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QFT predicts particles to have partners - antiparticles

But no such symmetry around us:

electron positron
proton antiproton↔

we are made of matter

in cosmic rays:

neutron antineutron

p̄/p ∼ 10−4
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baryons antibaryons

+1

cosmology:
nB − nB̄

nγ
∼ 10−9
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γ
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109 109

visible matter

γ

γ

baryons antibaryons

+1

cosmology:

Which is … too large.
nB − nB̄

nγ
∼ 10−9 No explanation within 

SM.
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Electroweak Baryogenesis
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Electroweak Baryogenesis

Cohen,Kaplan,Nelson ‘91
Shaposhnikov ‘87

First order EW phase transition proceeds through bubble nucleation:

h 6= 0

h = 0

h

V

=)

0
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B+L violation from EW sphalerons
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antiquarks (L)

CP

quarks (L)

Electroweak Baryogenesis

h 6= 0 h = 0

Baryon asymmetry is created close 
to bubble walls: 

convert -B into L at 

rate is Boltzmann-suppressed:

⇒
<latexit sha1_base64="4suDi6pfFI2JNodqhfahNIV25QQ=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVBKEgIGhgoWxSH1JbVQ57k1r1XEi20FUUX6FhQGEWPkRNv4GN80AhSNd6eice319jx9zprTjfFmlldW19Y3yZmVre2d3z96vdlSUSAptGvFI9nyigDMBbc00h14sgYQ+h64/vZ373QeQikWipWcxeCEZCxYwSrSRhnZ1kL+RShhl6eS0de1mQ7vm1J0c+C9xC1JDBZpD+3MwimgSgtCUE6X6rhNrLyVSM8ohqwwSBTGhUzKGvqGChKC8NN+b4WOjjHAQSVNC41z9OZGSUKlZ6JvOkOiJWvbm4n9eP9HBlZcyEScaBF0sChKOdYTnQeARk0A1nxlCqGTmr5hOiCRUm7gqJgR3+eS/pHNWdy/q7v15rXFTxFFGh+gInSAXXaIGukNN1EYUPaIn9IJercx6tt6s90VrySpmDtAvWB/f9yKUYw==</latexit>

h/T < 1

B+L violation from EW sphalerons

<latexit sha1_base64="44ngO9SFXZi0uO9YuJrJhppJmwQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cVbK20Q8mkmTY0L5KMUEq/wo0LRdz6Oe78G9N2Ftp6IHA4515yz0k0Z9aF4XdQWFldW98obpa2tnd298r7B02rMkNogyiuTCvBlnImacMxx2lLG4pFwulDMryZ+g9P1Fim5L0baRoL3JcsZQQ7Lz12tFHaKTTolithNZwBLZMoJxXIUe+Wvzo9RTJBpSMcW9uOQu3iMTaOEU4npU5mqcZkiPu07anEgtp4PDt4gk680kOpMv5Jh2bq740xFtaOROInBXYDu+hNxf+8dubSq3jMpM4clWT+UZpx5CNO06MeM5Q4PvIEE8P8rYgMsMHE+Y5KvoRoMfIyaZ5Vo4tqdHdeqV3ndRThCI7hFCK4hBrcQh0aQEDAM7zCW2CCl+A9+JiPFoJ85xD+IPj8AcMEkGI=</latexit>

/ h

<latexit sha1_base64="m1hgYaffFLxcPTs9Wq24LzIfxXg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqhVSj4BLbhhuBvVQhjUOB3XByO/e7j6g0T+SDmaYYxHQkecQZNVbq+k0+Iv5sUK25dXcB8pd4BalBgdag+ukPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX5w7I2dWGZIoUbakIQv150ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6st/Seei7l3VvfvLWqNZxFGGEziFc/DgGhpwBy1oA4MJPMELvDqp8+y8Oe/L1pJTzBzDLzgf37sGjy0=</latexit>

o

<latexit sha1_base64="8k2OFOl3LlbAKOjQMO0QKanbHjc=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoPgxTgjoh6DIniMkA0yQ+jpVJImPQvdNZIw5OLFX/HiQRGv/oM3/8bOctDog4LHe1VU1fNjKTTa9peVWVhcWl7JrubW1jc2t/LbOzUdJYpDlUcyUg2faZAihCoKlNCIFbDAl1D3+9djv34PSosorOAwBi9g3VB0BGdopFZ+39UioC4M4ubxTSt1EQaY6rg3Gp1UvFa+YBftCehf4sxIgcxQbuU/3XbEkwBC5JJp3XTsGL2UKRRcwijnJhpixvusC01DQxaA9tLJFyN6aJQ27UTKVIh0ov6cSFmg9TDwTWfAsKfnvbH4n9dMsHPppSKME4SQTxd1EkkxouNIaFso4CiHhjCuhLmV8h5TjKMJLmdCcOZf/ktqp0XnvOjcnRVKV7M4smSPHJAj4pALUiK3pEyqhJMH8kReyKv1aD1bb9b7tDVjzWZ2yS9YH9+PiZif</latexit>

⇠ exp[�Esph/T ]
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CP

quarks (L)

Electroweak Baryogenesis

h 6= 0 h = 0

Baryon asymmetry is created close 
to bubble walls: 

B+L violation from EW sphalerons

rate is Boltzmann-suppressed:

convert -B into L at ⇒
<latexit sha1_base64="4suDi6pfFI2JNodqhfahNIV25QQ=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVBKEgIGhgoWxSH1JbVQ57k1r1XEi20FUUX6FhQGEWPkRNv4GN80AhSNd6eice319jx9zprTjfFmlldW19Y3yZmVre2d3z96vdlSUSAptGvFI9nyigDMBbc00h14sgYQ+h64/vZ373QeQikWipWcxeCEZCxYwSrSRhnZ1kL+RShhl6eS0de1mQ7vm1J0c+C9xC1JDBZpD+3MwimgSgtCUE6X6rhNrLyVSM8ohqwwSBTGhUzKGvqGChKC8NN+b4WOjjHAQSVNC41z9OZGSUKlZ6JvOkOiJWvbm4n9eP9HBlZcyEScaBF0sChKOdYTnQeARk0A1nxlCqGTmr5hOiCRUm7gqJgR3+eS/pHNWdy/q7v15rXFTxFFGh+gInSAXXaIGukNN1EYUPaIn9IJercx6tt6s90VrySpmDtAvWB/f9yKUYw==</latexit>

h/T < 1

<latexit sha1_base64="44ngO9SFXZi0uO9YuJrJhppJmwQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cVbK20Q8mkmTY0L5KMUEq/wo0LRdz6Oe78G9N2Ftp6IHA4515yz0k0Z9aF4XdQWFldW98obpa2tnd298r7B02rMkNogyiuTCvBlnImacMxx2lLG4pFwulDMryZ+g9P1Fim5L0baRoL3JcsZQQ7Lz12tFHaKTTolithNZwBLZMoJxXIUe+Wvzo9RTJBpSMcW9uOQu3iMTaOEU4npU5mqcZkiPu07anEgtp4PDt4gk680kOpMv5Jh2bq740xFtaOROInBXYDu+hNxf+8dubSq3jMpM4clWT+UZpx5CNO06MeM5Q4PvIEE8P8rYgMsMHE+Y5KvoRoMfIyaZ5Vo4tqdHdeqV3ndRThCI7hFCK4hBrcQh0aQEDAM7zCW2CCl+A9+JiPFoJ85xD+IPj8AcMEkGI=</latexit>

/ h

<latexit sha1_base64="m1hgYaffFLxcPTs9Wq24LzIfxXg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqhVSj4BLbhhuBvVQhjUOB3XByO/e7j6g0T+SDmaYYxHQkecQZNVbq+k0+Iv5sUK25dXcB8pd4BalBgdag+ukPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX5w7I2dWGZIoUbakIQv150ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6st/Seei7l3VvfvLWqNZxFGGEziFc/DgGhpwBy1oA4MJPMELvDqp8+y8Oe/L1pJTzBzDLzgf37sGjy0=</latexit>

o

<latexit sha1_base64="8k2OFOl3LlbAKOjQMO0QKanbHjc=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoPgxTgjoh6DIniMkA0yQ+jpVJImPQvdNZIw5OLFX/HiQRGv/oM3/8bOctDog4LHe1VU1fNjKTTa9peVWVhcWl7JrubW1jc2t/LbOzUdJYpDlUcyUg2faZAihCoKlNCIFbDAl1D3+9djv34PSosorOAwBi9g3VB0BGdopFZ+39UioC4M4ubxTSt1EQaY6rg3Gp1UvFa+YBftCehf4sxIgcxQbuU/3XbEkwBC5JJp3XTsGL2UKRRcwijnJhpixvusC01DQxaA9tLJFyN6aJQ27UTKVIh0ov6cSFmg9TDwTWfAsKfnvbH4n9dMsHPppSKME4SQTxd1EkkxouNIaFso4CiHhjCuhLmV8h5TjKMJLmdCcOZf/ktqp0XnvOjcnRVKV7M4smSPHJAj4pALUiK3pEyqhJMH8kReyKv1aD1bb9b7tDVjzWZ2yS9YH9+PiZif</latexit>

⇠ exp[�Esph/T ]
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CP

quarks (L)

Electroweak Baryogenesis

New Physics needed for:

strongly first-order EW phase transition

CP-violation

h 6= 0 h = 0

as compared to cross-over in SM



Minimal EWBG Model



A.Benival et al, 1702.06124

SM + Singlet

21

EWBG

new



h

S

SM + Singlet

22

EWBG
h

V

A.Benival et al, 1702.06124



SM + Singlet

Pheno: S-h mixing

23

⇒

 symmetry:S → − S

no sizeable Higgs-S mixing

⇒ search for loop-induced effects of  λHS

sin θ ∝ λHS⟨h⟩⟨S⟩

h0

S
<latexit sha1_base64="omDEKg2JToCuuEx1fjjBSVeLiH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8dKrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1FipMe41euWKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8MbPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTxdVL2rqvdwWand5nEU4QRO4Rw8uIYa3EMdmsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wc+JI3G</latexit>vS

<latexit sha1_base64="jAYNiQGJtAz3mAuBvYiDaOrvgx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS47g37JUrbtWdg6wSLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjk01I3NTyhbEQHvGOpohE3fjY/dUrOrNInYaxtKSRz9fdERiNjJlFgOyOKQ7PszcT/vE6K4Y2fCZWkyBVbLApTSTAms79JX2jOUE4soUwLeythQ6opQ5tOyYbgLb+8SpoXVe+q6j1cVmq3eRxFOIFTOAcPrqEG91CHBjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AFd+I3b</latexit>vh

<latexit sha1_base64="NaEfIHjcy152iVzSJ1rXgv+ct7s=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFY0X5Au5Rsmm1Dk+ySZAtl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8V3mtydUaRbJJzONqS/wULKQEWwy6WLSf+yXK27VnQOtEi8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupRILqv10fusMnVllgMJI2ZIGzdXfEykWWk9FYDsFNiO97GXif143MeGNnzIZJ4ZKslgUJhyZCGWPowFTlBg+tQQTxeytiIywwsTYeEo2BG/55VXSuqx6V1XvoVap3+ZxFOEETuEcPLiGOtxDA5pAYATP8ApvjnBenHfnY9FacPKZY/gD5/MHp8eN/Q==</latexit>�vS

EWBG 



𝒪H =
1
2

(∂μ |H |2 )2

cH

Λ2
=

λ2
HS

48π2

1
m2

S

where
h

h

λHS

h

h

S λHS

SM + Singlet

Pheno: cH

24

M.Carena et al, 2104.00638

HL-LHC:

+FCC-ee: Λ / |cH | < 3.2(5) TeV
J de Blas, Eur. Phys. J. Plus (2021) 136:897 

Λ / |cH | < 1.4(1.8) TeV

future sensitivities ( ):1σ

ℒ ∋
cH

Λ2
𝒪H



ℒ ∋
cH

Λ2
𝒪H where

h

h

λHS

h

h

S λHS

SM + Singlet

Pheno: cH

25

𝒪H =
1
2

(∂μ |H |2 )2

cH

Λ2
=

λ2
HS

48π2

1
m2

S
M.Carena et al, 2104.00638

HLLHC+FCC-ee:

pro
bed EWBG



A.Benival et al, 1702.06124

h

h

λHS

h

h

S
λHS

λHS

h

h

SM + Singlet

Pheno: h3

26
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HL-LHC:

+FCC-ee:
J de Blas et al,1905.03764

δκ ∼ 0.5

future sensitivities ( ):1σ

δκ ∼ 0.2 − 0.3

A.Benival et al, 1702.06124

h

h

λHS

h

h

S
λHS

λHS

h

h

SM + Singlet

Pheno: h3



A.Benival et al, 1702.06124

h

h

λHS

h

h

S
λHS

λHS

h

h

SM + Singlet

Pheno: h3

28

HLLHC+FCC-ee:

prob
ed EWBG



Minimal  
Defect-Mediated EWBG Model
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SM + Singlet: EWBG via Domain Walls

J.Azzola,OM,A.Weiler JHEP 04 (2025) 

discrete symmetry of 
vacuum manifold

V

S

<latexit sha1_base64="sRSOd+c0G7mdUcHH4HgpigiAFvI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZki6kYounFZqX1AZxgyaaYNTTJDkinUoSs3/oobF4q49Rvc+Tem7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uJn4rSGRisbiXo8S4nPUEzSiGGkjBfZRHV7BYVCHnkaiD71IIpxx834YZ5VxYJecsjMFXCRuTkogRy2wv7xujFNOhMYMKdVxnUT7GZKaYkbGRS9VJEF4gHqkY6hAnCg/m54xhidG6cIolqaEhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s+oSFJNBJ59FKUM6hhOMoFdKgnWbGQIwpKaXSHuI5OENskVTQju/MmLpFkpu+dl9+6sVL3O4yiAQ3AMToELLkAV3IIaaAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AH6Bl+U=</latexit>

S = vS tanh
mSz

2

Brandenberger, Davis, Prokopec, Trodden  
Phys. Rev. D 53 (1996) 4257–4266 
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⇒

SM + Singlet: EWBG via Domain Walls

discrete symmetry of 
vacuum manifold

V

S

<latexit sha1_base64="sRSOd+c0G7mdUcHH4HgpigiAFvI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZki6kYounFZqX1AZxgyaaYNTTJDkinUoSs3/oobF4q49Rvc+Tem7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uJn4rSGRisbiXo8S4nPUEzSiGGkjBfZRHV7BYVCHnkaiD71IIpxx834YZ5VxYJecsjMFXCRuTkogRy2wv7xujFNOhMYMKdVxnUT7GZKaYkbGRS9VJEF4gHqkY6hAnCg/m54xhidG6cIolqaEhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s+oSFJNBJ59FKUM6hhOMoFdKgnWbGQIwpKaXSHuI5OENskVTQju/MmLpFkpu+dl9+6sVL3O4yiAQ3AMToELLkAV3IIaaAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AH6Bl+U=</latexit>

S = vS tanh
mSz

2

J.Azzola,OM,A.Weiler JHEP 04 (2025) 

Brandenberger, Davis, Prokopec, Trodden  
Phys. Rev. D 53 (1996) 4257–4266 

domain walls can be 
formed in Z2 breaking 

phase transition
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domain walls can be 
formed in Z2 breaking 

phase transition

Press,Ryden,Spergel,  
Astrophys.J. 347 (1989)

SM + Singlet: EWBG via Domain Walls

⇒

discrete symmetry of 
vacuum manifold

V

S

<latexit sha1_base64="sRSOd+c0G7mdUcHH4HgpigiAFvI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZki6kYounFZqX1AZxgyaaYNTTJDkinUoSs3/oobF4q49Rvc+Tem7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uJn4rSGRisbiXo8S4nPUEzSiGGkjBfZRHV7BYVCHnkaiD71IIpxx834YZ5VxYJecsjMFXCRuTkogRy2wv7xujFNOhMYMKdVxnUT7GZKaYkbGRS9VJEF4gHqkY6hAnCg/m54xhidG6cIolqaEhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s+oSFJNBJ59FKUM6hhOMoFdKgnWbGQIwpKaXSHuI5OENskVTQju/MmLpFkpu+dl9+6sVL3O4yiAQ3AMToELLkAV3IIaaAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AH6Bl+U=</latexit>

S = vS tanh
mSz

2

J.Azzola,OM,A.Weiler JHEP 04 (2025) 

Brandenberger, Davis, Prokopec, Trodden  
Phys. Rev. D 53 (1996) 4257–4266 
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SM + Singlet: EWBG via Domain Walls

⇒

discrete symmetry of 
vacuum manifold

V

S

<latexit sha1_base64="sRSOd+c0G7mdUcHH4HgpigiAFvI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZki6kYounFZqX1AZxgyaaYNTTJDkinUoSs3/oobF4q49Rvc+Tem7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uJn4rSGRisbiXo8S4nPUEzSiGGkjBfZRHV7BYVCHnkaiD71IIpxx834YZ5VxYJecsjMFXCRuTkogRy2wv7xujFNOhMYMKdVxnUT7GZKaYkbGRS9VJEF4gHqkY6hAnCg/m54xhidG6cIolqaEhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s+oSFJNBJ59FKUM6hhOMoFdKgnWbGQIwpKaXSHuI5OENskVTQju/MmLpFkpu+dl9+6sVL3O4yiAQ3AMToELLkAV3IIaaAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AH6Bl+U=</latexit>

S = vS tanh
mSz

2

domain walls can be 
formed in Z2 breaking 

phase transition

Press,Ryden,Spergel,  
Astrophys.J. 347 (1989)

J.Azzola,OM,A.Weiler JHEP 04 (2025) 

Brandenberger, Davis, Prokopec, Trodden  
Phys. Rev. D 53 (1996) 4257–4266 
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SM + Singlet: EWBG via Domain Walls

⇒

discrete symmetry of 
vacuum manifold

V

S

<latexit sha1_base64="sRSOd+c0G7mdUcHH4HgpigiAFvI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZki6kYounFZqX1AZxgyaaYNTTJDkinUoSs3/oobF4q49Rvc+Tem7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uJn4rSGRisbiXo8S4nPUEzSiGGkjBfZRHV7BYVCHnkaiD71IIpxx834YZ5VxYJecsjMFXCRuTkogRy2wv7xujFNOhMYMKdVxnUT7GZKaYkbGRS9VJEF4gHqkY6hAnCg/m54xhidG6cIolqaEhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s+oSFJNBJ59FKUM6hhOMoFdKgnWbGQIwpKaXSHuI5OENskVTQju/MmLpFkpu+dl9+6sVL3O4yiAQ3AMToELLkAV3IIaaAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AH6Bl+U=</latexit>

S = vS tanh
mSz

2

domain walls can be 
formed in Z2 breaking 

phase transition

Press,Ryden,Spergel,  
Astrophys.J. 347 (1989)

J.Azzola,OM,A.Weiler JHEP 04 (2025) 

Brandenberger, Davis, Prokopec, Trodden  
Phys. Rev. D 53 (1996) 4257–4266 
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SM + Singlet: EWBG via Domain Walls
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ℒ ⊃ −
1
2

|λHS | |H |2 S2

h-S trajectory curved towards h=0

<latexit sha1_base64="6nuHiG6pQ5w8JGN3BUUFrfYO2Ro=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLoxmUF+4A2hMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BunaRZaPXDhcM69c+eeIOVMacf5smpr6xubW/Xtxs7u3v6BfXjUU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvVv4/RmViiXiUc9T6sV4LFjECNZG8m17VL6RSxoW+cyfFL7ddFpOCfSXuBVpQoWOb3+OwoRkMRWacKzU0HVS7eVYakY4LRqjTNEUkyke06GhAsdUeXm5tUBnRglRlEhTQqNS/TmR41ipeRyYzhjriVr1FuJ/3jDT0Y2XM5FmmgqyXBRlHOkELWJAIZOUaD43BBPJzF8RmWCJiTZhNUwI7urJf0nvouVetdyHy2b7toqjDidwCufgwjW04R460AUCM3iCF3i1cuvZerPel601q5o5hl+wPr4Bd7+UNA==</latexit>vh

<latexit sha1_base64="K0jV8FSsKAWiJEPCKJ4hwH6Wv9g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtLJvNpF262YTdjVJC/4cXD4p49b9489+4TXPQ1gcDj/dmdnaen3CmtON8W6WV1bX1jfJmZWt7Z3evun/QVnEqKbZozGPZ9YlCzgS2NNMcu4lEEvkcO/74ZuZ3HlEqFot7PUnQi8hQsJBRoo300M9fyCQG08yZDqo1p+7ksJeJW5AaFGgOql/9IKZphEJTTpTquU6ivYxIzSjHaaWfKkwIHZMh9gwVJELlZfnOqX1ilMAOY2lKaDtXf09kJFJqEvmmMyJ6pBa9mfif10t1eOVlTCSpRkHni8KU2zq2ZxHYAZNINZ8YQqhk5q82HRFJqDZBVUwI7uLJy6R9Vncv6u7dea1xXcRRhiM4hlNw4RIacAtNaAEFCc/wCm/Wk/VivVsf89aSVcwcwh9Ynz8RcZLi</latexit>

0

SM + Singlet: EWBG via Domain Walls

<latexit sha1_base64="AxXpFNeY3yqcYf9SppaeskPl4rY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+L2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m186JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ22QgNGcoJ5ZQpoW9lbAR1ZShDadkQ/CWX14lrYuqV6t695eV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ANCVjOQ=</latexit>

0<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S
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Parameter Space

S

<latexit sha1_base64="bV/2epsZMx21X4PuYPX7bGPnCeo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1GPRi8eK9gOaEDbbTbN0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemAmuwXG+rcra+sbmVnW7trO7t39gHx51dJoryto0FanqhUQzwSVrAwfBepliJAkF64aju5nfHTOleSqfYJIxPyFDySNOCRgpsG1Pc4k9iBmQoIgfp4FddxrOHHiVuCWpoxKtwP7yBinNEyaBCqJ133Uy8AuigFPBpjUv1ywjdESGrG+oJAnTfjG/fIrPjDLAUapMScBz9fdEQRKtJ0loOhMCsV72ZuJ/Xj+H6MYvuMxyYJIuFkW5wJDiWQx4wBWjICaGEKq4uRXTmChCwYRVMyG4yy+vks5Fw71quA+X9eZtGUcVnaBTdI5cdI2a6B61UBtRNEbP6BW9WYX1Yr1bH4vWilXOHKM/sD5/AIsWk5s=</latexit>

sin ✓hS
SM

SM
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Parameter Space

0.01 0.10 1 10 100
10-5

10-4

0.001

0.010

0.100

1

mS/GeV

|s
in
θ h
S
|

SN1987A

Meson decays

Higgs decays

High mass region:
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Parameter Space

High mass region:

h couplings

using HiggsBounds, 2210.09332

[preliminary]

S

<latexit sha1_base64="bV/2epsZMx21X4PuYPX7bGPnCeo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1GPRi8eK9gOaEDbbTbN0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemAmuwXG+rcra+sbmVnW7trO7t39gHx51dJoryto0FanqhUQzwSVrAwfBepliJAkF64aju5nfHTOleSqfYJIxPyFDySNOCRgpsG1Pc4k9iBmQoIgfp4FddxrOHHiVuCWpoxKtwP7yBinNEyaBCqJ133Uy8AuigFPBpjUv1ywjdESGrG+oJAnTfjG/fIrPjDLAUapMScBz9fdEQRKtJ0loOhMCsV72ZuJ/Xj+H6MYvuMxyYJIuFkW5wJDiWQx4wBWjICaGEKq4uRXTmChCwYRVMyG4yy+vks5Fw71quA+X9eZtGUcVnaBTdI5cdI2a6B61UBtRNEbP6BW9WYX1Yr1bH4vWilXOHKM/sD5/AIsWk5s=</latexit>

sin ✓hS
SM

SM



Naturalness Perspective



δm2
h ∝ Λ2 ← any physics that Higgs 

interacts with

Gauge hierarchy problem:

e.g.
m2

P

m2
h

∼ 1034

41

Naturalness Perspective



δm2
h = 0 Λ2 + 𝒪(100GeV)

42

Naturalness Perspective

Traditional approaches:

supersymmetry
compositeness

extra dimensions
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Higgs is a bound state of new strong interactions  
confining at   ~ 1TeVf

Composite Higgs 

q0
<latexit sha1_base64="/3wHkCHtbMjeDyvDh4XBdQ3b4sA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXvn5crdRal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz88N40m</latexit>

q̄0
<latexit sha1_base64="CXV/qxuTc4sFD/WxeWGig3fqdmo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9CQFLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWt2AavJ41iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx27oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpr+TvtCcoRxbQpkW9lbChlRThjahog3BW3x5mTSrFe+iUr2/LNdu8jgKcAwncA4eXEEN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w+MZo8J</latexit>

h =
<latexit sha1_base64="D1RFaFwVQoBxqgreVZsBgIUiNF4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9KIUvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWehhe90plt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5tdOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2naEPwFl9eJs1qxTuvVO8vyrWbPI4CHMMJnIEHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QNP4o0z</latexit>

few TeVm* ∼

spectrum:

mh

Kaplan,Georgi ‘84

Agashe,Contino,Pomarol ‘04

Higgs is pNGB
similar to QCD 
pions
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h

Phase Transitions in CH models 

0
<latexit sha1_base64="vep7J2D0YQO5avca6G/pRFJmv+M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLVr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5SmNAA==</latexit>v
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q0
<latexit sha1_base64="/3wHkCHtbMjeDyvDh4XBdQ3b4sA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXvn5crdRal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz88N40m</latexit>

q̄0
<latexit sha1_base64="CXV/qxuTc4sFD/WxeWGig3fqdmo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9CQFLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWt2AavJ41iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx27oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpr+TvtCcoRxbQpkW9lbChlRThjahog3BW3x5mTSrFe+iUr2/LNdu8jgKcAwncA4eXEEN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w+MZo8J</latexit>

hq0
<latexit sha1_base64="/3wHkCHtbMjeDyvDh4XBdQ3b4sA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXvn5crdRal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz88N40m</latexit>

q̄0
<latexit sha1_base64="CXV/qxuTc4sFD/WxeWGig3fqdmo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9CQFLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWt2AavJ41iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx27oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpr+TvtCcoRxbQpkW9lbChlRThjahog3BW3x5mTSrFe+iUr2/LNdu8jgKcAwncA4eXEEN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w+MZo8J</latexit>

�

∝ fh =
<latexit sha1_base64="D1RFaFwVQoBxqgreVZsBgIUiNF4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9KIUvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWehhe90plt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5tdOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2naEPwFl9eJs1qxTuvVO8vyrWbPI4CHMMJnIEHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QNP4o0z</latexit>

Phase Transitions in CH models 

0
<latexit sha1_base64="vep7J2D0YQO5avca6G/pRFJmv+M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLVr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5SmNAA==</latexit>v
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q0
<latexit sha1_base64="/3wHkCHtbMjeDyvDh4XBdQ3b4sA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXvn5crdRal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz88N40m</latexit>

q̄0
<latexit sha1_base64="CXV/qxuTc4sFD/WxeWGig3fqdmo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9CQFLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWt2AavJ41iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx27oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpr+TvtCcoRxbQpkW9lbChlRThjahog3BW3x5mTSrFe+iUr2/LNdu8jgKcAwncA4eXEEN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w+MZo8J</latexit>

hq0
<latexit sha1_base64="/3wHkCHtbMjeDyvDh4XBdQ3b4sA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXvn5crdRal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz88N40m</latexit>

q̄0
<latexit sha1_base64="CXV/qxuTc4sFD/WxeWGig3fqdmo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9CQFLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWt2AavJ41iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx27oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpr+TvtCcoRxbQpkW9lbChlRThjahog3BW3x5mTSrFe+iUr2/LNdu8jgKcAwncA4eXEEN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w+MZo8J</latexit>

�
h =

<latexit sha1_base64="D1RFaFwVQoBxqgreVZsBgIUiNF4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9KIUvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWehhe90plt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5tdOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2naEPwFl9eJs1qxTuvVO8vyrWbPI4CHMMJnIEHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QNP4o0z</latexit>

0

1-step: if T(confinement) < T(EWSB)

and EWPT is 1st order if confinement PT ish ∝ χ

∝ f

Phase Transitions in CH models 

<latexit sha1_base64="vep7J2D0YQO5avca6G/pRFJmv+M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLVr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5SmNAA==</latexit>v

Bruggisser,vonHarling,OM,Servant, 
1803.08546, 2212.11953
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Dilaton & Conformal Invariance

F

�

∝ m2
χ χ2

0Phase Transition

Conformal invariance is often assumed for new strong 
interactions 

When broken spontaneously, a light PNGB - dilaton - 
can appear

Dilaton mass and VEV are defining for the PT properties

<latexit sha1_base64="t7FNHBu3yif7zbZngI29sRsJc8c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPe9bulsl/xZyDLJMhJGXLUuqWvTk+xLEFpmaDGtAM/teGYasuZwEmxkxlMKRvSPrYdlTRBE45n107IqVN6JFbalbRkpv6eGNPEmFESuc6E2oFZ9Kbif147s/F1OOYyzSxKNl8UZ4JYRaavkx7XyKwYOUKZ5u5WwgZUU2ZdQEUXQrD48jJpnFeCy0pwf1Gu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fJ9KO2w==</latexit>�0

Bruggisser,vonHarling,OM,Servant, 
1803.08546, 2212.11953
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Dilaton at the LHC

Dilaton value sets all SM mass terms, and also renormalization 
scales for the running induced by the new strong dynamics. 

Hence similar to the Higgs couplings, up to a factor of
<latexit sha1_base64="LshieS0XlTP3gxnlu9BrkhS7hjY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIeix68VjBfkAbyma7aZduNnF3Uiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph3dRvjrg2IlaPOE64H9G+EqFgFK3UGp132EB03W6p7FbcGcgy8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPil2UsMTyoa0z9uWKhpx42ezeyfk1Co9EsbalkIyU39PZDQyZhwFtjOiODCL3lT8z2unGN74mVBJilyx+aIwlQRjMn2e9ITmDOXYEsq0sLcSNqCaMrQRFW0I3uLLy6RxUfGuKt7DZbl6m8dRgGM4gTPw4BqqcA81qAMDCc/wCm/Ok/PivDsf89YVJ585gj9wPn8AcCePlA==</latexit>

v/�0
<latexit sha1_base64="m1hgYaffFLxcPTs9Wq24LzIfxXg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqhVSj4BLbhhuBvVQhjUOB3XByO/e7j6g0T+SDmaYYxHQkecQZNVbq+k0+Iv5sUK25dXcB8pd4BalBgdag+ukPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX5w7I2dWGZIoUbakIQv150ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6st/Seei7l3VvfvLWqNZxFGGEziFc/DgGhpwBy1oA4MJPMELvDqp8+y8Oe/L1pJTzBzDLzgf37sGjy0=</latexit>

o

<latexit sha1_base64="mewiiweqf+YK/EKitiQGdx0dVSs=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisYD+gCWGz3bRLd5N0d1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2IdHLZVkktAmSXgiOyFWlLOYNjXTnHZSSbEIOW2Hw/uZ3x5TqVgSP+lJSn2B+zGLGMHaSIFti2CEkHeBvBBLNEKjwK46NWcOtErcglShQCOwv7xeQjJBY004VqrrOqn2cyw1I5xOK16maIrJEPdp19AYC6r8fH75FJ0ZpYeiRJqKNZqrvydyLJSaiNB0CqwHatmbif953UxHt37O4jTTNCaLRVHGkU7QLAbUY5ISzSeGYCKZuRWRAZaYaBNWxYTgLr+8SlqXNfe65j5eVet3RRxlOIFTOAcXbqAOD9CAJhAYwzO8wpuVWy/Wu/WxaC1Zxcwx/IH1+QNQfpIp</latexit>

mq q̄q

<latexit sha1_base64="4+pMQzOBYMLiATJdZx9+ijLZB0E=">AAACAHicbVA9T8MwEL2Ur1K+CgwMLBYVElOVIASMFSyMRaKlUhNFjuu0Vu0k2A5SFWXhr7AwgBArP4ONf4ObZoCWJ93p6b072feChDOlbfvbqiwtr6yuVddrG5tb2zv13b2uilNJaIfEPJa9ACvKWUQ7mmlOe4mkWASc3gfj66l//0ilYnF0pycJ9QQeRixkBGsj+fUD4T8gN5SYZC4Zsbzovp379YbdtAugReKUpAEl2n79yx3EJBU00oRjpfqOnWgvw1Izwmlec1NFE0zGeEj7hkZYUOVlxQE5OjbKAIWxNBVpVKi/NzIslJqIwEwKrEdq3puK/3n9VIeXXsaiJNU0IrOHwpQjHaNpGmjAJCWaTwzBRDLzV0RG2KShTWY1E4Izf/Ii6Z42nfOmc3vWaF2VcVThEI7gBBy4gBbcQBs6QCCHZ3iFN+vJerHerY/ZaMUqd/bhD6zPH8y9los=</latexit>

mq
�

�0

<latexit sha1_base64="NY0yLYU1IoiUVNZ60i+M5RoD6D8=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARXEhNiqjLohuXFewFmhAm00k7dHLpzKQQQh7Dja/ixoUibrvzbZw0WWjrDwM/3zmHM+d3I0aFNIxvrbK2vrG5Vd2u7ezu7R/oh0ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMn93m9NyNc0DB4kklEbB+NAupRjKRCjn5peRzhNHGmWWqJKZewmUHrAhZ4piAeU8coWG71utEwFoKrxixNHZRqO/rcGoY49kkgMUNCDEwjknaKuKSYkaxmxYJECE/QiAyUDZBPhJ0uDsvgmSJD6IVcvUDCBf09kSJfiMR3VaeP5Fgs13L4X20QS+/WTmkQxZIEuFjkxQzKEOYpwSHlBEuWKIMwp+qvEI+RikSqLGsqBHP55FXTbTbM64b5eFVv3ZVxVMEJOAXnwAQ3oAUeQBt0AAbP4BW8gw/tRXvTPrWvorWilTPH4I+0+Q8k7p/N</latexit> yqp
2

v

�0
�<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

e.g. quark mass:

with
<latexit sha1_base64="epnmGAWcbtGlGSKX3mDTAMLRJww=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gOaEDbbTbt0s1l2N4US+k+8eFDEq//Em//GbZuDVh8MPN6bYWZeLDnTxvO+nMra+sbmVnW7trO7t3/gHh51dJYrQtsk45nqxVhTzgRtG2Y47UlFcRpz2o3Hd3O/O6FKs0w8mqmkYYqHgiWMYGOlyHUDMmKRhwKpMmkylERu3Wt4C6C/xC9JHUq0IvczGGQkT6kwhGOt+74nTVhgZRjhdFYLck0lJmM8pH1LBU6pDovF5TN0ZpUBSjJlSxi0UH9OFDjVeprGtjPFZqRXvbn4n9fPTXITFkzI3FBBlouSnCP74jwGNGCKEsOnlmCimL0VkRFWmBgbVs2G4K++/Jd0Lhr+VcN/uKw3b8s4qnACp3AOPlxDE+6hBW0gMIEneIFXp3CenTfnfdlaccqZY/gF5+MbvoSTFg==</latexit>

�0 / f

Bruggisser,vonHarling,OM,Servant,2212.00056
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LHC bounds:

Dilaton at the LHC

sm

χ
<latexit sha1_base64="LshieS0XlTP3gxnlu9BrkhS7hjY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIeix68VjBfkAbyma7aZduNnF3Uiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph3dRvjrg2IlaPOE64H9G+EqFgFK3UGp132EB03W6p7FbcGcgy8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPil2UsMTyoa0z9uWKhpx42ezeyfk1Co9EsbalkIyU39PZDQyZhwFtjOiODCL3lT8z2unGN74mVBJilyx+aIwlQRjMn2e9ITmDOXYEsq0sLcSNqCaMrQRFW0I3uLLy6RxUfGuKt7DZbl6m8dRgGM4gTPw4BqqcA81qAMDCc/wCm/Ok/PivDsf89YVJ585gj9wPn8AcCePlA==</latexit>

v/�0

χ

sm

CFT
g
g

<latexit sha1_base64="pjIRXgybZkIvB1HBvwHdsw7wrYs=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegBz1GMA/YrGF20psMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lJ1JotO1vq7C0vLK6VlwvbWxube+Ud/eaOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rAZQWcXSHowS8kPUjEQjO0Ej3AXU7CE+YXUNz7HXLFbtqT0EXiZOTCslR75a/Or2YpyFEyCXT2nXsBL2MKRRcwrjUSTUkjA9ZH1xDIxaC9rLp1WN6ZJQeDWJlKkI6VX9PZCzUehT6pjNkONDz3kT8z3NTDC68TERJihDx2aIglRRjOomA9oQCjnJkCONKmFspHzDFOJqgSiYEZ/7lRdI8qTpnVef2tFK7zOMokgNySI6JQ85JjdyQOmkQThR5Jq/kzXq0Xqx362PWWrDymX3yB9bnD09BkmU=</latexit> f
[G

eV
]

using HiggsBounds, 2210.09332

<latexit sha1_base64="65BNvENlOFXHaUKXALuYupjqQBE=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcyIqMegBz1GMAtMhtDTqSRNeha6a8RhiL/ixYMiXv0Qb/6NneWgiQ8KHu9VUVUvSKTQ6DjfVmFldW19o7hZ2tre2d2z9w+aOk4VhwaPZazaAdMgRQQNFCihnShgYSChFYyuJ37rAZQWcXSPWQJ+yAaR6AvO0Ehduxx2O3woqNdBeMT8Bppjv2tXnKozBV0m7pxUyBz1rv3V6cU8DSFCLpnWnusk6OdMoeASxqVOqiFhfMQG4BkasRC0n0+PH9Njo/RoP1amIqRT9fdEzkKtszAwnSHDoV70JuJ/npdi/9LPRZSkCBGfLeqnkmJMJ0nQnlDAUWaGMK6EuZXyIVOMo8mrZEJwF19eJs3Tqntede/OKrWreRxFckiOyAlxyQWpkVtSJw3CSUaeySt5s56sF+vd+pi1Fqz5TJn8gfX5A5jtlL4=</latexit>

m�[GeV]

allowed

excluded

Bruggisser,vonHarling,OM,Servant,2212.00056
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Probing compositeness as a solution to the naturalness problem:

Naturalness:

Experimental bounds:

Dilaton at the LHC

<latexit sha1_base64="g93Iq16cPVQ6nxD6wVetX0JC6EA=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQAsYKFsYi0VKpiSLHdVqrjm3ZDlIVdWHhV1gYQIiVf2Djb3DTDNByJEtH59x7fe+JJaPaeN63U1laXlldq67XNja3tnfc3b2OFpnCpI0FE6obI00Y5aRtqGGkKxVBaczIfTy6nvr3D0RpKvidGUsSpmjAaUIxMlaK3MOgmJEr0p/ABAZSCWkEDPCQRl7k1r2GVwAuEr8kdVCiFblfQV/gLCXcYIa07vmeNGGOlKGYkUktyDSRCI/QgPQs5SglOsyLDSbw2Cp9mAhlHzewUH935CjVepzGtjJFZqjnvan4n9fLTHIZ5pTLzBCOZx8lGYP2zmkksE8VwYaNLUFYUbsrxEOkEDY2uJoNwZ8/eZF0Thv+ecO/Pas3r8o4quAAHIET4IML0AQ3oAXaAINH8AxewZvz5Lw4787HrLTilD374A+czx8ut5hc</latexit>

f / �0

<latexit sha1_base64="2LuWUlxRPtlJ2N9VeeX4ekoilvo=">AAACAXicbVBLSwMxGMzWV62vVS+Cl2ARPNXdIuqx6MVjBfuA7rpk02wbmseSZIWy1It/xYsHRbz6L7z5b0wfB20dCExmvo9kJk4Z1cbzvp3C0vLK6lpxvbSxubW94+7uNbXMFCYNLJlU7RhpwqggDUMNI+1UEcRjRlrx4Hrstx6I0lSKOzNMSchRT9CEYmSsFLkHPGrdV2GQKpkaCQNNhb32T5PILXsVbwK4SPwZKYMZ6pH7FXQlzjgRBjOkdcf3UhPmSBmKGRmVgkyTFOEB6pGOpQJxosN8kmAEj63ShYlU9ggDJ+rvjRxxrYc8tpMcmb6e98bif14nM8llmFORZoYIPH0oyRi0Wcd1wC5VBBs2tARhRe1fIe4jhbCxpZVsCf585EXSrFb884p/e1auXc3qKIJDcAROgA8uQA3cgDpoAAwewTN4BW/Ok/PivDsf09GCM9vZB3/gfP4A6kaV5w==</latexit>

m2
W / sin2 h/fe.g.

<latexit sha1_base64="BuXmiX4vDLIft2sv6QcwDh+EtmI="></latexit>

ghWW / (m2)0h / cos v/f ' 1� v2/2f2

<latexit sha1_base64="0XsiyTHG/iMUzZcSz3At/ijEgvQ=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4kLArojkGPegxgnlAdgmzk04yZPbBTG8wLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJFCo+N8Wyura+sbm4Wt4vbO7t6+fXDY0HGqONR5LGPVCpgGKSKoo0AJrUQBCwMJzWB4O/WbI1BaxNEjjhPwQ9aPRE9whkbq2HbFcah37iE8YXYHjUnHLjllZwa6TNyclEiOWsf+8roxT0OIkEumddt1EvQzplBwCZOil2pIGB+yPrQNjVgI2s9ml0/oqVG6tBcrUxHSmfp7ImOh1uMwMJ0hw4Fe9Kbif147xV7Fz0SUpAgRny/qpZJiTKcx0K5QwFGODWFcCXMr5QOmGEcTVtGE4C6+vEwaF2X3quw+XJaqN3kcBXJMTsgZcck1qZJ7UiN1wsmIPJNX8mZl1ov1bn3MW1esfOaI/IH1+QMU/JKs</latexit>

800GeV

EW scale ~ f times tuning
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sm

χ

LHC bounds:

Dilaton at the LHC

<latexit sha1_base64="LshieS0XlTP3gxnlu9BrkhS7hjY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIeix68VjBfkAbyma7aZduNnF3Uiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph3dRvjrg2IlaPOE64H9G+EqFgFK3UGp132EB03W6p7FbcGcgy8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPil2UsMTyoa0z9uWKhpx42ezeyfk1Co9EsbalkIyU39PZDQyZhwFtjOiODCL3lT8z2unGN74mVBJilyx+aIwlQRjMn2e9ITmDOXYEsq0sLcSNqCaMrQRFW0I3uLLy6RxUfGuKt7DZbl6m8dRgGM4gTPw4BqqcA81qAMDCc/wCm/Ok/PivDsf89YVJ585gj9wPn8AcCePlA==</latexit>

v/�0

χ

sm

CFT
g
gallowed

excluded

Higgs potential fine-tuned

[preliminary]

using HiggsBounds, 2210.09332

<latexit sha1_base64="pjIRXgybZkIvB1HBvwHdsw7wrYs=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegBz1GMA/YrGF20psMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lJ1JotO1vq7C0vLK6VlwvbWxube+Ud/eaOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rAZQWcXSHowS8kPUjEQjO0Ej3AXU7CE+YXUNz7HXLFbtqT0EXiZOTCslR75a/Or2YpyFEyCXT2nXsBL2MKRRcwrjUSTUkjA9ZH1xDIxaC9rLp1WN6ZJQeDWJlKkI6VX9PZCzUehT6pjNkONDz3kT8z3NTDC68TERJihDx2aIglRRjOomA9oQCjnJkCONKmFspHzDFOJqgSiYEZ/7lRdI8qTpnVef2tFK7zOMokgNySI6JQ85JjdyQOmkQThR5Jq/kzXq0Xqx362PWWrDymX3yB9bnD09BkmU=</latexit> f
[G

eV
]

<latexit sha1_base64="65BNvENlOFXHaUKXALuYupjqQBE=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcyIqMegBz1GMAtMhtDTqSRNeha6a8RhiL/ixYMiXv0Qb/6NneWgiQ8KHu9VUVUvSKTQ6DjfVmFldW19o7hZ2tre2d2z9w+aOk4VhwaPZazaAdMgRQQNFCihnShgYSChFYyuJ37rAZQWcXSPWQJ+yAaR6AvO0Ehduxx2O3woqNdBeMT8Bppjv2tXnKozBV0m7pxUyBz1rv3V6cU8DSFCLpnWnusk6OdMoeASxqVOqiFhfMQG4BkasRC0n0+PH9Njo/RoP1amIqRT9fdEzkKtszAwnSHDoV70JuJ/npdi/9LPRZSkCBGfLeqnkmJMJ0nQnlDAUWaGMK6EuZXyIVOMo8mrZEJwF19eJs3Tqntede/OKrWreRxFckiOyAlxyQWpkVtSJw3CSUaeySt5s56sF+vd+pi1Fqz5TJn8gfX5A5jtlL4=</latexit>
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Summary

Electroweak phase transition may be related to such 
fundamental particle physics problems as matter-antimatter 
asymmetry and gauge hierarchy problem 

and hence models that could describe the correlations

EWPT can be tested at colliders
such indirect tests require coherent combined treatment of all 
the available probes (colliders, EDM, GW, …)

Minimal models for EWBG are not fully probed yet and provide 
a range of potential collider signals, from Higgs couplings 
modifications to new resonances 
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