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The unbearably (finely tuned) baryon asymmetry

The Universe contains more matter the antimatter as evidenced by the structure around us.
This can be observed in two equivalent ways:
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1. Enhancement of the odd peaks in CMB s
2. Abundances of D, 3He during BBN
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THE COMPLETE FIRST SEASON
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Sakharov conditions

The observed baryon asymmetry should be created dynamically after inflation:

This can be achieved by the 3 Sakharov conditions:

1. Baryon number violation

2. C- and CP- violation

3. Departure from thermal equilibrium

Credit: Wikipedia



Asymmetrizing within the SM

Can we satisfy Sakharov conditions in the SM....? Not really! AB = AL = £3.

1. Sphalerons conserve B-L but violate B+L
with unsuppressed decay rate at high temperatures. OK!

2.1 Weak interactions violate C maximally. OK!

2.2 The CP-violation from the CKM matrix however is ~ 1074%, NOT ENOUGH!

3. EWSB does not give a first order phase transition — Higgs 1s too heavy! NOT OK!

Look for explanation in connection with other unsolved problems of the SM.



Neutrinos to the rescue

Baryogenesis can be nicely connected with an explanation of neutrino masses.

1. Light neutrino masses from a heavy right-handed neutrino -> seesaw mechanism
2. CPviolating decays of RHN are out of equilibrium and produce AL
3. AL 1s converted into AB by sphalerons.

Shortcomings of this simple scenario of LEPTOGENESIS:

1. RHN has to be very heavy mN> 10° GeV => High reheating temperatures needed
2. Around T~ 1013 GeV strong washout

3. Heavy new physics not very easily testable

We use the mechanism first introduced in
M.Cataldi and B.Shakya, JCAP 11 (2024) 047
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The boiling Universe

The key observables that we are interested in:

1. Energy released by the PT o = pAr:d Fal

2. Inverse duration of the PT f/H Vagusuem

3. Lorentz boost factor of the bubble y = /1 — vZ

4. Bubble wall thickness [, ~ O(v) True
5. Bubble radius at nucleation R,.~0(T,1) .vacuum

FOPT often feature gravitational wave signals!
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From bubbles to particles

For that runaway bubbles are needed.
We need to limit the friction on the bubble walls
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produced particles

Compared to bubble — plasma collision : vev does not have to be related to the heavy particle mass!

Maximum energy for particle production E ~y v

coll
3 TR

2y lnj”plfrnuc (871') 1/37»’w = Q AI;)IY}1|1(77)111
4" z ()-' pu— .
77.\/ g*[glrz(:h V g*[gll“z(‘}l



.

15

Pinax i 5

dp? f(p*) Im[L® (p?)] . |
A. Falkowski, J.M.No JHEP 02 (2013) 034

272 2 2 2
oo o viL? —(p* —mi +12my/L,)
fela.stm(p ) - fPE(p ) + 15?’?’13 CXpP ( _140 ?R’E/L?)
272 2 2 2
ey Yol (= (p7 —mi + 3me/ L)
fmela.stlc(p ) - fPE(P ) + 4?71? eXp ( 650 mF)/Lé

i VR
. R e gt

B e Bt e L Lt
y -t X .k’m- . n
+

H. Mansour, B.Shakya. Phys.Rev.D 111 (2025)2 T production per surface  diffusion
L d | 4 v _. e gy AN '.:'7"; N yE oL > 3

_ o * Re
2(1/1,)* — p* +2(1/1,)

p2



.

2

1 B -
L =YPrNx + 5 MyNN + Smyxx + > YaPrN(HLy) — V(9,T)
ik

YEC ~ [}.012N|Y|2£(

Vs

1,
nmﬁw

0.03N x |Y|? .




2 |yl’ly® [ m3 (823 — mj — m3)
2\ —
F¢*—)HLx(p ) o (21(')3 32\/_ smin /min

312 —m%)? + m4T%

The production 1s alwa s dominated by the mN resonance' Low energies

ackreactlons can be aV01ded n all cases.

High energies
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.. Thermal equlhbratlon V1a off-shell N (We assume massless limit for SM particles)
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Conclusions

I. Bubble collisions from phase transitions allow to create very heavy particles
II. The same mechanism can also entail CP violation in the production
III. We have applied this observation to a concrete realization of baryogenesis
IV. We computed CP violation both from the on-shell and off-shell production

V. We start with zero asymmetry => the asymmetry is separated into two different
sectors.

V1. Consequently, we also attempt to explain the DM abundance via cogenesis.

VII. Adding lepton violating terms can be used to also explain the neutrino masses

Thank you for attention!
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