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Cogenesis of Baryon and Dark Matter?

l l

Leptogenesis, EW baryogenesis, WIMP. EIMP




Today's talk.....

* Introduction.
*Our idea of cogenesis.
* An explicit example.

Summary.
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« B/ L violation.
« C and CP violation.
* Departure from equilibrium.
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« B/ L violation. CPT
« C and CP violation. IS
» Departure from equilibrium. conserved

(Same energy levels for
particles/anti-particles)

'Kohen, Kaplan '87

« Background dynamics of scalar field (axion): spontaneously breaks CPT.

c
Source: ]T(au“) T X=BL.. gty

a

 B,L violation in_equilibrium.

S s, ; Sunl dyot Das.




. Energy shift of () by AEW(V-,) ~ + c6

_ . _ 0 = alf,
* In equilibrium = Chemical potential

R




. Energy shift of () by AEW(U-,) ~ + c6

0=al
* In equilibrium = Chemical potential @/a

U X 0
Asymmetry redistributed Interactions

Weinberg op.
weak sph.
strong sph.

tau muon electron

charm up

S
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bottom strange - 'down

1017 10 103 10M 10° 107 10> 10°
T [GeV]

E = Creation terms - Annihilation terms + bias terms

i:Particle species
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Spontaneous Baryogenesis

T[GeV]
(105, 105)

(108, 10°) 92B,-B,-B,
(10%,10'1-12) 92B,-B,-B;
(1011—12, 1013) q2Bl—Bz—B3 .

i (1013, 1015) q28,-B,-B,

qx = ny — ny = pyT*/6

#Conserved charges + # Interactions in equilibrium = # Particle species = 16 (in SM)

2 [ ]
np pupT 0
— ~ C Cp : from transport eqns.
s S Bg*TB B P 7

Final Asymmetry:

at B,L violation
decoupling
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So far....

0 #+ (0 = Chemical potential =>Asymmetry ~ O(1) =
g

a7

A pseudo Nambu Goldstone boson
after spontaneous breaking of a
global symmetry
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So far....

0 #+ (0 = Chemical potential =>Asymmetry ~ O(1) =
g

A pseudo Nambu Goldstone boson
after spontaneous breaking of a _

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

0) 0).,(0
p© = mOp®
3
| q°5¢
- — 0 2 0osc £2
2ma Hl ma fa <a(0)

+t+—> ¢—>

Mass . °  Redshift
density
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§ = from 0 to m, Asymmetry:
—> Ip=~T1, . ~+v/mMp

R
g*Tosc g*\/MP

m, ~ 0(10%) GeV

observed
For Y > ~

) 172 £2
DM: oM Pala  Ta Ja 0.44 eV (observed)
s s g«M3?

Way out:

Early dynamics with m (T') > mc(lo)
Separate out 13 > 1
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* ma and fa time-dependent.

!

T

+ O/T large enough before Tosc.
» Baryogenesis at Tg > Tosc.

 QOscillation at low temperature : DM.
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_ V(@) = M‘Pl - mg | @,

(I>=$q§e"<
(101) = mg 1,/24, =10 /2 snen
+ Explicit breaking of U(1):
q:f = V,(a) ~ f ‘. (1—cos(ﬂ))
An=4 An=4 f,
(¢ )7 =1T)

n—4
ma(T) ~ <f“(T)> fAT)?.

A

-
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Symmetry non-restoration

Thermal corrections with contribution:
AV==24, H’|®°  or AV=—1,|®|*s}
SM Higgs

4
4

1
V() =~ —¢* - 5(m§ +cT)g?
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Symmetry non-restoration

a 02 4 c T2 with c‘\zl()‘\’

() = /1O + ;T

) = ﬂmix/ /1(/5

Tomix = g+ 20 A 14

For 7>7,=1"/ ./,

_> Wla(T) X T(n—2)/2
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Symmetry non-restoration

(fa(()))l +¢), T with ¢, =108

® Numerical

() = /1O + ;T

mix

Tomix = g+ 20 A 14

For 7>7,=10/ ./,

— Wla(T) x T(n—2)/2

T2
¢gb(—>ado<f—4 == C,{Z 107
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Modified E.O.M. :
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—H

Astepochi H(T) > m(T)
.. : |
0+ HO = — —m*(T)si
nma( )sm(néQ\

PNGB is frozen

— S g s - . - Ol

— o - -
- g o g = QSO P - o —7- g

constant

until. . ..

HT=mm = /|

2nd epoch:  [IINOsGiaoRZ NN
1 Sur Jyoti Das.




PNGB slides

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

. ,
04 HO = = Zma(sin(n0) - GHESRSMG Spontaneous

Baryo.
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From

| ,
04 HO = = Zma(sin(n0) - GHESRSMG Spontaneous

Baryo.

. . 1
0 + 3HO = — —m"?sin(n0)
n

Final oscillation: ——=> 4(T,,..) ~ %méo)

Posc (m®fO)’ pNGB oscillates

) s(Tye.)
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Numerical oscillates
analysis: again

—_ %ma(T)
— 16
— Posc / S

1 I)S }Ililll| [\llltl;lllI 16 SUFU] Jy0t| DET




—AYL = (Ovv + YyHIV  + h.c.) + V(D)

Mass of RHN: M(T) ~ y\ /T

MY ~yf0 ~T,

 Lepton no. violating inverse decays (ID) in equilibrium.
« Asymmetry freezes out at sphaleron decoupling or

|ID decoupling.




Equilibriumconditions! vy, : 4, + /i, + iy =0

for T <10°GeV A n 5 =0

1y, t g, + g — figg = 0

VEWS - Z <ﬂfj + 3/2%.) =0

J
rsst 2 (2 + i +fiy ) =0
J
4
L-violation Yy, - He, T Hyg — E =0

+
Hypercharge Y= 0

79 6

HB-1L = N T
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Case 1: T, Case 2, 3: T, Increasing T —p

2: M /7, Tew 3. MOz, Tgige 1o
1 for Tgyw > T,
45¢c, (0 Tiw 2
KEYREHY s = - ( < ) () for M@z, < Ty < T,
21°8x \ T/ ige o
2
N

for Teyw < M$/z;,
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singf€t

Ja

from below

1071 10~ 1078

Amix

1/3 5/9
) _ g« 108
m,’ = _
SR AN AN

) - 1/6 5/18
alars 1al unbounded ©) _ C118(5.y29 ( 100) < G >
— ’ 108

g
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ummary

« Conventional misalignment can give baryon and DM abundance.

« Baryon asymmetry at high temperatures , DM at low
temperatures
« Can be realized for , With specific predictions.

Testable at kaon experiments, colliders....

« Can be extended for other D-operators, other models..
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ummary

« Conventional misalignment can give baryon and DM abundance.

« Baryon asymmetry at high temperatures , DM at low
temperatures
« Can be realized for , With specific predictions.

Testable at kaon experiments, colliders....

« Can be extended for other D-operators, other models..

THANK YOU

21 Suruj Jyoti Das




BACK UP



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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stability:

"

0 104 2x10* 3x10* 4x10* 5x10* 6x10* 7x10
/£
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