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Can minimal extension of KSVZ + seesaw mechanism
explain following problems?

1. Flatness problem

2. Strong CP problem

3. Baryon asymmetry

4. axion dark matter abundance

5. Neutrino mass
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Mechanism of spontaneous baryogenesis through the axion kinetic misalignment
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Successful Cogenesis 0 Assumption

Yy Is constant

YgAU ~ 0(100) . YgXiOD DM |
Where 2Y3¥onPM.m. ~ 0.44 eV

There are two ways: 1. For given Y, = Y5AY, dissipation (For T < Tgy) decrease Y, up to YgxionPM

2. Introduce new source to get current baryon asymmetry given Small Ygxion DM

= Type 1 seesaw model



axion DM

Key ldea to get BAU given (small)
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axion DM

Key Idea to get BAU given (small) Yj

Including Seesaw mechanism
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Key Idea to get BAU given (small) ygxer PM

NpQ.end hy = v26 Including Seesaw mechanism

p = v, (transition to kination phase) O(t) o« a(t) 3

(In strong washout regime)

I > H . . o
RHN Inverse decay of RHN is active around T~My and it is decoupled at T~0(0.1) - My
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For given same Yy = YgxionbM
If Inverse decay is decoupled when T;.. ~ 0(10) - Tgy, Thus, we expect My = 0(10) TeV



Charge asymmetry arrangement in t-dep background

In the minimal extension of KSVZ with seesaw model,
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KSVZ axion model with type 1 seesaw
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Origin of non-zero Yy: PQ pole inflation

(JHEP 05 (2024) 295, arXiv: 2310.17710v2)

Can Yy be arbitrary large?



Ve = Vpqc + Veqv
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Setting EFT Lagrangian at Planck scale

Peccei-Quinn field (U(1)p, complex scalar field) is non-minimally coupled to gravity in Jordan frame.
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Inflation
VE = Vpqc + Vpqv

2
e _ _Mp,. L+0(6¢— az (0,9)° p*(0u0)°
vV —YE B 2 2(1 — CI\Z_QI%)Q nP 2(1 — Cﬂ‘;—;) E From CMB normalization, C_;I) ~ 4 x 1071
Inflation is driven by pole at the kinetic term of radial mode Inflationary Prediction
During inflation, p — Tg p =~ N3 tanh (m) It gives flat potential For N = 60 s = (())3356);
(Canonical form) r=u
Assumption: Inflation is realized via slow-roll of the radial mode in the Vpy
Ep> Eg (Inflaton slow

For n=8, and 10% X ¢, = A ,
p e rolls along radial

direction)

We have two conditions:
aVPQC > aVPQV

Vpqc > Veqw 9% 9%
‘ 05 /-0 ) 05*‘ -05 _05 1 aVPQV
A Aal p" Nge % —
Voo :T@(pz _02)? Vbay = ot 3 (nf + 6) 3H 00 lp=p,



Axion Quality Problem
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Post Inflation dynamics, and Reheating

_ [ A p"
After the end of inflation, PQ charge is conserved Veqv =+ fon—2 Mr—A cos (nf +9)
Ao o 242
=0 =20 = () Veac = (6° = 1)
L=l
p < p. = canonical normalized field ,
_ -3 ( Veqc(9) )Z
no(9) = o c (VPQC(Pe)
Radiation (like) Radiation like Redshift We assume that reheating
Mp
Reheating occurs when v, < p & —= \/_Z
PQ charge comoving number density
i | ”Uaﬁp _nB(TRH) ré ng e g
Yo = s(Tru) = 2510 CN M3 at reheating, Vrqc(¢ru) = ;O Tiu

In the PQ pole inflation, Yg max = 100



. .. ) A
Inflaton oscillates around minimum in Vegc = T(qbz — v2)?

Re h eati n g (fo r KSVZ) Heavy quark mass, mQ(t)zyTgcp(t), also oscillates
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for the KSVZ model, I=r(¢ - QQ)+I'(¢ - NN) 4
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Results
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Summary

* PQ genesis solves the 4 problems

* Non-zero PQ charge is the source to get baryon asymmetry
and axion DM abundance

« We require limited f, = (4~9) x 108GeV for successful
cogenesis



Thank you!
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