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Baryogenesis

® Baryon number density of the & Dynamic generation of baryon
Universe is well determined: asymmetry [Sakharov]
¥, = 2B ~ 0.85 x 10-10 S
A L e Baryon number violation
& If symmetric, NN < 7 freezes * C & CPviolation

out at T ~ my /43 leading to * Qut of equilibrium

TS il

® Requires larger initial asymmetry
explaining no antimatter today.
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Seesaw & Leptogenesis

® Heaviness of sterile RHN for
lightness of active neutrinos:

e 1 2
L = yV lLHNR +§M NI%‘NR o h T
|Fukugita-Yanagita
* Lepton number violation: M # 0

* C & CPviolation: CP phase in y,,
* Qut of equilibrium: N decay
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& RHN decay produces lepton
asymmetry-:

= I['(N - IH) — F(N — l_ﬁ)
N S (N - IH)

® L asymmetry converts to B
asymmetry by EW spharelon process
violating B + L:

n

N
YBOCCBE_
S
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Spontaenous Baryogenesis

Cohen-Kaplan, '87,’88
¢ Consider a Baryon number spontaneously broken at the scale f

Its pseudo—Goldston boson ¢ couples to the Baryon current: - uqb ]B where
= 2 xlpt/)y“gb with x,, being the B number.

& In the background of homogenous classical field, 8 = ¢/f # 0, ¢ gets an
“extra chemical potential” shifting the energy E = E, F xlpH o/ BCRES: “B

violation)

¢ When a B violating interaction involving ¥ 1s in thermal equilibrium, the
thermal chemical potential develops Hy = x¢9 generating B asymmetry ug =
cgf at Tz when B violation decouples.
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AxXiogenesis
Co-Harygaya, 1910.02080

and many other

¢ PQ symmetry breaking - axion ¢ Domcke et.al., 2006.04138

® Quark chiral symmetry broken by GG
& GG in equilibrium > u,, — g, = 46
¢ B+ L violation in equilibrium by EW sphaleron = 3u,, +p;, =0

SUBRER SRy A U5y [SSROZeT Al B =R [ a0
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Spontaenous Leptogenesis

o T el
Jo. =i [ g ) —yvONSN e it 1o
Wl R+2yN grNg + h.c. wi \/Ee

¢ B-L (L) symmetry broken by My = %’f] SR o

& Majoron couples to jp_;: 6 Xy xypyH .

® Ny decay/inverse—decay & EW sphaleron are in equilibrium: (N < [H) =
(N IH)=(N<IH)=(N<IH) > py+uy=x6 & 3u, +u; =0.

® B_L (B) asymmetry WaShed in at TB - TID ~ % or TB - TEW: [.lB - CBé(TB)'
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A

Saryon asymmetry

M
& W hentMy =T == =
Zout
2
28 14 My
= 79 Cp- LYBeqL(TB) 37CB ~1Ye <Zoutf]>
My
X When MN < TEW < Tin — Z_ ;
n
2
1 TEW 202
Yp =Yg ' (Tgw) = CBYB ( ) Ve L0 liz
fi S S

Requiring MN = ZinTin = K_§ Tin
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Majoron DM

& Assuming soft—breaking of B-L by
I AT R

V(6) = m,ff (%92 + (1 - cosH))

& Evolution of the classical field 6:

3 i b
6 +—06 + sinf =0
2X

where § = — with x = m;t
dx

® Solution with initial kinetic

misalignment: 8, = 0,68, # 0
Co-Hall-Harygaya, 1910.14152
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Co—genesis of Yg & Ypy

® Baryon density:

overclosure

. 10~ A
Ng 4‘5 6 N
Yp = = G R [ 15
3 - ang* 2 T( B) 10 thermal
il 1012 SR NN
¢ DM density: y, =2 =i
S S
]09,
45 f/0
m;Yy = (Tg) = 0.4eV
J ang* T3 10° TJI<2\50GyI‘
20 10-15 10-10 =5 5
f2 Y, M 10 10 10 10 10
ﬁm]# iz 0.4eV (Tg =1—g my [eV]
B
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Summary

& In the seesaw model with spontaneous L. number breaking,
leptogenesis can be driven by the CP violation provided by the
kinetic motion of majoron.

& It relies on the Majorona property of a RHN and the equilibriation of
its decay and inverse—decay.

& It works for 10 < My /GeV < 10? and m; < keV.

@ It requires a large majoron number Yy > 1 for My < 10‘4]‘], @S =E
huge initial kick ty6,.
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