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THE BARYON ASYMMETRY OF THE UNIVERSE
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nB , obs

s
= (8.6 ± 0.09)⇥ 10�11

Planck coll. 1502.01589

Electroweak baryogenesis

Super-testable 😀

Standard Model prediction is essentially zero
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EWBG: HOW DOES IT WORK?
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v 6= 0

Vacuum bubbles
created in EW phase transition

Fermions reflect 
asymmetrically on bubble

due to CP violation

Sphalerons process
the asymmetry

into a baryon asymmetry.
Must avoid washout

Kuzmin, Rubakov, Shaposhnikov,
Phys. Lett 155B 36

Cohen, Kaplan, Nelson
Phys. Lett. B 245, 561-564
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REQUIREMENTS OF EWBG
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1.  “Good” electroweak vacuum bubbles
(strong 1st order phase transition)

1I.  A new source of CP violation
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ELECTROWEAK VACUUM BUBBLES

At the temperature of the electroweak phase transition, we need 
a potential barrier to form good bubbles.
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We need
�c/Tc > 1

�
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NEW SCALARS OR NEW FERMIONS?

Need new order one couplings to new scalars or fermions
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Scalars induce a barrier
Introduce additional tuning, 

and no EW quantum numbers 

Can fermions induce a barrier?
No tuning, and

they must have EW quantum numbers.
Great for 13 TeV LHC!
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FERMION INDUCED BARRIER

Thermal potential monotonically increases with the masses of 
fields coupling to the Higgs. 

With more than one fermion “flavor” mixing through the Higgs.
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mlightest ⇠ M � y2�2/M
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THE MINIMAL REALIZATION
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Vector-like
masses at the EW scale

Order one interactions
with the Higgs

Counting: two masses and two Yukawas
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1ST ORDER PHASE TRANSITION FROM EW SCALE FERMIONS
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Black: contours of strength of phase transition �c/Tc

See also Carena et.al.  0410352, Davoudiasl et. al.  1211.3449, Baldes et.al. 1604.04526  
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REQUIREMENTS OF EWBG
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1.  Electroweak vacuum bubbles

1I.  A new source of CP violation
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THE MODEL CONTAINS A SINGLE CP VIOLATING PHASE

The new CP odd invariant is

Leads to an EDM through Barr-Zee diagrams.
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CHIRAL ASYMMETRY

The asymmetry in the reflection coefficients is
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Fermion
abundance

High energy
suppression

CP odd
invariant

Wall width v/s
wavelenght 
suppression
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THE MINIMAL, COMPLETE FERMIONIC MODEL OF EWBG
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Blue excluded
by EWP

Red: de � 8.7⇥ 10�29e cm

ACME coll., 1310.7534

sin � = 4 · 10�2

l ⇥ Tc = 0.3
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CONCLUSIONS

We presented the first complete fermionic model of EWBG.

Interesting for 13 TeV LHC: very rich and different 
phenomenology with respect to EWBG with new 
scalars. Similar to ewkino phenomenology.

• Decays through the Higgs are enhanced due to the 
large couplings needed for the 1st order PT.
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Only fermions responsible for 1st order PT!
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Abstract

How light can a fermion be if it has unit electric charge? We revisit the lore that

LEP robustly excludes charged fermions lighter than about 100 GeV. We review LEP

chargino searches, and find them to exclude charged fermions lighter than 90 GeV,

assuming a higgsino-like cross section. However, if the charged fermion couples to a

new scalar, destructive interference among production channels can lower the LEP

cross section by a factor of 3. In this case, we find that charged fermions as light as

75 GeV can evade LEP bounds, while remaining consistent with constraints from the

LHC. As the LHC collects more data, charged fermions in the 75-100 GeV mass range

serve as a target for future monojet and disappearing track searches.


