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KEY MESSAGE

New framework for the generation of the Baryon asymmetry from

TeV to much higher scales based on a first order phase transition
of a confining sector.



Outline

 Supercooled first order phase transitions
 Gravitational wave Signal

« Why is a confining sector interesting?
* Enhanced Baryon Asymmetry Extended parameter space at

* Suppressed washout processes - low scales w.r.t. non confining
case

* Model 1: Baryogenesis (Revisiting the model proposed in arXiv:2106.15602)
* Model 2: Leptogenesis (Inverse seesaw)
 Conclusions
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First Order Supercooled Phase Transitions
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« 1st order phase transition, VEV f
 Supercooling, bubbles nucleate at 7,,,,. << f during
vacuum domination

« \Wall velocity at collision given by Yeoll :l\v-iinlvm,%] ~ Min [1 7 2l (0'01)1/2T"“° A'j"‘.lo‘f‘ Crac 80 ( f )3]

Cvac

..B/H Fr 0.01 gre \T,

Yeorl = Myaar/ T Needed for hadrons
enter the bubble and decay



GW Signal of first order supercooled PTs

 Astrophysical foregounds taken into account

10-6 EW

« Benchmark values of {c,qcp,} = 107
{1071,10*GeV}, = {1071, 10%GeV}, SNR=10 10°8:

 Spectra computed assuming thick-wall runaway —  10°%E
bubbles, arXiV:2005.13537 5 10710

« However our parameter space is also in Terminal ,:N” 10711

\elocity regime (sound waves, turbulence).

10712}

« There is uncertainty on these contributions in 1074
Supercooled PTs, but very mild difference 107141 j
. : -15] - \
» Takehome message: Gravitational N A WIS S R

10°10°10%102 102107 10° 10 10% 10°
v [Hz]

Wave signal expected!



Confining phase transitions: string fragmentation

|.Baldes,
Y.Gouttenoire, F.Sala,

Deconfined Phase Confined Phase Confined Phase
x~0 p X~xrEf v x~f P x~xrf 0 x~f arXiv:2007.08440
= ——— .
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* Energy of string minimized if fluxtubes in x = f point to the bubble wall, NOT to the
closest color charge
» The string inside the wall breaks, producing hadrons and a quark is ejected from the wall

> Enhanced population of quarks->DIS->Hadrons->Enhanced rate
asymmetry!
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General Framework for the Baryon Asymmetry
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Baryogenesis Scenario: The Model

L3 ;z/d,-,A,-,(.—l(,’;d;,» + Yl Yrup +he.  A=(3,1,2/3) x=(1,11)

ITA; —dnd lyail® ;.
,Z—>deR)2 o ]\/[Ai,
i |2 ) d /\\
(g —> ) ~ 22 MAa, CPT theorem A,
( XUR) 16w = o A, - A; -_.yﬁ“_l Yoz |-~
- L
r'A; — de;%) - Fld(l =+ Ed) " > u
F(AT —F deiq — Fld(l = Gd) g
(A1 — xur) = TFu(1+ €), fdrld = —eu.Fm . I\flinimal setup: ﬁ AlaA'z C(I)ugleto a
$ : single up type quark and single down type
F(Al 2 XUR) — Flu(]- — eu) . g Plypeq pair 9 yp
) . - ;  y needs to be Majorana-> (Inverse Decay)
o = L @i vaviye) M, Imfy*] M,

and My > mp — my+ (Nucleon decays)

- 12 12 M2 a2 2 _ A2 _ _
2m [yual® + 2lyail® M3, — M, O Mj, — Mj, « X disentangled from neutrino masses



Baryogenesis Scenario: Phenomenology

8 b \ From arXiv:

1710.07171



Baryogenesis Scenario: Parameter Space

I

e Comparison with(arXiv:2106.15602)where no
confining sector, washout's sed Mygar =41 f

*  Gravity waves: in the reach of LISA and of the ET

e Colliders: A is partially testable

Mp2/Myq =1.2, Tnuc/f=10"3, y =0.01
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Leptogenesis Scenario: Inverse Seesaw (1SS)

—LISS - ya,QNaRHLa + ]\:[]VGNQN(I 4

- 1 1
d=5 1
(,_l/ ]\[F > Mn -

) a3

_LISS 5 pe Ny HEL, + = v\1,»§,.'i',+h.c..

mass —

M, ~ My, (1 : ’)‘) hio & \;ii("‘ .- ’Si i 4 B1tia )
My~ My, (1+4 l)‘) oo = %(m %‘-m 120
My =~ My, (1- %) hga = %(u + ”—lq =
My~ My, (1 ’—)) hya %(u —%u + 82414 )

0q = p/MNn,

'u;bNaL N},L + h. C.;

D=5 Weinberg operator

A

m parameter, technically
small, set by !

Key features of confining ISS:

Sterile neutrinos as hadrons of the confining sector->partially

composite light neutrinos

u from dimensional transumutation, physics external to
confining sector->u <« M,; is natural

» Several quasi-degenerate hadrons expected
->Enhancement of rate asymmetry




Rate asymmetry in Confining ISS

y=0.002, M/AM=10

- S 107+
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« Malidif p,I'<< My, Ay, , Natural conditions!
[} TR R r—r——
»  Degeneracy among hadrons needed to produce enough 1 10 10 10® 10* 10° 10° 107 10% 10° 10"

asymmetry P —

- 2->2 and inverse decay of N are suppressed



Viable Parameter space In Confining ISS
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/ * Improvement w.r.t. standard thermal leptogenesis in ISS: Leptogenesis at
possible in

107 10% 107 10'0

is\

Obstacle to go to low values of f: Washout effects+ Electroweak sphalerons

Model barely testable by a 10 TeV muon collider




Summary and Outlook

New framework for the generation of the baryon asymmetry based on a first order
supercooled phase transition of a confining sector

KEY FEATURES:

1. Enhanced Baryon Asymmetry due to Hadron production in DIS after bubble percolation
2. Washout suppressed by My, 4 > Try

1+2) — Framework testable by GW detectors (ET, LISA, BDECIGO)

* We discussed two models : parameter space+ testability enlarged w.r.t. non confining realization
* Natural implementation of ISS and LSS + Smallness of neutrino masses

Open question: f < TeV is viable in principle. Can we reach the MeV-GeV scale? Connection with PTA signal!



Thank you for your attention!



