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Spontaneous Baryogenesis

. Cohen, Kaplan, ’87, ’88
Baryogenesis in a CPT a
violatin g back groun d PNGB 6 = 0 of spontaneously broken U(1)

‘ - T
0 acts as an effective o = —Xy 0,0 Yy™yY
chemical potential e

Seeding 6 in an equilibrium EX) 1 + U, < s + 0,
system when U(1) violating
interaction is effective

o, F by, — iy g, (g Hwy —xy — 1, )0

: 1 . 0.
Baryon asymmetry is np == ppT2, ip = z Byiy = 50 = Yp o=
generated. Z :
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Axiogenesis Majorogenesis

PNGB of U(1)py Co, Harigaya, 1910.02080 PNGB of U(1)p_,,
. Domcke et.al., 2006.04138 1 : 5
L = c,0F,Fy L = y,LHN +~MyNN + 0 %, xy Py
B+L is generated when WS (S5) 1s B-L is generated when LNV

in equilibrium: N < [H is in equilibrium
WS: N, (3pgq, + 11,) = cwb

SS: Ny (2pq, + Ha, + Ma,) = csb

LNV: u; + uy = x;6

Yg.; frozen at Ty, ; = Tpy Yp_| frozenat Tp_; ~ My
1 .
1cp0T? My v 2 (10%*GeV
¥ ga7 . g 10 g v o= ( a ) ki
P . . aa e veay) \ ML
. v v,
Mg ¥q =mg ¢« 200eV (109G6V) EJC,TH Jung 2311.09005
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Spontaneous Leptogenesis

Type I seesaw with a spontaneously broken U(1)gz_;

Ly = I HNg +-ON,Ng + h.c.

1 1

Yy g — 4. .
= e ;H—Ua: xS_l' xNR, z’xQL,uR,dR_6

V2

lL» €Rr -

Derivative couplings of a pNGB, Majoron: y — e*¥oy,
Lg = le 1/7)/“(1'0# - xl/,@u)lp 6 =0.0= (9,6)

e (U 0 o - i 2 L
y = FH 0 ’ o _(110-)' o _(1'_0-); 1/J—1/JL01‘1/JR
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Full equilibrium solution

Considering all the interactions, including N <> [H, are
in equilibrium, and charge neutrality:

Hq, + Hap + Up =0 Wy, s, g — U
Uq, T+ Ud, —4u =0 ty, + Uy = x,,0 .
9 8
Ne(2g, + i, tH3,) =0 N.(Bu, +p,)=0 ol T o

Ne(pg — 2pm, + pa, — i, + ey ) + 2pn = 0
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Spinors in the 6 background

Dirac fermion: ; # -

(P — xp0,)0 u () = mypur(®@)  (—pu — x40, )5V (D) = Mmyvr(P)
(pu s xlpgu)o-ﬂuR (p) = mtpuL(P) (_pu = xlpgu)o-ﬂvR (p) = mt,va(p)

E=FE,+ xzpé ’ E, = \/mzzp + |52 Shift in energy of ¥, ¢

Effective chemical potential
Ll = cme gl = i b
ub(p) = \mfr vh(p) = m(_r)fr r = 1 denotes spin states

P, b, b8, (D) Same spinors as the standard form
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Spinors in the 6 background

Majorana fermion: ; = P

(pu o xgl)@u)&uuL (p) = myUg (p) (_pu e X¢9M)5”UL (p) = My, VR (p)
(py + 20, )0 up(p) = mypu ()  (—py + %96, )0 vR(P) = Myv.(P)

= |m2 + (|p| — sx,0 B E, —SMX 6 s = +1 denotes helicity
Y Y P Y
ur(p) =+ -0¢°  vi(p) =+p_-oré’ Effective chemical potential
Halp)— p A Bn = n a1t in helicity
IBly . L .
Piy = Pu T xy0, = (EO T xw@ (1 T SE_O , D Modified spinor solutions
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Asymmetric Decays at tree-level

e . Bossingham, et.al., 1712.03312
NRS — lLH, lLH with s = il

- . g In]

(M = va|2(Elo . slpllCOSH) (E,‘\), + s|py| —§<1 + SE—IE)’))
N
arl2 2 0 e 0 — 9 |m|
|M |2 = |y, |12(EP + s|p;lcos) | EN — s|py] +E 1 S0
N

In the relativistic limit, |py| = Ef: Nz+®) = 1(=5); s = +1,cos8 = —1

. @ g8
In the static limit, |py| — O: e o
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6 bais in decay & thermal equilibrium

It alters decay kinematics. Without conventional
CPV from Yukawas couplings, decay rates into
leptons and antileptons inherently differ.

- 0
(D oy
Ng . :
(Heavy Majorana inducing CP asymmetry at tree level

Neutrino)

It puts a bias in the equilibrium system during
equilibration processof N < [ H.

1 ar (D = a0

acting as a source of B-L asymmetry
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Boltzmann Equations

Thermal averaging the decay & inverse decay biased by 6

- - 81 =
—— = —zKyp(Yy — Yy ') el s
dz T H ~ H(z=1) W1
D0 zKyyel (Yy — Y1) — zKy (Y + }/981) oy = iy oy
dz g L decouples
oz 1 45 | 79 .. .
& = . Yo = Cp_ 2 Cp.1 =77 (flavor — dependent)

B-L Asymmetry arises both from the decay at tree level
& equilibration by the inverse-decay (washout process).
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Efficiency Functions

EJChun@KIAS

Yy from the helicity
chemical potential
drops quickly due to

additional helicity

T

suppression —
PP —

T

g0 — 0 = 2
s 2|pN | n (EN + |pN|>

Ey — \Ey — [P

2026-06-08
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Yy (0) = 0

Evolution of Asymmetry

EJC, HM Lee, JH Song, 2512.06413

Cancellation betweet
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Efficiency x(K) =

For K < 1, the decay determines Yp_, Fine cancellation at K ~ 0.3

For K > 4, the inverse-decay determines Y;_; for both cases

(Cohen-Kaplan regime of full equilibration: k = 1 /Zfzo)
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Cogenesis driven by pNGB

Successful baryogenesis requires an appropriate initial

L 0 i
kinetic misalignment: £, = —— = —2-*,
2my  yg k(K)

%QTZ
Yp = k(K)|cp| :

) — 087 <10 "
T=m

sl

Can this turn into bosonic DM of a right amount?
Ov?2
m,Y, = ma( . > = 0.22eV

What is the origin of such an initial condition?
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Cogenesis by QCD Axion
in Type-I Seesaw

Unifying Dark Matter and Baryogenesis in DFSZ Framework
augmented by Type-I seesaw
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Unified framework

Existence of a hypothetical pNGB
PQ symmetry breaking
e
=7 =
A
v )
Heavy Majorana RH neutrinos The axion/majoron emerges
My = Vot D to resolve the strong CP problem
!
_ gs - 9 e Vg
- ;xlpaue DY + 33 CHGG + 3 BWW fy =
' - E
W VEw | i 0. e
mv - VmN YB—L i F*”I"* R mN ma? - OZZGV
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Cosmic evolution of 0

ATt

+ h.c.

Affleck, Dine 1985 Initial kick driven by Vpqy ~ 5= — Friction term
p

- . . :
SV <« —H |CI>| and an early time mass correction — Potential term

EJC, et.al., 2406.04180
oV &« —T?|®|?

Coherently

Oscillating DM

20
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DFSZ model augmented by Type-1 seesaw
_LDFSZ = yHCI)ZHqu e %yN(I)NN e yleHu + h.c.

UDpg=U1)p_, X9 =1 Axion=Majoron
. 1112 1 1
PQ charge assignment: Xgutaticcnm gy —Uisinis, o o =i, =

X,0
After symmetry breaking: ¢ — efpxw Y

1
_LDFSZ = BHHqu + EmNNN - yleHu + h.c.

2

2
Ys = . 9w
0GG
o

—Lg = z Xwaue lp&“lp == CWHWW

D
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Full equilibrium solution

Consider full equilibrium of all the Yukawa couplings, the bilinear term
H,H,;, and the strong/weak sphaleron interactions under the condition of
charge neutrality.

Do e e = Hq t tec + ppy =0
I, h i L =0 g e e
iy, + Py = (xh, + %1, )0
Np(2q + prye + pge) = cs6 Ny (Bug + 1p) = cyb

Ne(pg — 2pyce + pge — g + pe) + 2py, — 2py, = 0

. 13
ilp_ | — CB_LE HTZ with Cp. | — "'7 Cs = ZNf, Cw = 3Nf
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Boltzmann Equations

Thermal averaging the decay & inverse decay biased by 6

- - 81 =
—— = —zKyp(Yy — Yy ') el s
dz T H ~ H(z=1) W1
D0 zKyyel (Yy — Y1) — zKy (Y + }/981) oy = iy oy
dz g L decouples
oz 1 45 | L .
& = . Yo = Cp_ 2 6, — —7( avor — dependent)

B-L Asymmetry arises both from the decay at tree level
& equilibration by the inverse-decay (washout process).
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Required RHN mass

N N W
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o O
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o

fa = 109GeV: NDW =0 |CB| =25 (mN X fa)
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Hubble-induced 8 during inflation

Origin of the initial kinetic misalignment?

Assume Hubble-induced mass-squared during the inflationary era
and PQ violating potential a la Affleck-Dine.

Veoc = —(us + agH?)|S|? + A|S|*

s" ] e

s L& n

VPQV = A”MT ZCOS(TLH = 51’1)

P 20D
D : o Us As
S=—"¢% with 6 =v. |1+— where v, =—— and H.=v, |—
\/E ¢ a H? a \/A_S (6] a a]—[
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Evolution of 0

Slowly decreasing between t, (Hy) and t. (H,)

oo ¢ . 1 a VP %4 == Friction term
H _|_ 3H _|_ 2 i 9 _I_ > Q — O === Potential term
¢ d@i= gd
0
L Sm2(ty) < 10~10m?2
t 1+ tZ/t?
Mass correction by V,
Modified friction Y Ypqv
vanishes at t—=>0. - 0.010
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Parameter selection

Axion quality: PQV by
n>9 operator.

n=9, f,=108GeVv

n=10, f,=10°GeV

PQ symmetry broken : n=12, £,=10'0GeV
from the beginning - - :Ezzz
Constraint from

iIsocurvature perturbation.

2 7/2
H, fa
<22 x1071!
<2n¢,> (1012GeV>

¢ = v, HI/HC
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@eLHCIHSION

Type I seesaw with a spentaneously broken U(1)g_; provides a
natural framework for leptogenesis driven by Majoron.

Majorana RHNs carry “helicity chemical potential”, and their decays
produce CP asymmetry at tree-level.

Full Boltzmann equation are formulated and analyzed consistently
coorporating the decay and inverse decay effects.

QCD axion models extended with Type-I seesaw can realize

r )1/2
10°GeV :
The results can be applicable to a wide class of neutrino mass
models.

cogenesis of DM and baryon asymmetry if my = 10 TeV(
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