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Baryon Asymmetry of the Universe
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Standard Leptogenesis [Luty 91]

AjilNiLj - H M;N; N;
—L= CP-violation + Lepton violation +h.c

@ Populate leptons: N — LH + N — LH,

@ Lepton over anti-leptons: N — LH > N — LH,
@ Slow reaction rates: 'y < H(T),

© Sphalerons: n; — np

v'Sakharov's conditions [Sakharov '67] J

2,2
m, ~ P2 10-11Gev

v See-saw }
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Standard Leptogenesis
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CP-asymmetry [Davidson et al. '02]

T3)2 See-saw
61Nw}‘(%> U, |61|A<J83’"”2/\/11
m(ATA) 1 Hierarchical v

Boltzmann equations [Buchmuller et al. '04]

Yi=-Di(v1—Y{?) , YZ_Z = e Di(Y1 - Y{7) — Wip, Vi1

y
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Standard Leptogenesis

i yf Foo
Efficiency : Y| [~ e1r] )
3m,
a < — Y,(0)=0
D.l. bound: € < g2 T o
} f
Sphalerons: Y/ ;~2ng
[Harvey & Turner '90] - " o ! o
Efficiency factor
f -9 8
ki<l , e>10"7° , M;>108GeV J
o Large scale
@ No opening to Dark sector
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Include a Hidden Sector

The matter/antimatter question
(e]e]

@ Visible Sector: SM
@ Hidden Sector: e.g. DM
e Mediator: S, A, v

SM-HS Effective interactions: Portals

L= Z/\nﬁnz > » Renormalisable: ny +n, <4

ny,n2
y

Higgs and Neutrino portals
® Lpiggs = BSHTH +~S?HTH
(] ['SNN = OéUSN,’N' , <5> =0
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Higgs Portal Leptogenesis

_r—  agNiN;S + BSH'H + yH'HS? NiNiH - Lj + M;N;N;

_'_
Hidden sector Standard sector
New CP-asymmetry channels J

CP-asymmetries

M | | 3m,j Ml M1
w2t 1€ 167rv 8 MQV M, 167r\/ M,
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Low Scale CP-asymmetry
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2
Yy =— (Yz — Yzeq) (D2 + Das1) + Dacsa (Yl - Yleq) %
Dy Yy’
Yll = - (Yl - Yleq) (\/a + D2<—>1W + Doy (Y2 - Yzeq)
Y = D (Yi—ve) — v, ;|
L_z*z eiDi (Y; = V) = YW My
i=1,2
o fooy@ ()
" Yo~ YTt
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Low Scale Example

M, = 103GeV

M; = 10°GeV

e1~107% | e~ 1078 J

\ — B=10°GeV
\ — B=10°GeV

my, ~ Kij - 10~ 12GeV
2 M;
Al ~ 87Kifgrgey
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Conclusions

Open Leptogenesis to Dark Sector
e Higgs Portal: SHHS + aNNS
o CP-asymmetry: € < 5/M

Higgs Portal Leptogenesis
000008

Low mass scale CP-asymmetry
o M) < Mfrit — |62| X Oz,B/Mg

2-level Leptogenesis models

f (1) (2)
oY ~Y ItV 1

Viable low scale models
L Ml o~ M2 R 103GeV
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