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Matter-antimatter Asymmetry puzzle

� Baryon to photon ratio: � � nB�n �B



� 6� 10�10 excess baryons

photon

(WMAP data)

Need physics beyond the
standard model!

� The three necessary conditions to dynamically generate baryon asymmetry from
none previously existed,

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

(A Sakharov 1967)
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Electroweak phase transition
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Electroweak baryogenesis
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� Sphaleron to be suppressed inside the bubble, we need a strong first-order phase
transition � � x’y

T
˙ 1
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Bubble profile
� Key ingredient in estimation of baryon asymmetry during EWBG is bubble profile
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(A D Linde 1980)
� In the literature, it is a customary practice to parameterize tunneling profile �ipzq

by kink profile using tanh function
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(D Bodeker, L Fromme, S J. Huber, M Seniuch 2004 )

�ipz Ñ �8q � �ibrk

�ipz Ñ 8q � �isym
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Semi-classical force method
� Particle interaction with bubble wall can be formalized using the WKB

approximation. Force acting on the particle is given by (+particle/-antiparticle)

Fz � �
pm2q1
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2E0E0z
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4E3
0E0z

:

( L Fromme, S J. Huber, 2006 )
� Source term of the top quark St

St � �vWK8;tBzpm
2
tBz�q � vWK9;tpBz�qm

2
t pBzm

2
t q:

In front of the bubble wall, the negative value of Bz� leads to a positive St and,
thereby, in most cases, positive asymmetry.

� Chemical potential for left-handed quarks �BL
� �q1;2 � �q2;2 �

1
2
p�t;2 � �b;2q.

� LH quark asymmetry is converted into baryon asymmetry by weak sphalerons,
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Complex 2HDM
Complex 2HDM with a softly broken Z2 symmetry.
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, F0 � Ve�pv1; v2; T � 0q � Ve�p0; 0; T � 0q
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Baryon asymmetry comparison
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BP1

�tun
B � 5:51061� 10�12 �kink

B � 1:05886� 10�11
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BP2

�tun
B � 1:08663� 10�10 �kink

B � 8:79358� 10�14
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