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Outline

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

Cogenesis of DM and BAU by Majoron  Egjc, jung, 2311.09005
Large Kinetic misalignment in symmetry non-restoration

EJC, Das, He, Jung, Sun, 2406.04180 (in revision)
Conclusion

"Cogenesis by Majoron" EJChun@KIAS 2025-05-17 NDM at [HT



PNGB from U(l) Breaking

A massless phase field from a

q):f_aeie.

spontaneous breaking 5 = 7.
QCD axion (KSVZ) vs. Majoron VoPQQ° vs. %"’CDNN
Potential from (tiny) explicit V =m2 f2(1 — cos6)

breaking
La — leaue 1/75“1/)

Derivative and anomaly couplin Ca

y P g LA e 2 HPAMVFAMV
Cosmic evolution of coherent 5 <3 . @) 6 sng =0
(classical) field fa
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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 as BAU generator

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

potential” x,,0 (Ey, = Ey F xy,0).

When BNV (LNV) operators are in
equilibrium, it can be fed into the
internal chemical potential /1,

generatmg charge asymmetry
ny « 6 and thus ng = cz0T?.

Cohen-Kaplan, 1987, 88

"Cogenesis by Majoron"

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

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

Majoron:
(B-L)NV by neutrino Yukawa
coupling [NH in equilibrium

w + py = xn0 EJC, Jung 2311.09005
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Cogenesis of BAU & DM by pNGB

The final baryon asymmetry is QCD axion:
fixed at T, when BNV Tg =Ty &myf, = myf;
interactions go out of require f, =~ 107 czGeV (ruled out).

- n cgOT?
equilibrium: V; = = = -=©

) 2 Majoron:

2
thatis, Y = cpYy (T—B) . Ty = cy My requires
Combining with DM conditi My~ 2 | T«
ombining wi condition s ey

m,Yp = 0.44eV, we get

2
YB . CB (0.44GV) (TB) - 10_10

mgq fa
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Seesaw & B-L (L) violation

Seesaw mechanism explaining tiny
Majorana neutrinos mass:

1
L=y, INH +EMNNN+h'C' = m, = YV_H%T

. r i,
Define K = ( I'IIV)T=MN =
B-L violation by decay/inverse-decay
N < [H is in equilibrium around
T~My for K > 1.

Consider m, = 0.05eV,i.e., K = 50.
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Majoron Leptogenesis

. 1 . o
L=y,lHN +§yNCI>NN + h.c. with ® =—e¢

V2
€ Anomaly-free B-L. symmetry broken by My, = YT’; £

4 Majoron coupling: x,,0,0*y for = q,ucd®,l,e, N with x; = (B — L)y.

¢ For a Majorana particle, E = J(p - %7{9)2+M1%, ~FEy —H gEB
0]

@ N decay/inverse-decay in equilibrium:

(Ny < IHY — (Ny « [H) = (N, < IH) — (N, © H)> 1, + pyy = 6

. . 2
B (B-L) asymmetry freezes at Ty =~ My /z¢, to yield Yz = c GET(?) )TB = cgY¥y (;—B) .
B a
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Chemical equilibration

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

Yuqu‘H = Hg + tyc +ug =0
. =
YaqdH = pg + pge —py = 0 e e
. 51
L B e Rl e =13 2y = pee) = =776
s 79 .
yleH = +,LLH 60 0 (LNV) g 1 =5 U :EH

Aps, (WW) = 3(3ug + ) =0

1 2 1 1 1
Y=0=3 52 3,uq—§3,uuc+§3ydc—§2,ul+,uec —522,[11_120
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+ Simultaneous generation of BAU & DM:

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

mg ~ 4 -10° eV y§
Trapping condition i 4

étrp ~ Mg > Hypp G o (—

X TB — TEW fOI‘ MN < TEW:

1/2
2%
b 10°GeV <—>
Mg
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Large 6 from symmetry non-restoration

Consider a U(1) breaking field ® coupling to the
Higgs or any bosons S in thermal equilibrium:

/ Amix /15 \

V(®,S) = Ap|PI* + A[S|* = 2Amix| PI?IS|? — pg @7 £ pFIS|? 9 i
(D=%eia/<¢>) A¢~Afnix=>cz~/11_ o
Temperature dependent VEV and mass: . =
Vr(¢) = A—¢¢4 e (,uz e T2)¢2 e (P)r = fu(T) = \/fazo o= ’1 +T—z
T 4 S 9 T
n-—2
- Aq,:: +h.c.= %mé(T) £2(T) (1 — cos (n f;ﬂ)) m(T) = m2, <fjcg)>

"Cogenesis by Majoron" EJChun@KIAS 2025-05-17 NDM at [HT



Dynamics of sliding pNGB

fa(T)
fa(T)

— 2mu(D)

6 + <3H 2 >9 + —mZ(T)sin(nf) = 0

— 14

— Posc /S
: 1
£ () T2( T2
G = —H— 72 Lo T2 ~—H for T > T,
n—2

oy
m2(T) = m2, <1 + ﬁ)

c Eq. (11) :
sliding S
Baryogenesis oscillatian
d 6 . .1 :
9+H9_Td_7 0 0+ HO +§ma(T) sin(56;) = 0
. 2
S0~T = § ~ V5sin(56;) T log
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Cogenesis corner

: = 3
0 . (100) c1\z (Mao 2(106Gev>

(T>Slide = 100 00 G+ (108) ( ev ) fao

( M

1 for T, < Tgy or e

56;,=1,C=10

A

: 2

T M

y:ﬁC_BQ ) il e e

B ™ on2 T Zs o 2
9+ \! /) slide 0

1al unbounded
from below

2
M M
( NO) fOI‘ TEW < ﬂ < TC
\ Zfo

e TR TE

3 5 3 \
PDM L , (100\2 7 c; \2z (Mgo)? 10°GeV . 5
o =ooevaieer (N @l () () sw iy
Mmago = 1 42 \100 c
€3(50,)3 s
: B e
fao = 3-10°GeV C18(56,)9 g (108)
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Cornclusion

Type-I seesaw model with majoron provides an affordable
framework for the cogenesis of baryon asymmetry and dark
matter constraining the parameter space (mg, f,, My).

Symmetry non-restoration from thermal effect can be an origin
of large Yy.

Extendable to any seesaw models.

Application to the QCD axion?
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