
Affleck-Dine Baryogenesis
from Type IIB Strings

Francesco Muia
University of Bologna

24/06/2016

Based on:
“Affleck-Dine Baryogenesis from Type IIB Strings”

R. Allahverdi, M. Cicoli & FM
arXiv: 1604.03120 [hep-th].

StringPheno 2016 
Ioannina



Main problem:
attempt to dynamically generate the Baryon Asymmetry of the Universe (BAU).

Baryogenesis

[Planck collaboration, 2015]



Baryogenesis

Sakharov conditions:
1) B-violation;
2) C and CP violation;
3) Out-of-equilibrium process.

[Sakharov, 1967]

[Planck collaboration, 2015]

Main problem:
attempt to dynamically generate the Baryon Asymmetry of the Universe (BAU).



Baryogenesis

Sakharov conditions:
1) B-violation;
2) C and CP violation;
3) Out-of-equilibrium process.

Affleck-Dine mechanism

A string theory embedding is missing.

[Affleck & Dine, 1985]
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Example:

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

The MSSM contains many D-flat directions:                              .
Need to consider gauge invariant monomials which violate B/L.
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Affleck-Dine Mechanism

low-energy soft-terms Hubble induced soft-terms

The cosmological evolution depends crucially on the sign of       :

•               : the field settles down to the origin.

•              : the field becomes tachyonic during inflation.

No interesting cosmological consequences.

Affleck-Dine mechanism is enabled.

Flat directions lifted by SUSY-breaking effects and non-renormalizable terms.
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NO-GO THEOREM
based on the assumption 

We try to relax the assumption

A. Chiral visible sector;

B. de Sitter vacuum;

C. successful model of inflation;

D. low-energy SUSY.

We look for a model with:

😄

😄

😒

😄 SEQUESTERED MODELS
[Quevedo’s & Cicoli’s talks]
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ULTRALOCAL

Affleck-Dine Baryogenesis is not compatible with 
low-energy SUSY in sequestered models! 😒😒

A. (*) holds exactly: ULTRALOCAL limit.
B. (*) holds at leading order: LOCAL limit.

Locality of Yukawa couplings

(*)
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❖ Potential:

Kähler Moduli Inflation
❖ LVS setup with n “small” moduli:

❖         displaced from the final minimum INFLATON

inflation

❖ Volume slightly shifted during inflation:                              .

❖ Small-field inflation:                     .

The volume mode starts oscillating shortly after the end of inflation and 
reheats the universe.

❖ Since (single field)

Kähler Moduli Inflation suffers from an    -problem
created by string loop corrections.

We assume that these are absent due to a suitable choice of the 
brane setup.

WARNING😐 😐

[see Shukla’s talk]

[Conlon & Quevedo, 2006]
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          is much larger during inflation:

❖         is the main source of SUSY-breaking:                       .

❖ F-terms vary during and after inflation:

❖ The interplay between no-scale structure and locality produce the 
SEQUESTERING.
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Scalar masses
LOCAL LIMIT

Affleck-Dine Baryogenesis is possible!

Scalars:

After inflation:

During inflation:

Assumption: the Kähler matter metric 
depends on the inflaton at sub-leading order.
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Reheating
❖ Immediately after inflation      gets very heavy:

decays quickly
(I matter domination)

❖ Since                    the volume mode starts oscillations at the end of inflation.

decays when (II matter domination)

❖ Since                                  the Affleck-Dine field     starts oscillating at the 
end of inflation.

gives a mass of order                   to the fields to which it couples.

it decays once                  .

decays well before the decay of the volume mode.

[Cicoli et al., 2016]
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Generation of baryon asymmetry

❖ The BAU generated is

where

in sequestered models:                      .

and

Note:

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

The displacement of the Affleck-Dine field at the end of inflation is      .

[Cicoli et al., 2016]
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Numerics

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,                             , via the AD mechanism.

Requirements:

Results:

number of small cycles:

• 1. fixes the volume as a function of         ;

• Scalar masses         and reheating 
temperature          are determined by 1.;

• Gauginos        have an additional freedom 
which allows to fulfill 2.;

• The displacement of the AD field                   
is determined in such a way to fulfill 3..
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Discussion

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]

DARK MATTER

❖ Thermal production: Higgsino DM with mass                           or mixed 
axion/higgsino with                          .

Note: and
(RPV MSSM terms)

R-parity violating LSP decay proceeds via off-shell scalars:
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Conclusions
We proposed a possible embedding of the Affleck-Dine mechanism in a 
string theory model with: 

Drawbacks:

Despite these issues, the model serves as a proof-of-principle to show 
that the Affleck-Dine mechanism can be embedded in string theory.

1. The model crucially depends on the form of the sub-leading corrections to 
the Kähler matter metric. These corrections are not explicitly computable 
at the moment.

2. Kähler Moduli Inflation generically suffers from an    -problem, due to 
string loop corrections. We assume that this can be avoided by a suitable 
choice of the brane setup.

A. Chiral visible sector (extension of the MSSM, split-SUSY spectrum);

B. de Sitter vacuum;

C. successful model of inflation.
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E3/D7 
NP effects
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D3-branes at 
singularities

❖ CS and dilation stabilised supersymmetrically 
at leading order

❖ LVS dS moduli stabilisation:

Minimum:

❖ D3-branes at singularity

SEQUESTERING:

[Blumenhagen et al., 2009]
[Cicoli et al., 2012]
[Burgess et al., 2012]

❖ Type IIB with O3/O7 planes. [Aparicio, FM et al., 2014]
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