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Outline

Introduction to pNGB as DM and BAU generator.
QCD axion vs. Majoron

Cogenesis by Majoron EJC, Jung, 2311.09005
Cogenesis by QCD axion=Majoron In preparation

Large kinetic misalignment from AD mechanism
or symmetry non-restoration

EJC, Das, He, Jung, Sun, 2406.04180
Conclusion
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PNGB from U(l) Breaking

A massless phase field from L o a
spontaneous breaking = =
QCD axion (KSVZ) vs. Majoron Yo®QQ° vs. ZXONN
Potential from (tiny) explicit V =m2 f#(1 — cosO)
breaking

La — x¢6 6 1/35“1/)
Derivative and anomaly coupling

Uv
e 32n2 OF Fapy
Cosmic evolution J. <3 H+ 2?) § +m?2 sing = 0
a
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PNGB as CDM

Conventional misalignment Kinetic misalignment

Preskill, Wise, Wilczek; Abbott, Sikivie; Co, Hall, Harigaya, 1910.14152
Dine, Fischler, 1983

0.010 0.100

1.
fg =[5 (592 +m2(1— cos@))
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pPNGB generating BAU

In the background of 6 + 0
violating C & CPT, a fermion ¢
gets an “external chemical

potential” x,,6 (Ey 5 = Eo F xy6).

When B(L)NV interactions are in
equilibrium, it can be fed into the
internal chemical potential 1, =

cl/,é generating baryon
asymmetry ug = CBQ.
Cohen-Kaplan, 1987, 88

QCD axion:
(B+L)NV by weak spharelon in
equilibrium

i : Co-Harygaya, 1910.02080
Z Hy = Ca0 Domcke et.al., 2006.04138
WEA

Majoron:
(B-L)NV by neutrino Yukawa
coupling N <> [H in equilibrium

w + py = xy0 EJC, Jung 2311.09005

EJChun@KIAS 2025-05-28 PLANCK 2025



Seesaw & B-L violation

Seesaw mechanism explaining tiny
Majorana neutrinos mass:

1 UI%I
Y
o I FN i m‘v
Define K = (—) =
H T=My meV

B-L violation by decay/inverse-decay
N < [H is in equilibrium around T~M)y
for Kk - 1

(Consider m, = 0.05eV,i.e., K = 50.)
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Cogenesis of BAU & DM by pNGB

The final baryon asymmetry is
fixed at T, when BNV

interactions go out of
. n cgOT?
equilibrium: ¥, = TB — BS

2
j.e., YB — CBYQ (;_B) i

a

J

Combining with DM condition
m,Yg = 0.44¢€V,

2
o (0.44ev) (TB) ~ 10-10

mg fa

QCD axion:

Tg = Tgw &My fq = My fr
> f, = 107 cgGeV (ruled out).

Majoron:
Tg = My /s,

.. 41 fa Mg
> My =~ / / .
s LU e
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Equilibrium solution with Majoron

Four Yukawas + EW Sphaleron + charge neutrality (simple case):

Yuqu‘H = Hg + tyc +ug =0
. =
YaqdH = pg + pge —py = 0 e e
. &
L B e Rl e =13 2y = pee) = =776
INH = w4 py =6 (LNV 79 .
Yy Hy + py (LNV) Ha-1 = g =y = 70

ApsL(WW) = 3Buq + 1) =0

1 2 1 1 1
Y=0=3 52 3,uq—§3,uuc +§3,udc—§2,ul+,uec —EZZMHZO
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+ Simultaneous generation of BAU & DM:

T\ 0.44eV (Tg\°
e o Ll f_ ~ 0.1 = 7
a a a

, - mg ~ 4-10° eV yg
Trapping condition
eV>1/ .

étrp ~ Mg > Hypp G o (—
ma

X TB — TEW fOI‘ MN < TEW:

1/2
2%
b 10°GeV <—>
Mg

Cogenesis region

1 16
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Cogenesis by QCD axion=Majoron

1
KSVZ+Seesaw Lpq = yo®QQ° + S yy®NN + h.c.

° om o . 1
Chemical equilibrium POchargesix, = x5 — 0y~ o —x

conditions to be met by . . . . .
separating out the first Rg, =The = Rgc =1y, = Nee = 0
generation quark Yukawas (Yukawas+SS+WS) & charge neutrality.

28 1
Up = 7—95(28 Cw —

57 m4—15mJ

Cg — 153xl) 6 = cz6

m2+m3

CB:_Z.ZfOICW:()&CS:NQ:].

2
: ; 0.44eV\ (T T
Cogenesis achieved for v, = ) = My ~10TeV -
g e v = li0%Gey
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Large 6 via AD mechanism

PQYV operator of good quality to generate Yy = O'ijev ~ 400 (101j‘:0£}eV)

1 A A 4
V=—E(u(2)+cHH2)c/)2+Zoc/)4— - d;42cos(n9) cp:iew

V2 Mp~ V2
| HaiE / B e
qb—\/ - = 1+HC2 with HC_@ dmgg = 2n N K mg
During inflation (H = H;) & matter domination (H = %)
. 702
.2 tZ/t? \. om tZ\ 2
0111 C/z o e 1+—C2 sin(nf) = 0
t 1+ tz/t? n t
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Cosmic evolution

95
S(Tg)

3 | (Hc |2
l 5’ma0 H, T f_a 2 i E< (HR) tR < tC
sl g\ H.)] \Mp

11
. Smyg Hy \%/[(105%Gev\z
uev g e H.

forn =10 & f, = 10%GeV.
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Summary

Type-I seesaw model with majoron provides an affordable
framework for the cogenesis of BAU and DM enjoying the
freedom in (mg, f,, My).

Combining PQ and Seesaw, QCD axion can drive cogenesis for
the RHN mass around 10~100 TeV.

Large kinetic misalignment can arise by early dynamics setting
6 m () >m (i)
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