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The new effect

- \We point out a new effect
on the freeze-out process of
heavy particles induceo
py density perturbations
N the early universe, which
we call
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Motivation
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Motivation

. [N the next 10—20 years,
we will have the opportunity to test
dynamical processes in the nigh-energy
early universe through metnods such as
gravitational wave observations

iN such a situation

arXiv: 250110148 (hep-ph)



Enhancement of lepton asymmetry
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[ntulitive picture

« When right-handed neutrinos disappear from the thermal bath,
the number density of right-handed neutrinos

. Roughly we set T ~ T(1 + O1) where T is the spatially averaged

temperature of the universe, ano

— ]\]Z\]1 o~ €Xp(—M1/T) o~ 6XP(—M1/T) *
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[ntulitive picture

. So, when 6, > T/M is satisfied,

inear expansion in 0 cannot be justifiec

« This condition translates to o 2 0.1

because | Ny_; | freeze outat M{/T ~ 10
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Cosmological Perturpations

- Metric perturbations are given by

ds* = a” [—(1 + 2A) dn® — B ;dn dx’]

I -
[(1 +20)5;; +2 (E] _ géleZE)] dx' dx/

- Here, A, B, C, and E are independent functions

of time and space
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Boltzmann Equation of N,

. Boltzmann equation of N,
Jp to the first order of perturbations is

dN N, (2)
dz Ky (z7)

- This equation is invariant under the coordinate transformations

Ny, @ — N&(zp)

. Ny

= an(Z)/nfq(zT), and K is called decay parameter
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Boltzmann Equation ot B — L

. Boltzmmann equation of B — L
Jp to the first order of perturbations is

dNp_;(2) K (z7)
—dZ —&(1 +A)KzZ K2

N N, (2) =N eq(ZT)

. £ is the CP asymmetry, Wip is the washout factor:

|
Wip(zr) = Z < ZTKl (z7)
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Enhancement of lepton asymmetry

e Here, we choose the
and assume that the anisotropic stress is negligible

e Then, the line element is

ds? = [a(r/)]z[ (1 +2%)dn? + (1 — 2¥)5, dx’ dxf]

o IS as follows:
SIN (@ — O — ? N 1,3 O
@ — @COS@Y — @~ Sl ¢+2¢CS(p

Op = 2| A:|coso :
@
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Enhancement of lepton asymmetry

» The
Sin @ — @ cos @ — @ sin @ + %(p3 COS @
O =2|R.|cos6 —mM8Mm
3
@
. . kn _ Z
where &£ . is the curvature perturbation, p = — = —
V3 7
o kisthe wavenumber ( )
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Enhancement of lepton asymmetry

e The temperature fluctuation:
Sin @ — @ cos @ — @~ sin @ + %(p3 COS @
Op=2|R,|cos) ——mmMmM8Mm
3
w —
| . kn 7
where &£ is the curvature perturbation, p = — = —

\/g ZH
e 0 is the phase. Each spatial point has a different value of 0

« \We choose and
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Enhancement of lepton asymmetry

« Comparison petween 10
cases with and without

101

temperature fluctuations
Take a specific value

K=100and o =«

3lue lines correspond to

initial __
NN1 = () to
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Enhancement of baryon asymmetry

- We want to know the spatial average of
final values of baryon number

The effects of temperature
fluctuations 6 = 6T/T
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Enhancement of baryon asymmetry

. If we linearise with respect to oy,

the baryon number will not
iNncrease because increases of

positive 0 and decreases of

negative oy cancel out
each other

- Therefore,
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Allowed areas of RHnu mass

e« The existence of area
N which leptogenesis

succeed is supported
oy CMB

1013 -
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oummary
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oummary

« We investigate the effects of small-scale density perturbations
on leptogenesis

« We point out a new effect which we call
"“acoustically driven freeze-out”.
't cannot be captured with linear expansion in the temperature
fluctuation. This effect comes from the exponential disappearance
of RHnu from the thermal bath,
and we found that it enhances
the final lepton (and thus the final baryon) asymmetry
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