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WHY LEPTOGENESIS ?

3 Neutrinos Oscillations

Paradigm : neutrinos
® are massives

e mix among each other
Q? How to explain such tiny masses ?

d Elegant solution : Seesaw mechanism :
Add Majorana heavy fields to the SM

Ex: Seesaw Type I : Heavy Right-Handed
neutrinos fields

. 1 __
Le-LHY] — 5 Nmy N+ hec.
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d Baryon Asymmetry of the Universe

Assume :

1. production of symmetric Universe @ end
of inflation.

2. free evolution untill now

sym _ "B — g _
Ygitt = ——+2 ~ 0(107 ")

But:
1. CMB acoustic peaks
2. BBN

Ve ~ 810"

i.e. 310 000 000 001 b for 10 000 000 000 b

Q? Why something rather than (almost) nothing ?

CAN LHC DISPROVE LEPTOGENESIS ?
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PLAIN VANILLA LEPTOGENESIS

Baryogenesis through Leptogenesis [Fukugita & Yanagida, 1986] :
5 Using the Nr See-Saw fields, Leptogenesis fulfill the 3|Sakharov’s Conditions [1967]

1. L violation source
2.[CP violating source|: I'(Nr—LH) = I'((Nr—LH")

Y ~ I'n—rn—TUpn_fip-
ﬁ\r/ €C’P Ft t
\ 2
M . ~ > Im [(mT )m}

¢—C Relevant parameters )

p™Mbp
JFt
3.|Out-of-equilibrium decay M
4. Sphalerons: L asymmetry transferred to baryons - ldny+ 9ng 28
[Kuzmin, Rubakov, Shaposhnikiv, 1985] [Harvey & Turner, 1986] 22 ¢+ 13ng 79

Final Baryon asymmetry:

fin eq
Yi" =Y re 5 =¥ntEcp n ok
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TESTING LEPTOGENESIS

Observing Nr ?
1. Hierarchical Ng ?P;ep.togenesis ok if m(Ng) > 108 GeV X
Davidson-Ibarra, 2002]
2. Degenerate Nr Leptogenesis ok @ low scales [Pilaftsis, 2002] X
but m(v.) require A suppressed
Linking CP violation ?
» Casas-Ibarra parameterization of Yukawa [NPB 618(2001)171]
A= /mny R/m,JU! PMNS
LP@LE P @ HE
£(U) ecp ~ Yy Im[AA] # f(U) X
J71

= A direct link between Qp [Branco et al. 2001, Rebelo 2002, Davidson et al. 2007]

[f not testable, could leptogenesis at least be falsified ?
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LEPTOGENESIS IN GAUGE FRAMEWORK

Proposition:

The observation of Wr @ LHC would disprove Leptogenesis

Why a WR?

1. Majorana neutrinos are naturally present in Grand Unified Theories:
SO(10) — ...

— SU(3)c SU@2)L xU(1)y Left-Right Sym. Model

— SU(3)c x SUQ2)L xU(1)y

New gauge fields : Wr L3 \%WE (ﬂR%dR + N, lR)

2. LHC arrival !

2. Tevatron fixed m(WRr) > 800 GeV [CDF Collaboration, note 8747 (2007)]

3. LHC will probe m(WR) < 3-4 TeV [CERN-LHCC-2006-021]
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EFFECTS OF A LOW SCALE Wp

Diagrams

Yukawa

_Tnorw—Tn_pp-
- N0 n<1
tot

CP Violation Efficiency

“Average AL produced per decay”

r-T T CRe
ECP = = o Dilution !
F‘Eo)t T Fi(:otR) < F“Ef))t
e J_A IS S
[ l %%
Tioy [Tior + Dot ™

Ng eR Ng er Ngr UR Ngr €R
Wr
w.
Gauge I I >VV\A< I
dr Ur TR dn °r dr Nr R

Diagrams

Strong Thermalization ‘
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= Easier to produce neutrinos @ Reheating v

= Harder decoupling @ Low T° (Washout) X
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INCLUSION IN BOLTZMANN EQUATIONS

Boltzmann Input Parameters: Degenerate N [Pilaftsis, 2002]

<
1.m(N) = Yukawa interactions /y](\lf) ecp =1
2. m(Wg) W) Hierarchical NR [Davidson-Ibarra, 2002]
3.\ = Gauge interactions Nu.d NN
: e eop < (3/16m)(my /v2)1/ Am2y,,

= dYp /dTe

= dYyn/dT®

EFFICIENCY 1)
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SEEFICIENCY RESULTS

M(Wgr) =3 TEV

2 BODY DECAY

IN ANY CASE :
n < nM!N — 7.10-8

(RN
“ Type I Leptogenesis
Disproved if Wr
Discovered @ LHC
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M(WRg) 22

log,, my, [in GeV]

O 1 | 1 1 | 1 | 1 | | 1 | 1 | | 1 | 1 |
~10 -5 0 5 10
log,, m; [IneV] log,, m; [IneV]
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SUMMARY

+ We consider Type I Leptogenesis in its natural gauge
framework

+ Strong Gauge Dilution & Scatterings do play an
important role in the lepton asymmetry creation

+ Type ] Leptogenesis

= could be disproved if Wr observed @ LHC
= could work if m(Wg) > 18 TeV
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SACKUP
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BOLTZMANN EQUATIONS

New Effects: Wr Decays WRr Scatterings

zH(2)sY), =
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INTERACTION RATES EVOLUTION

Vi
Hn? (T)

(/

YNe,u,d

e (T") NOT Boltzmann suppressed !
N

log,, [my/T] log,, [my/T]
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M(Wgr)= 0.8 TEV M(Wg)=3 TEV M(Wgr)= 5 TEV

IN ANY CASE : 11 < Nfwin = 7.10°°

— TYPE | LEPTOGENESIS DOES NOT WORK
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M(Wgr)= 0.8 TEV M(Wg)=3 TEV M(Wgr)= 5 TEV

IN ANY CASE : 1] < Nfmin = 7.10°8

— TYPE | LEPTOGENESIS STILL DOES NOT WORK

MoORIOND EW 2009 CAN LHC DISPROVE LEPTOGENESIS 7 G.VERTONGEN



M(Z’)= 0.8 TEV M(Z’)= 3 TEV M(Z’)= 5 TEV

IN THIS CASE : 1] COULD BE > Nwin = 7.10°°

— TYPE | LEPTOGENESIS COULD WORK
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Wgr @ COLLIDERS
Current Bounds LHC Expectations

[CDF Collaboration, note 8747 (2007)] |[CERN-LHCC-2006-021]
[CMS-TDR-008-2]

if m(N) < m(Wg) : pp = X+Wr = X+I=+N (N on-shell) = X+I-+1%7+u+d [resonance @ m(N)]
if mM(N) > m(WR) : pp = X+Wr = X+I+N (N off-shell) = X+I-+I*7+u+d [resonance @ m(Wr)]
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THE 3

Right-handed singlet:
(Type I)
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SEESAW MODELS

Scalar Triplet:
(Type 1I)

:A
//YA\\
L L

m, = v°Y, L
v — AMi'uA
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Fermion Triplet:

(Type 11I)
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