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BARYON ASYMMETRY OF THE UNIVERSE

baryon density parameter Qph®
102

'"He mass fraction

Planck TT,TE,EE4+lowE+lensing  +BAO

O h? 0.02237 + 0.00015 0.02242 + 0.00014
Q.h? 0.1200 £+ 0.0012 0.1193 £ 0.0009

100 Omc 1.0409 =+ 0.0003 1.0410 -+ 0.0003
T 0.965 + 0.004 0.966 + 0.004
T 0.054 4+ 0.007 0.056 + 0.007
In(10'°A%) 3.044 4+ 0.014 3.047 £0.014

h 0.674 £ 0.005 0.677 4 0.004
oy 0.811 £ 0.006 0.810 £ 0.006

0.315 £ 0.007 0.311 £ 0.006
Qp 0.685 £ 0.007 0.689 £ 0.006

baryon-to-photon ratio 1 = ny/n,

"Bubble-assisted Leptogenesis" EJChun@KIAS 18/12/2023 IITH



LEPTOGENESIS

Fukugita, Yanagida, 1986

: : . : 5h a2 AR
e Light LH neutrinos with heavy RH neutrinos: L=Y,lHN + EMNN °N + h.c.

* RHN decays to produce asymmetry in lepton = M,=Y,M:YIv2,

number which converts to baryon asymmetry

by EW sphaleron process. (N - IH) —T(N - IH)
En =
* Dynamical generation of baryon asymmetry: [(N > IH) +T(N - IH)

v' L and B + L violation: My and EW sphaleron
2 — yed
v C & CP violation: 3(Y2Y?) = 0 Yp =Yy~ €N Ksph Keff

v Out of Equilibrium: decay process
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EFFICIENCY FACTOR

* RHN decay becomes active at T ~ My to
produce the asymmetry.

* Inverse decay could remain in
equilibrium till T < My to wash out the
produced asymmetry (Strong washout
regime: K > 1).

"Bubble-assisted Leptogenesis" EJChun@KIAS

5 Yy My _ Y5viy
S8 On M
I m
K= s Pepadd
H(My) meV

K = (9,50) for m, = (8.7,50) meV

~ =027 70.0026
Keff K ln(K) ( )
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DAVIDSON-IBARRA BOUND

e For non-degenerate RHNS,

8T vgy,

Yy~ 10710 = M, =3-10 GeV (0.0026) (0.0SeV)

Keff mV3

It can be relaxed significantly in Bubble-assisted Leptogenesis.
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SEESAW & GW

* Gravitational Wave from cosmic strings as a probe of seesaw associated with
U(1)g_; breaking at vg_;:
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GW FROM BUBBLE-ASSISTED
LEPTOGENESIS

GW signal GBC y =14

U(1)p_; breaking could : 100 ww 10000
be of strong first-order, i -
which enhances the
efficiency of leptogenesis
and generates
observable gravitati:mal

wave background: s , == e
f(Hz)
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LEPTOGENESIS IN FOPT

 How is the vanilla leptogenesis modified by the bubble dynamics?
2305.10759

Huang, Xie, 2206.04691 Shuve, Tamarit, 1704.01979
Dasgupta, et.al., 2206.07032  Baldes, et.al., 2106.15602

* Study strong FOPT in classically scale-invariant models.
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SCALE-INVARIANT U(1)z_; MODEL

 Setup for strong FOPT of U(1)5_; breaking:

"Bubble

SSSSSS

1
—L 3 Syy®NN + pHIN + h.c.+V(®,T)

1
V(o,T) = ZA¢¢4 + Vew (@) + Vi (o)

Vow($) = ) (~Dig

Vr (¢) &

ted Leptogenesis"

$2L rapa <

AL
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mgB_L (¢) = 495—#]52

mg(¢) = 61 ¢*
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BUBBLE DYNAMICS

* Nucleation rate per unit volume per unit time:
3
Sa S3 _p(M) + 4V

2
[ TS = ST at T =T 2
nuc( ) (27‘[T> e el )e=a nuc H 3M1§

* Time scale between T}, and Tpr:

d(S3/T) At
re

TI’IUC

AV e p(Treh) e p(Tnuc)

= > 1
B ER ) P(Thuc)

* Strength of FOPT: «,
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SUDDEN MASS GAIN & PENETRATION RATE

2010.02590

My /T =10

f transmitted(in) f incoming
EEE [ N | —
e —— a
/111 . . I
f reflected I ~ subdominant

(potentially dangerous
/7 back reaction)

I

(thermalization)

!
I 1 ~ subdominant /
(|

f outgoing f‘ transmitted(out)
i * i | out

~ subdominant
My #0

Py = %gMsz for v, — 1 0903,4099 Kpen = 1 for v, T > M > T
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U(1)z_, MODLE
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AND BUBBLE PARAMETERS

A[N/Trch

\lO

3
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LEPTOGENESIS INSIDE BUBBLE

T = Tren » dilution = (Tpyc/Tren)’

3
Kgu =1+ a,) 4

Yp_, generated reflection
& frozen (temporary) | (subdominant) YB—L washed out Kwash

NN - ¢p¢p Kgep (weakly)

Require v, Thuc > My > Tren > Thuc
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LEPTOGENESIS INSIDE BUBBLE

 RHNSs inside bubble decay
immediately:

* Unavoidable depletion k., by
annihilation I'(NN — ¢¢) > H.

* Partial washout «,,,.,, by the
inverse decay.

* Dilution k;;; by the reheat:
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taccay _ o - ( 5 )2 (0.05 eV) (ﬁpT>
tpr : MN/Treh mv 100

0 _ eq )
ny = ern nN (MN 0 0)
3 oo 1

T 3
Kail = < nuc) =1 +ay)

Treh
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DECAY, INVERSE-DECAY & ANNIHILATION
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SCHEMATIC BEHAVIOR

YB})ubble

e eq
= Kpen Yy (0) ey Ksph Kdep Kwash Kdil
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"Bubble-assisted Leptogenesis"

BUBBLE VS. VANILLA

GBC My =5 x 10°GeV
Bpr

— Maximum
1/2
fit :oc x My

Strong

- Senesn

"..g.....-rl:-_—

depletion My /10°GeV
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GRAVITATIONAL WAVE SIGNAL

GW signal GBC y=14
100 1000 10000

/
LIGOOS — LIGO 02

— ET — CE

1000 10000
f(Hz)
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CONCLUSION

* Leptogenesis in FOPT can allow for a strong departure from thermal equilibrium:

v' Conventional washout can be circumvented.
v' New annihilation channel NN — ¢¢ opens up to deplete the asymmetry.
v" Dilution from reheating can be sizable.

 In the strong washout regime, the bubbles help Leptogensis to enhance the efficiency
upto 3 ~ 30 for My = 10% ~ 101° GeV.

« Observable GW signals are predicted for My < 5 - 10° GeV.
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