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Baryogenesis

Measured baryon asymmetry

CMB

nb/n� = (6.2± 0.2) 10�10
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!b = ⌦Bh
2 = 0.0222± 0.0001
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Direct measurement of

BBN

Abundance of light elements depend on nb/n�
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gives



Sakharov conditions

Baryogenesis

Baryon number violation

C and CP violation

Out of thermal equilibrium

Otherwise �(X ! ... ! p) = �(X̄ ! ... ! p̄)
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Obvious

Arrow of time (otherwise CPT implies no baryon number)



Sakharov conditions

Baryogenesis

Baryon number violation

C and CP violation

Out of thermal equilibrium

SM not enough: B violation with sphalerons, not enough CP violation in CKM, not enough out of thermal equilibrium

Need BSM physics!

Otherwise �(X ! ... ! p) = �(X̄ ! ... ! p̄)
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Obvious

Arrow of time (otherwise CPT implies no baryon number)



Interlude - Sphalerons

Non-perturbative effects violate B+L in the SM!

Baryon number (B) and Lepton number (L) are good symmetries of the SM classically 

However B+L is anomalous!

At zero T tunneling effect, exponential suppression -> unobservably small!

� ⇠ exp [�Esphaleron/T ]
<latexit sha1_base64="rabeIBnIYmfhxdc7Q0l+MPnbvUQ="></latexit>

At high T,

with Esphaleron ⇠ mW
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Roughly speaking for v/T & 1
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sphalerons are inactive



Electroweak baryogenesis

Baryogenesis

Leptogenesis 

Affleck-Dine baryogenesis

Some possible scenarios:

In its simplest version points to very high scale of new physics

Baryon number violation from sphalerons

Scalar field with baryon number violating self-interactions

Produce lepton asymmetry through decays, sphalerons reshuffle to baryon asymmetry 

Tied to electroweak phase transition

Starts out with a large vev, rolling produces baryon number

Kuzmin, Rubakov, Shaposhnikov, ‘85

Affleck, Dine, ‘85

Fukugita, T. Yanagida, ‘86



Electroweak baryogenesis

Why electroweak baryogenesis?

Higgs Hierarchy Problem - New physics at the EW scale

Can give rise to necessary CP violation 

Can give rise to out of thermal equilibrium 
1st order phase transition 

Testable

Colliders

Low energy experiments (EDMs)

(B-violation is present, sphalerons)



Electroweak baryogenesis

First order EW phase transition

hhi 6= 0
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Electroweak baryogenesis

First order EW phase transition

hhi 6= 0
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hhi 6= 0
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hhi = 0
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�L + �R
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Sphaleron

�B
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Sphalerons activeNo sphaleron transitions

�B
<latexit sha1_base64="Ncn3uQoMgcc/pYUl6I77JzofhO8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8hevAYwTwgWcLsZDYZMju7zvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVA44T7kd0oEQoGEUrtbu3XCIltV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/M752SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPnSV9ozlCOLaFMC3srYUOqKUMbUcGG4C2/vEqalbJ3Ua7cX5aqtSyOPJzAKZyDB1dQhTuoQwMYSHiGV3hzHp0X5935WLTmnGzmGP7A+fwBRPuPdg==</latexit>

frozen

Bubble wall



Electroweak baryogenesis - electron EDM

New source of CP violation needed
generically gives rise to EDMs

Strong bounds on electron EDM

Roussy, Caldwell, et al, 2022



Electroweak baryogenesis - electron EDM

New source of CP violation needed
generically gives rise to EDMs

Strong bounds on electron EDM

Roussy, Caldwell, et al, 2022

Barr-Zee diagram

Electron EDM generically generated at two loops:
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Electroweak baryogenesis - electron EDM

Most models of electroweak baryogenesis won’t be probed at a future collider!

Significant future improvements expected

2203.08103



Electroweak baryogenesis - avoiding electron EDM

Which models survive?



Electroweak baryogenesis - avoiding electron EDM

Electroweak symmetry non-restoration

Which models survive?

Electroweak phase transition happens at higher T than expected 

CP violating new physics can be heavier Suppressed electron EDM

Baldes, Servant 2018 
Glioti, Rattazzi & Vecchi 2018  
Matsedonskyi, Servant 2020 

 Matsedonskyi, 2020 
…



Electroweak baryogenesis - avoiding electron EDM

Electroweak symmetry non-restoration

Which models survive?

Electroweak phase transition happens at higher T than expected 

CP violating new physics can be heavier

CP violation to a dark sector

Need a dark sector that has nothing to do with EW hierarchy

Suppressed electron EDM

CP violation is mediated to visible sector Suppressed electron EDM

Baldes, Servant 2018 
Glioti, Rattazzi & Vecchi 2018  
Matsedonskyi, Servant 2020 

 Matsedonskyi, 2020 
…

Carena, Quirós, Zhang, 2018



Electroweak baryogenesis - avoiding electron EDM

Electroweak symmetry non-restoration

Which models survive?

Electroweak phase transition happens at higher T than expected 

CP violating new physics can be heavier

CP violation to a dark sector

Need a dark sector that has nothing to do with EW hierarchy

Spontaneous CP violation

CP was only violated in the early unverse (by some expectation value of a pseudo-scalar)

Suppressed electron EDM

No CP violation today (apart from CKM) No electron EDM

CP violation is mediated to visible sector Suppressed electron EDM

Baldes, Servant 2018 
Glioti, Rattazzi & Vecchi 2018  
Matsedonskyi, Servant 2020 

 Matsedonskyi, 2020 
…

Carena, Quirós, Zhang, 2018

McDonald 1994 
McDonald 1995 

Comelli, Pietroni & Riotto 1993 

In Composite Higgs models: 
Espinosa Gripaios Konstandin & Riva 2012 

De Curtis, Delle Rose & Panico 2019 



Electroweak baryogenesis - Spontaneous CP violation

New source of CP violation active during EW phase transition, not active now

Simplest toy model: SM + singlet pseudo-scalar

Pseudo-scalar coupling to top quarks: ib
⌘

f
t̄LHtR
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Singlet coupling to Higgs makes EW phase transition first order V (⌘, h)
<latexit sha1_base64="Ir+LVPph80mozTAVzv/fRbxgRyA=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBAiSNiNgh6DXjxGMA9JljA76U2GzM4uM71CCPkKLx4U8ernePNvnCR70MSChqKqm+6uIJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/WbT6CNiNUDjhLwI9ZXIhScoZUeG6UOIDsfnHULRbfszkCXiZeRIslQ6xa+Or2YpxEo5JIZ0/bcBP0x0yi4hEm+kxpIGB+yPrQtVSwC449nB0/oqVV6NIy1LYV0pv6eGLPImFEU2M6I4cAselPxP6+dYnjtj4VKUgTF54vCVFKM6fR72hMaOMqRJYxrYW+lfMA042gzytsQvMWXl0mjUvYuypX7y2L1JosjR47JCSkRj1yRKrkjNVInnETkmbySN0c7L8678zFvXXGymSPyB87nD6mqj6k=</latexit>

CP : ⌘ ! �⌘
<latexit sha1_base64="2UraaaVga3CzLSBfmMHwbNKwgg8=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcGNJqqC4KnbjsoK9QBPKZDpph04mYWYiltJXceNCEbe+iDvfxkmbhbb+MPDxn3OYc/4g4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxg3snrnkUrFYvGgJwn1IzwULGQEa2P17XKjeYM8qjHydIzOM+rbFafqzIVWwc2hArmaffvLG8QkjajQhGOleq6TaH+KpWaE01nJSxVNMBnjIe0ZFDiiyp/Od5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1e+1MmklRTQRYfhSlH5swsCDRgkhLNJwYwkczsisgIS0y0iatkQnCXT16Fdq3qXlRr95eV+m0eRxGO4QTOwIUrqMMdNKEFBJ7gGV7hzZpZL9a79bFoLVj5zBH8kfX5Awtokyg=</latexit>

EW phase transition from ⌘ 6= 0, h = 0
<latexit sha1_base64="ZwGMcCzlnDIJTgcbtK9ltPRAc3o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCylJFRSKUHTjsoJ9QBPKZHrbDp1MwsxEqKH4K25cKOLW/3Dn3zhts9DWAxcO59zLvfcEMWdKO863lVtaXlldy68XNja3tnfs3b2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIY3E7/5AFKxSNzrUQx+SPqC9Rgl2kgd+8ADTbAnADun2Kt4FTy4cjp20Sk5U+BF4makiDLUOvaX141oEoLQlBOl2q4Taz8lUjPKYVzwEgUxoUPSh7ahgoSg/HR6/RgfG6WLe5E0JTSeqr8nUhIqNQoD0xkSPVDz3kT8z2snunfpp0zEiQZBZ4t6Ccc6wpMocJdJoJqPDCFUMnMrpgMiCdUmsIIJwZ1/eZE0yiX3rFS+Oy9Wr7M48ugQHaET5KILVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx8wQJMb</latexit>

⌘ = 0, h 6= 0
<latexit sha1_base64="Ga7KE20wwpY/1j8PYRIEwYtVXFo=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAlqYJCEYpePFawH9CEstlO2qWbTdjdCKX24F/x4kERr/4Nb/4bt20O2vpg4PHeDDPzgoQzpR3n28otLa+sruXXCxubW9s79u5eQ8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7wQBN8hZ1T7FW8Cu5jTwB2OnbRKTlT4EXiZqSIMtQ69pfXjWkagdCUE6XarpNof0SkZpTDuOClChJCB6QHbUMFiUD5o+n9Y3xslC4OY2lKaDxVf0+MSKTUMApMZ0R0X817E/E/r53q8NIfMZGkGgSdLQpTjnWMJ2HgLpNANR8aQqhk5lZM+0QSqk1kBROCO//yImmUS+5ZqXx3XqxeZ3Hk0SE6QifIRReoim5RDdURRY/oGb2iN+vJerHerY9Za87KZvbRH1ifP+DFk28=</latexit>

to



Electroweak baryogenesis - Spontaneous CP violation

Two step phase transition

Baryon asymmetry generated at the second phase transition

Inside the bubbles of true vacuum sphalerons are not active, baryon number freezes out



Interlude - Composite Higgs

Minimal Composite Higgs

Strongly coupled sector with global SO(5) broken to SO(4)

Gives rise to 4 Goldstone bosons, the 4 components of the Higgs
Analogous to pions in QCD

Agashe, Contino, Pomarol 2004



Interlude - Composite Higgs

Minimal Composite Higgs

Strongly coupled sector with global SO(5) broken to SO(4)

Gives rise to 4 Goldstone bosons, the 4 components of the Higgs
Analogous to pions in QCD

SO(4) ' SU(2)L ⇥ SU(2)R
<latexit sha1_base64="aAuNf/LshwH6C4dzBjXM5t3IQNY=">AAACDXicbVDLTsJAFJ3iC/FVdelmIprAhrRIokuiGxcmolggoU0zHaYwYfpwZmpCGn7Ajb/ixoXGuHXvzr9xgC4UPMkk555zb+7c48WMCmkY31puaXlldS2/XtjY3Nre0Xf3WiJKOCYWjljEOx4ShNGQWJJKRjoxJyjwGGl7w4uJ334gXNAovJOjmDgB6ofUpxhJJbn6UfO6VCtDW9CA3MOmVaqW3StoS1WKrLyFrl40KsYUcJGYGSmCDA1X/7J7EU4CEkrMkBBd04ilkyIuKWZkXLATQWKEh6hPuoqGSG1z0uk1Y3islB70I65eKOFU/T2RokCIUeCpzgDJgZj3JuJ/XjeR/pmT0jBOJAnxbJGfMCgjOIkG9ignWLKRIghzqv4K8QBxhKUKsKBCMOdPXiStasU8qVRvasX6eRZHHhyAQ1ACJjgFdXAJGsACGDyCZ/AK3rQn7UV71z5mrTktm9kHf6B9/gBKH5iJ</latexit>

SO(5) is not exact -> potential for the Higgs 

SU(2)L
<latexit sha1_base64="G4B1PsY8J69RtTekUdT17pojiyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWET0TSI6wt9lLluzuHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsVLr3q/WT3u3vXLFrbkzoGXi5aQCOZq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM3OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBlkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCJRuCt/jyMnms17yzWv3uvNK4yuMowhEcQxU8uIAG3EATfCAwgmd4hTcncV6cd+dj3lpw8plD+APn8wfdJI6a</latexit>

U(1)R
<latexit sha1_base64="F0LUxYfktvWgd5Fy17whc4NdrOg=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmknxYMYJDWI8ECxiBBsrNf2qd9q775Urbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7u6jUr/M4inAEx1AFDy6hDrfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBQAmOQg==</latexit>

are gaugedand

Composite - elementary mixing does not respect SO(5) 

Fermions embeddings give rise to biggest contribution to the potential

Agashe, Contino, Pomarol 2004



Interlude - Composite Higgs

Power counting the potential

V (h) =
3y2t
16⇡2

g2⇤f
4

✓
a
h2

f2
+

b

2

h4

f4

◆

<latexit sha1_base64="eOUBJM6lyAwRAO2Ojye/xHr5BRA="></latexit>

g⇤
<latexit sha1_base64="5mHViNfQ4sCRO2L0l4B2wWY2oe0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JUQY9FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6AaBZfYMNwIbKcKaRwIbAXD26nfekKleSIfzShFP6aR5CFn1FjpIeqd90plt+LOQJaJl5My5Kj3Sl/dfsKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEgj7FgqaYzaH89OnZBTq/RJmChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MhNf+mMs0MyjZfFGYCWISMv2b9LlCZsTIEsoUt7cSNqCKMmPTKdoQvMWXl0mzWvEuKtX7y3LtJo+jAMdwAmfgwRXU4A7q0AAGETzDK7w5wnlx3p2PeeuKk88cwR84nz/obY2M</latexit>

a, b ⇠ O(1)
<latexit sha1_base64="RaTegaPOTjseKqHrDRLLWzWORsQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBT0WvXizgv2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9up3xxRpVkkH804pr7AfclCRrCxko/PA9TRTKD7knfWLRTdsjsDWiZeRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76ezoCTq1Sg+FkbIlDZqpvydSLLQei8B2CmwGetGbiv957cSE137KZJwYKsl8UZhwZCI0TQD1mKLE8LElmChmb0VkgBUmxuaUtyF4iy8vk0al7F2UKw+XxepNFkcOjuEESuDBFVThDmpQBwJP8Ayv8OaMnBfn3fmYt6442cwR/IHz+QOLRpCl</latexit>

expectedstrong coupling



Interlude - Composite Higgs

Power counting the potential

V (h) =
3y2t
16⇡2

g2⇤f
4
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<latexit sha1_base64="eOUBJM6lyAwRAO2Ojye/xHr5BRA="></latexit>

g⇤
<latexit sha1_base64="5mHViNfQ4sCRO2L0l4B2wWY2oe0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JUQY9FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6AaBZfYMNwIbKcKaRwIbAXD26nfekKleSIfzShFP6aR5CFn1FjpIeqd90plt+LOQJaJl5My5Kj3Sl/dfsKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEgj7FgqaYzaH89OnZBTq/RJmChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MhNf+mMs0MyjZfFGYCWISMv2b9LlCZsTIEsoUt7cSNqCKMmPTKdoQvMWXl0mzWvEuKtX7y3LtJo+jAMdwAmfgwRXU4A7q0AAGETzDK7w5wnlx3p2PeeuKk88cwR84nz/obY2M</latexit>

a, b ⇠ O(1)
<latexit sha1_base64="RaTegaPOTjseKqHrDRLLWzWORsQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBT0WvXizgv2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9up3xxRpVkkH804pr7AfclCRrCxko/PA9TRTKD7knfWLRTdsjsDWiZeRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76ezoCTq1Sg+FkbIlDZqpvydSLLQei8B2CmwGetGbiv957cSE137KZJwYKsl8UZhwZCI0TQD1mKLE8LElmChmb0VkgBUmxuaUtyF4iy8vk0al7F2UKw+XxepNFkcOjuEESuDBFVThDmpQBwJP8Ayv8OaMnBfn3fmYt6442cwR/IHz+QOLRpCl</latexit>

expectedstrong coupling

Fine tuning from Higgs mass and coupling measurements 

a/b ⇠ O(0.1)
<latexit sha1_base64="y+7ioZTOVV5mdQPhaFLZdm12Nzw=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXmJSBT0WvXizgv2ANpTNdtMu3U3C7kaoob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fo5up33qkUrE4etDjhPoCDyIWMoK1kXp2CZ8FqKuYQHcV1/FOe3bZddwZ0DLxclKGHPWe/dXtxyQVNNKEY6U6nptoP8NSM8LppNhNFU0wGeEB7RgaYUGVn80On6ATo/RRGEtTkUYz9fdEhoVSYxGYToH1UC16U/E/r5Pq8MrPWJSkmkZkvihMOdIxmqaA+kxSovnYEEwkM7ciMsQSE22yKpoQvMWXl0mz6njnTvX+oly7zuMowBEcQwU8uIQa3EIdGkAghWd4hTfryXqx3q2PeeuKlc8cwh9Ynz/nsZFL</latexit>

(v/f)2 . 0.1
<latexit sha1_base64="lzl7tjAaa8SDfts+5d0FSBsKNfw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbmJSBV0W3bisYB/QxDKZTtqhkwczN4USunTjr7hxoYhbP8Gdf+O0zUKrBy4czrmXe+/xE8EV2PaXUVhaXlldK66XNja3tnfM3b2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv7weuq3RkwqHkd3ME6YF5J+xANOCWipax66ggVQGZ0GruT9AZzcV7GWlFI8xLbldM2ybdkz4L/EyUkZ5ah3zU+3F9M0ZBFQQZTqOHYCXkYkcCrYpOSmiiWEDkmfdTSNSMiUl80emeBjrfRwEEtdEeCZ+nMiI6FS49DXnSGBgVr0puJ/XieF4NLLeJSkwCI6XxSkAkOMp6ngHpeMghhrQqjk+lZMB0QSCjq7kg7BWXz5L2lWLefMqt6el2tXeRxFdICOUAU56ALV0A2qowai6AE9oRf0ajwaz8ab8T5vLRj5zD76BePjG7ilmH0=</latexit>

to have

a =
4⇡2

m
2
h

3y2t g
2
⇤f

2
'

✓
450GeV

m⇤

◆2

. O(0.1)
<latexit sha1_base64="1aQy0+aUi3jgyX1HyGnh+dlJS10="></latexit>



Electroweak baryogenesis - Spontaneous CP violation

Spontaneous CP violation in Composite Higgs Models



Electroweak baryogenesis - Spontaneous CP violation

Spontaneous CP violation in Composite Higgs Models

Symmetry breaking pattern SO(6)/SO(5)
<latexit sha1_base64="YSShiwnN7n6yTetqqhXA2CBAaC4=">AAAB8nicbVDLTsMwENzwLOVV4MglokJqLyUpz2MFF24UQR9SGlWO67RWHTuyHaQq6mdw4QBCXPkabvwNbpsDtIxkazSzq92dIGZUacf5tpaWV1bX1nMb+c2t7Z3dwt5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsY3kz81hORigr+qEcx8SPU5zSkGGkjeQ93pYvyifnPy91C0ak4U9iLxM1IETLUu4WvTk/gJCJcY4aU8lwn1n6KpKaYkXG+kygSIzxEfeIZylFElJ9OVx7bx0bp2aGQ5nFtT9XfHSmKlBpFgamMkB6oeW8i/ud5iQ6v/JTyONGE49mgMGG2FvbkfrtHJcGajQxBWFKzq40HSCKsTUp5E4I7f/IiaVYr7mmlen9WrF1nceTgEI6gBC5cQg1uoQ4NwCDgGV7hzdLWi/VufcxKl6ys5wD+wPr8AXqSj2w=</latexit>

leads to 5 pNGBs H, ⌘
<latexit sha1_base64="TTadLhtLeJmoq4JHkMOWIFvDYoI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLz1WsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G9zO//YRK81g+mkmCfkSHkoecUWOldv2S9NDQfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzcKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oaEPwll9eJa1qxbuqVB+uy7W7PI4CnMIZXIAHN1CDOjSgCQzG8Ayv8OYkzovz7nwsWtecfOYE/sD5/AFcX47u</latexit>

Automatically leads to coupling to top quarks: ib
⌘

f
t̄LHtR

<latexit sha1_base64="njqKlxIPbeUVry2cMUbvXvYVOTk=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0VwVZIq6LLopgsXVewDmhAm00k7dPJg5kYoIXs3/oobF4q49Qfc+TdO2yy09cCFwzn3cu89fiK4Asv6Nkorq2vrG+XNytb2zu6euX/QUXEqKWvTWMSy5xPFBI9YGzgI1kskI6EvWNcfX0/97gOTisfRPUwS5oZkGPGAUwJa8sxjjn3sBJLQzGFA8izIseMTmUHu3eAmBu/OM6tWzZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLC84qSKJYSOyZD1NY1IyJSbzX7J8YlWBjiIpa4I8Ez9PZGRUKlJ6OvOkMBILXpT8T+vn0Jw6WY8SlJgEZ0vClKBIcbTYPCAS0ZBTDQhVHJ9K6YjooMBHV9Fh2AvvrxMOvWafVar355XG1dFHGV0hI7RKbLRBWqgJmqhNqLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/MHCHWaZw==</latexit>

Minimal Setup:

Does it lead to right thermal history?

Gripaios, Pomarol, Riva, Serra 2009

Espinosa Gripaios Konstandin & Riva 2012

De Curtis, Delle Rose & Panico 2019 



Electroweak baryogenesis - Spontaneous CP violation

Spontaneous CP violation in Composite Higgs Models

We want:

V (⌘, h) = µ2
⌘⌘

2 + �h⌘⌘
2h2 + ...

<latexit sha1_base64="kjEFrMuihnFtmF4DDbUZOm7zUqw=">AAACKXicbVBbS8MwGE3nbc5b1UdfgkOYKKWdgr4IQ198nOAusNaSptkall5IUmGU/R1f/Cu+KCjqq3/EdKugmwdCTs75viTf8RJGhTTND620sLi0vFJeraytb2xu6ds7bRGnHJMWjlnMux4ShNGItCSVjHQTTlDoMdLxhle537knXNA4upWjhDghGkS0TzGSSnL1RrtmE4mOYXAIL6Adpm5+vKvDYjuCNlO3+cjNglwa/xhBbhqG4epV0zAngPPEKkgVFGi6+ovtxzgNSSQxQ0L0LDORToa4pJiRccVOBUkQHqIB6SkaoZAIJ5tMOoYHSvFhP+ZqRRJO1N8dGQqFGIWeqgyRDMSsl4v/eb1U9s+djEZJKkmEpw/1UwZlDPPYoE85wZKNFEGYU/VXiAPEEZYq3IoKwZodeZ6064Z1YtRvTquNyyKOMtgD+6AGLHAGGuAaNEELYPAAnsAreNMetWftXfuclpa0omcX/IH29Q3iTqNW</latexit>

µ2
⌘ < 0

<latexit sha1_base64="3do3q1s2WDhCVC/gcqa2Q168Ujc=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoAcPRS8eK9gPaGLYbDft0s0m7G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeWHKmdKO822V1tY3NrfK25Wd3b39A/vwqK2STBLaIglPZDfEinImaEszzWk3lRTHIaedcHQ38ztjKhVLxKOepNSP8UCwiBGsjRTYNvLiLPCoxk91dIMcFNhVp+bMgVaJW5AqFGgG9pfXT0gWU6EJx0r1XCfVfo6lZoTTacXLFE0xGeEB7RkqcEyVn88vn6Izo/RRlEhTQqO5+nsix7FSkzg0nTHWQ7XszcT/vF6mo2s/ZyLNNBVksSjKONIJmsWA+kxSovnEEEwkM7ciMsQSE23CqpgQ3OWXV0m7XnMvavWHy2rjtoijDCdwCufgwhU04B6a0AICY3iGV3izcuvFerc+Fq0lq5g5hj+wPn8AFbuR/g==</latexit>

and

µ2
⌘ + �h⌘v

2 > 0
<latexit sha1_base64="j4UDqZF2FMLXh92OMJrkwehRSJY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJJUQVdSdOOygn1AE8NkMmmHTiZhZlIooT/gxl9x40IRt+7d+TdO2iy09cDA4Zx7uHOPnzAqlWV9G6Wl5ZXVtfJ6ZWNza3vH3N1ryzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcf3uR+Z0SEpDG/V+OEuBHqcxpSjJSWPPMIOlHqOUShhzo8hQ7T0QB52SCXJnCk1SvLM6tWzZoCLhK7IFVQoOmZX04Q4zQiXGGGpOzZVqLcDAlFMSOTipNKkiA8RH3S05SjiEg3m14zgcdaCWAYC/24glP1dyJDkZTjyNeTEVIDOe/l4n9eL1XhpZtRnqSKcDxbFKYMqhjm1cCACoIVG2uCsKD6rxAPkEBY6QIrugR7/uRF0q7X7LNa/e682rgu6iiDA3AIToANLkAD3IImaAEMHsEzeAVvxpPxYrwbH7PRklFk9sEfGJ8/4wiaKw==</latexit>
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Terms invoving only Higgs:

Spontaneous CP violation in Composite Higgs Models

V (h) =
3y2t
16⇡2

g2⇤f
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h2
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h4

f4

◆

<latexit sha1_base64="eOUBJM6lyAwRAO2Ojye/xHr5BRA="></latexit>

Nothing changes, minimal tuning with a ⇠ 0.1
<latexit sha1_base64="RCK9o9fKNYKZCclMlllBZYpPDkw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Ae2oWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uZ37nSeqNIvlg5kmNBB4JFnECDZWesSor5lAnusPqjXP9XKgVeIXpAYFmoPqV38Yk1RQaQjHWvd8LzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5RfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8fTRkihLDp5Zgopi9FZExVpgYG1LFhuAvv7xK2nXXv3Dr95e1xk0RRxlO4BTOwYcraMAdNKEFBCQ8wyu8Odp5cd6dj0VrySlmjuEPnM8f12CPtw==</latexit>
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Terms invoving only Higgs:

Spontaneous CP violation in Composite Higgs Models

V (h) =
3y2t
16⇡2

g2⇤f
4
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a
h2

f2
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b
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h4

f4

◆

<latexit sha1_base64="eOUBJM6lyAwRAO2Ojye/xHr5BRA="></latexit>

Nothing changes, minimal tuning with a ⇠ 0.1
<latexit sha1_base64="RCK9o9fKNYKZCclMlllBZYpPDkw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Ae2oWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uZ37nSeqNIvlg5kmNBB4JFnECDZWesSor5lAnusPqjXP9XKgVeIXpAYFmoPqV38Yk1RQaQjHWvd8LzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5RfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8fTRkihLDp5Zgopi9FZExVpgYG1LFhuAvv7xK2nXXv3Dr95e1xk0RRxlO4BTOwYcraMAdNKEFBCQ8wyu8Odp5cd6dj0VrySlmjuEPnM8f12CPtw==</latexit>

Terms involving ⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

: There is a U(1) associated with      that can be preserved⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

Potential proportional to breaking of this U(1)

V (⌘, h) =
3y2t
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f4
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<latexit sha1_base64="375WP9D3xQErZHYVixu0R1X9Qyo="></latexit>

can be light for⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

�⌘ ⌧ 1
<latexit sha1_base64="s68bOun/EgGOW8JX2EmclQhHoro=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9iNgh6DXjxGMA/ILsvspJMMmX0w0xsIS/7EiwdFvPon3vwbJ8keNLGgoajqprsrTKXQ6DjfVmljc2t7p7xb2ds/ODyyj0/aOskUhxZPZKK6IdMgRQwtFCihmypgUSihE47v535nAkqLJH7CaQp+xIaxGAjO0EiBbXt9kMgCD5BRT0o3sKtOzVmArhO3IFVSoBnYX14/4VkEMXLJtO65Top+zhQKLmFW8TINKeNjNoSeoTGLQPv54vIZvTBKnw4SZSpGulB/T+Qs0noahaYzYjjSq95c/M/rZTi49XMRpxlCzJeLBpmkmNB5DLQvFHCUU0MYV8LcSvmIKcbRhFUxIbirL6+Tdr3mXtXqj9fVxl0RR5mckXNySVxyQxrkgTRJi3AyIc/klbxZufVivVsfy9aSVcyckj+wPn8A6hCTLw==</latexit>

Gripaios, Pomarol, Riva, Serra 2009
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Spontaneous CP violation in Composite Higgs Models

V (⌘, h) =
3y2t
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4�⌘

✓
a⌘

⌘2

f2
+

b⌘
2

⌘4

f4
+ c⌘

⌘2h2
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<latexit sha1_base64="375WP9D3xQErZHYVixu0R1X9Qyo="></latexit>

Double tuning issue:

c⌘
v2

f2
> a⌘

<latexit sha1_base64="dRpOaztHMp4S5H9tMVH8uDEchm0=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4KkkVdCVFNy4r2Ac0MUymk3bo5MHMpFBCd278FTcuFHHrL7jzb5ymWWjrgXs5nHMvM/f4CWdSWda3sbS8srq2Xtoob25t7+yae/stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vaHN1O/PaJCsji6V+OEuiHuRyxgBCsteeYR8RyqMHICgUk2eqhNskC3K4Rz3TMrVtXKgRaJXZAKFGh45pfTi0ka0kgRjqXs2lai3AwLxQink7KTSppgMsR92tU0wiGVbpbfMUEnWumhIBa6IoVy9fdGhkMpx6GvJ0OsBnLem4r/ed1UBZduxqIkVTQis4eClCMVo2koqMcEJYqPNcFEMP1XRAZYJ6J0dGUdgj1/8iJp1ar2WbV2d16pXxdxlOAQjuEUbLiAOtxCA5pA4BGe4RXejCfjxXg3PmajS0axcwB/YHz+AEOumOs=</latexit>

For correct thermal history

Additional tuning of same size as Higgs tuning…
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Is this additional tuning necessary? 
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A new parameter in the counting: large charge

Abelian toy model
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<latexit sha1_base64="Y+HUiGjc2BF4MnkqZvgnyTntFss="></latexit>

In the IR gives rise to

Large charge symmetry breaking spurion enhances the higher orders

2✏g2f4 cos(n') ⇠ ✏g2f4n2
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f4
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<latexit sha1_base64="W94yZGkezkBr4KWUs+/RZwwWdP8="></latexit>

Minimum of potential at ⇡/n
<latexit sha1_base64="UZEwEoB6bXf342sxLfZIiByjFKI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02qoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS303FheqVK27VnYOsEi8nFcjR6JW/uv2EZTFXyCQ1puO5KQYTqlEwyaelbmZ4StmIDnjHUkVjboLJ/NgpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1MoxugolQaYZcscWiKJMEEzL7nPSF5gzl2BLKtLC3EjakmjK0+ZRsCN7yy6ukWat6l9Xaw1WlfpvHUYQTOIVz8OAa6nAPDfCBgYBneIU3RzkvzrvzsWgtOPnMMfyB8/kDi3mOgg==</latexit>

✏g2f4 cos
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<latexit sha1_base64="QvfXl/nAGWfFEumNadJtnfeT5K4=">AAACIHicbVA9SwNBEN3zM8avqKXNYhC0CXdR0FK0sYxgTCAXw95mLlnc2z1254Rw5KfY+FdsLBTRTn+Nm5hCEx8MPN6bYWZelEph0fc/vbn5hcWl5cJKcXVtfWOztLV9Y3VmONS5lto0I2ZBCgV1FCihmRpgSSShEd1djPzGPRgrtLrGQQrthPWUiAVn6KRO6YSGkFohtaK92yqNb49pyLUNJcR4oGgYG8bz8J6ZtC+GeTwMjej18ZB2SmW/4o9BZ0kwIWUyQa1T+gi7mmcJKOSSWdsK/BTbOTMouIRhMcwspIzfsR60HFUsAdvOxw8O6b5TujTWxpVCOlZ/T+QssXaQRK4zYdi3095I/M9rZRiftnOh0gxB8Z9FcSYpajpKi3aFAY5y4AjjRrhbKe8zlwm6TIsuhGD65VlyU60ER5Xq1XH57HwSR4Hskj1yQAJyQs7IJamROuHkgTyRF/LqPXrP3pv3/tM6501mdsgfeF/fCbSi7w==</latexit>
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Spurion T in symmetric-traceless n-index representation 

Non-abelian toy model - Gegenbauer polynomials

SO(N+1)/SO(N) breaking
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<latexit sha1_base64="1rkyPyQgblLbT5IhFb8vt9tOwvI="></latexit>
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Spurion T in symmetric-traceless n-index representation 

Non-abelian toy model - Gegenbauer polynomials

SO(N+1)/SO(N) breaking
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<latexit sha1_base64="1rkyPyQgblLbT5IhFb8vt9tOwvI="></latexit>

Potential for pNGB is a Gegenbauer polynomial
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<latexit sha1_base64="KYnuBSFsqdfgMv2sODgR44SZRGg="></latexit>

Again, higher order terms are enhanced by ‘charge’ n

Durieux, McCullough & Salvioni 2021
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Assume a new ‘large charge’ spurion in strong sector that breaks SO(6) explicitly to SO(5)

V (h, ⌘) = Vt(h, ⌘) + VG(h, ⌘)
<latexit sha1_base64="39rrG0ZZ6AErkbNVURUKkB0KUcg=">AAACD3icbVBLSwMxEM7WV62vVY9egkWpKGW3CnoRih70WMFuC+2yZNO0Dc0+SGaFsvQfePGvePGgiFev3vw3pg+Ktg4EvscMk/n8WHAFlvVtZBYWl5ZXsqu5tfWNzS1ze8dRUSIpq9JIRLLuE8UED1kVOAhWjyUjgS9Yze9dD/3aA5OKR+E99GPmBqQT8janBLTkmYdOoXvSZECO8CV2PJiyY81upswz81bRGhWeB/YE5NGkKp751WxFNAlYCFQQpRq2FYObEgmcCjbINRPFYkJ7pMMaGoYkYMpNR/cM8IFWWrgdSf1CwCP190RKAqX6ga87AwJdNesNxf+8RgLtCzflYZwAC+l4UTsRGCI8DAe3uGQURF8DQiXXf8W0SyShoCPM6RDs2ZPngVMq2qfF0t1Zvnw1iSOL9tA+KiAbnaMyukUVVEUUPaJn9IrejCfjxXg3PsatGWMys4v+lPH5A26mmR8=</latexit>

Usual top contribution

new Gegenbauer contribution
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<latexit sha1_base64="KYnuBSFsqdfgMv2sODgR44SZRGg="></latexit>

⇧ =
p
1� h2 � ⌘2

<latexit sha1_base64="QRaWVeemrRBlvZmvYUc2I9AGbcY=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQvCTsroJehKAXjxHMA7KbMDuZJENmH870CmEJXvwVLx4U8epXePNvnCR70MSChqKqm+4uPxZcgWV9G7ml5ZXVtfx6YWNza3vH3N2rqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPryd+44FJxaPwDkYx8wLSD3mPUwJa6pgHbpXjS+yqewmpXRq0nZLLgLSdcccsWmVrCrxI7IwUUYZqx/xyuxFNAhYCFUSplm3F4KVEAqeCjQtuolhM6JD0WUvTkARMeen0hTE+1koX9yKpKwQ8VX9PpCRQahT4ujMgMFDz3kT8z2sl0LvwUh7GCbCQzhb1EoEhwpM8cJdLRkGMNCFUcn0rpgMiCQWdWkGHYM+/vEjqTtk+LTu3Z8XKVRZHHh2iI3SCbHSOKugGVVENUfSIntErejOejBfj3fiYteaMbGYf/YHx+QMrbZYC</latexit>

with

Gives parametrically enhanced mixed quartic!

However need to keep all terms in expansion, cannot truncate
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SO(5) breaking only from now subdominant top contribution

First step - Gegenbauer dominated potential

Only angular direction imortant for phase transition - easy analytic estimates possible 

Of course needs more tuning in the Higgs mass, but useful toy example

At high T: prefers

At low T: prefers            , can directly give 
h = 0

<latexit sha1_base64="4GbhXbkz5uVQVx0+ASd7f3cm1Q4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWehheu71S2a24M5Bl4uWkDDnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mp07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89YVJ585gj9wPn8Av2GNcQ==</latexit>

h = v
<latexit sha1_base64="wMM4gJWdvwJE1ns/oYweWmJE6KQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHiOYByRJmJ73JkNnZZWY2EEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfyyYwT9CPalzzkjBorPQ5uRt1iyS27c5BV4mWkBBlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtlTRC7U/mp07JmVV6JIyVLWnIXP09MaGR1uMosJ0RNQO97M3E/7x2asJrf8JlkhqUbLEoTAUxMZn9TXpcITNibAllittbCRtQRZmx6RRsCN7yy6ukUSl7F+XKw2WpepvFkYcTOIVz8OAKqnAPNagDgz48wyu8OcJ5cd6dj0VrzslmjuEPnM8fKYiNtw==</latexit>

⌘ = 0
<latexit sha1_base64="ek4ayYwYZ7cJipcJ9tIFY19K8OY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK7S4aSq6J2yuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5vdOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmT5P+lwhM2JsCWWK21sJG1JFmbERFW0I3uLLy6RZrXjnler9Rbl2k8dRgGM4gTPw4BJqcAd1aAADAc/wCm/Oo/PivDsf89YVJ585gj9wPn8Aq3mPEQ==</latexit>
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Gegenbauer - Thermal history
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Model with minimal tuning - Codominance
Only possible to study numerically

Large charge needed, typically n ⇡ 10
<latexit sha1_base64="pRr/o5Jahjh5Y3bqcgp7L9WwOJ8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21oNgnJrFiW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMv0oJb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVqWGsiZVQplORCwTXLImcBCsow0jSSRYOxrfzvz2IzOWK/kAE83ChAwljzkl4KSu7BGtjXrCgd8vV/yqPwdeJUFOKihHo1/+6g0UTRMmgQpibTfwNYQZMcCpYNNSL7VMEzomQ9Z1VJKE2TCbnzzFZ04Z4FgZVxLwXP09kZHE2kkSuc6EwMguezPxP6+bQnwdZlzqFJiki0VxKjAoPPsfD7hhFMTEEUINd7diOiKGUHAplVwIwfLLq6RVqwYX1dr9ZaV+k8dRRCfoFJ2jAF2hOrpDDdREFCn0jF7Rmwfei/fufSxaC14+c4z+wPv8AaB1kNE=</latexit>

, even larger charge needed for

improved Higgs coupling measurements

Large enough CP phase, will also be smaller for improved Higgs coupling measurements

Strong enough phase transitions, no washout

No additional tuning on top of ‘usual’ Higgs tuning a ⇠ 0.1
<latexit sha1_base64="RCK9o9fKNYKZCclMlllBZYpPDkw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Ae2oWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uZ37nSeqNIvlg5kmNBB4JFnECDZWesSor5lAnusPqjXP9XKgVeIXpAYFmoPqV38Yk1RQaQjHWvd8LzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5RfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8fTRkihLDp5Zgopi9FZExVpgYG1LFhuAvv7xK2nXXv3Dr95e1xk0RRxlO4BTOwYcraMAdNKEFBCQ8wyu8Odp5cd6dj0VrySlmjuEPnM8f12CPtw==</latexit>
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However, large charge implies low cutoff! Hook, Rattazzi 2023
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However, large charge implies low cutoff!

✏g2f4 cos

✓
n
'

f

◆
= ✏n4g2f̂4 cos

✓
'

f̂

◆

<latexit sha1_base64="3Vkyyhyq8k76FFevvN011eqa80E="></latexit>

Prefactor not very small, comparable to Higgs quartic

Already 2 -> 2 scattering gives cutoff around 4⇡f̂ . few TeV
<latexit sha1_base64="O0KqVo548o+K3y13oLX4GM1lCxc=">AAACGHicbZDLSgMxFIYz3q23UZdugkVwVWdqQcFN0Y1LBXuBTimZ9EwbmrmQnFHL0Mdw46u4caGIW3e+jWk7C239IfDnO+eQnN9PpNDoON/WwuLS8srq2nphY3Nre8fe3avrOFUcajyWsWr6TIMUEdRQoIRmooCFvoSGP7ga1xv3oLSIozscJtAOWS8SgeAMDerYJxXqJYJ6fYZZMKKeBK21CKmH8GgIPBh2kd/uoD7q2EWn5ExE542bmyLJddOxv7xuzNMQIuSSad1ynQTbGVMouIRRwUs1JIwPWA9axkYsBN3OJouN6JEhXRrEypwI6YT+nshYqPUw9E1nyLCvZ2tj+F+tlWJw3s5ElKQIEZ8+FKSSYkzHKdGuUMBRDo1hXAnzV8r7TDGOJsuCCcGdXXne1Msl97RUvq0Uq5d5HGvkgBySY+KSM1Il1+SG1AgnT+SFvJF369l6tT6sz2nrgpXP7JM/sr5+AIfwoBs=</latexit>

Strongest unitarity bound is dominated by more quanta

Work in progress… but seems that one cannot push too far

Hook, Rattazzi 2023
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Electroweak baryogenesis - Spontaneous CP violation

A different spurion to give a large mixed quartic

Can we write down a spurion that only gives quartics?

Yes, use four index symmetric traceless rep. that breaks SO(5) to SO(4) Ti1i2i3i4
<latexit sha1_base64="ecOpU3euHay1opkd2beXJae1T88=">AAAB+XicbVBNTwIxEJ3FL8SvVY9eGomJJ7ILJHokevGICSAJbJpuKdDQ7W7aLgnZ8E+8eNAYr/4Tb/4bC+xBwZdM8vLeTGbmhYng2njet1PY2t7Z3Svulw4Oj45P3NOzjo5TRVmbxiJW3ZBoJrhkbcONYN1EMRKFgj2Fk/uF/zRlSvNYtswsYUFERpIPOSXGSth1Wzjj2Oe4ynGN4/ocu2Wv4i2BNomfkzLkaGL3qz+IaRoxaaggWvd8LzFBRpThVLB5qZ9qlhA6ISPWs1SSiOkgW14+R1dWGaBhrGxJg5bq74mMRFrPotB2RsSM9bq3EP/zeqkZ3gYZl0lqmKSrRcNUIBOjRQxowBWjRswsIVRxeyuiY6IINTaskg3BX395k3SqFb9WqT7Wy427PI4iXMAlXIMPN9CAB2hCGyhM4Rle4c3JnBfn3flYtRacfOYc/sD5/AF0u5Lk</latexit>

h4 � 8h2⌘2 + 12⌘4
<latexit sha1_base64="6MPcb0Tvrp6tLXKRLaaq70r2H/o=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSxIJdFt24rGAv0KZlMp00QyeTMDMRSujGja/ixoUibn0Hd76N0zQLbf1h4OM/53Dm/F7MqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3wzq7cfiJA04vdqEhM3RCNOfYqR0tbAPA76VXgBazDoOz2iUN+B57YDM6wOzLJVsTLBZbBzKINcjYH51RtGOAkJV5ghKbu2FSs3RUJRzMi01EskiREeoxHpauQoJNJNsyum8FQ7Q+hHQj+uYOb+nkhRKOUk9HRniFQgF2sz879aN1F+zU0pjxNFOJ4v8hMGVQRnkcAhFQQrNtGAsKD6rxAHSCCsdHAlHYK9ePIytJyKfVlx7qrl+nUeRxEcgRNwBmxwBergFjRAE2DwCJ7BK3gznowX4934mLcWjHzmEPyR8fkD1FmVmg==</latexit>

Signs fixed by tracelessness condition

doesn’t help because of signs…
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A different spurion to give a large mixed quartic

Can we write down a spurion that only gives quartics?

Yes, use four index symmetric traceless rep. that breaks SO(5) to SO(4) Ti1i2i3i4
<latexit sha1_base64="ecOpU3euHay1opkd2beXJae1T88=">AAAB+XicbVBNTwIxEJ3FL8SvVY9eGomJJ7ILJHokevGICSAJbJpuKdDQ7W7aLgnZ8E+8eNAYr/4Tb/4bC+xBwZdM8vLeTGbmhYng2njet1PY2t7Z3Svulw4Oj45P3NOzjo5TRVmbxiJW3ZBoJrhkbcONYN1EMRKFgj2Fk/uF/zRlSvNYtswsYUFERpIPOSXGSth1Wzjj2Oe4ynGN4/ocu2Wv4i2BNomfkzLkaGL3qz+IaRoxaaggWvd8LzFBRpThVLB5qZ9qlhA6ISPWs1SSiOkgW14+R1dWGaBhrGxJg5bq74mMRFrPotB2RsSM9bq3EP/zeqkZ3gYZl0lqmKSrRcNUIBOjRQxowBWjRswsIVRxeyuiY6IINTaskg3BX395k3SqFb9WqT7Wy427PI4iXMAlXIMPN9CAB2hCGyhM4Rle4c3JnBfn3flYtRacfOYc/sD5/AF0u5Lk</latexit>

h4 � 8h2⌘2 + 12⌘4
<latexit sha1_base64="6MPcb0Tvrp6tLXKRLaaq70r2H/o=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSxIJdFt24rGAv0KZlMp00QyeTMDMRSujGja/ixoUibn0Hd76N0zQLbf1h4OM/53Dm/F7MqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3wzq7cfiJA04vdqEhM3RCNOfYqR0tbAPA76VXgBazDoOz2iUN+B57YDM6wOzLJVsTLBZbBzKINcjYH51RtGOAkJV5ghKbu2FSs3RUJRzMi01EskiREeoxHpauQoJNJNsyum8FQ7Q+hHQj+uYOb+nkhRKOUk9HRniFQgF2sz879aN1F+zU0pjxNFOJ4v8hMGVQRnkcAhFQQrNtGAsKD6rxAHSCCsdHAlHYK9ePIytJyKfVlx7qrl+nUeRxEcgRNwBmxwBergFjRAE2DwCJ7BK3gznowX4934mLcWjHzmEPyR8fkD1FmVmg==</latexit>

Signs fixed by tracelessness condition

doesn’t help because of signs…

Do we need traceless?

Ti1i2i3i3�i1�i2
<latexit sha1_base64="W6huHri8kR3Ow667MaM4uCUj9so=">AAACDnicbZDLSsNAFIZPvNZ6i7p0M1gKrkqSCrosunFZoTdoQ5hMJ+3QyYWZiVBCnsCNr+LGhSJuXbvzbZymFbT1MAMf/38OM+f3E86ksqwvY219Y3Nru7RT3t3bPzg0j447Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOtPbmZ+954KyeKopaYJdUM8iljACFZa8sxqy8uYZzPPYV5dnxwNkjErtPyHnNwzK1bNKgqtgr2ACiyq6Zmfg2FM0pBGinAsZd+2EuVmWChGOM3Lg1TSBJMJHtG+xgiHVLpZsU6OqloZoiAW+kYKFerviQyHUk5DX3eGWI3lsjcT//P6qQqu3IxFSapoROYPBSlHKkazbNCQCUoUn2rARDD9V0TGWGCidIJlHYK9vPIqdJyaXa85dxeVxvUijhKcwhmcgw2X0IBbaEIbCDzAE7zAq/FoPBtvxvu8dc1YzJzAnzI+vgFcyJuw</latexit>

If not, mass terms appear

Are there models in which these are small?
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Yes, enlarge symmetry breaking pattern: SO(7)/SO(6)

Now 6 pNGBs, H, ⌘, ⇢
<latexit sha1_base64="Un/VvHfqyQN4puAs0FhMVq19Kro=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmtgh6LXnqsYD+gXUo2nW1Ds9k1mS2U0t/hxYMiXv0x3vw3pu0etPXBDI/3ZsjkBYkUBl3321lb39jc2s7t5Hf39g8OC0fHDROnmkOdxzLWrYAZkEJBHQVKaCUaWBRIaAbD+5nfHIE2IlaPOE7Aj1hfiVBwhlbyq5e0A8hs14O4Wyi6JXcOukq8jBRJhlq38NXpxTyNQCGXzJi25yboT5hGwSVM853UQML4kPWhbaliERh/Mj96Ss+t0qNhrG0ppHP198aERcaMo8BORgwHZtmbif957RTDW38iVJIiKL54KEwlxZjOEqA9oYGjHFvCuBb2VsoHTDOONqe8DcFb/vIqaZRL3lWp/HBdrNxlceTIKTkjF8QjN6RCqqRG6oSTJ/JMXsmbM3JenHfnYzG65mQ7J+QPnM8fPFWRGw==</latexit>
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Yes, enlarge symmetry breaking pattern: SO(7)/SO(6)

Now 6 pNGBs, H, ⌘, ⇢
<latexit sha1_base64="Un/VvHfqyQN4puAs0FhMVq19Kro=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmtgh6LXnqsYD+gXUo2nW1Ds9k1mS2U0t/hxYMiXv0x3vw3pu0etPXBDI/3ZsjkBYkUBl3321lb39jc2s7t5Hf39g8OC0fHDROnmkOdxzLWrYAZkEJBHQVKaCUaWBRIaAbD+5nfHIE2IlaPOE7Aj1hfiVBwhlbyq5e0A8hs14O4Wyi6JXcOukq8jBRJhlq38NXpxTyNQCGXzJi25yboT5hGwSVM853UQML4kPWhbaliERh/Mj96Ss+t0qNhrG0ppHP198aERcaMo8BORgwHZtmbif957RTDW38iVJIiKL54KEwlxZjOEqA9oYGjHFvCuBb2VsoHTDOONqe8DcFb/vIqaZRL3lWp/HBdrNxlceTIKTkjF8QjN6RCqqRG6oSTJ/JMXsmbM3JenHfnYzG65mQ7J+QPnM8fPFWRGw==</latexit>

Again two different contributions to the potential 

Vt(h, ⌘, ⇢) �
3y2t
16⇡2

g2⇤f
4

✓
a
h2

f2
+ a⇢

⇢2

f2
+ a⌘�⌘

⌘2

f2

◆

<latexit sha1_base64="w0w4iomkXm/4LI3d+pE92I+65/A="></latexit>

V (h, ⌘, ⇢) = Vt + Vnew
<latexit sha1_base64="acukh6ttFffpX0deI/deITc5w/8=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBEDOEuCtoIQRtLBZMIuRD2NpNkcW/v2J1Tw5Hexr9iY6GIrX/Azn/jJqZQ44MZHu/NsDsviKUw6Lqfzszs3PzCYmYpu7yyurae29ismyjRHGo8kpG+CpgBKRTUUKCEq1gDCwMJjeD6dOQ3bkAbEalLHMTQCllPia7gDK3UzuXrxX7JB2QlX/ej3WNabyPds91HuMNUwe2wnSu4ZXcMOk28CSmQCc7buQ+/E/EkBIVcMmOanhtjK2UaBZcwzPqJgZjxa9aDpqWKhWBa6fiWId2xSod2I21LIR2rPzdSFhozCAM7GTLsm7/eSPzPaybYPWqlQsUJguLfD3UTSTGio2BoR2jgKAeWMK6F/SvlfaYZRxtf1obg/T15mtQrZW+/XLk4KFRPJnFkyDbJkyLxyCGpkjNyTmqEk3vySJ7Ji/PgPDmvztv36Iwz2dkiv+C8fwHUuZmu</latexit>

Vnew = ✏g2⇤


(h2 + ⌘2)2 � 14(h2 + ⌘2)⇢2 � 35

3
⇢4
�

<latexit sha1_base64="+SzvFFNoTS2xOm2eP0z8pQWioVc="></latexit>



Electroweak baryogenesis - Spontaneous CP violation
Again two different contributions to the potential 

Vt(h, ⌘, ⇢) �
3y2t
16⇡2

g2⇤f
4
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a
h2

f2
+ a⇢

⇢2

f2
+ a⌘�⌘

⌘2

f2

◆

<latexit sha1_base64="w0w4iomkXm/4LI3d+pE92I+65/A="></latexit>

m⇢ � mh
<latexit sha1_base64="2i/NwodlJ0ERDXJhlJ/AiwYAPVY=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbduKxgH9DEMJlOkqHzCDMTpYT+hxsXirj1X9z5N07bLLT1wIXDOfdy7z1Rxqg2rvvtrKyurW9sVraq2zu7e/u1g8OulrnCpIMlk6ofIU0YFaRjqGGknymCeMRILxrdTP3eI1GaSnFvxhkJOEoEjSlGxkoPPPRVKqGfJJCHaViruw13BrhMvJLUQYl2WPvyhxLnnAiDGdJ64LmZCQqkDMWMTKp+rkmG8AglZGCpQJzooJhdPYGnVhnCWCpbwsCZ+nuiQFzrMY9sJ0cm1YveVPzPG+QmvgoKKrLcEIHni+KcQSPhNAI4pIpgw8aWIKyovRXiFCmEjQ2qakPwFl9eJt1mwztvNO8u6q3rMo4KOAYn4Ax44BK0wC1ogw7AQIFn8ArenCfnxXl3PuatK045cwT+wPn8Ad7fkhk=</latexit>

without additional tuning:

Integrate out              to find h⇢i = 0
<latexit sha1_base64="T4UN18YvSOHML6NAoLpvP119KjI=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCqzJTBd0IRTcuK9gHdIaSSdM2NJMMSUYoQ3Hjr7hxoYhbv8Kdf2PazkJbDyScnHMvN/dECWfaeN63s7S8srq2Xtgobm5t7+y6e/sNLVNFaJ1ILlUrwppyJmjdMMNpK1EUxxGnzWh4M/GbD1RpJsW9GSU0jHFfsB4j2Fip4x4GHIs+pyhQA2mv2eMKeajjlryyNwVaJH5OSpCj1nG/gq4kaUyFIRxr3fa9xIQZVoYRTsfFINU0wWSI+7RtqcAx1WE2XWGMTqzSRT2p7BEGTdXfHRmOtR7Fka2MsRnoeW8i/ue1U9O7DDMmktRQQWaDeilHRqJJHqjLFCWGjyzBRDH7V0QGWGFibGpFG4I/v/IiaVTK/lm5cndeql7ncRTgCI7hFHy4gCrcQg3qQOARnuEV3pwn58V5dz5mpUtO3nMAf+B8/gAz5pX/</latexit>

However loops induce a mass term for both h & ⌘
<latexit sha1_base64="jpvY+yIY61QtGY3Ws6OTfPtL8LM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VxVZIqKLgpunFZwT6gCWUyvWmHTiZhZiLU0C9x40IRt36KO//GaZqFth64l8M59zJ3TpBwprTjfFsrq2vrG5ulrfL2zu5exd4/aKs4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDvzO48gFYvFg54k4EdkKFjIKNFG6tuVEfausXead9Ckb1edmpMDLxO3IFVUoNm3v7xBTNMIhKacKNVznUT7GZGaUQ7TspcqSAgdkyH0DBUkAuVn+eFTfGKUAQ5jaUponKu/NzISKTWJAjMZET1Si95M/M/rpTq88jMmklSDoPOHwpRjHeNZCnjAJFDNJ4YQKpm5FdMRkYRqk1XZhOAufnmZtOs197xWv7+oNm6KOEroCB2jM+SiS9RAd6iJWoiiFD2jV/RmPVkv1rv1MR9dsYqdQ/QH1ucPH5+Rcw==</latexit>

Vnew = ✏g2⇤(h
2 + ⌘2)2

<latexit sha1_base64="Ruqy6r6pdQQB7SVEfomHgJS4u+s=">AAACF3icbVDLSgNBEJz1bXxFPXoZDIIPCLuroBdB9OJRwUQhmyyzk04yZHZ2melVw5K/8OKvePGgiFe9+TdOYg6+ChpqqrqZ7opSKQy67oczNj4xOTU9M1uYm19YXCour1RNkmkOFZ7IRF9FzIAUCiooUMJVqoHFkYTLqHsy8C+vQRuRqAvspVCPWVuJluAMrRQWy7QaBgi3mCu46dNDGkBqhEwUbYfbDZ9udhr+TgDIGv6WfYbFklt2h6B/iTciJTLCWVh8D5oJz2JQyCUzpua5KdZzplFwCf1CkBlIGe+yNtQsVSwGU8+Hd/XphlWatJVoWwrpUP0+kbPYmF4c2c6YYcf89gbif14tw9ZBPRcqzRAU//qolUmKCR2ERJtCA0fZs4RxLeyulHeYZhxtlAUbgvf75L+k6pe93bJ/vlc6Oh7FMUPWyDrZJB7ZJ0fklJyRCuHkjjyQJ/Ls3DuPzovz+tU65oxmVskPOG+fej+dkA==</latexit>

Small enough…�V ⇠ ✏g2⇤
16⇡2

(h2 + ⌘2)m2
⇢

<latexit sha1_base64="U3AepeHuijBSXuhze1svwoOmI7U="></latexit>

Vnew = ✏g2⇤


(h2 + ⌘2)2 � 14(h2 + ⌘2)⇢2 � 35

3
⇢4
�

<latexit sha1_base64="+SzvFFNoTS2xOm2eP0z8pQWioVc="></latexit>
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A different spurion can give a large mixed quartic!

Needed to enlarge symmetry breaking pattern

Gives rise to a small contribution to masses of h & ⌘
<latexit sha1_base64="jpvY+yIY61QtGY3Ws6OTfPtL8LM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VxVZIqKLgpunFZwT6gCWUyvWmHTiZhZiLU0C9x40IRt36KO//GaZqFth64l8M59zJ3TpBwprTjfFsrq2vrG5ulrfL2zu5exd4/aKs4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDvzO48gFYvFg54k4EdkKFjIKNFG6tuVEfausXead9Ckb1edmpMDLxO3IFVUoNm3v7xBTNMIhKacKNVznUT7GZGaUQ7TspcqSAgdkyH0DBUkAuVn+eFTfGKUAQ5jaUponKu/NzISKTWJAjMZET1Si95M/M/rpTq88jMmklSDoPOHwpRjHeNZCnjAJFDNJ4YQKpm5FdMRkYRqk1XZhOAufnmZtOs197xWv7+oNm6KOEroCB2jM+SiS9RAd6iJWoiiFD2jV/RmPVkv1rv1MR9dsYqdQ/QH1ucPH5+Rcw==</latexit>

Solves the double tuning problem, again only minimal Higgs tuning left 

Predicts a new light(ish) scalar with m⇢ ⇠ 800GeV
⇣ m⇤
4TeV

⌘

<latexit sha1_base64="p1ASrU91kg+NcXY6PeAHMuWOQc8="></latexit>
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Collider signatures

Electroweak baryogenesis  - Phenomenology of solutions to Hierarchy problem

Some specific signatures:

Low cutoff!
Another pseudoscalar, however heavier!

Light pseudoscalar:                    with significant top couplingsm⌘ ⇠ mh
<latexit sha1_base64="BMFKguaz9Zqd9yG1PWbkYaYHDB0=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0mqoMeiF48V7Ac0IWy2m3bp7ibsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tks75d29/YNK9fCoo5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vp353UeqNEvkg5mkNBB4KFnMCDZWCqsVEfrUYORrJpAIR2G15tbdOdAq8QpSgwKtsPrlDxKSCSoN4VjrvuemJsixMoxwOi37maYpJmM8pH1LJRZUB/n88Ck6s8oAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/ef3MxNdBzmSaGSrJYlGccWQSNEsBDZiixPCJJZgoZm9FZIQVJsZmVbYheMsvr5JOo+5d1Bv3l7XmTRFHCU7gFM7Bgytowh20oA0EMniGV3hznpwX5935WLSuOcXMMfyB8/kDJIySwA==</latexit>

ib
⌘

f
t̄LHtR

<latexit sha1_base64="njqKlxIPbeUVry2cMUbvXvYVOTk=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0VwVZIq6LLopgsXVewDmhAm00k7dPJg5kYoIXs3/oobF4q49Qfc+TdO2yy09cCFwzn3cu89fiK4Asv6Nkorq2vrG+XNytb2zu6euX/QUXEqKWvTWMSy5xPFBI9YGzgI1kskI6EvWNcfX0/97gOTisfRPUwS5oZkGPGAUwJa8sxjjn3sBJLQzGFA8izIseMTmUHu3eAmBu/OM6tWzZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLC84qSKJYSOyZD1NY1IyJSbzX7J8YlWBjiIpa4I8Ez9PZGRUKlJ6OvOkMBILXpT8T+vn0Jw6WY8SlJgEZ0vClKBIcbTYPCAS0ZBTDQhVHJ9K6YjooMBHV9Fh2AvvrxMOvWafVar355XG1dFHGV0hI7RKbLRBWqgJmqhNqLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/MHCHWaZw==</latexit>

Large charge:

Lots of new physics closeby

SO(7)/SO(6):



Conclusions

Assessment of models that will survive electron EDM measurements

Electroweak baryogenesis is an intriguing possibility to generate baryon asymmetry

Tightly connected to the EW hierarchy problem

Current and future electron EDM measurements tightly constrain model space

Realization in Composite Higgs

Simplest models have a double tuning problem

Explored different ways to solve this with new symmetry breaking spurious


