythia 8 + Delphes for MC simulation

® Use of Neural Networks for signal/background discrimination

0= 107% | mp=1TeV, mg/mpr =0.5 0= 107 | mp=1TeV, mg/mp =1.5
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1l. TeV-Scale and Ovfff—decay

Ovpf)—decay
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Viewpoint: The Hunt for No Neutrinos (Physics 11, 30

2vpj—decay |
Consistent with SM ',"l Not allowed in SM :
Very rare but experimentally tested I Experimentally unseen}
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From simplitied models to effective operators

0. Find the Ovfffi—decay diagram

1. Obtain the quark-electron operator after integrating out heavy d.o.f:

O x ududee*

2. Match quark-electron operator onto two-nucleon operators

3. Using nuclear physics, calculate the halt-lite

Ovpp

@Model 02
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TeV-scale LNV effects

9
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V. Conclusions

* Observation of TeV-scale LNV effects gives a promising option to falsify
one of the standard mechanisms to explain the baryon asymmetry

e Collider and Ovfffi—decay searches provide complementary sensitivity
(e.g., mass spectrum): discovery could occur in one or the other or both

e Next step: flavor effects
— Different collider signatures (uu, e, tz, ...)

searches (prompt, displaced vertices)
— Different low-energy observables (1 — ey, u — 3e,a,, ...)
— Flavored leptogenesis (Schwinger-Keldish formalism)

— Interplay with neutrino physics
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Backup slides: Dirac and Majorana masses

Dirac mass term: mp PV

Majorana mass term:  m,;, V¥

v=1"0"

________________

u| | u y d EW

Schechter-Valle theorem (1982)
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Backup slides: Nuclear shell structure

% Even Mass 2 | Odd Mass

S Number = Number

= =

QO Q

T‘S N,Z odd ng

Z Z. i
BB BB,
\ Suppressed ~107! /

BB BB’
N,Z even
| | | | i | | ‘ | I ]
72 Z-1 7 Z+1 Z+2 72 Z-1 7 Z+1 Z+2
Atomic Number Atomic Number arXiv:1601.07512

"Candidate isotopes for detecting the Ouff} are even-even nuclei that, due to the nuclear

pairing force, are lighter than the odd-odd (A, Z + 1) nucleus, making single beta decay
kinematically forbidden"
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Backup slides: EW Sphalerons

® |n the SM, non-perturbative effects can violate % and &Z. This violation

is such that B — &£ is conserved (while &8 + &£ is violated)

E A
T+0, sphaleron
i T
-1 0 v 1 W

T=0, instanton

Sphaleron

Sphaleron transitions
* conserve B—L
« wash B+L out

L asymmetry is
reprocessed into B
asymmetry
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Backup slides: Boltzmann Equations

The dynamics is described by Boltzmann equations:

Scattering
=102, my =10'"GeV, ¢ =107°
10 5 Decay
10~ 7 dYN l (eq)
L G —=—(D+S)(Y—YN )

10—35 — ' dz
3 ] —— Y5
§ 10—5—;
E dYg_o

/\\ dz
10—92

0-2 107t 100 100 102 CPV source Washout
o mNT(O) (decay) (inverse decay, AZ =1, 2)
\

Yy = ny/s (normalized number density)
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Backup slides: TeV-scale LNV effects
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Backup slides: Effective operators - |

arXiv:hep-ph/0303205

d = 9 effective operators (0; x uniddee®) contributing to Ovff—decay:

f

1

0%0,/33 = F<

(0101|—: + 0203__:— + 03(9;—j + 04(9;—_:— + 050;_+) ee’ +
\
(06(91‘_: + 0703__:_ + 080;j + OQO;)_J:L + 0100;__+) 57566 +

\

(011(92__:—"u + 01202—_4—,“ + 013(9;—:’M + 014(9;—_+’M) Ew%ec + h.c. }

/

Oili = (qr " (IL)@RTb’Y;L(]R) :
Different combinations of

OS{L = (Gp7"q1)@rm"q) = (@, 7qr) @1 qR)

O(;ft _ (GLTQ'Y“(JL>(GLTb’y/LQL) + (GRTGVNQR)(GRTb’Y/LqR) : 4 quarkS and 2 eleCtrOnS

OZ?EM = (GLTCL’Y“CIL + GRTG’Y“C]R)(GLTIJCIR - URTbQL) ;

O = (@7 qr £ T qr) @70 + TnT'qr) - O pe rators «— M Od e | S

SUQ (UMass/ACFI) PHENO 2021 May 24 - 26, 2021

23




Backup slides: Effective operators - I

arXiv:hep-ph/0303205
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Backup slides: Nuclear Matrix Elements
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Computing methods:
EDF: energy-density functional
QRPA: quasi-particle random phase approximation

SM: shell model
IBM: interacting boson model arXiv:1902.04097
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Backup slides: Lagrangian for Model O2

— — my —
ZLor = 80 0Sdg + g LSF —m¢@S'S 2F FF + Ay (STH? + ...

vy — sk 12 _
X =eX*, e"=+1 arXiv:1508.04444
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Backup slides: Leptogenesis with Model O2 - |
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Backup slides: Leptogenesis with Model O2 - |

K =102, g, =102, gg =102 K =102, g, =102, gg =102
| — W02 10°] 102 |
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10° |YB—£|

BE terms

BE terms
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Backup slides: Previous study of Model O2

14— r=100b" ,.’
1 ol ==+ £=300fb" ;
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1.0l
5 0.8
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0.4

arXiv:1508.04444
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Backup slides: Collider searches - |

® Background:
SM processes with 2SS leptons (e.g., JWW, it W, 117)
Charge misidentification (e.g., 11, Z/y*)
Jet-fakes (e.qg., tt, W + 3))

Dominant contributions

Trident event: Non-prompt lepton

_ _ _ 4 - from a hadron
e- > e y—>eete

ATL-PHYS-SLIDE-2018-856
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Backup slides: Collider searches - |l

o1
= ~©§

SN
A Q/Lsgifsgﬂ
_,Q Q d! [0,1]

Recursive layers Sequential layers

SUQ (UMass/ACFI) PHENO 2021 May 24 - 26, 2021 31



