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3. Degenerate scalar scenario

Only  couples to SM fermions and gauge bosonshSM
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The orthogonality of the mixing matrix
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In Higgs masses degenerate limit

Degenerate scalar scenario

4. Higher dimensional operator
 couples to SM fermions only through the mixing angles  

⇨ pseudoscalar coupling   does not arise 
Even though the complex phases exist in the singlet scalar VEV, we do not induce 
CPV in the matter sector in the SM
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One possible extension  
adding new fermions that couple to  and a new contribution to the Yukawa interaction 
through a higher dimensional operator. 
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Dimension-5 operators contributing to the top quark and electron Yukawa coupling
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(i) Real  case : EWBG-related CPV arises only from ct ImS

(ii) Complex  case : EWBG-related CPV arises from both  and ct ct ImS
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1. Introduction

1. Baryon number violation 
2. C symmetry and CP symmetry violation 
3. Departure from thermal equilibrium 

:  Sphaleron process
:  Chiral gauge interaction, CKM matrix
:  Strong 1st order phase transition

EWBG w/ SM

Sakharov conditions : The conditions necessary to generate baryon numbers
One hypothesis to explain BAU is electroweak baryogenesis

・CKM phase cannot fully explain the CP asymmetry 
・Strong 1st order phase transition gives an upper limit for the Higgs mass

→ the SM must be extended

Our BSM model: Complex singlet extension of the SM (CxSM)

2. The Model
<latexit sha1_base64="Hs6EsxfSA7nVIqcN7Qa0p/oDfic="></latexit>

V0(H,S) =
m

2

2
H

†
H +

�

4

�
H

†
H
�2

+
�2

2
H

†
H|S|2 + b2

2
|S|2 + d2

4
|S|4

+

✓
a1S +

b1

4
S
2
+ H.c.

◆
,

Scalar potential
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Gauge eigenstates Mass eigenstates
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top-loop W-loop

Electric dipole moment (EDM)
Upper bound on the electron EDM by JILA experiment
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Two dominant Barr-Zee diagrams 
in which electron phase enters 

Baryon Asymmetry of the Universe (BAU)
<latexit sha1_base64="sY3DxY7m/yYMIC25Xh47Dk7Zfr8="></latexit>

⌘BBN =
nB

n�
= (5.8� 6.5)⇥ 10�10(95%CL) from bigbang nucleosynthesis

 from cosmic microwave background
<latexit sha1_base64="W7YA4Dloc04GkQ3zQw4QppwxhnE="></latexit>

⌘CMB =
nB

n�
= (6.105± 0.055)⇥ 10�10(95%CL)

<latexit sha1_base64="WEo1rOGV0mRxb1JX6+o3kjKssvI="></latexit>

(dh�e )t/e =
1

3⇡2

✓
↵emGF v2p

2⇡mt

◆ nX

i=1

"
Im (Yeehi)Re (Ytthi) f

 
m2

t

m2
hi

!
+Re (Yeehi) Im (Ytthi) g

 
m2

t

m2
hi

!#

<latexit sha1_base64="6q8JHm5AEs7ZoBTwNY8lpC8gvuI="></latexit>

(dh�e )W /e = �
nX

i=1

↵2
emv

32⇡2s2Wm2
W

Im (Yeehi) ghiV V J �
W (mhi)

top-loop

W-loop

5. Electron EDM and BAU

The couplings of scalar mass eigenstates  to top quark and electronhi
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Benchmark point where strong 1st order EWPT occurs
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top-loop

W-loop

depending on the degree of degeneracy,  
cancellation of the top-loop and W-loop  
contributions may be necessary.

sufficiently BAU!
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The top mass during EWPT

Phase θt(r)
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w/o dim-5 operator.

w/dim-5 operator.

the baryon number arises from the  derivative of the phaser
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6. Conclusion
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Singlet CPV alone is sufficient to explain the BAU.

EDM

BAU
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