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Introduction
When is the seed of BAU created”?

Reheating temperature. 1r

» Before EWSB; Tr > 100 GeV
| eptogenesis Fuueita Yanagida (1986)]
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INntroduction
Difficulties of low scale baryogenesis

[Bii violation]

Once AB = 1 operator is introduced,
proton decay has to be generated
No Mmatter how suppressed it is
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INntroduction
Difficulties of low scale baryogenesis

[Bii violation]

Once AB = 1 operator is introduced,
proton decay has to be generated
No Mmatter how suppressed it is

‘Super stringent constraint is hard to avoid

[AB = 2 prooess] LD rk1Q*(d%)? + kould' + k3(Q°)*d’u + h.c.

4 \\ // q cf.
Dlm 9 ODerator [Aitken, McKeen, Neder,

I q Nelson (2017)]

n-noscllation ¢ \/ 4 ©
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Mechanism (summary)
Sakharov’s criteria

B violation

[AB = 2 prooess]

C&CP violation

Thermal decoupling
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Mechanism (summary)
Sakharov’s criteria

B violation
IAB = 2 process| »@ton stabilization

C&CP violation

Difference of mass bases between
Yukawa coupling and dim.9 op.

Thermal decoupling

Energy loss processes of initial guarks
via scattering with ambient plasma

©
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Dynamics

a scalar @ (inflaton) dominate Universe
(mg > my)
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Mechanism
Dynamics

a scalar @ (inflaton) dominate Universe

(Mo > M) 1 GeV < Tp < 100 GeV
Thermal plasma @preheating

Energetic q q pair (focus on top quark)
IU¢>|t —tn = Vi ) + V7 le) + VI (ViF = (i|Uy))

At = 1/Fth
2 2
Vel ae = VI exp (22 At) fu) + V2 exp (1722 A1) 1

e me

2
/ +VE exp (i&At) t)
Mg

lose energy, thermalized
Thermal plasma
and stop osc. ()
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Mechanism
Estimation of thermalization time At = 1/Ty,
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Mechanism

Estimation of thermalization time At = 1/Ty,

Energy loss
« _andau-Pomeranchuk-Migdal (LPM) effects

[Landau, Pomeranchuk (1953);Migdal (1956)]

2TR

Lppy ~ C'asTr
me

« 2—4 Scattering

C(Iil,ﬁlg,l‘ip,)NQ ES NCC(S)T%
Tovy ~ ¢ —cm Eem ~ /TrM
BY dr- (16722 A0 T 4p2 ( ! pl)

['in ~ max (I'ppa, I'sv)
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Mechanism
CP violation
once a state is observed as |R) by dm. 9 op.

2 2

Tk~ At) (@2 = (j|R))

PU¢—>R — PU¢—>I_% ~ 4 Z %[V}.d;“dek"‘] sin (

m™m
>k ¢
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Mechanism
CP violation
once a state is observed as |R) by dm. 9 op.

2 m2

m*s — :
Py,~r— Py, g 42%[‘/jd;dkvk*]sin ( i J At) (d; = <j|R>)

m
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analogy to ordinary neutrino oscillation!
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Mechanism
CP violation
once a state is observed as |R) by dm. 9 op.

ms — m3
Py,~r— Py, g 42%[de;de;]Sin ( u . At) (d; = (j|R))

m
>k ¢

analogy to ordinary neutrino oscillation!
Key: no universal diagonal basis
Only if V; = 6;, or d; = dja,

Nnamely, aligned to guark mass basis

CPV vanishes
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Mechanism
Amount of BAU
B violating process in thermalization process

‘ I'py
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Mechanism
Amount of BAU
B violating process in thermalization process

r . R
‘ BV » Bt creation rate: ~ 1“?:

Created asymmetry

AB 3TR FBV
S " am, D Wer = PoR) X R0
E.\°/ Tr \?/200Tev\*
~ 1071°B¢qplC|C' 2 —
serlC] X(4A) (90GeV) ( A )

Sop= Y SVididp V)

k=c,u
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Results
Numerical check (analytic expression)
Upper bound on A
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Results
Numerical check (by solving Boltzmann eq.)
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Results
Numerical check (by solving Boltzmann eq.)
25—

20 40 60 80 100
Tx[GeV] 0

Hiroyuki Ishida (KEK)



Results
Numerical check (baryon number)
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Results
Numerical check (baryon number)
107°;

10-11;

1049;| - | A=100TeV-
5x10%*1 x10° " 5x10%1 x 10°

Em[GeV]
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Conclusions
Direct baryogenesis @1 GeV < 1Tr < 100 GeV

AB = 2 » proton is completely stable

Sakharov's criteria

B violation: AB = 2 process
C&CP violation: Difference of mass bases
Thermal decoupling: Energy loss processes

Amount of BAU

— ~ 1 B
S 0 SoplCICT > 4\ 90 GeV A

Sufficient amount of BAU can be produced! @
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Conclusions
Future works

L 3@4(610)2 —@ﬂd4 +@Qc)2d3u + h.c.

flavor dependencel

n-n oscillation
(’fi)1_111/1511 < 1000 TeV

‘ correlation with flavor observables!

constructing a concrete UV model
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Cutoff of the model
Effective Lagransgian

LD k1Q*d)? + kou?d* + k3(Q°)*d>u + h.c.

Wave function renormalization

2

4
1
(672) |0 tk120) hewen)”| 51

Four-Fermi like coupling (ﬁ > éFQQud)

1\’ .
(167’(’2) ’O (K’l,233) Agutofflz S.z O (GF)

Perturbativity of scattering cross section

[ECID 5 Acutoff = (47T)5/4 O (%1_,%,/?;5)]
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A simple UV model
By introducing two scalar quarks

LUV D) Cl(I)lQQ + co®Podd” + Cg(plucdc + A(I)%(pg + h.c.

Correspondence to low energy parameters

A*cieo A*czcg A*cieocs
i miIm?2 h2 ™ mim?2 B3 ™ mIm?
115 115 1715

*

~ 6163

GF ~ 5

my
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