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Baryogenesis

Main problem:
attempt to dynamically generate the Baryon Asymmetry of the Universe (BAU).
[Planck collaboration, 2015]
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[Affleck & Dine, 1985]
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A string theory embedding is missing.
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Affleck-Dine Mechanism

[Dine et al., 1996]
[Martin et al., 1996]

The MSSM contains many D-flat directions: D* = X'T°X =0.

Need to consider gauge invariant monomials which violate B/ L.

B=1IL B-L
udd - QRQYQu 1
LLe -1 LLddd -3
QLd —1 wuudd 1

Example: LiLjék L — (ﬁ) Lj — (g) €y = ¢

Many D-flat directions can also be F-flat.
(their potential does not receive any contribution from Wy1ssm )

Wiisant = VO H, U F A\;OH;d - A\ EHje F uH, H;
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The cosmological evolution depends crucially on the sign of ¢y :

« cyg > 0 : the field settles down to the origin.

—> No interesting cosmological consequences.

* cg < 0: the field becomes tachyonic during inflation.

—  Affleck-Dine mechanism is enabled.
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Sequestered models [Conlon et a. 2009
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Sequestered models [Conlon et a. 2009

[Aparicio, FM et al., 2014]

Locality of Yukawa couplings
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Kahler MO dllli InﬂatiOn [Conlon & Quevedo, 2006]

* LVS setup with n “small” moduli: 75

* Ty displaced from the final minimum —— INFLATON

e i inflation
: (o s |4 +«—0
+ Potential: V = V — Zla,A‘/Vé2 2 V

—— ———

+ Small-field inflation: 7 <1070,
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SUSY-breaking

» F7T% is the main source of SUSY-breaking: F S T

* The interplay between no-scale structure and locality produce the
SEQUESTERING.

“ F-terms vary during and after inflation:

b E/n
FTo — —2Tbm3/2 (1 + O (VlogV))

3 £

* F™ is slightly larger during inflation:
F¥ g = ~2nmapa (1 57 59)

FTn Pl 3m3/2
=
* FI» is much larger during inflation: =
Ty
F inf o= —27‘nm3/2
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+ Immediately after inflation 7, gets very heavy: m,, >~ mg/,logV

Tn decays quickly

(I matter domination)

+ Sincemy ~ Hins the volume mode starts oscillations at the end of inflation.

3
m
my decays when H ~ T ~ Vv (Il matter domination)

P

« Since my ~ my+/logV the Affleck-Dine field ¢ starts oscillating at the
end of inflation.

¢ gives a mass of order m ~ y{¢) to the fields to which it couples.

it decays once y(¢) < my .

= — e —————————— —— =S e ————— s

| ‘,
| ¢ decays well before the decay of the volume mode. 1‘

= - — e —_——— = ——— e
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Generation of baryon asymmetry .., 0

The displacement of the volume mode at the end of inflation is Mp.

The displacement of the Affleck-Dine field at the end of inflation is ¢.
n Mg (o)
ny = my Mp

nNRB np ng Ny

+* The BAU generatedis —— =
S nimi o
T ; A ny 3T h
b 3 sin o u and — = -—
Uz me S 4mv
n
—y i
S

Note: in sequestered models: A ~ V™2,
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1. A successful model with ~ 60 e-foldings of inflation that creates density perturbations
of the correct size with all underlying parameters in their natural range;

2. Light gauginos which are well motivated by gauge Coupling unification;

3. A correct generation of the observed BAU, ng / goo i) V1a the AD mechanism.
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Numerics

number of small cycles: n =10

. s ~ 0.1
Requirements: 4

A successful model with ~ 60 e-foldings of inflation that creates density perturbations
of the correct size with all underlying parameters in their natural range;

Light gauginos which are well motivated by gauge coupling unification;
A correct generation of the observed BAU, ng /8 =~ 10_10, via the AD mechanism.
Wo logio (V )
Results: 102 " copr
(A) 1 5.14
1. fixes the volume as a function of Wj, ; (B) 10 6.15
(C) 100 .10

Scalar masses Mg and reheating
temperature 1} are determined by 1.; M [GeV] mg[GeV]

Gauginos M have an additional freedom (A) 5.4 x e ai
which allows to fulfill 2.; (BY 5210 92< 10
3 9
The displacement of the AD field ¢q/Mp (€) 5x10 2.8 x 10
is determined in such a way to fulfill 3.. Twn [GeV] ¢o/Mp

(A 67100 003
(B) 1.1x10% 0.08
(C) 195 0.19
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« Non-thermal production: 200GeV <T,, <Ty —— mpm 3 4TeV

- NDM NDM (ov)t? [ T}
e annihilation: =( )
S 8 Jobs Xovy \ L

Bino, heavy higgsinos: (ov) < (ov)" ~$ OVERPRODUCTION

o branching ratio: ~ “2M — 5L Bry,

& - Ams

Brv Z 10_3 and my ~ 1010 GeV

1GeV
(“DM) l,10—10( Ge ) —3$ OVERPRODUCTION
S obs mpm

i always too large—-’;oalf |
| non-thermal production of DM!
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* Thermal production: Higgsino DM with mass m; ~ 1.2 TeV or mixed
axion/higgsino with m; < 1.2TeV.

Note: Cbo ew 0.1Mp and k=3 D /\3 e 10—8 - 10—7
(RPV MSSM terms)

R-parity violating LSP decay proceeds via off-shell scalars:

5
m
e /\% LSP

4
mg

STABLE HIGGSINO
73, > 10%" sec

DARK RADIATION

+ Sequestered models in the Split-SUSY scenario do not suffer from DR
overproduction if the volume decay into MSSM scalars is allowed.
[Cicoli, FM, 2015]
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+ Type IIB with O3/0O7 planes.

# CS and dilation stabilised supersymmetrically
at leading order DgWy = DyWy =0
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M o
S U 12
E3/D7
NP effects

# LVS dS moduli stabilisation: Tp, Tg

8 5 6_2078 e—0Ts 3€W02 ié
VLVS = g (G,A) \/7:; Y, — 4aAW07' A V2 —+ IE + VdS g
& §
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D3-branes at
singularities

« D3-branes at singularity
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Affleck-Dine Mechanism [Dine et al., 1996]

[Martin et al., 1996]

The MSSM contains many D-flat directions.
Ex: direction L; L ;€p, L = g . — 0 €L = O
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