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Baryogenesis and DM from a pNGB

: _ a. : Connection to
Majoron 6 = - in Seesaw Model with U /(,1%73_ L e e
6y N -ONN & g 125
N=Yv +E +An_4_+ G = _\/_Ee
1 2 —
I = ﬁmafa(l - cos(nB)) Lo =Yx,0,0 Py*y
DM from a classical Spontaneous Baryogenesis Cohen-Kaplan,’87,’88
oscillation of 6, 6 in the background of 6 # 0
p n L\
M = m, -2 = m,Y, ~ 0.44eV Y =Y, <—B> ~ 10710
s s P

My fr

fa

Nb) Cogenesis from QCD axion? m, ~
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PNGB as a CDM candidate
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Coherent oscillation from misalignment

When a boson field have an
initial amplitude displaced from
the vacuum value 6; = % + 0, it

starts to oscillate at H(T,..) = m,
and becomes coherent (wave)
dark matter:

2 g2
Pom _ Mafq 0

Preskill, Wise, Wilczek; Abbott, Sikivie;
Dine, Fischler, 1983

~ ~ 0.44 eV
S $(Tosc)
1
. eV \4 6 + 3HO + m2 sinf = 0
= fa ~ 510" GeV m—
a

1.
o = [ (E 0% + m2(1 — cos@))
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Coherent oscillation from kinetic motion

Co, Hall, Harigaya, 1910.14152

With a kinetic motion 6; # 0, it gets
first trapped by the potential when
KEEE:Gi0 - piiic = om0

i, Or
S S

= conserved

(note) Yy =

Then, oscillation starts after a while if
H(Typ) > mg (i); or immediately if

N H(Ttrp) (ii):

PDM S(Tosc) :
= XA a2 2
S e 0
\S(Ttrp) 2.9
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PNGB for Baryogenesis
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Spontaenous Baryogenesis

Cohen-Kaplan, 1987, 88
Consider U(1)z spontaneously broken at the scale f,.
The pNGB coupling to the baryon current f—laaua le lel/;)/'ullj shifts the
energy of 1/} by E, 5 = Ey T xy,0 in the background of § = a/f,.

When B violation is in thermal equilibrium, the chemical potential of
Y/ is generated ), = c¢9 depending on the equilibration processes.

2
This leads to the baryon asymmetry V5 = - BST with which freezes

at T = Ty when B violation decouples.
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Axiogenesis

Application to a chiral U Sl) po Symmetry. Co-Harygaya, 1910.02080;
Anomaly interaction aGG /aW W in equilibrium: Domcke et.al., 2006.04138;
Strong sphaleron 2 2, + pyc + pge = cs0 e
EW sphaleron - 3u,, + 1, = cy6
B (B-L) asymmetry is frozen at Ty = Tgw

My fr

fa

mqg ~

TEW

Z
YB o OlYQ ( ) ~10_10 1011Gev 2
fa > m, ~ 1077 eV

f
1 - = DAk “
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Seesaw & B-L (L) violation

Seesaw mechanism explaining tiny Majorana neutrinos
mass:

v

1 m
L=y,INH+=MNN+hc =Ly=—IHH+hc m,=y2—"
2 Vg My

B-L violation by Weinberg operator [l < HH in equilibrium
for My = T = 10'3GeV. Co, et.al., 2006.05687

B-L violation by decay & inverse-decay N <> [H in
L M M
equilibrium for =+ =T = —*.
Zin Zout EJC, Jung, 2311.09005;
EJC, Das, He, Jung, Sun, 2406.04180
Barns, et.al., 2402.10263
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Majorogenesis

E

1
L=y IHN +=yy®PNN + h.c. with & =
B4Y; ZyN C. Wi \/E

¥ Anomaly-free B-L symmetry broken by My = 3%’ I,
€ The pNGB (Majoron) coupling to the B-L current:

Hzlpxlpl/)]/ ) where (xw) (— —=-1,1 1) fer 1ty — (g g e N
® N decay/inverse-decay in equ111br1um > Uup_; « 6.

M i
N S Y, = B0(Tpg) B
Zout s(Tg)

€ B (B-L) asymmetry freezes at Ty =

"Majoron Cogenesis" EJChun@XKIAS 2024-10-16 PPC

10



Efficient inverse-decay

my

3 I
Define K = (—N) ~
H T=My meV

K ~ 1:[H & N barely in equilibrium
atT ~ My
K > 1: N < [H in equilibrium during
p= e iy
Zin Zout

Consider m, = 0.05eV (K = 50)

(Note) In the standard thermal leptogenesis,

the inverse-decay washes out the lepton asymmetry

roughly by FL{ ~ 1072 (strong washout).
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DIRAC FERMION

Pﬁ)’pﬂ/}L = myp
p-l:y;ﬂ)bR =myy
nlp—n{b OC‘ulp—X-‘)bé

Ex) Electron Yukawa
Y,le°H in equilibrium

= Uy + Uec — g =0

Medium potential 6

MAJORANA FERMION
I
. p+yul/)L = Mg
i
= pl—tyul/)R a Ml/)L 9 p.o - Ly

) . P

— \/MZ Hye gl o F Hy 0

+(p + Hxy8) = Eo + Hxy, E.

. M
7 e ZE?
Neutrino Yukawa Y,[NH in equilibrium

€ Opposite helicity states V. have the same rates
and thus 1, decouples: (N, <> [H) = (N_ < [H);
(N, olH) ={N_<IH) > w+uy;+ 8=0

"Majoron Cogenesis" EJChun@XKIAS 2024-10-16 PPC

12



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 :HH

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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Cogenesis by 1nitial kinetic motion

+ Simultaneous generation of Yz & ppum:

Y =044eV = Y, = 0.1Y, i 2"'010'446 Bz
m = V. e ~ U. ~ U.
al@ B V) Fa a Fa

My

L)

M
When 2 B TEW:
Zout Zout

mg ~ 4-10% eV y&

2 TB:

Trapping condition

eV 1/4
Qtrp = Htrp fa S 108 yﬁlGeV (m—>
a

X TB —_ TEW When MN < TEW:

. e
f, ~2-10°GeV

mg

T
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Cogenesis by conventional misalignment

Starting from 0=0 6~ m, arises at Tyq. ~
Jm Mp around which Yy is supposed to be

generated.

Considering T,.. = Tg, one finds m, ~ 103GeV
P e

and T ~ 22 ~ 10%° GeV, and thus 22 ~ Z8/< 5,

S S(Tosc)
0.44 eV.

Way out: Early oscillation with m,(T) >» m to

separate out T > T .-

-
=
|
=

=
S
-

L . .
10° 104 10° 100

my [GeV]
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Symmetry non-restoration

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

/ Amix /15 \
V(®@,5) = AglD|* + AIS|* — 2l DI2ISI? — 3 @12 + 215 es
o D /{(P)
(:I)_ﬁela Ad)NAfniX:)C/lN ~ 108

K Amix /

Temperature dependent VEV and mass:

Ap 4 2 2\ 42 () =f(T)=\/f2+CTZ=f 1+T—2
VT(¢) - Tqb e (.ugb + AmixT )¢ mE 5 - a9 A ot TC2
b 1 a fa(T)>n_2
- e 2 . “(F) = me
i _An_4+h.c.—n2ma(T)fa (T) (1 cos(nfa(T)>> mall) = m O( fao
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Dynamics of sliding pNGB

2 fa(T)

0 + <3H + Zfa(T)> 6 + — ma(T)sm(nQ) =0
A TR 1%y
G — —HT2 <1 . T2> ~—H for T > T,

n—2

PeNa
M=) — e (1 + ﬁ)

c

Eq. (11)

: o : _ Sliding period Initial
0+ HO + ama(T)sm(nH) = ' Baryogenesis oscillation

6+ HO = Tdé 0
s

>0~T
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First oscillates at high T

Starting from the initial 6; # 0, the early oscillation starts to produce
0 + 0 around T, when H(T,) = m,(T,)

3 3
100N ¢ = 2 L0
T, = 5 1011GeV ( A )2( “0)
g U Y fao

It escapes from oscillation at 7};5. when the kinetic energy becom
es larger than the potential energy.

: 2 {
0 (Tslige) = gma(Tslide) = Tslide & 16 (50))* T,
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Slides and oscillate again

It slides downas 6 o« T below which temperature depe
ndence disappears and thus falls down as 6 « T3.

1 1
faO faO 2 108 Z
T.~ |— = 10%GeV e
. / o ¥ \106Gev )

As the kinetic energy reduces as T, it soon gets trapped in the
potential and the second oscillation starts to produce dark matter
density: Tosc = Tirp-

B 1 5

. 4GeV ( g )% (108)5( Y% >§( i )
osc T T 2 i 6
C3(50,)3 100 Cy Mgo 10°GeV

W
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Yp

. 45 Cp (9)
pr— _2_ e
2mi g, L slide

PDM

S

(.

0

T

1
~ 0.07eV C2(56;)? <

1
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My
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Discussion

Type-I seesaw model with majoron provides an affordable
framework for the simultaneous generation of baryon
asymmetry and dark matter enjoying freedom with the
parameters (mg, f, My).

Needs a general study including the weak washout regime (K~1)
and higher dimensional operators (n > 5).

Extendable to various seesaw models.
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