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Challenges in EW Baryogenesis

Sakharov Conditions BSM

C & CP violation Severe EDM constraints

Departure from thermal equilibrivm 1+ order via extra scalars

Baryon number violation EW sphalerons EW sphalerons
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2HDM+a: Transitional CP-Violation
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2HDM+a: Transitional CP-Violation

1 1
Varom = piy [@1° + pi3, |@a” — (M%z Pl Py + h-C-) +5A1 @4 [* + 52 @5
> Two SU(2), doublets

2 1
+ 2 1% [@2” + M| @] 02| + - (/\5(@1@2)2 + h.c.)

J |

Pseudoscalar SM singlet
couples to the doublets

1 1 1 1
V, = 5 /Lg a2 + Z Aa CL4 + (?:HZU»(DJ{(I)2 + hC) + 5)\&@10’2 |(I)1|2 + 5)\‘1@20’2 |(I)2|2

S. Ipek, D. McKeen, A. E. Nelson, 2014

Assumptions?
1) Parameters real j No extra CPV at 1" = 0.
2) Softly-broken Zi5 symmetry i No FCNC'’s at tree-level.

3) Alignment limit i |dentify SM Higgs.
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2HDM+a: Transitional CP-Violation
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2HDM+a: Transitional CP-Violation
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2HDM+a: Transitional CP-Violation

Pseudoscalar ( takes a vev Us (T)?
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2HDM+a: Transitional CP-Violation
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Spectrum and Parameters

CP = —
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Spectrum and Parameters
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Spectrum and Parameters

CP = —
VoupMm h, H Go,Ag G* HT
VZHDM + Va, th GOaaQaafl Gi,Hi

{/Ba 97 Vs, Ma myg, Mg+, Mg, Mgaq, Aa‘bla )\CLCIDQ}

Ma, < M =mpg+ =mpg >~ mg,

Ag@ mg,g - mg,l /US (T) 829

<

1—|—t% M? v 1g

Top Quark Phase: Af; =~
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Analysis

¢ ConSTrUCf V]_—loop = V=0 + Wi - VCW + VCT + Vr + VDaisy

Tom Gent

24/09/2025 Baryogenesis in the 2HDM+a




24

Analysis

¢ ConSTrUCf V]_—loop = V=0 + Wi - VCW + VCT + Vr + VDaisy

* Calculate {Tc : Tn} P. Athron et al. 2019, P. Athron et al. 2024
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Analysis

° ConStrUCT Vl—loop = V=0 + ‘Zcree + VCW =+ VCT + VT + VDaisy
* Calculate {Tc : Tn} P. Athron et al. 2019, P. Athron et al. 2024

ballistic | LTE
* Bound Vyw € ['Uw y U ] W.-Y. Ai, B. Laurent, J. van de Vis, 2025
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* Construct V1_loop

e Calculate {T67 Tn}

ballistic LTE
* Bound Uy € [Uw s Uy ]

e Bound 7obs € [U(UaauiStiC)a n(
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Analysis

= Vm=0 *+ ‘Zcree + VCW + VCT + VT + VDaisy

P. Athron et al. 2019, P. Athron et al. 2024

W.-Y. Ai, B. Laurent, J. van de Vis, 2025

LTE)]

w J. M. Cline, K. Kainulainen, 2020
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Analysis

° ConStrUCT Vl—loop = V=0 + ‘Zcree + VCW =+ VCT + VT + VDaisy
* Calculate {Tc : Tn} P. Athron et al. 2019, P. Athron et al. 2024

ballistic | LTE
* Bound Vyw € ['Uw y U ] W.-Y. Ai, B. Laurent, J. van de Vis, 2025

e Bound 7obs € [77(% w

ballistic LTE
)7 77(” )] J. M. Cline, K. Kainulainen, 2020

o App|y relevant constraints BFB, PU, Direct Searches, EWPO’s efc.
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Analysis

0.00

* Construct V1_100p

e Calculate {1:, Ty} 005
ballistic | LTE _
* Bound Uy € [’Uw y U ] —0.10

1/ Nobs

* Bound "obs € [n(UEuaHiStic)v W(U%UTE)]

e e e el g i

* Apply relevant constraints
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Results

tg | Vs [GeV] | M [GeV] | mH [GeV] | Mpy=+ [GeV] | May [GeV] | Aad, | Aad,
BP1 | 2.5 110 300 300 300 300 1.0 1.5
BP2 | 2.0 110 600 600 600 680 1.4 1.6
BP1 BP2
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tg | vs [GeV] | M [GeV] | mu [GeV] | my+ [GeV] | Mg, [GeV] | Aad, | Aad,
BP1 | 2.5 110 300 300 300 300 1.0 1.5
BP2 | 2.0 110 600 600 600 680 1.4 1.6
BP1 BP2
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Results

tg | Vs [GeV] | M [GeV] | mH [GeV] | Mpy=+ [GeV] | May [GeV] | Aad, | Aad,

BP1 | 2.5 110 300 300 300 300 1.0 1.5

BP2 | 2.0 110 600 600 600 680 1.4 1.6
BP1 ’ BP2
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B 7./ 70 > 0.5 B 7/ Mons > 0.5

o1l B H — Zay, CMS 8 + 13 TeV (ool Ty — hay, OMS 13 TeV

H — Zay, ATLAS 13 TeV ' H — Zay, ATLAS 13 TeV

Higgs Signal Strength, ATLAS 137 b — Higgs Signal Strength, ATLAS 137 b
0.0 ' 0.00 '
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Conclusions & Outlook
v Baryogenesis via transitional CP-violation avoids severe EDM constraints!
v Implemented novel wall velocity and baryogenesis bounds.
v' Tightly constraining experimental constraint, ag — h a;
v" Insights into BAU transport equations.

v" Wider parameter space scan wanted from ATLAS /CMS.

e

*

Baryogenesis more difficult than we thought?

e

*

Full wall velocity computation?
Simultaneous CP and EWSB?
Is this only qualitative?

e

*

e

*
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Thank Youl

Questions?
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