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First order EW phase transition proceeds through bubble nucleation:
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First order EW phase transition proceeds through bubble nucleation:

Baryon asymmetry is created close to bubble walls: 
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EW sphalerons:

convert B into L at h/T<1

rate
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h 6= 0
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First order EW phase transition proceeds through bubble nucleation:

Baryon asymmetry is created close to bubble walls: 
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How to get first-order EWPT?
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How to get first-order EWPT?

New particles s.t. thermal/quantum corrections modify 
SM Higgs potential

New field directions

h

V

h

S
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SM + Singlet

Only an extremely small explicit  breaking is 
needed to get B asymmetry and remove domain 
walls.

S → − S

Consider the case with  respected by the 
EWSB minimum

S → − S

(For models with spontaneous or sizeable explicit 
breaking see 2210.16305,1911.10206)

Espinosa et al, 1110.2876
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SM + Singlet

EWBG
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h

V
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SM + Singlet

EWBG

A.Benival et al, 1702.06124
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⇒

 symmetry:S → − S

no sizeable Higgs-S mixing

⇒ loop-induced effects of  λHS

SM + Singlet

Pheno: S-h mixing

sin θ ∝ λHS⟨h⟩⟨S⟩
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𝒪H =
1
2

(∂μ |H |2 )2 cH

Λ2
=

λ2
HS

48π2

1
m2

S

h

h

λHS

h

h

S λHS

SM + Singlet

Pheno: cH

M.Carena et al, 2104.00638

3σ − 2σ − 1σHLLHC+FCC-ee:

pro
bed
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HLLHC+FCC-ee:

SM + Singlet

A.Benival et al, 1702.06124
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SM + Singlet

Most minimal model:

Will be partly probed at the next (?) collider 

EDMs, tree level Higgs couplings modifications 
suppressed

GW signal typically too weak (where )vwall < 1
J.Ellis et al, 2210.16305

Intermediate Conclusion
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Intermediate Conclusion

Anything more exciting?

EWBG models can be arbitrarily more complex 
and also provide much more signals

I will now consider the opposite limit: models 
which are already on the border of exclusion, yet 
motivated by other considerations

SM + Singlet

sizeable  breakingZ2
2HDM
embedding in more “complete” models with their 
own typical signals 

…



Origin of EWBG vs EXP Tensions
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’s Thermal History and EW Baryogenesis⟨H⟩
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T corrections to V(h)
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temperature

1

Higgs VEV

temperature

time

0

in Electroweak Baryogenesis scenarios

160 GeV

new physics responsible for CP violation and first-order phase 
transition is at a few 100 GeV scale 

~unique prediction for the energy scale of new physics

h

V
+CP

’s Thermal History and EW Baryogenesis⟨H⟩

EXP TENSIONS
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EW symmetry Non-Restoration

160 GeV

’s Thermal History and EW Baryogenesis⟨H⟩
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temperature

1

Higgs VEV

temperature

time

0 160 GeV

+CP
1st order transition

new physics responsible for CP violation and first-order phase 
transition is above 100 GeV scale 

new phenomenology

EW symmetry Non-Restoration

’s Thermal History and EW Baryogenesis⟨H⟩
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High-T EWBG



SM states

Electroweak Symmetry Non-Restoration at High T

λt

2
t̄th

δVh =
1
8

λ2
t T2 h2

⇒

⇒

⇒ positive thermal mass & 
restoration at T ≃ 160 GeV

h h

T
t

t

t

t
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Electroweak Symmetry Non-Restoration at High T

λhχ

1
Λ

new light scalars

new light fermions

Weinberg ’74 (toy model) 
Meade, Ramani, 1807.07578 
Baldes, Servant, 1807.08770 
Glioti, Rattazzi, Vecchi, 1811.11740

OM, Servant, 2020.05174
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Electroweak Symmetry Non-Restoration at High T

T

Weinberg ’74 (toy model) 
Meade, Ramani, 1807.07578 
Baldes, Servant, 1807.08770 
Glioti, Rattazzi, Vecchi, 1811.11740

OM, Servant, 2020.05174

new light scalars

new light fermions

λhχ

1
Λ
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Electroweak Symmetry Non-Restoration at High T

⇒ δVh ∼ λhχ T2 h2

T

⇒ δVh ∼
mN

Λ
T2 h2

Weinberg ’74 (toy model) 
Meade, Ramani, 1807.07578 
Baldes, Servant, 1807.08770 
Glioti, Rattazzi, Vecchi, 1811.11740

OM, Servant, 2020.05174

new light scalars

new light fermions

λhχ

1
Λ
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Electroweak Symmetry Non-Restoration at High T

⇒

T

⇒

Weinberg ’74 (toy model) 
Meade, Ramani, 1807.07578 
Baldes, Servant, 1807.08770 
Glioti, Rattazzi, Vecchi, 1811.11740

OM, Servant, 2020.05174

new light scalars

new light fermions

can be < 0

λhχ

1
Λ

δVh ∼ λhχ T2 h2

δVh ∼
mN

Λ
T2 h2
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 Dirac fermions for T < 1 TeV     (                         )𝒪(10)

large multiplets needed for perturbativity:

Tmax
SNR ⇠

p
nmN

SNR: # of new d.o.f.

 scalars𝒪(100)

In 2HDM: ~5 less d.o.f. and DM candidate

OM,J.Unwin,Q.Wang 2107.07560

M.Carena,C.Krause,Z.Liu,Y.Wang 2104.00638

λt

2
t̄th2
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High-temperature EWPT

Glioti, Rattazzi, Vecchi, 1811.11740 
M.Carena,C.Krause,Z.Liu,Y.Wang 2104.00638

cH

Λ2
= n

λ2
HS

48π2

1
μ2

χ

Pheno: cH

cH

Λ2
∼ n

4
16π2

1
Λ2

h

h

λHS

h

h

S λHS

p2

h

h

1/Λ

h

h

N 1/Λ

p2

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

𝒪H =
1
2

(∂μ |H |2 )2
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High-temperature EWPT

Glioti, Rattazzi, Vecchi, 1811.11740 
M.Carena,C.Krause,Z.Liu,Y.Wang 2104.00638
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= n

λ2
HS

48π2

1
μ2

χ

Pheno: cH

cH

Λ2
∼ n

4
16π2

1
Λ2

Λ / |cH | ≳ 3 TeV

perturbativity

n
T2

Λ2
≪ 1

n
λ2

HS

16π2
≪ λh(μ)

h

h

λHS

h

h

S λHS

p2

h

h

1/Λ

h

h

N 1/Λ

p2

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
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High-T EWSB vs Naturalness
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Can SNR be motivated by, or at least compatible with EW 
naturalness-motivated physics?

SNR & Naturalness



SNR & Naturalness

no quadratic UV 
sensitivity of Higgs mass δV1loop ∝ Λ2STr[M2] ≠ f [h]

add new d.o.f. such that⇒

SM

BSM+

41



SNR & Naturalness

STrM2 = Tr[M2
0 − 2 |M1/2 |2 + 3M2

1] ≠ f [h]no quadratic UV 
sensitivity of Higgs mass

42



SNR & Naturalness

STrM2 = Tr[M2
0 − 2 |M1/2 |2 + 3M2

1] ≠ f [h]no quadratic UV 
sensitivity of Higgs mass

thermal potential 
(high-T)

δVT ⊃
1
24

T2Tr[M2
0 + |M1/2 |2 + 3M2

1]
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SNR & Naturalness

different-spin naturalness (SUSY)

δVT ⊃
1
24

T2Tr[M2
0 + |M1/2 |2 + 3M2

1]thermal potential 
(high-T)

STrM2 = Tr[M2
0 − 2 |M1/2 |2 + 3M2

1] ≠ f [h]no quadratic UV 
sensitivity of Higgs mass

e.g. chiral superfield

⊃
1
8

T2Tr |M1/2 |2

× 3

M.Mangano ‘84
H.E.Haber ‘82

44



SNR & Naturalness

different-spin naturalness (SUSY)

δVT ⊃
1
24

T2Tr[M2
0 + |M1/2 |2 + 3M2

1]thermal potential 
(high-T)

STrM2 = Tr[M2
0 − 2 |M1/2 |2 + 3M2

1] ≠ f [h]no quadratic UV 
sensitivity of Higgs mass

e.g. chiral superfield

⊃
1
8

T2Tr |M1/2 |2

× 3

way around, e.g. additional superfields with non-renormalizable 
interactions and large-n Dvali, Tamvakis ‘96

Bajc, Melfo, Senjanovic ‘96
OM, Unwin, Wang 2211.0914745



SNR & Naturalness

δVT ⊃
1
24

T2Tr[M2
0 + |M1/2 |2 + 3M2

1]thermal potential 
(high-T)

STrM2 = Tr[M2
0 − 2 |M1/2 |2 + 3M2

1] ≠ f [h]no quadratic UV 
sensitivity of Higgs mass

same-spin naturalness (e.g. Goldstone Higgs)

, ,

≠ f [h]

e.g. top effect                              is cancelledδVh =
1
8

λ2
t T2 h2 potential SNR⇒

, ,

46



SNR & Naturalness

Twin Higgs

same-spin naturalness (e.g. Goldstone Higgs)

Chacko et al, hep-ph/0506256

SM states couplings to the Higgs

Twin states couplings to the Higgs

Z2

∝ sin h/f

∝ cos h/f

47



SNR & Naturalness

Twin Higgs

SM contribution

Twin contribution

V ⇠ f2⇤2(sin2 h/f + cos2 h/f) = f2⇤2
<latexit sha1_base64="RVkIQA0kgn4dqjoiL/PpF1spzho=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoCHWmCrqxFNy4cFHBPqAzlkwm04ZmMkOSEcrQv3Hjr7gRVESX/olpOwvbeiHk5NxzuLnHixmVyrK+jdzS8srqWn69sLG5tb1j7u41ZZQITBo4YpFoe0gSRjlpKKoYaceCoNBjpOUNrsf91iMRkkb8Xg1j4oaox2lAMVKa6prVJnQkDWHwUIHOrfb5SKOS5ri++6cBPIEOjuT0cQyvZpVds2iVrUnBRWBnoAiyqnfNN8ePcBISrjBDUnZsK1ZuioSimJFRwUkkiREeoB7paMhRSKSbTvYcwSPN+DCIhD5cwQn715GiUMph6GlliFRfzvfG5H+9TqKCSzelPE4U4Xg6KEgYVBEchwZ9KghWbKgBwoLqv0LcRwJhpaMt6BDs+ZUXQbNSts/KlbvzYq2axZEHB+AQlIANLkAN3IA6aAAMnsALeAcfxrPxanwaX1Npzsg8+2CmjJ9fL3Ch0g==</latexit>

h0

V (T )

SM twin

same-spin naturalness (e.g. Goldstone Higgs)

Chacko et al, hep-ph/0506256

48

also talk by Marcin Badziak



SNR & Naturalness

Twin Higgs Chacko et al, hep-ph/0506256

SM contribution

Twin contribution

h0

V (T )

SM twin

same-spin naturalness (e.g. Goldstone Higgs)

OM, 2008.13725

�̃q f q̄q cosh/f
<latexit sha1_base64="z8Gu/TG4AbeKhRKgjsMYd/IpkUY=">AAACEnicbVDNS8MwHE3n15xfVY9egkNQkNlOQU8y8OJxgvuAtZQ0TbewNO2SVBhlf4MX/xUvHhTx6smb/43p1oNuPgi8vPd7JL/nJ4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FJi0cs1h0fSQJo5y0FFWMdBNBUOQz0vGHN7nfeSBC0pjfq3FC3Aj1OQ0pRkpLnnniKMoCAh2mMwHyRtA5hSF0fCTgCOY3B8cSDs5Cz6xaNWsKuEjsglRBgaZnfjlBjNOIcIUZkrJnW4lyMyQUxYxMKk4qSYLwEPVJT1OOIiLdbLrSBB5pJYBhLPThCk7V34kMRVKOI19PRkgN5LyXi/95vVSFV25GeZIqwvHsoTBlUMUw7wcGVBCs2FgThAXVf4V4gATCSrdY0SXY8ysvkna9Zp/X6ncX1cZ1UUcZHIBDcAxscAka4BY0QQtg8AiewSt4M56MF+Pd+JiNlowisw/+wPj8AQmAm8c=</latexit>

 breaking by light quark/
lepton Yukawas

Z2

V ⇠ f2⇤2(sin2 h/f + cos2 h/f) = f2⇤2
<latexit sha1_base64="RVkIQA0kgn4dqjoiL/PpF1spzho=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoCHWmCrqxFNy4cFHBPqAzlkwm04ZmMkOSEcrQv3Hjr7gRVESX/olpOwvbeiHk5NxzuLnHixmVyrK+jdzS8srqWn69sLG5tb1j7u41ZZQITBo4YpFoe0gSRjlpKKoYaceCoNBjpOUNrsf91iMRkkb8Xg1j4oaox2lAMVKa6prVJnQkDWHwUIHOrfb5SKOS5ri++6cBPIEOjuT0cQyvZpVds2iVrUnBRWBnoAiyqnfNN8ePcBISrjBDUnZsK1ZuioSimJFRwUkkiREeoB7paMhRSKSbTvYcwSPN+DCIhD5cwQn715GiUMph6GlliFRfzvfG5H+9TqKCSzelPE4U4Xg6KEgYVBEchwZ9KghWbKgBwoLqv0LcRwJhpaMt6BDs+ZUXQbNSts/KlbvzYq2axZEHB+AQlIANLkAN3IA6aAAMnsALeAcfxrPxanwaX1Npzsg8+2CmjJ9fL3Ch0g==</latexit>

49



Concrete EWBG model with SNR



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
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Phase Transitions in CH models 
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Phase Transitions in CH models 

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>

hvq0
<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>
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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>

hvq0
<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>

0

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

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



F

�

Confinement Phase Transition

∝ Ñ2
cT4

∝ m2
χ f2Phase Transition → T4

R

reheating
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F

�

Confinement Phase Transition

∝ Ñ2
cT4

∝ m2
χ f2Phase Transition → T4

R

If  the EW symmetry is ~restored again 
(EW sphalerons are on)

TR > 130 GeV

To keep EWBG results we need 

TR ≲ 130 GeV mχ ≲ 500 GeV ×
800 GeV

f
1

Ñc
1/2⇒

reheating
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LHC bounds

Bruggisser,vonHarling,OM,Servant,2212.00056

v/χ0
sm

sm

χ

*extra  for N ggχ
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LHC bounds

Bruggisser,vonHarling,OM,Servant,2212.00056

TR too high

h potential fine-tuned

T corrections to V(h)

h

V
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LHC bounds

Bruggisser,vonHarling,OM,Servant,2212.00056

h potential fine-tuned

High-T EWSB

h

V

Assume twin Higgs 
structure

Search for heavy dilaton
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Summary

Large variety of implementations with various signatures

EWBG necessarily predicts  TeV scale new physics, 
providing an important target for future colliders

≲

Combined explanation with EW naturalness may require to 
alter the h VEV thermal history, still allowing the near future 
collider tests 
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Thank you!




