IN/ISIBLES24

Cogenesis of baryon and dark matter
with PBH and QCD axion

Based on: 2403.02401
Collaborators : Debasish Borah, Suruj Jyoti Das, Rome Samanta

Nayan Das

Department of Physics
Indian Institute of Technology Guwahati 02/07/2024



Introduction and The Framework

e Apart from solving DM and neutrino mass problem, we aim to bring solution of
strong CP problem and matter anti-matter asymmetry within same framework.

¢ \We aim give cosmological observations of high-scale leptogenesis.
® \We consider a type-|I seesaw framework extended by Peccei-Quinn symmetry.
V- .
1. Complex PQ scalar field: o = %;—p e/ (6 ~ (1,1,0)).

2. Aheavy quark: Q ~ (3,1,0).
3. 3right-handed neutrinos : Ng ~ (1,1, 0).

Lagrangian

_ — e 1 —
Ly =— [}’OLUOR + GjLiHlp + FiLiHNjp + §YI'jNi7?UNij’:| + h.c.
® We take: vpg = fqg ~ M;.
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Interplay between Leptogenesis and Axion with PBH

® PBH open up new parameter space € .
to probe. .
® Formm;, = %ﬁgﬁ?‘_ﬂg with initial 10°
fraction g = —pflf((g:‘)). o

® Presence of PBH o
1. Changes Tos. as 3Mp7-[2 = pr + pBH.

2. Dilutes existing axions abundance.

107

10°

(220914307) 107
® Baryon-to-photon ratio e 1
ng ~ 10_2f§1§. Logiu(mi/g)

Hierarchical; axion 100% DM

DM : Either Axion or RHN

For axion : Vacuum Misalignment.
For RHN : i) PBH evaporation; X i) Axion portal; X iii) Decay of W*,Z, h; /.
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Interplay between Leptogenesis and AX|on with PBH

® PBH open up new parameter space € ool
to probe Excluded from GW
10°
Ti o o _gno
® Form my, = 4;%,’_’,@2;”% with initial -8F - 107
frac‘hon /6 _ pBH((Tm)) - PBH dominated 10°
1n =
@107 10° (‘:V)
® Presence of PBH 3 ANa<006 .

1. Changes Tos. as 3Mp7-[2 = pr + pBH.

N ANa>006 s
2. Dilutes existing axions abundance. I ~_ !
Radiation Dominat & 5
(2209.14307). . !
S R 1040
® Baryon-to-photon ratio e 65 7 75 8 85

Logio(mi/g)

ng ~ 10—2;@15
Resonant; axion DM 1%

DM : Either Axion or RHN

For axion : Vacuum Misalighment.
For RHN : i) PBH evaporation; X i) Axion portal; X i) Decay of W*,Z, h; /.
i€ 3/6




Probes from Gravitational Waves

e PBH = GWs. (2012.08151)

Imposing Leptogenesis

o ok ~ 1.7 x 103 Hz ( m )_5/6.

104g

® Hierarchical : Qpeak ~ 6.29 x
10_22( , )16/3 (107g>14/9
1012GeV i .

® Resonant: Qpeak

1.71 x 10~ ( )16/3 <%> 14/9'
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Probes from Gravitational Waves

® PBH — GWSs. (2012.08151) Logu(ma/g)
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Imposing Leptogenesis

o Ak~ 17X 10°Hs ({28) e
104g :

i ; k E3 X
e Hierarchical : Q5" ~ 6.29 x ¢ b 0
16/3 14/9
10-22 fa /3 107\ 1Y/ ey
102GeV i . 107

® Resonant: Q5" ~ o o

14/9 o :
1.71 % 10~ ( )16/3 <107 ) 05 1 ‘W(H; 10 50

Min

Resonant
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Probes from Axion detection

10°pT

® Axion-photon coupling is

— _ _a (24mgtmy ) _ =
Yay = 2nfqg \ 3 my+myg | &
o &
—1.92m.
® ¥ indicates correct observed

baryon asymmetry.

Conclusion

BH superradiance

‘CASPEr electric (PH. 2)

7 75
Loguo(mi/g)

107 1

® This unified set up address strong CP problem, neutrino mass, DM and baryon

asymmetry.

® Resonant enhancement of CP parameter may help in probing high-scale

leptogenesis via future GWs experiments.

e Axion detection experiment can also be connected to high-scale leptogenesis.
g ® Hot axions from PBH (AN.s) can get detected in future CMB S4, CMB-HD. 5/6
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Backup Slide : Axion evolution in presence of PBH
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Effect on Tosc

10°

2 = without PBH
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