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Introduce right-handed neutrinos (RHNs) to SM

CH H,
Light neutrino mass is A 7 , _ _
] N Singlet / P. Minkowski,1977; T. Yanagida, ,1979;
explained through CHN J. Schechter and J. W. F. Valle, 1980
type-l seesaw ) )
To generate the BAU dynamically (baryongenesis), In (type-l seesaw) leptogenesis,
Sakharov (1967) proposes three conditions: RHNs decay out-of-equilibrium,
 Baryon number violation generating a CP asymmetry (also a L asymmetry),
 C and CP violation which converts to a B asymmetry via SM sphalerons

e Deviation from equilibrium

Thermal leptogenesis:  Fukugita & Yanagida 1986
RHNSs are produced in thermal bath (zero initial
abundance/thermal distribution)

Non-thermal leptogenesis:

RHNs are produced non-thermally (e.g., via
heavy particle decay)
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Introduce right-handed neutrinos (RHNs) to SM,
v¥" Neutrino mass via type-|l seesaw
v Leptogenesis
? more

Simplest inflationary scenario:
Single-field slow-roll

Both leptogensis and inflation happen at
high scale, could connect more directly

Let NN be the key! Leptogenesis , _______Inflation
¢ inflaton )
N RHN

When ¢ acquires a vev, type-l se dNN
a Majorana mass for RHN is generated '

Extra bonus: lepton number spontaneously broken _
Neutrino mass
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Scalar field charged under lepton number

L > NigN + (0*0")(8,0) — LY,HN — yyoN°N — V(H,0) + h.c.

RHNs RHNs get masses once lepton number
spontaneously broken

2 My
t Inflaton decay rate ', = YN
; 7

;ﬁ . 5\
Reheating temperature Ty, = ( 4r3g ) L'ym,,
| Effectively parametrize yy .

>f K (Z)

i RHN decay rate I'y = H(M;)K —

| y ! K,(2)

§ - ~ (YJYV) 11 v? 8mo? -

: Decay parameter K = m;/m, ™ = M, T M2 b |
Effectively the Yukawa strength . _ 87”’22 H(M,)
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{ Solve Boltzmann equations

for the system {¢, N, R}
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Non-thermal leptogenesis

/ N

Instantaneous RHN decay Delayed RHN decay
FN >T p FN <TI p
RHN dominance .
Instantaneous reheating Thermalized RHNs
K<1, T, <T; NR)
K<L T.>T,, K>1,M <T.,

K<1,T,<T, (R)
RHNs produced non-
thermally, but enter

3 T 3 T _equmbrl_um via quick
Y =—c e€—— Y =Z¢c ¢ Interactions
B 2 sph M¢ B 4 sph M1

RHNSs never enter equilibrium
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Define final efficiency factor Kr MB_L = —eq — — Zen f
T~
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100} ; - : 100} : :
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All three truly non-thermal cases have Ky larger than thermal leptogenesis
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Inflaton potential: Coleman-Weinberg

¢ 1 | A I NN DN S —
V(¢) = A¢" |In @ 1l T ZAU(% 1072h

Inflation-observation-compatible e : : :
benchmark values R S ORI

10 : :
A=241 %1040, = 221M, _ "
= | ™
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108 b HONINCTINAL [V] .................... ....... Lo AMN2 L
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=¥y = Irn ,
: : ﬂavé)red :
Viable parameter space satisfy 18001 0.010 0.100 1 10 100 100C
K

Tryg =~ 107°M,

Strongly non-thermal RHNs preferred
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BEXRG DT T ETEKFRENERTER LR
o IR PYMIRBRIER :
© Hrh Strongly non-thermal RHNs {87 2 Z [ EEMPEE Ty > 10°GeV,
FIRSFEIEM, FRRE2 X 10'GeV;
o ZMAFPRFFAENRTEGNERE, FWRAFIKRKTFREFERNE,
o BXERIKVMPREI, PIEH—FRHISE=85 Strongly non-thermal RHNs [X|g]
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* C.Y. Chen, Y. Reyimuaji and X. Zhang, Slow-roll inflation in f(R,T) gravity with a RT mixing term, arXiv:
2203.15035 [gr-qc]

 X. Zhang and S. Zhou, Towards a systematic study of non-thermal leptogenesis from inflaton decays

* X. Zhang and S. Zhou, A Novel Parametrization of Neutrino Masses and Flavor Mixing

* J. T. Penedo, Y. Reyimuaji, X. Zhang, Axionic Dirac seesaw and electroweak vacuum stability
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