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Outline

● (Asymmetric-) associated production of Higgses at the LHC

● Drell-Yan production of Higgses in 2HDMs

● The flavored-Aligned 2HDM (A-2HDM)

● Correlating di-photon branching ratios with EDMs

● The 95 GeV and 152 GeV di-photon excesses
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(Asymmetric-) Associated Production

● Provides a yet unexplored window 
on new physics

● Additional particles required in the 
signal regions (on top of the decays 
of the NP candidate)

● Reduced SM background and 
enhanced NP sensitivity
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[ATLAS and CMS reviews]

https://cds.cern.ch/record/2891236?ln=en
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Drell-Yan Production

No direct or tiny Yukawa 
couplings

Have small vacuum 
expectation value

Small mixing with the SM 
Higgs boson

Suppressed gluon-fusion 
produciton

Suppressed VBF and VH 
production

  

Alignment limit

Higgses produced via Drell-Yan at 
the LHC satisfy specific properties
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Higgs Doublet

Composite Higgs? Relaxing the Z2 symmetries?
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[J. Haller, A. Hoecker et al.]
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● Higgs basis:                  and (for small mixing) VBF/VH naturally suppressed

● Cross section fixed by SU(2)L representation (≈ 100  fb) and difficult to have 
large di-photon branching ratios for EW scalars with usual Z2 symmetries

Type-I Type-II
κu cot(β) cot(β)
κd cot(β) − tan(β)

https://inspirehep.net/literature/1658767
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Flavor-Aligned 2HDM
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● Yukawa terms are 
aligned in flavor space

● No FCNC !
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[P. Tuzon and A. Pich]

https://inspirehep.net/literature/841681
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Flavor-Aligned 2HDM

H/A

γ

γ

H±

Z7

● Yukawa terms are 
aligned in flavor space

● No FCNC !

● Z7 independent of neutral mixing angles!
● CP-violation can mediate large EDMs
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[P. Tuzon and A. Pich]

https://inspirehep.net/literature/841681
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CP-violation

● CP-violation of the model 
(Baryogenesis?) 

Yukawa sector: aU, aD, aL

Scalar potential: Z5, Z6, Z7 

● ℜ[Z7] / ℑ[Z7]  drives the di-photon 
branching ratios of H / A 

● Correlating Br[A → γγ] to EDMs?
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[K. Enomoto, S. Kanemura and Y. Mura]

https://inspirehep.net/literature/1976947
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EDMs

● RGE improved chromo-
magnetic contributions

● Analytic results

● H± contributions ∝ ℑ[aU
 *   aD] 

● Electrons gives stringent bounds (10−30  e  cm−1 )

● Projections for neutron/proton (10−28/10−29   e  cm−1 )
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[M. Jung and A. Pich]
[J. Davila and A. Pich]

[W. Altmannshofer, S. Gori et al.]

https://inspirehep.net/literature/1251543
https://inspirehep.net/literature/2915031
https://inspirehep.net/literature/1814812
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Excesses at 152 GeV
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Only mild excess in 
inclusive analyses
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Associated production 
of a neutral Higgs!

● Several signal regions 
(2 ATLAS analyses)

● Associated SM Higgs 
boson production
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[CMS]

[ATLAS-2]

[ATLAS-1]

https://inspirehep.net/literature/2791857
https://inspirehep.net/literature/1851456
https://inspirehep.net/literature/2626407
https://inspirehep.net/literature/2791857
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Results (152 GeV)

m h H A H±

[GeV] 125 200 152 130

● aF  controls the Yukawa couplings 
(gluon fusion)

● Z7 governs the γγ rate
● Suppressed mixing among neutral 

scalars
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Excesses at 95/98 GeV
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LEP: Z + bb   (2.3 σ)

ATLAS: γγ   (1.7 σ) 
CMS: γγ   (2.9 σ)  

Inclusive dedicated searches for light EW scalars
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[LEP] [CMS]

[ATLAS]

[T. Biekotter, S. Heinemeyer, G. Weiglein]

https://inspirehep.net/literature/619171
https://inspirehep.net/literature/619171
https://inspirehep.net/literature/619171
https://inspirehep.net/literature/619171
https://inspirehep.net/literature/619171
https://inspirehep.net/literature/2646683
https://inspirehep.net/literature/2806613
https://inspirehep.net/literature/2666523
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Results (95 GeV)

● Little gluon fusion production needed
● Sizable mixing of H with SM Higgs 

boson (bb excess in Higgs strahlung 
at LEP at 98 GeV)

m h H A H±

[GeV] 125 98 95 130
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Conclusions and Outlook
● Asymmetric associated production of scalars is a prominent signature 

to look for NP at the LHC

● Flavor-Aligned 2HDM offers sizable Br[A → γγ] for EW scale masses 
which can be correlated to CP-violating effects such as EDMs

● Achieved independent explanation of the diphoton excesses at 95 GeV  
and at 152 GeV

● Outlook (already in progress): correlate Br[A → γγ]  to EW phase 
transition and baryogenesis (effects of Z7 scalar coupling)

THANK YOU FOR THE ATTENTION!
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