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MOTIVATION

Obs: 3 B Asymmetry of the Universe

n
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Q? How to avoid the “annihilation catastrophe” ? How to generate B dynamically ?

Sol: Baryogenesis through leptogenesis [rukugida, Yanagida 971 : use the seesaw Nr
€
NB X M ECP K Csph

Hierarchical Nk — M; >10°GeV Thermal Nr production — Tr, 2 1010 GeV

Tension: unstable gravitinos: BBN constraint [kawasaki, Kohri, Moroi 05] Tr <10° GeV

Virtue: stable gravitinos as DM

Thermal production from 2 = 2 QCD processes [Bolz et al. 01 ; Pradler & Steffen 06]

7 & 100 GeV ms 2
~h2 = R 9
QGh 027 (1010 GeV ) ( mé ) (1 Te\/ )

— Q=h? ~ Q2% h? for typical supergravity and leptogenesis parameters

Q? Why Ty and Tr have the same order of magnitude ?
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OBSERVATION

Thermal leptogenesis: typical parameters

- Heavy Majorana neutrino mass My ~ 101 GeV
T
- Effective neutrino mass My = (i b 8 10~ 2eV
M,
w1 (M \°
— Heavy Majorana neutrino has a width of I = : ( . ) ~ 10% GeV
T \ VEW

Reheating: through particle decays with I width

90 1/4
i T M
= (87r39* ) =

Assume: N neutrino decays responsible for reheating

— Tg ~ 10°GeV ie. temperature to produce G Dark Matter !

Q? Could B asymmetry and G Dark Matter be both generated out
of the thermal bath produced by Ni decays ?
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FLAVOUR MODEL

Superpotential: W = hi10;10;H, + h(;5*10;Hy + h¥;5;nSH, + hiningS
- SM fields 10 = (g, u%e%), 5" =(d%])
- Heavy Majorana neutrinos N; =n; +n;
- Symmetry breaking fields e~ (g —Ua, - 5) —vbet

Yukawa couplings:

Representative model with Froggatt-Nielsen U(1) flavour symmetry [Buchmuller & Yanagida 97]
hi; nQitQs

with (Q, charges and 7 ~ 1/v/300 determined by quark & lepton mass hierarchies

Nr -Masses: My, ~nvp_p - Widths : Ty, o n*M;

0 2
M2,3 = UVB—L FN2,3 xXn M2,3

B-L Higgs potential:

: A
- Unbroken phase energy density : po = - e - Smass: mg = Avg_;

Mass scale: Thermal leptogenesis : M1 = 1019 GeV — uvp.r fixed
= 2M2,3 2mg 2 2Mq €1 ~ 1628 SR e
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COSMOLOGICAL SCENARIO

Note : B-L symmetry breaking field could be responsible for the sudden end of
the inflationary era through a tachyonic preheating phase [Felder et al. 2001]

SSB : False vacuum energy pg rapidly transferred to [Garcia-Bellido & Ruiz Morales, 2002]

- nonrelativistic gas of S bosons 0s ™~ Po
- heavy neutrinos N; oN,/po =~ 1.5 x 10 3gn F(A?/VA,0.8)

For the considered flavour model : py, /po = O(n*), PN, .lpo =10

Initial state :

- N3 decays : Radiation Ng(t2) + B-L asymmetry Np-_L(t2) =~ 2€2 Nn,(t2)
- nonrelativistic S boson gas

Processes 1n action :

- Sdecays — relativistic nonthermal N
-Radiation — gravitinos G + thermal N;
- N1 decays — radiation + B-L asymmetry
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COSMOLOGICAL EVOLUTION

3 n; with the scale factor g

Evolution of the comobile densities N; = a

M1 — 1010 GeV

. M2,3 2 1012 GeV

S

= = 10">eV

B 0"

EJD e =3 X 10—4
Mé = 100 GeV
M; = 800 GeV

Scale factor a
e 1. i Qsh? = 0.11 = Qpyh?
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COSMOLOGICAL EVOLUTION

SUSY10

———a=a(tg) ——————-—-————-

Reheating temperature:

in agreement with the estimate
g \ /4
= (87r3g*) /T My

Extreme cases: ng = 1.6 x 1077

sisigral = alnhREs

100
- thermal leptogenesis :

Scale factor a

thermal 3 gg = =10
B — Z—Csphﬂ R = 0 X 10

*

- rapid nonrelativistic N; conversion

. 3 T
ngp‘d =t 6 =L ~gx10"

4 M,

= drives the interpolation
between thermal and nonthermal
leptogenesis

Scale factor a
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SUMMARY

Reheating of the universe through N decays generates both the
BAU and DM (thermally produced gravitinos)

Tachyonic preheating leads to an interplay of thermal and non-
thermal leptogenesis which is controlled by I'x

Link between the absolute neutrino mass scale m; the gravitino
mass m s
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SUSY DEPENDANCE

Gravitino abundance Qéhz as function of me and mg
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BOLTZMANN EQUATIONS

Lifs(t,p)] = - E—F fs(t,p)
. M, 2% ng FO —1/2
L[fffl (tvp)] EALE F?Vlfﬁl (tvp) 2 [1 20 (2M1/m5)2] 0 (EN1 A m5/2)
En, B
d e
aH daNNl =—Tpn, (Ny, — N3?)
1
aHiNB_L: €1PN (Nﬁ —Neq) N PN NB L+€1PN NN
da 1 1 N4 2Neq 1 1 1
d
aH —Ng = a: Ca(T)

d

with

Nx(t) = o 2% [ fxtn)

Cal(T) = (1 + 3mG) 54“2])%( ) 76 [ln (mT(;)) —|—0.8846}

2
g
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