Cogenesis by a sliding pNGB with symmetry non-restoration

. Collaborators:
. Eung Jin Chun (KIAS),
. Minxi He, Tae Hyun Jung, Jin Sun (IBS)

Based on:
- arXiv: 2406.04180 {




ordinary matter
5%

D= _g.7x10°M

1 -1
Y

(a0 ,.;,‘" -vA_“(v L YN
L e~ > TR RN R &
cdark matter
T ~"\;.’.-' :>' *_,: & .{f_'%:.
< o A, AU

L5

AR,

>
0
\P
£,
s

dark energy
69%

Cogenesis of Baryon and Dark Matter?
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Leptogenesis, EW baryogenesis, WIMP, FIMP,
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Storyline.....

* Introduction.
* Our idea (with symmetry non-restoration).
* An explicit example.

« Summary.
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B/ L violation.
« C and CP violation.
* Departure from equilibrium.




_ » CPT violation induced by background.

« B/L violation.  External chemical potential for B,L.
» C and CP violation.
" g . //t

Departure from equilibrium. Source: (0,0) ]B,L

» Chemical potential: u 0

_ ngls 0/T '

A pseudo Nambu Goldstone boson
after spontaneous breaking of some
global symmetry
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2 2 2
Z 2 f20,00"0 — mX(T)fX(1 — cos(9))
EOM: 6+ 3HO+m*(T)0 =0

IfilialiGonditions! 0 %0 =0
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Z D f50,00"0 — mi(T)f7(1 — cos(6))
EOM: 0+ 3HO + mX(T)0 =0

IfilialiGonditions! 0 %0 =0

e leads to non-zero

* Relic density
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Asymmetry:
npls ~ (T g:Ts ~ m, [g.T,

SC

= m, ~ 0(10%) GeV, T, . ~+/m My ~ O(10'%) GeV .

OSC

 _ freezeout of
asymmetry

Dark Matter:
Posc | 8 ~m2f2 [ g M3I* > popg | s =~ 0.44eV
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* ma and fa time-dependent.

!

T

+ O/ T sizable and constant before Tosc
« Baryogenesis at T+ > Tosc.
 QOscillation at low temperature : DM.
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Scalarpotentiall V(@) = 4| ®[" - mi| @]

D = Lgb e'la
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PNGB
Explicit breaking of U(1):
P V() o Il ) na
Ana = a(a)_An_4 — COS E
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Mass of pNGB:
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Symmetry non-restoration

Thermal corrections with contribution:
AV=—=24, H|®> or AV = — 4 | @57
SM Higgs

A 1
Vi) ~ fqb‘* - —m} + T

£(T) = \/ fg))z + ¢, T? c; = clly

For

T>T.=f"//c, =P

Cy 2 A/ 3%y Amix = g+ 2 Ags /4
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Astepochi H(T) > m(T)
.. : |
0+ HO = — —m*(T)si
nma( )sm(néQ\

PNGB is frozen
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constant

until. . ..

HT=mm = /|

2nd epoch:  [IOscilationZ ]
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PNGB slides

) : 2
K.E.=Barrier == O(T,;4.) = ML gige)
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PNGB slides
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From

.. : | ,
0+ HO = — ;mc%(T sin(no) [Gives BAU ] Spontaneous
Baryo.
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. : | , From
0+ HO = — ;mc% (Z)sin(nb) [Gives BAU ] Spontaneous
Baryo.
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From

.. : | ,
0+ HO = — ;mf(T sin(no) [Gives BAU ] Spontaneous
Baryo.

-~ <« o= o - - _ z L= - 8 < - » o . .

.. . |
0 + 3HO = — —m"? sin(n0)
n

Final oscillation: =——> O(T,o) = 2m©
2
Posc (M f5") pNGB oscillates

§ S(TOSC)
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umerica
analysis:

4%107 6x107 8x1071x 108
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— m® =19 GeV, £ =10 GeV, ¢, = 10°
— m® =60keV, £ =108 GeV, ¢, = 10°
— m©® =0.19¢eV, £ = 10° GeV, ¢, = 108
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m® =19 GeV, 9 = 10! GeV, ¢, = 10
— m©® =60keV, f0 =10 GeV, ¢, = 10°
— mQ =0.19¢V, f9 =10° GeV, ¢, = 108
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—AYL = (Ovv + YyHIV  + h.c.) + V(D)

Mass of RHN: MT) ~y /T MP ~ 3P ~T,

15




—AYL = (Ovv + YyHIV  + h.c.) + V(D)

Mass of RHN: M\T) ~y /T MY~ 3P ~T,

Case 1: T, Case 2, 3: T, Increasing T —p
2: MY /z, Tew 3. MOz, Tgige 1o
1 for Tgy > T,
: Tew \ 2
Y, = 45263 <9>>< J( ;W) for MQ/z;, < Ty < T.
2T i€ T slide MJ(\?) o) ©)
T for Tgyw < My"/zg,
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* A new mechanism for cogenesis with the conventional

misalignment.

* Decrease of pNGB potential via symmetry non-restoration.

« Baryon asymmetry at high temperatures during sliding, DM at
low temperatures during oscillation.

« Can be realized for Majoron.

* Predicts RHN with mass 10-400 GeV, Majoron DM with mass
eV.

» Testable at kaon experiments, colliders....

THANK YOU
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