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MOTIVATION

Obs: 4 B Asymmetry of the Universe

= n
e = 61019 5 gl

Ny

Q? How to generate B dynamically ?
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MOTIVATION

Obs: 4 B Asymmetry of the Universe
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Q? How to generate B dynamically ?

Prop: Use the seesaw Nr. (Baryogenesis through leptogenesis) [rukugida, Yanagida 971 :

I
® decay to LH pairs: generation of L asymmetry J J

® no SM gauge interaction : out-of-equilibrium

; _ I(N = LH)-T(N — LH)
® ceneration of CP asymmetry N = & (N o LI TN = L)

e | asymmetry converted to B through sphalerons

Np —Ng
Baryon Asymmetry : e = 8 = n}g\? €Ecp K Csph
n
¥
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Prop: Use the seesaw Nr. (Baryogenesis through leptogenesis) [rukugida, Yanagida 971 :

I
® decay to LH pairs: generation of L asymmetry J J

® no SM gauge interaction : out-of-equilibrium

; _ I(N = LH)-T(N — LH)
® ceneration of CP asymmetry N = & (N o LI TN = L)

e | asymmetry converted to B through sphalerons

Np —Ng
Baryon Asymmetry : e = 8 = n}g\? €Ecp K Csph
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Hierarchical Nx — M;>10°GeV Thermal Nr production — T, 2 10'° GeV
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LEPTOGENESIS VS. SUSY
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Tension: unstable gravitinos:

108 BBN constraint [Kawasaki, Kohri, Moroi 05]

107 Tr < 10> GeXl
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3SHe

Reheating Temperature (GeV)

105 1 1 ||||||I 1 1 ||||||I 1 1 ||||||I 1
102 103 104 10%
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Tension: unstable gravitinos:

108 BBN constraint [Kawasaki, Kohri, Moroi 05]
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Virtue: stable gravitinos as DM : Thermal production (solz et al. 01 ; Pradier & Steffen 06] :

Tr 100GeV / m; \2
Qxh? = 0.2 g
& : 7(101°GeV)( me )(lTeV)

—  Qzh?® ~ QP h? for typical supergravity and leptogenesis parameters
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LEPTOGENESIS VS. SUSY
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Gravitino Mass (GeV)

Virtue: stable gravitinos as DM : Thermal production (solz et al. 01 ; Pradier & Steffen 06] :

5 100GeV / m; \2
Qzh? = 0.2 i g
& : 7(101°GeV)( me )(lTeV)

—  Qzh?® ~ QP h? for typical supergravity and leptogenesis parameters

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

Thermal leptogenesis: typical parameters

- Heavy Majorana neutrino mass M ~ 101° GeV
;
- Effective neutrino mass my = (mpmp)11 R
M
(M )\’
— Heavy Majorana neutrino has a width of e - 3 ( s ) ~ 10° GeV
T \VEW
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OBSERVATION

Thermal leptogenesis: typical parameters

- Heavy Majorana neutrino mass M ~ 101° GeV
;
- Effective neutrino mass my = (mpmp)11 R
M
(M )\’
— Heavy Majorana neutrino has a width of e - 3 ( s ) ~ 10° GeV
T \VEW

Reheating: through particle decays with I' width

Spat TM
% (87r39* ) -
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OBSERVATION

Thermal leptogenesis: typical parameters

- Heavy Majorana neutrino mass M ~ 101° GeV
;
- Effective neutrino mass my = (mpmp)11 R
M
(M )\’
— Heavy Majorana neutrino has a width of e - 3 ( s ) ~ 10° GeV
T \VEW

Reheating: through particle decays with I' width

90 1/4
g M
% (87r3g*) =

Assume: N neutrino decays responsible for reheating

— Tg ~10°GeV i.e. temperature to produce G Dark Matter !
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OBSERVATION

Thermal leptogenesis: typical parameters

- Heavy Majorana neutrino mass M; ~ 10'° GeV
1.
- Effective neutrino mass T = (mpmp)in ~ 10" %eV
M,
my (M \*
— Heavy Majorana neutrino has a width of e - g ( : ) ~ 10° GeV
T \VEW

Reheating: through particle decays with I width

90 1/4
g M
% (87r3g*> =

Assume: N neutrino decays responsible for reheating

— Tg ~10°GeV i.e. 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: Wn = hi510;10;H, + h{;5*10;Hg + hY;5;nSH, + hinn$S

Symmetry breaking fields (Hy) =vy, (Hg)=v3, (S)=wvp_f
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FLAVOUR MODEL

Superpotential: Wn = hi310;10;H,, + hfj5*10j Hg+ hi;5;n5Hy + hingngS

Symmetry breaking fields (H)y =vy, (H)=v3, (5i=wvp_¢

Yukawa couplings: Froggatt-Nielsen U(1) flavour symmetry [Buchmuller & Yanagida 97]

Yukawas from non-renorm. U(1)ry -inv. higher-dim. operators
hU O(7]Qi+Qj 'r,E’UFN/A'Zl/\/:m—O
with @Q; charges and 7) determined by quark & lepton mass hierarchies
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Superpotential:

Symmetry breaking fields

FLAVOUR MODEL

W = h$;10;10,H, + h{;5*10,;Hy +

(Hu) = Vy

(Ha) = vq ,

S S

(S) =vB-L

hy;5;n;Hy + hinin;S

Yukawa couplings: Froggatt-Nielsen U(1) flavour symmetry [Buchmuller & Yanagida 97]

Yukawas from non-renorm. U(1)ry -inv. higher-dim. operators

GDR1O

hij X nQi+Qi

n=vrn/A >~ 1/v300
with @Q; charges and 7) determined by quark & lepton mass hierarchies
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Superpotential:

Symmetry breaking fields

FLAVOUR MODEL

Wn = hi510;10;H, + h{;5*10;Hy + h

(Hu) = Vy

(Ha) = vq ,

(S) =vB-L

Y REnt

L)

1

J

Yukawa couplings: Froggatt-Nielsen U(1) flavour symmetry [Buchmuller & Yanagida 97]

Yukawas from non-renorm. U(1)ry -inv. higher-dim. operators
n=vrn/A >~ 1/v300
with @Q; charges and 7) determined by quark & lepton mass hierarchies

hij X nQH-Qj

Specific Example: a=1, d=1

¥ 1103 10, 10, bz b6; b7 nS ns ns
Q;: 0 1 2 R - OO 2 i [ ¢ o=t
DA k=

» Requirement : M1 << M3 = ms

» vpL ~3x102GeV  M; ~1010GeV Mjy3=ms~ vpL
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COSMOLOGICAL SCENARIO

False vacuum decay after Hybrid inflation:

If B-L symmetry breaking field couple to the inflaton, Then

1. responsible for SSB and generation of Neutrino masses

2. responsible for the sudden end of the inflationary era
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COSMOLOGICAL SCENARIO

V(9,5)

False vacuum decay after Hybrid inflation:

If B-L symmetry breaking field couple to the inflaton, Then
1. responsible for SSB and generation of Neutrino masses

2. responsible for the sudden end of the inflationary era :

o(t) (Tanh) ——

ng(x100) (Tanh
nB&(1 00) %L(attice; .............

Dynamics of symmetry breaking:

0.1}

Tachyonic instability in the S potential for ¢ < ¢erit. =
causes spinodial growth of long-wavelength S ;0_01 |
modes : Tachyonic preheating [Felder et al. 2001]

0.001 |

5 70 15 20 25 30
time: mt
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COSMOLOGICAL SCENARIO

V(9,5)

False vacuum decay after Hybrid inflation:

If B-L symmetry breaking field couple to the inflaton, Then
1. responsible for SSB and generation of Neutrino masses

2. responsible for the sudden end of the inflationary era :

o) (Tanh)

ng(x100) (Tanh) ssreeeen
nB&(1 00) %L(attice; .............

Dynamics of symmetry breaking:

0.1}

Tachyonic instability in the S potential for ¢ < @crit. Ml - ;
causes spinodial growth of long-wavelength S :;gom |
modes : Tachyonic preheating [Felder et al. 2001] i

0001 ]

1

False vacuum energy po = 2 vp_p rapidly transferred to [Garcia-Bellido & Ruiz Morales, 2002]

- nonrelativistic gas of S bosons  ps =~ pg

- heavy neutrinos N; pn./po =~ 1.5 x 10~ 3gn f(A?/VA,0.8)
For the considered flavor model : pN,/Po=0N"),  pN,s/po =~ 1073
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COSMOLOGICAL SCENARIO: INITIAL STATE

False vaccum decay

<€— non-perturbative
/ \ <€— out of kinetic equil.
B-L breaking Tachyonic preheating <— in kinetic equil.
\ @ non-relativistic
QO relativistic

/
Higgs boso@ @utrinos @
A

N2)3—)LH,W N213—>LH,W

@iatio@

@ asymmetry

GDR10O MATTER & DM FROM FALSE VACUUM DECAY G.VERTONGEN




COSMOLOGICAL SCENARIO:

False vaccum decay

£

B-L breaking
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COSMOLOGICAL SCENARIO: THERMAL N;

False vaccum decay

<€— non-perturbative
/ \ <— out of kinetic equil.
B-L breaking Tachyonic preheating <— in kinetic equil.
/ \ @ non-relativistic
, , QO relativistic
Higgs boso@ <Neutrmos Z\D
S—>N1N1 N2,3—)LH,W N2,3—)LH,W
Non-th 1 — \
A N; < LH,LH »(" Radiation R
neutrmosy i
— Thermal T
N1+ LH,LH : SUSYQCD2—2
Vl neutrinos Ny

@ asymmetry éavitinosD
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COSMOLOGICAL EVOLUTION

Evolution of the comobile densities N; = a® n; with the scale factor a

M; =10'° GeV
© My 3 =3 x 102 GeV
< My =10""eV
S
S €1 — 10_6
g —4
. S —3 x 10
Mé — ik GeV
M; = 800 GeV

Scale factor a
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COSMOLOGICAL EVOLUTION

3 n; with the scale factor a

Evolution of the comobile densities N; = a

M; =10'°GeV
- M3 =3 X 10'% GeV
;j my = 103 eV
f%’ €1 =107°
kS €23 = —3 X e
Mg = 100 GeV
My = 800 GeV
np=16x10"7 > 7% =6.2x10"1° Qsh? = 0.11 = Qpyh?
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COSMOLOGICAL EVOLUTION

Reheating temperature:

in agreement with the estimate

90 1/4
L (87r3g ) VI Mp ~ 8 x 10°GeV

———a=a(tg) ——————-—-————-
TG v

100

Scale factor a

Scale factor a
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COSMOLOGICAL EVOLUTION

GDR10O

———a=a(tg) ——————-—-————-

Reheating temperature:

in agreement with the estimate

90 1/4
7@:( ) VI Mp ~ 8 x 10°GeV

83 g,

Shprae=alnlies

Extreme cases: ng = 1.6 x 1077

100
- thermal leptogenesis :

0
thermal § g* < ( = ) A~ 5 10—10
g = — == Cypn €1 Kf(1M1) >~ b X

4 g,

Scale factor a

- rapid nonrelativistic N; conversion

== 3 17,
rapid = 7 = T 9 % 10—7
B 47 3,

= drives the interpolation
between and

Scale factor a
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SUMMARY

Ingredient: Seesaw extension of the SM
» Heavy Majorana neutrinos N;
» B-L symmetry breaking field S

Recipe: Reheating of universe through N; decays
» Non-thermal N; production from S decays after false
vacuum decay
» Tachyonic preheating after hybrid inflation

In the end: A common origin of Matter and Dark Matter
» Combination of thermal and non-thermal leptogenesis
» Thermal production of gravitinos
» Link between SUGRA and neutrino mass: m; > mg

GDR10O MATTER & DM FROM FALSE VACUUM DECAY G.VERTONGEN



_0‘---"';.-.-__- —
S O Xk

O et et g . e Sy &

-

GDR10O MATTER & DM FROM FALSE VACUUM DECAY G.VERTONGEN



MATTER & DM BACKUP

e Boltzmann equations

e SUSY Dependance

* Baryon Asymmetry

e Reheating Temperature
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keynote:/Users/gilles/Documents/PhysTH/MyThesis/Presentation/de%CC%81fense%20prive%CC%81e.key?id=BGSlide-28
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BOLTZMANN EQUATIONS

L(fs(t,p)] = - E_ > 1% fs(t, p)
. M, 2me ng FO —-1/2
LIf§, ()] = — =TS (6,0) + TS [1— @My /ms)?| 6 (B, — ms/2)
En, B2,
d
aH —-Ny, =—Tn, (Ny, - Ny})
<
d v _aeq) _ Nn =8
aHaNB_Lz €1PN1 (NNl_NNl) 2N NB L+€]F NN1
d
aH —~Ng = a’ Cx(T)

d
0= — (pr+pN, +ps+pR,) +3H (pr+ PN, +ps + PN, + PR+ PN, +PR,)

with

Nx(t) = a° (zgw):; / d°p fx(t,p)

CalT) = (1 + 3mc) 54“21)‘5})(71) g g4 [ln (m;;)) + 0.8846]

g
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BARYON ASYMMETRY
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SUSY DEPENDANCE
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REHEATING TEMPERATURE

Naive estimate
Time dilatation included

Assumption py ~ pr dropped
Exact result from the BEqgns.
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