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Motivation

WHERE IS THE ANTIMATTER?

WHAT WE SHOULD SEE WHAT WE DO SEE
An equal amount of matter and Matter fills the universe while there is
antimatter fill the universe. only trace amounts of antimatter.
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Outline

Right-handed neutrinos (RHN) and non-standard interactions (NSI)

Neutrino masses — Seesaw mechanism

Lepton number violation — Ovbb decay

Baryon Asymmetry of the Universe - Leptogenesis
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The Standard Case
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The Standard Case

2.3 MeV
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Non-Standard Case”?
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Non-Standard Case

Ny L,
b
or
€R,a
>”“WR >“WR
or

Any new particle coupling
to RHNs and/or leptons
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Non-Standard Case

Ny L,
b
or
€R,x
>~WR >“WR
or

Any new particle coupling
to RHNs and/or leptons

Ny .
A2

Effective operator
description

06/06/2024

Sascha Weber



Non-Standard Case

Ny L,
b
or
€R,x
>"WR >WWR
or

Any new particle coupling
to RHNs and/or leptons

Example operator:

1
T A2
Effective operator
description
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1) Neutrino masses — Standard Case

LD —(YUEw)NVL —MNNCN

N——
mp
Seesaw mechanism: My > mp 4
\
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~ M, my ~ My N
M N

— e :
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Range of scales

1 GeV EW 109 GeV 101 GeV M

R

> YV
107 103 1
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Range of scales

1 GeV W 109 GeV 101 GeV Mp
10~7 10~7 1 Yy

“Low Scale”
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Neutrino masses — Non-Standard Case
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Neutrino masses — Non-Standard Case

Ny UR NI: :
LQX QL » Iza
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Neutrino masses — Non-Standard Case
Ny UR N
X, XX

My /MF Need to satisfy upper
Diagonalize Mass matrix M = ( Y D) Y HPP

M;f) M; bound on m,,
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Neutrino masses — Non-Standard Case
Ny UR N
X, XX

My /MF Need to satisfy upper
Diagonalize Mass matrix M = ( Y D) Y HPP

M;f) M; bound on m,,

> Lower bound on A
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2) Lepton number violation

L(La)

. Assignmentof LIN: £ D —Y;, N;HL, — TZCM,,,NZ + h.c. #)

1

0
L(N;) =1
LNC LNV
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2) Lepton number violation

__ _ L(La) =1
» Assignmentof LN: £ D =Y, N;HL, — NFM;N; + h.c. rum=o
LIN) =1

LNC LNV
* “Most” promising observable: Ov 33 decay

Nucleus
e d U

/7 §

AL =2
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LNV — Standard Case

3+2:NH
. . . 1032 L l . . l . . l .Mz =. 1 GelV 1
 4-fermion interaction at low
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Gr = 102}
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R ~
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vy, / 1026 i Current limit
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LNV — Non-Standard Case

e See also

------- v

YR VS
------- v

vy, (\/
LNC operator:
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Order of
magnitude effect!
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3) Baryon Asymmetry

* Matter-Antimatter asymmetry

np —ng _
np = ~ 6 X 10 10
U

* Sakharov conditions
1) B violation
2) C and C'P violation
3) Out-of-equilibrium

o™~

s~

-~ v

-~ v
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Leptogenesis (LG)

Above EW scale:

e SM sphaleron processes > B + L violation
* Non-perturbative
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Leptogenesis (LG)

Above EW scale:

e SM sphaleron processes > B + L violation

* Non-perturbative

/AL ——

AB
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Leptogenesis regimes

Osc. Resonant : Thermal

9 14
1 GeV 10”7 GeV 10+ GeV \MR
107 1073 1 L

06/06/2024

Sascha Weber

14



BAU via Neutrino Oscillation — Standard Case

AL, =0
AL, =0
AL, =0

ALgy =0
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BAU via Neutrino Oscillation — Standard Case

PESG

oscillations
AL, =0
AL# =0
AL. =0
ALgy =0
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BAU via Neutrino Oscillation — Standard Case

7/
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7 oscillations
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o1 AL,
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BAU via Neutrino Oscillation — Standard Case

Correlation
0.004 S
7/ i
\_ )
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AL” 0.001 0.0050.010 0.0500.100 0.500 1
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BAU via Neutrino Oscillation — Standard Case

Lepton Flavor Asymmetries

Correlation
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BAU via Neutrino Oscillation — Standard Case

Lepton Flavor Asymmetries T,
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BAU via Neutrino Oscillation — Standard Case

Lepton Flavor Asymmetries
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BAU via Neutrino Oscillation — Standard Case

L

S /\ NI> 24
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BAU via Neutrino Oscillation — Non-Standard Case
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BAU via Neutrino Oscillation — Non-Standard Case

) (X2
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Low scale Leptogenesis — Non-Standard Case

1T TTTm
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LNC operator:
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Low scale Leptogenesis — Non-Standard Case
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A=10"°GeV
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Low scale Leptogenesis — Non-Standard Case
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A=10" GeV

Low scale Lepto ; —
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Low scale Lepto e
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Low scale Leptogenesis — Non-Standard Case
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A =10%8 GeV

Low scale Leptogen _
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Low scale Leptogenesis — Non-Standard Case

10-5+ PRELIMINARY
1077
= 107
<
= = .
|| A Order of magnitude effect!
E 10 11
10—13
1071 j
s 107108 100 100 10t
A [GeV]
06/06/2024 Sascha Weber

21



Low scale Leptogenesis — Non-Standard Case

1T TTTm
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Conclusion & Outlook

Non-standard interactions can change
> Ov B3 decay
> Low-Scale Leptogenesis

by orders of magnitude
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Conclusion & Outlook

Non-standard interactions can change
> Ov B3 decay
> Low-Scale Leptogenesis

by orders of magnitude

Conduct full parameter scan

Go beyond effective operator approach to study the effect
of TRH
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Neutrinoless double beta decay and the baryon asymmetry of the Universe
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Non-standard cases

e.g. in connection to Unification

SU(5), SO(10), Gops, ...

000000000000000000000



	Slide 1: Impact of non-standard interactions on low-scale leptogenesis and neutrinoless double beta decay
	Slide 2: Motivation
	Slide 3: Motivation
	Slide 4: Motivation
	Slide 5: Motivation
	Slide 6: Motivation
	Slide 7: Outline
	Slide 8: The Standard Case
	Slide 9: The Standard Case
	Slide 10: Non-Standard Case?
	Slide 11: Non-Standard Case
	Slide 12: Non-Standard Case
	Slide 13: Non-Standard Case
	Slide 14: 1) Neutrino masses – Standard Case
	Slide 15: Range of scales
	Slide 16: Range of scales
	Slide 17: Neutrino masses – Non-Standard Case
	Slide 18: Neutrino masses – Non-Standard Case
	Slide 19: Neutrino masses – Non-Standard Case
	Slide 20: Neutrino masses – Non-Standard Case
	Slide 21: 2) Lepton number violation
	Slide 22: 2) Lepton number violation
	Slide 23: LNV – Standard Case
	Slide 24: LNV – Non-Standard Case
	Slide 25: 3) Baryon Asymmetry
	Slide 26: Leptogenesis (LG)
	Slide 27: Leptogenesis (LG)
	Slide 28: Leptogenesis regimes
	Slide 29: BAU via Neutrino Oscillation – Standard Case
	Slide 30: BAU via Neutrino Oscillation – Standard Case
	Slide 31: BAU via Neutrino Oscillation – Standard Case
	Slide 32: BAU via Neutrino Oscillation – Standard Case
	Slide 33: BAU via Neutrino Oscillation – Standard Case
	Slide 34: BAU via Neutrino Oscillation – Standard Case
	Slide 35: BAU via Neutrino Oscillation – Standard Case
	Slide 36: BAU via Neutrino Oscillation – Standard Case
	Slide 37: BAU via Neutrino Oscillation – Non-Standard Case
	Slide 38: BAU via Neutrino Oscillation – Non-Standard Case
	Slide 39: Low scale Leptogenesis – Non-Standard Case
	Slide 40: Low scale Leptogenesis – Non-Standard Case
	Slide 41: Low scale Leptogenesis – Non-Standard Case
	Slide 42: Low scale Leptogenesis – Non-Standard Case
	Slide 43: Low scale Leptogenesis – Non-Standard Case
	Slide 44: Low scale Leptogenesis – Non-Standard Case
	Slide 45: Low scale Leptogenesis – Non-Standard Case
	Slide 46: Low scale Leptogenesis – Non-Standard Case
	Slide 47: Low scale Leptogenesis – Non-Standard Case
	Slide 48: Low scale Leptogenesis – Non-Standard Case
	Slide 49: Low scale Leptogenesis – Non-Standard Case
	Slide 50: Low scale Leptogenesis – Non-Standard Case
	Slide 51: Conclusion & Outlook
	Slide 52: Conclusion & Outlook
	Slide 53: Thank You
	Slide 54
	Slide 55: Non-standard cases

