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Mexican hat potential

@ Mexican hat potential for a complex field ¢ with U(1) global symmetry

2
high T> fo:  V(6)~ |12 ow T < fu: V(6) = A(W - f3/2)
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Mexican hat potential

@ Mexican hat potential for a complex field ¢ with U(1) global symmetry

2
high T>> f.: V(¢) = [¢*T? low T< fo: V(p)= )\(|¢>2 - ff/Q)
@ Axions are characterized by a spontaneously broken U (1) symmetry with periodicity f,
¢ — peia/fa
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Mexican hat potential

@ Mexican hat potential for a complex field ¢ with U(1) global symmetry

2
high T>> f.: V(¢) = [¢*T? low T< fo: V(p)= )\(|¢>2 - ff/Q)
@ Axions are characterized by a spontaneously broken U (1) symmetry with periodicity f,
¢ — peia/fa

@ Formation of cosmic strings at T' ~ f, and spreads of value of a around strings
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Production of DWs from an axion

Universe high-T after inflation:cooling of primordial soup

Miguel Vanvlasselaer (VUB, IIHE and COST Action)

DW-genesis: inducing the baryon number with domain walls
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Production of DWs from an axion

Universe high-T after inflation:cooling of primordial soup

o T ~ A~ +/mgyf, dark sector confines:

%Gdéd = V(a) = A* (1 — cos (W))
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Production of DWs from an axion

Universe high-T after inflation:cooling of primordial soup

o T ~ A~ +/mgyf, dark sector confines:

%Gdéd = V(a) = A* (1 — cos (W))

@ Breaking of the U(1) = Znpy
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Production of DWs from an axion

Universe high-T after inflation:cooling of primordial soup

=~ 1.0
. 0.0 0.2 ‘ U‘/\ 0.6 ‘H?ﬁ‘
. 2ma/ fa
o T ~ A~ +/mgyf, dark sector confines:
so— 3 -\
T S
a ~ alN ™ ' ~
GGy = V()= A4(1 — cos ( DW)) L &
fa Ja A0 Ty 1t
L

@ Breaking of the U(1) = Znpy G +

@ Formation of DW for T < A o V) \\ _
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Formation of domain walls

Blasi, Mariotti, Rase, MV

Two types of walls: 0—m T — 27
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Approach to scaling (using Cosmo-Lattice) [25XX J:Blasi, Mariotti, Rase, MV

& ~ Number of DWs in a Hubble patch —~ 1

T
kcucoff/ m




e, O
DW domination and collapse

@ Domain wall precludes discrete symmetries ? Zel'dovich, Kobzarev, Okun (1974)

Q of?
pow ~ oH ~ mang Q?:Z o'e ;;]\J;‘; = DW domination at Tgom ~ /0 /Mpi
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@ Domain wall precludes discrete symmetries ? Zel'dovich, Kobzarev, Okun (1974)
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pow ~ oH ~ mang Q?:Z o'e ;;]\J;‘;l = DW domination at Tgom ~ /0 /Mpi

@ Solution: DWs have to decay at Tann > Tiom



DW domination and collapse

@ Domain wall precludes discrete symmetries ? Zel'dovich, Kobzarev, Okun (1974)

Q of?
ppw ~ oH ~ maffH Q?:Z x }Z]\;‘; = DW domination at Tgom ~ /0 /Mpi

@ Solution: DWs have to decay at Tann > Tiom
@ Introduce a bias:

o Example: gravitational breaking
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Baryogenesis with Domain Walls: DW-genesis

Baryogenesis with Domain Walls:
DW-genesis

[2411.13494]: Alberto Mariotti, Xander Nagels, Aaron Rase, MV




R S O O A b T
Problem of baryogenesis and Sakharov conditions

e Inflation: erase the initial conditions and produce ng = nj (likely...)

i. Proton - Antiproten Annihilation ii. Electron - Positron Annihiation
thWnl Y (aiactrm]
[mwm ‘171-'1 :posnnannrmﬁelemnj ¥
In wach case the pasticle and its antiparticle annibilate esch ather,

mmmg a palrcl hgh {'nrrgy gamma photans

° %B— — 0(10720...) (naive expectation): empty universe
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e Inflation: erase the initial conditions and produce ng = nj (likely...)

i. Proton - Antiproten Annihilation ii. Electron - Positron Annihiation
(pmwm Y (uammn]
[mwm ‘171-'1 (posi rmnnranﬁelemn] ¥

hp icle and i icle anaihilate each other,
er: ing a pai llnqh ergy g nm;m\

° % — 0(10720...) (naive expectation): empty universe
o "2 — 1070 (observation): need a process that turns one out of 10'° anti-baryon — baryon
vy

Sakharov conditions

e Out-of-equilibrium situation; if CPT theorem
o CP-violation: T #T

o B-number violation




R S O O A b T
Problem of baryogenesis and Sakharov conditions

e Inflation: erase the initial conditions and produce ng = nj (likely...)

i. Proton - Antiproten Annihilation ii. Electron - Positron Annihiation
(pmwm Y (uammn]
[mwm ‘171-'1 (posi rmnnranﬁelemn] ¥

hp icle and i icle anaihilate each other,
er: ing a pai llnqh ergy g nm;m\

° % — 0(10720...) (naive expectation): empty universe
o "2 — 1070 (observation): need a process that turns one out of 10'° anti-baryon — baryon
vy

Sakharov conditions

Out-of-equilibrium situation; if CPT theorem
o CP-violation: T #T

o B-number violation

Example: electroweak baryogenesis, leptogenesis, GUT baryogenesis, Affleck-Dine baryogenesis
~ Miguel Vanvlasselaer (VUB, IIHE and COST Action) ~ DW-genesis: inducing the baryon number with domain walls ~ February 26,2025  8/24



Observation prospects of GW

h*Qpri(f)

0.001 : 1000
f (Hz)



e, O
GW from baryogenesis

© Baryogenesis with gravitational waves signal



e, O
GW from baryogenesis

© Baryogenesis with gravitational waves signal

T = Thue T = Tyep W dilution = (Tpue/Tren)®

i
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g . Bubble collisions . /
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DW—genesis: idea [2411.13494]: Mariotti, Nagels, Rase, MV

@ See-saw model: breaks L number

. 1 _
‘CL = yN(HL)NR + EMNNENR + h.c.
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DW—genesis: idea [2411.13494]: Mariotti, Nagels, Rase, MV

@ See-saw model: breaks L number
o 1 _
EL = yN(HL)NR + EMNNlc%NR + h.c.

@ Coupling between an axion and the lepton number

croua .,

Ea—L = f JL s

JE=Iy"L  L=Lej+Ly
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DW—genesis: idea [2411.13494]: Mariotti, Nagels, Rase, MV

@ See-saw model: breaks L number
o 1 _
EL = yN(HL)NR + EMNNICQNR + h.c.

@ Coupling between an axion and the lepton number

cLauajM
fo 78
@ Moving non-trivial profile for the axion breaks both CP and CPT

Lol = jﬁsz“L L=Laj+Ly

dDw(t, Z) . 2Ma YoV
fa cosh (MY (t — tpassage)]

‘Ca—L:éjLzljijv 95
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DW—genesis: idea [2411.13494]: Mariotti, Nagels, Rase, MV

@ See-saw model: breaks L number
o 1 _
['L = yN(HL)NR + §MNNIC%NR + h.c.

@ Coupling between an axion and the lepton number

CLauaju
fo 78
@ Moving non-trivial profile for the axion breaks both CP and CPT

Lo 1 = =Lyl L=Lej+L,

5. . A C.IIDVV(ta Z) 2ma7wvw
Ea— = 9.70 = .70 P 0= =
g v s L fa COSh [ma’}/w'vw (t - tpassage)]
@ Boltzmann equations deduced
dYar YD Y22 _ nft2cra
= —<n—<2q(YAL +Yx5.(1) +2 o \(Yart ar® ) ), Yaih=-s5
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Intuition and com putation [2411.13494]: Mariotti, Nagels, Rase, MV

@ Rotate away to the coupling to the DW

| 0,0 - » i
I —s eicra/fag, = ZL@L — ZLaL cr, f “ yN(HL)NR — e_ZCLa/fayN(HL)NR.

. ~ 1 _
= Ly =e " eyn(HL)Ng + S MNNiNg +hec..
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Intuition and computation [2411.13494]: Mariotti, Nagels, Rase, MV

@ Rotate away to the coupling to the DW

. _ _ ) __ , o
L —eicre/lfar, = GLAL — iLIL—cy, J’;“ %, yn(HL)Ng — eiro/foy (HL)Ng .

, . 1 _
= Ly =e " eyn(HL)Ng + S MNNiNg +hec..
e New Feynman rules from the vertex : §(>°, E;) — 0(>_, Ei + cra/ fa)
Ppr

(2m)?
Idecay — /dHLdHNdHH(QW)4(S3(pN —prL _pH)(S(EN —Fp —FEyg — CLa/fa)

X [[MyspalPfy — Mgyl fofu)

hL + 3H1’LL :/ <Cdecay[fL] +Cscatt [fL]) = Idecay + ISCatt7



L
Intuition and computation [2411.13494]: Mariotti, Nagels, Rase, MV

@ Rotate away to the coupling to the DW

_ _ _ 9 __ , o
L —eicre/lfar, = GLAL — iLIL—cy, J’;“ %, yn(HL)Ng — eiro/foy (HL)Ng .

, L 1 _
= Ly, = etera/fay  (HL)Ng + §MNN§NR +he..
e New Feynman rules from the vertex : §(>°, E;) — 0(>_, Ei + cra/ fa)
d*pr,
(2m)?
ey = / dlpdllydlly (27)*6° (py — pr — pu)S(En — B — En — cra/fa)

X [[MyspalPfy — Mgyl fofu)

@ Shift in the distributions: like a chemical potential = cpa/ f,:

'flL + 3H1’LL :/ (Cdecay[fL] +Cscatt [fL]) = Idecay + Iscatt7

_Eg+Ep _En-—cpa/fa
foH ~e T —e T



DW- genesis: ldea [1504.07917]:Daido, Kitajima, Takahashi, [2411.13494]: Mariotti, Nagels, Rase, MV
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Inside the DW AL=-2
[ .

Production and wash-outs coming from HL — N, LH — HL (usually called wash-outs)!




Domain wall |eptogenesis [2411.13494]: Mariotti, Nagels, Rase, MV

mq = 10"°[GeV], vy = 0.4

me = 100[GeV], My = 10"2[GeV], v, =0.4
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Production maximal when T, ~ TéL};c ~ My/10




Domain wall |eptogenesis [2411.13494]: Mariotti, Nagels, Rase, MV
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Parameter space for DW_genesis | [2411.13494]: Mariotti, Nagels, Rase, MV

o = 0.4, =1, A§=10"° . . .. ..
o ° @ Thermalisation condition inside the DW:

Lihermalisation < Lpw

O(lo)az 2 Juwlwa Tonn > 102ma7wvw

w ~v
Tann

O(10)a2 > Twlwlla

~
Tann

@ Dilution from the axion decay: p, = H(Tann)o:
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1011
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9+ (Tann) Mp I Tgnn
[ (Talp L:Iec)l/4 AV

D = Min |1,0.57

ma/GeV
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Parameter space for DW-genesis |l [2411.13494]: Mariotti, Nagels, Rase, MV

Two types of walls: 0 — T, ™ — 2w

V=04, ca=1, A§=10"2° (Suppressed)
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o 1x10M4
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107 1010 1013
mq/GeV
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Suppression &~ O(1 — 10) x Af

Miguel Vanvlasselaer (VUB, IIHE and COST Action)



GraVItathnal wave Spectrum [1002.1555]:Hiramatsu, Kawasaki,Saikawa, [25XX.]:Blasi, Mariotti, Rase, MV

@ Gravitational waves from a mass distribution

2G - 726,
hij(r,t) = TIij(t —r), I; = /d3rpdw (rirj -3 ]>




GraV'tat|Ona| wave Spectrum [1002.1555]:Hiramatsu, Kawasaki,Saikawa, [25XX.]:Blasi, Mariotti, Rase, MV

@ Gravitational waves from a mass distribution

2G - 252”
hij(r,t) = —=Lij(t =), I = /d3rpdw (nrj _r . J)
@ In the case of DW network in scaling
RNDNH_lNk_lv Vg ~ 1
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@ Gravitational waves from a mass distribution

2G . 254
hij(r,t) = TIij(t —r), I; = /d3rpdw <rir]~ L 3 ]>
@ In the case of DW network in scaling
R~D~H '~k 1, Vaw ~ 1
° 5
G pawR _
Iij ~ pdwR5 = hij(r’ t) ~ E R2 ~ GoH !



GraVItathnal wave Spectrum [1002.1555]:Hiramatsu, Kawasaki,Saikawa, [25XX.]:Blasi, Mariotti, Rase, MV

@ Gravitational waves from a mass distribution

2G .. 252,}
hij(r,t) = TIij(t —r), I; = /d3rpdw <rir]~ T 3 ]>
@ In the case of DW network in scaling
R~D~H '~k 1, Vaw ~ 1
° 5
G pawR _
Lij ~ pawR® = hig(r,t) ~ 5 =g ~ GoH !
° 317,12
dpew k3|h
Pew  _ || ~ GolHa 2

dlogk  2(27)3Ga?



GraV|tat|Ona| wave Spectrum [1002.1555]:Hiramatsu, Kawasaki,Saikawa, [25XX.]:Blasi, Mariotti, Rase, MV

@ Gravitational waves from a mass distribution

2G - 726,
hij(r,t) = TIij(t —r), I; = /d3rpdw <rirj -3 ]>
@ In the case of DW network in scaling
R~D~H '~k 1, Vaw ~ 1
° 5
G pawR _
Iij ~ pdwR5 = hij(r’ t) ~ E R2 ~ GoH !
° 3|}'L|2
dpgw k 277, —2
= ~ G
dlogk — 2@2mpGar ~ €7 e
°
GA%5?
_ 2 2 _
Pegw = EgWGA o° ~ CONST = QGW = 3H2—]\4'pzl s




GraV'tat'OnaI wave Spectrum [1002.1555]:Hiramatsu, Kawasaki,Saikawa, [25XX.]:Blasi, Mariotti, Rase, MV

1 0770

é 72 ~k~!
QO Qpeak (f/fpeak) f< fpeak E 107724
GW(f) {(f/fpeak) ! f> fpeak cf',% .

i\

0.05 0.10 050 1

keom/m
—4/3 4
Qaw(T) = 2.34 x 10~ %eqw.A* <9*fg)> (gs;(OT ) (Tdom> Min

( alp dec )4/3
matdom
T) 1/2 (T -1/3 / p
eak(1) =~ 1.1 1 _7H g*( S% T \wi
foeax(T) 5 x 10 ZX( 10) ( 10 ) (GeV) in

107 \
5 10

1/3
< alp dec )
mat dom




GW signal and |eptogenesis [2411.13494]: Mariotti, Nagels, Rase, MV

Incompatibility of leptogenesis and detectable GWs

vy =04, ca=1 A§=10""3

@ amplitude GW signal maximal if Thnn ~ Tgom-

@ Suppressions scales like Tann:

AV T2 T=T v?
Ao = ~ ann dom - << 1
‘/0 maMpl Mp21

Ja/GeV

9« (Tann) v Mp I’ Ta3nn
[ (Talp dec)1/4 AV

o Competition between GW suppression and
lepto suppression

D = Min [1,0.57

107 10% 109 101 10t
m,/GeV
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DW_Cogenesis [2411.13494]: Mariotti, Nagels, Rase, MV

@ Baryon-DM coincidence
Qpm ~ 5



DW—COgenesis [2411.13494]: Mariotti, Nagels, Rase, MV
@ Baryon-DM coincidence
@ Typical solution Cogenesis: relate the mechanism of baryogenesis and DM production
Ny ~ NDM = Qpm ~ 5 = oM ~5
mp



DW_Cogenesis [2411.13494]: Mariotti, Nagels, Rase, MV
@ Baryon-DM coincidence
Qpm ~ 5
@ Typical solution Cogenesis: relate the mechanism of baryogenesis and DM production
ny ~ NpM = Qpm ~ 58 = oM ~5
mp

@ Domain wall co-genesis

~ 1 - _ _
LDy(HL)Ng + §MNN§NR +yD(¢Tx)NR + myxx +h.c.,

DM sector
see-saw sector
aua aua
R ] e 1)
La—J—CLf JL+CXf Ix
a a



DW_Cogenesis [2411.13494]: Mariotti, Nagels, Rase, MV
@ Baryon-DM coincidence
Qpm ~ 5
@ Typical solution Cogenesis: relate the mechanism of baryogenesis and DM production
ny ~ NpM = Qpm ~ 58 = oM ~ 5
mp

@ Domain wall co-genesis

~ 1 - _ _
LDy(HL)Ng + §MNN§NR +yD(¢Tx)NR + myxx +h.c.,

DM sector
see-saw sector
oua ., oua
Loy =er-prin ¥ o
o Different hierarchies: yp/y=R>1,<1,=1.
By _ R? 1 o _ y2(1+ R?) My
N=ox = 7 Re INoHL =97 o tot = 167



DW_Cogenesis [2411.13494]: Mariotti, Nagels, Rase, MV

=1, ¢,=0, My=10"GeV] =0, cy=1, My=10"GeV]
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Logy[Ya]

12 13 14 10 11 12 13 14
Log,o[Tann/GeV] Log,o[Tann/GeV]




e, O
DW_Cogenesis [2411.13494]: Mariotti, Nagels, Rase, MV

YX for YB = YE)bserved

co=1, c, =0, My=102GeV, Ya,=Y"

[ -

" o—

@ For ¢y =1,¢c =0, sharing induces ¥, < Yp

Loglo[YAx]

@ MmMpmMm > My
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Conclusion
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@ DW-genesis: generation of baryon number independent on CP-violation in the couplings

Thank you ;)
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@ DW-genesis: generation of baryon number independent on CP-violation in the couplings
@ Suppressions from matter domination and opposite DWs
@ DWs are copious source of GWs

@ observable GW signal and successful DW-genesis seem mutually exclusive

Thank you ;)
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DW-genesis: generation of baryon number independent on CP-violation in the couplings
Suppressions from matter domination and opposite DWs

DWs are copious source of GWs

observable GW signal and successful DW-genesis seem mutually exclusive
Model of cogenesis with Yp # Y, !

Thank you ;)




