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Sakharov Conditions 
CP violation — KM phase in the SM 

Baryon number violation — sphalerons in the SM 

Departure from thermal equilibrium — can 
happen if the PT is strong 1st order 

SM:  
Not enough CPV to produce the observed 
asymmetry 
PT is not first order 



1st Order EWPT and New Particles 
In order to trigger strong 1st order EW phase 

transitions, we need new particles which couple 
strongly to the Higgs. 

Higgs couplings should deviate from the SM values

even colored scalars in this mass range may be allowed. For example, the strongest

current bound on a color-triplet diquark, decaying to two jets, is placed by the Tevatron

experiments and is about 100 GeV [15]. While the LHC experiments may be able to

improve the bound in this particular case [16], many other possibilities will likely escape

direct detection even with the full LHC data set. These include, for example, a colored

state decaying to four jets, or a gauge-singlet scalar coupled only to the Higgs and too

heavy to participate in Higgs decays. On the other hand, any scalar which has a strong

e↵ect on the EWPT dynamics should be expected to modify the Higgs production

cross sections and/or decay branching ratios. The connection between EWPT and the

observable Higgs properties is direct, generic, and robust. Therefore, unlike the highly

model-dependent direct searches, precision measurements of the Higgs properties could

provide a definitive answer to the question of whether a first-order EWPT in the early

Universe is possible or not. The goal of this paper is to demonstrate that this is indeed

the case, and identify the relevant observables and levels of precision needed to address

this question.

More concretely, we will consider a single scalar1 �, coupled to the Higgs via

V / |�|2|H|2 . (1.1)

While in the MSSM  would be related to gauge and/or Yukawa couplings, here we

consider it to be a free parameter, constrained only by perturbativity requirements.

Assuming that  ⇠ O(1) (we will show in Sec. 4 that this is in fact a necessary

condition for a first-order EWPT), we expect the following Higgs observables to be

modified:

1. If � is colored, the coupling of the Higgs to gluons, and, therefore, Higgs gluon

fusion production cross section at the LHC. As we will see, this is already a

powerful observable: for example, it completely excludes a first-order EWPT

induced by a color-sextet �. For the case when � is a color triplet, all of the

parameter space with a first-order EWPT will be probed at a 3� level at the

LHC-14 with a 3 ab�1 data set (HL-LHC).

2. If � is charged under U(1)
EM

, the coupling of the Higgs to photons, and therefore

BR(h! ��), is modified. This is potentially a spectacular observable. However,

1It is well known that scalar loops induce a cubic term in the high-temperature e↵ective potential,
providing a straightforward mechanism for a first-order EWPT. Fermion loops do not generate such a
term. Nevertheless, in some cases it is possible to generate a first-order EWPT via fermion loops [17];
this scenario is outside the scope of this paper. For a recent analysis of h! �� coupling deviations in
such a model, see Ref. [18].
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Deviation of Higgs Couplings
AK & M. Perelstein, 2014If the new scalar is 

colored — LHC is 
enough
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Sterile Complex Scalar 
Even a completely 

sterile scalar can trigger 
1st order EWPT if the 

coupling is strong 
enough.
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Little about SUSY Baryogenesis
AK, M. Perelstein, M. Ramsey-Musolf, P. Winslow; in progress

SUSY— natural candidate, needs 
very light stops.  

A-priori not excluded, but needs 
New source for Higgs quartic  
shut down new contributions to 
gluons and photons couplings
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Probably these spectra can be cornered at the LHC

From preliminary simulations: not 
1st order PT possible if 
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