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Baryon Asymmetry
Generation and Washout

» Classic Example: High-Scale Leptogenesis
> Generation via heavy neutrino decays
- Competition with LNV washout processes
- Conversion to baryon asymmetry

- EW sphaleron processes at T ~ 100 GeV
+ Observed asymmetry
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» Other possible scenarios

> For us only important:
(B — L) asymmetry generated

above LHC scale
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» What if we observe lepton number

violating processes at the LHC or T T
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Induced Washout

» Compare LHC cross section with
lepton number asymmetry washout

MpMy Ky (My/T)
T*  fo,q,(Mx/s)

[
FW >3x 1073 X (SOLHC)

> Lower limit on total washout rate
- Neglecting other washout processes

OLHC
fb

| I'w My
0g107> 7+ 0.6 m_l +10g10

> Observation of LNV @ LHC corresponds
to highly effective washout I, /H > 1

- Excludes Leptogenesis models
that generate asymmetry above My
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Induced Washout

» Compare LHC cross
section with lepton
number asymmetry
washout

o Lower limit on total
washout rate ~

10T

10% |

> Observation of LNV @
LHC corresponds to
highly effective washout
Iy /H > 1

- Excludes Leptogenesis
models that generate
asymmetry above M,

J1LHC [fb
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Baryon Asymmetry Limit
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» Classic Leptogenesis with one
heavy neutrino N, neglecting
flavour

> Solve Boltzmann equations

for ny and n, with LHC process
as only washout source

10—10:_
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X
My = Scale of CP asymmetry generation,
My = Scale of LNV observation
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Baryon Asymmetry Limit

» Classic Leptogenesis with one 10”\
heavy neutrino N, neglecting otf
flavour ;
-2
> Solve Boltzmann equations 07
for ny and n, with LHC process v 10-3}e”
as only washout source i
- Upper limit on baryon asymmetry 104;\
ng My [ 4My oLpcy (4My\?] [ 1075k
log,, ngb <24m<1—§M—X>+log10 [Iel( o ) (§M_x> | 6
106k, M=l
> LNV is observed at LHC 1072 oy
- High scale Leptogenesis /My

(My > My) is not viable
- Strong limit on CP asymmetry €
for low scale Leptogenesis
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Caveats

» Cannot exclude scenarios that LS T
generate a lepton number 5 -
asymmetry below observed
scale My
> But strong limits still apply

» Asymmetry can be present
in one lepton generation only

> Unambiguous falsification

nr, (SUN

. . . —10L .
requires observation of LNV in i i . -
all flavours (or observation of 10~ 10 10 10 10
low energy LFV such as t — ey) z=My/T

» Sphalerons only affect LH leptons...
What if LNV is observed for RH leptons only?

> Not an issue as all LH and RH charged fermions
are in thermal equilibrium =~ Mgy,

» Symmetry in new sector coupled via hypercharge induces
(B — L) chemical potential (Antaramian, Hall, Rasin ‘93)
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Displaced Vertices

» Avoiding strong washout requires e.g. small couplings

> Can lead to displaced vertices at the LHC

- Example: R-Parity violating SUSY coupling UUD
(Barry, Graham, Rajendran ’13)

> Upper limit on
baryogenesis
scale related to
decay length

Baryon Destruction Regions, (0.8)m; Neutralino LSP
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Other High Energy
LNV Processes

» The argument can be extended to
> other resonant and non-resonant LNV processes at the LHC

o LNV processes at q; o X g fi

other, future colliders f
|\
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» Analogous analysis using LNV
effective operators of mass

dimensions 5, 7, 9, 11

o 129 Operators (Babu, Leung ‘01, de Gouvea, Jenkins ‘08)
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Washout via 0vgp operators m

- Examples
Os = (L'L))H"H' ¢ 51,
O7 = (L'd°)(ecuc) H ¢,
Oy = (L'L7)(Qiue)(Q ).
O11 = (L'L)(Qrd®)(Qud®) Hy Hi€jrerm.
_ Op A}, [GeV] A} [GeV]
> Matching to OvBp operators O 92x 100 0.1 x 102
—_— 9}2\@2’ Grer _ gBZ, GF€19.11) _ {g_i’ﬁ}‘ 0.  12%x102 2.6 x 10
I R S Ad_ A Oy 43x 101 2.1 x10°
Tyjg = 2.1 x 10%° v (AD/A%)%_S Oy 7.8 x 10" 1.0 x 10°

\\\\\\\\\
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» Boltzmann equation including washout
of D-dim effective operator

dp, 12D
TZ»yHTd—T = CpD WWL

8 27 3.2x10% 3.9x10°
(o] — I
C{5J719J11} B {7-[5 ’ 27-[7 ’ 71-9 ’ 71-13 }

» Effective washout if

_ 2D -9
I'w  c¢p 720—4 , Ap i > (c) (d)
Ap

H ~ n,HADS ~ Ph,

m~

Ap P79 Op A\p [GeV] A} [GeV]
Ap (chAPI) =Ap ST S Ap Os  9.2x 101 9.1 x 1013
O 1.2x10° 2.6 x 10
Oy 4.3 x 10" 2.1 x10°
O 7.8 x 10" 1.0 x 10°

» Better: Solve Boltzmann such that initial
asymmetry is washed out at the EW scale

10_2) \2D—9 _’_l,QD—Q]
5 )

~0obs
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» Even better:
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UV-completed operators for behaviour around A

Logqo(l/(HNy))

12

10

effective operator x

s channel

P
mp = 1 TeV m

'3 4 5 &
Logqo(T)
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Effect of LFV operators

. . K e
» Analogous analysis for eff. 6-dim LFV .
operators Y
T + =
Og(llyH) = Lio*efH*F,, ey
O () = (Liy*L; Y(Liy* Ly ) u- o e-
0s(Ulqq) = (Liy*L; )(Qur™Q ) YA,
N/ \N
> Do not washout total lepton number o Nuews Sy
asymmetry but equilibrate lepton flavours A / \A
» Matching to LFV process rate u~ — e’ conversion in nuclei
3 2
Cov = m;’% Cotoq = Ag_ O, Al [GeV] AV [GeV]
£y tlaq Ouery 1.4 x10% 2.8 x 10°
1 4
BI‘I_L—}B’Y _ 57 % 10—13 . (A?Lef},/AH,e’y)il Oq—gf}.- 2.8 x 10 2.7 X 10['
Oueqq 1.5 x 100 1.8 x 10°
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Observation of ovgpg / LFV

» Temperature ranges of ot I O Rb 57 2013 036005
strong washout or flavour I ) ;
equilibration o2t N e ;
> Assumes observation of ]

corresponding process!! 1010F current ;

» Crucial to distinguish non- 0vBB LFV 7

1085— 4

106k "

10*E H
r LHC reach [I

1 02 — EW scale

standard Ovpp operators

T [GeV]
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Conclusion

LNV a crucial BSM signature
> Majorana neutrino mass models
o Baryogenesis via Leptogenesis

Observations of LNV and LFV processes

> Tell us the temperature regime where
leptons-antileptons and different flavours are equilibrated

> Can falsify high scale baryogenesis scenarios

v

v

Bottom-up approach
- Experimental data - Constrained model-landscape(data)

v

Important information for model selection, e.g.
> Observation of 0vgp LNV @ TeV Scale
> Observation of LNV @ LHC

v

Disfavours high-scale seesaw
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Conclusion

LNV a crucial BSM signature
> Majorana neutrino mass models
o Baryogenesis via Leptogenesis

Observations of LNV and LFV processes

> Tell us the temperature regime where
leptons-antileptons and different flavours are equilibrated

> Can falsify high scale baryogenesis scenarios

v

v

Bottom-up approach
- Experimental data - Constrained model-landscape(data)

v

Important information for model selection, e.g.

> Observation of 0vgp Improved confidence in
> No observation of LNV @ LHC J standard 0vfg mechanism

v
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