Nonthermal leptogenesis
and Cosmic Inflation

Based on ArXiv: 2605.05304
with Leah Jenks, Edward Kolb, Andrew Long, Evan McDonough

Tammi Chowdhury, June 22nd 2026. University of Manitoba



Outline

* Motivation for nonthermal leptogenesis

o [ype-| seesaw

e Cosmological gravitational particle production (CGPP)
e Expression for Yz and kination

eParameter space for leptogenesis



Motivation

n
The universe consists of baryons and practically no anti-baryons Y, = = ~ 10710
S

Neutrino oscillation experiments show neutrinos must have a mass — Not captured in the SM

Many well motivated models of inflation have energy scales H, ~ 10'° GeV; also the ones that will
be tested by next generation experiments

Seesaw models of leptogenesis propose mass scale for new particle My, ~ 10° GeV



Type-1 beesaw

*|ntroduce 3 heavy right-handed Lot = — Vii€apLa iNOF + h .c.
neutrinos NV, j = {1,2,3} | e

. is 3x3 complex matrix of Yukawa couplings

o After electroweak symmetry breaking, 7%

<(D> o (O,V/\/z), v =246 GeV L is SM lepton doublet, N is heavy neutrino, @ is
SM Higgs
eFrom this, SM neutrino mass

O(y*v*IMy)

eFor SM neutrino mass
m, ~ 0.1 eV, My ~ 10"° GeV

T. Yanagida (1979)
R. N Mohapatra, G. Senjanovic (1980)



Inflation

* Solves the flatness problem

L
F

ime

T

and the horizon problem

|
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Exponential expansion of space at 7 ~ 10 " &



Inflation Scale

e Scalar to tensor ratio r set by inflation scale H, Atz(k*)

T =
AZ(k:)

e CMB temperature anisotropies provide
Af(k*) ~ 2.2 % 1077 (Planck)

2H62 A?(k.): Primordial power spectrum of
o AZ(ky) = My =243 %10 GeV,
> M,

H, ~ 10° GeV

gravitational waves

A?(k.): Curvature given by scalar metric
perturbations

e r~ 1.6 X 1072 CMB S4 should be able to
orobe at this precision



Gravitational Production ot
Heavy Neutrinos

Expanding spacetime naturally provides mechanism for Vacuum state defined as:

roducing particles through gravitational interactions .
¥ e - azarly |0) = 0, related to the late

Heavy neutrinos correspond to spin 1/2 fields given by Hille opoiion

&early - Alate IB* Alate}L
3 k

23

WY(n,x) = [a(m)]™ 2[ D la Uy, x) +a) Vi 07, )]

Pewr a, , P, : Bogoliubov coefficients

Where Uy ;, V, ; are the mode functions.

Kolb, Long, Cosmological Gravitational Particle Production and its
Implications for Cosmological Relics, ArXiv: 2312.09042,



Gravitational Production of
Heavy Neutrinos

Impose Bunch-Davies initial conditions

and find comoving number density, . is
the Bogolubov coefticient

‘ﬁk,+‘ :;715?0 T‘Mk&‘ | 2a)k ‘aﬂuk,+‘ _5] aanz J (‘ﬁk+‘ ‘ﬁk,—‘ )



Requirements for
Leptogenesis

Sakharov Conditions

Baryon (Lepton) number violation

e
\

CP-violation

£ =
T 2, X, [Br(N; — L)

Br(N; — L, ;®y)]

Out of equilibrium
conditions

Decays of N's occur
out of thermal
equilibrium;

Ty < My



Davidson-Ibarra Bound

3 Mym, ; M, Amount of CP-violation is

e] < épr = @ 3 et ( 1013 GeV) constrained by smallness
of neutrino masses from

m, = 0.05 eV Atmospheric mass splitting neutrl.nO oscillation
experiments

(I)b
(I)b IC Y (I)b : q)b
k 5 K
N / N, N
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Baryon Asymmetry Yield

Sk 3Ny
e Yp = ge” 'RH 3TE
ae €

)7
_ [ %ru
Hpy = ( a ) H, 23 IruH, [a3nN]init
79 4MI%1

a’>(1)s(t) = a’(tpp)s(tpy)

Period of kination, ® = 1 provides exponential growth to the baryon asymmetry yield

28/79 is the factor that accounts for the conversion of leptons to baryons through the
non-perturbative sphaleron process
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Gravitational Production ot
Heavy Neutrinos

Kination GPP : Majorana Fermion

Production of heavy neutrinos is
maximized when My, ~ H,, for a
comoving number density

3 -3
a’ny ~ 10

2



Boltzmann Equation

in + 3Hny, = — (ny — n . H[I" + 2n,%{ov),]
N N N~ Ny y 1

dt
d nEqF
—n| + 3Hn| = el'(ny — n') — n|_ 2n my{ov), — 4n n (ov),
dt n;
Reduce to:
—(a3nN) = — F(a3nN)

dt

- 3
E(a n|) = el'(a’ny)

My

I' = (ny)ll_
ST

Decays of N's

(ov),, (oV),are
lepton violating
scattering cross-
sections that may
result in washout

'S



Evolution of Baryon
Asymmetry

M =1 x 1018GeV, Try = 6.4 x 10°GeV, & = —epy,

eSolid blue curve shows

10! decays ot heavy neutrinos

10-2 inflation
107 *Produces the generated
10~
107"
107"
10~ 03, /a%s *Dashed blue curve shows the

10~ Yot thermal density of N's is

10—9 )GEOhmnMHl

—10 E
10 YNQ

10~ 1 Yr

10712
10-210-* 10 10" 10* 10° 10* 10> 10° 107 10® 10” 10% 101T1 10'* 10" 10™

t/te tru/te

kination radiation

baryon asymmetry in purple

always smaller than those
produced gravitationally




Leptogenesis Parameter

*\White is allowed
parameter space for
nonthermal leptogenesis

eDashed red lines for

Davidson-lbarra bound

eGreen is excluded from
CMB

eRed is excluded from max.
Duration of kination

3 x 1013
MN (GGV) with He — MN

C. Er oncel Y. Gouttenoire, R. Sato, G. Servant and 15
P. Simakachorn, Universal Bound on the Duration of a Kination Era,
2501.17226




Summary

Nonthermal production of heavy
neutrinos allows for testable
parameter space for the baryon
asymmetry through future CMB
experiments!
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