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Baryon Asymmetry of the Universe (BAU) Baryogenesis models:
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Baryon-to-photon ratio from BBN/CMB Sakharov conditions

1. B violation

2. Cand CPviolations

3. Out-of-equilibrium

Matter Anti-matter SM satisfies them, but not enough
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Baryon Asymmetry of the Universe (BAU)
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Baryon Asymmetry of the Universe (BAU)
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Baryon Asymmetry of the Universe (BAU)
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Realization of “Second Leptogenesis” with Wave Dark Matter
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Realization of “Second Leptogenesis” with Wave Dark Matter
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Realization of “Second Leptogenesis” with Wave Dark Matter
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Realization of “Second Leptogenesis” with Wave Dark Matter
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Parameter space for Second LG

P. D. Bolton, F. F. Deppisch, P. S. Dev (2020)
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Parameter space for Second LG

my =107 eV (I, =2.7 TeV)

10 A. Dev, G. Krnjaic, P Machado, H. Ramani (2022)
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Boltzmann equation (density matrix form)
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where 2 = My /T,i=1,2, 3, and o, B = ¢, p, T.

D; : Decay term
S; : Scattering term  «——— Boltzmann suppression are includes in those terms

W, : Washout term

ES) : CP asymmetry
Ny Equilibrium density
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Decay channel alternation
under heavy neutrino mass variation

(1) Before EWSB: N — ¢®
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CP asymmetry

: resonant LG is adopted for enough BAU in relatively small scale of M.
SG) 1 oy . M;
%08~ Tom(yaNa ; {? Wiyt i — vistia (")) A

v (M7 - MP)M
+ Hiana Dy = wipta o it }i(w —MZ)2+ M2/

Y

i=1,2,3,and o, B =¢€, u, 7. S e
Resonant condition

‘A[J — 11[3‘ ~ FJ/Q

. SEEEEEES

S@) L o M;
‘o MR Z{ i[RoiR3; (R'R)ji — By, Raj (R'R);j] 3

(M? — M?)M?
12 f2 JAT72 /a2
(M? — M?)? + MT?/M:

+i[RaiR3;(R'R)ij — Rj;Raj(R'R)jq] }

I M;\? M.
_ i M N for ok ta) e — () ] 2
IR TNE ; ( Mj) {%[ymygj W'Y)ji — YpiYai (¥ y)is] 7

L . (M2 — M2)M?
+ z[yﬂiy_ﬁj(y y)%‘ - yﬂiyﬂ‘j‘ (y y)ﬁ} } (ﬂ/IJQ _ AIS)Q + pVI-ilFQ/Ju‘Q

: Equilibrium density

: Decay term \

: Scattering term

: Washout term

%

(almost degenerate mass of NV's)

Active-sterile mixing matrix

Rai = Yaiv/(V2M;)

15



Resonant condition is not satisfied exactly
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CP asymmetry

: resonant LG is adopted for enough BAU in relatively small scale of M.
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ANy .
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Decay channel alternation & Scattering channel resonance
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Photon dilution and Sphaleron factors

,(t s(T, Photon number increases by
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Summary

» The temperature-dependent mass of
the heavy Majorana neutrino by using
wave DM provides the second
leptogenesis with two moments of
production and decay of V.

» The second leptogenesis can explain

the baryon- asymmetry
discrepancy of the universe if the Second Leptogene5|s
sphaleron decoupling appears between

1st and 2nd LG.

Thank Youl!
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