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Introduction

Introduction

Leptogenesis
@ (L, €P)-decay of a heavy

Baryon asymmetry of the universe

ng _ (51 _ 65) « 1010 (BBN) field — L asymmetry
n, |6.04+£0.8x 1071 (CMB) @ L asymmetry
4 EW sphalerons
= 3 Sakharov’s conditions B asymmetry

Leptogenesis scenarios can involve
@ Right-handed neutrinos [Fukugita, Yanagida, '86]

@ Scalar triplets [Ma & Sarkar '98, Hambye & Senjanovic '03]
flavour effects considered only recently
[Felipe, Joaquim & Serodio '13]
{ [Aristizabal Sierra, Dhen & Hambye '14]
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General framework

Type |l seesaw

[Schechter & al. - Lazarides & al. - Mohapatra & al. - Wetterich]
Complex scalar triplet A = (AT, A+, A%) (Ma > v) with couplings

la
ﬁv[ﬁA[O/[ﬂ CA-> < AL = 27 «, /3 =& U, T
la

x M
pUATHH : A-<€=<
*\H

Neutrino Majorana mass matrix

H>a 0 &« H
g

AYir ———>  (Mas = ohtfasry
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General framework

@ The decay A — /7 violates L but not CP...
@ ...Unless we add more fields

1k,
Lot = —5 7 lalsHH
2 V2

Now (mV)aB = pfap 2/\/& + Kaﬁﬂ

CP asymmetry [Ma & Sarkar '98, Hambye & Senjanovic '03]

L — >

_TA—s)—T(A =) Ma Sl fighas]
- G = 8rAtr(fFt) 4+ p2 /M3
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General framework

@ The decay A — /7 violates L but not CP... H- JH
@ ...Unless we add more fields [ A K
1k 8
Lo = —=—lolgHH Jk /\
eff 2 A A lo Nlg
2 V2

Now (m,)ap = Mfaﬁm +hapoy

CP asymmetry [Ma & Sarkar '98, Hambye & Senjanovic '03]

L — >

_TA—s)—T(A =) Ma Sl fighas]
- G = 8rAtr(fFt) 4+ p2 /M3
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Boltzmann equations

Boltzmann equations

[Hambye, Raidal & Strumia, '06]
@ Equation for the scalar density Yo = Ya + Yi

dsa _ Ma
SHZ?f (D+A), Z = T

D o ['a: decays and inverse decays
A: EW annihilations
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Boltzmann equations
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dia Ma
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Boltzmann equations

Boltzmann equations

[Hambye, Raidal & Strumia, '06]
@ Equation for the scalar density Yo = Ya + Yi

dsa _ Ma
SHZ?f (D+A), Z = T

D o ['a: decays and inverse decays
A: EW annihilations

@ Equations for the asymmetries A, = Y, — Y3, a=/{(H,...

stdAa =e,D— W,
dz

€. CP asymmetry in the decay of A into a + ...
W,: washout due to inverse decays and scatterings
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Boltzmann equations

Boltzmann equations

[Hambye, Raidal & Strumia, '06]
@ Equation for the scalar density Yo = Ya + Yi

dsa _ Ma
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Boltzmann equations

Flavour dependance

[R. Barbieri, P. Creminelli, A. Strumia &N. Tetradis '99]
[A. Abada, S. Davidson, F.-X. Josse-Michaux, M. Losada & A. Riotto '06]

3 temperature regimes
@ Lepton lavours distinguished only by their Yukawa couplings

@ T < 10° GeV: 7 and u Yukawa in equilibrium
— 3 distinguishable flavours

@ T > 10% GeV: no Yukawa in equilibrium
— 7, 1 and e undistinguishable

Density matrix
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Boltzmann equations

Closed time-path formalism

[W. Buchmiiller & al. '00, De Simone & al. '07, Garbrecht & al. '10]
C = time-path that goes from 0 to co and back
+ >

J— <& 4
<

Gup(x,y) = (Tela(x)ls(y)) Green's function, time-ordered following
the contour.

Schwinger-Dyson equation expresses G as a function of the free
Green's function G° and the 1Pl self-energy &

Gagp F GJ, Gop
Xee———) — X—m€—Y + X = y

—
1°) Tr[(@ + @,)SD] — Quantum Boltzmann equation for (Ag)as
d(A¢)a
2°) Classical limit —» st% = €D — Was
z
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Boltzmann equations

Chemical equilibriums

[Aristizabal Sierra, Dhen & Hambye '14]
Various SM processes affect the lepton asymmetry:

@ EW sphalerons (8, £, B+t1, B— L)

@ Yukawa-mediated scatterings
eg. WH/l, — 1R+ H, T<102GeV

@ QCD sphalerons

Simplification: processes either negligible or very fast = conditions on
chemical potentials

Benoit Schmauch



Results

6.x10°8 6.x 1078
5.x10°8 5.x10°8
4.x1078 4.x10°8

ng/n,
ng/n,

3. 3.x1078

2.x10°8

1Lx10"8

Figure: Comparisons of the final BAU as a function of A\, = /tr(ff1) for
different computations, for Ma = 5 x 10'2GeV.

Benoit Schmauch



%)
a
1)

4

nplny

nplny

2

10!

10!

101!

101!

v

v

w

w

1010

1010

tr(fft) and Ma.

Figure: Final baryon asymmetry as a function of X,
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Conclusion

Conclusion

@ Scalar triplet leptogenesis successfully explains the BAU

@ A correct description of the high-temperature regime should involve
a 3x3 density matrix in flavour space

@ The final baryon asymmetry can be greatly enhanced (up to 2 orders
of magnitude) if one includes flavour effects and chemical
equilibriums
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