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breaking mechanism



broken phase 

<Φ>≠0
Baryon number

 is frozen

2)  CP violation at phase interface
 responsible for mechanism  

of charge separation

3)  In symmetric phase,<Φ>=0,
very active sphalerons convert chiral 
asymmetry into baryon asymmetry

Chirality Flux 
in front of the wall

Baryon asymmetry and ! EW scale

Electroweak baryogenesis mechanism relies on 
a first-order phase transition

1)  nucleation  and expansion of 
bubbles of broken phase

wall velocity is a crucial quantity
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fraction κ of vacuum energy density ε 
converted into kinetic energy

In general, c2
s depends on the EoS for the plasma, being c2

s = 1/3 in the bag case. In the
general case, c2

s will be ξ-dependent, although in many cases of interest deviations from 1/3
will be small.

Eq. (27) can then be solved (with the appropriate boundary conditions) to yield the
velocity profile v(ξ) of the plasma. Subsequently, eqs. (26) can be integrated to yield

w(ξ) = w0 exp

[

∫ v(ξ)

v0

(

1 +
1

c2
s

)

γ2 µ dv

]

. (29)

In the calculation of the gravitational radiation produced in the phase transition one
needs to compute the kinetic energy in the bulk motion of the plasma. We have now all
ingredients necessary to perform such calculation. The ratio of that bulk kinetic energy over
the vacuum energy gives the efficiency factor κ as

κ =
3

εξ3
w

∫

w(ξ)v2γ2 ξ2 dξ , (30)

where ξw is the velocity of the bubble wall. Notice that this definition coincides with the
expression used in the gravitational wave literature, that is given by κ = 3

εR3
w

∫

w v2γ2 R2dR,

but differs from the definition used in ref. [5] by a factor ξ3
w.

We also numerically check energy conservation: Integration of T00 over a region larger
than the bubble (including the shock front) is constant in time, giving

∫
[

(γ2 −
1

4
)w −

3

4
wN

]

ξ2dξ =
ε

3
ξ3
w, (31)

where wN denotes the enthalpy at nucleation temperature far in front of the wall. This
implies that the energy which is not transformed into kinetic bulk motion, but is used
instead to increase the thermal energy, is

1 − κ =
3

εξ3
w

∫

3

4
(w − wN)ξ2dξ =

3

εξ3
w

∫

(e − eN)ξ2dξ. (32)

3 Detonations, deflagrations and hybrids

We can now use the previous fluid equations to describe the different kinds of solutions for
the motion of the plasma disturbed by the moving phase transition wall. In the discussion
below, the sound velocity in the plasma plays a very relevant role. This velocity will in general
depend on ξ and it is convenient to distinguish its asymptotic values in the symmetric and
broken phases. We denote those two velocities by c±s . In many cases, we expect the bag EoS
to hold in the symmetric phase and therefore c+

s = 1/
√

3.
Before embarking in the discussion of the different types of velocity profiles, it proves use-

ful to study first in more detail the profile eq. (27) without worrying about physical boundary
conditions. The different curves in Fig. 2 are obtained by solving for ξ as a function of v
[instead of the more physically meaningful v(ξ), the plasma velocity profile] using arbitrary
boundary conditions and setting cs = 1/

√
3. This procedure has the advantage that ξ(v) is

8

fluid velocity

wall velocity

ΩGW ∼ κ2

→ ΩGW ∼ v4
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Figure 10: Contour plots of κ and ξw as functions of η and αN (for a−/a+ = 0.85). The blue lines
mark the transition to regions without solutions. The green lines mark the boundaries between
stationary and runaway solutions. The red lines mark the transition from subsonic to supersonic
deflagrations (hybrids). We superimposed the detonation region in the lower plots as a gray band.

plasma velocity, which in general is a very good approximation. For η̃ fixed, the boundary
conditions (say at z = −∞) for T (z) and v(z) cannot be chosen freely: e.g. if one fixes
T (+∞) = T+ (in general different from TN) only one particular v(+∞) = v+ is selected
and then all profiles φ(z), T (z), v(z) can be determined. Detonation solutions will have
v(+∞) = v+ = ξw > v(−∞) = v− and one should choose T (+∞) = TN . Deflagrations
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Baryogenesis without B nor L nor CPT

Possible if dark matter carries baryon number 

Farrar-Zaharijas hep-ph/0406281
Agashe-Servant hep-ph/0411254

In a universe where baryon  number is a good symmetry, Dark matter would store 
the overall negative baryonic charge which is missing in the visible quark  sector



X
DM

b
out-of equilibrium and CP violating decay of X 
sequesters the anti baryon number in the dark sector, 
thus leaving a baryon excess in the visible sector

Ωb ≈

1

6
ΩmA unified explanation for DM and baryogenesis 

QDM(n
DM

− nDM) = Qb(nb − n
b
)

If efficient annihilation between         and      , and     and      DM bDM b

ρDM = mDMn
DM

≈ 6ρb → mDM ≈ 6
QDM

Qb

GeV

asymmetry between b and b is created via the 
out-of-equilibrium and CP-violating decay :

GUT baryogenesis at the TeV scale !

turns out to be quite natural in warped GUT models...

Agashe-Servant-Tulin in progress

-



Search for new physics in tt+X production at the LHC
-

T → tW

tt + ET

tttt

tt

ttWttWW, pp̄→ T T̄ , T tfrom where

with Gauthier, in progress

with Mahbubani, in progress

with Contino ‘08

with Degrande, Gérard, Grojean, Maltoni,  ‘10

from pp̄→ T T̄ where T → t DM

In parallel, also interested in collider phenomenology, in particular:



Z2  versus  Z3  Dark Matter
Agashe et al, 1003.0899 

Mahbubani-Servant, in progress.
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Most Dark Matter models rely on a Z2  symmetry. However, other symmetries can 
stabilize dark matter. Can the nature of the underlying symmetry be tested?
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