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h125 is the first discovered
SUSY particle

In 2012 SUSY people werehappy to say:
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A lot of SUSY (and BSM) analyses in Higgssector
are still goingon thesedaysin ATLAS and CMS 
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Summaryof couplingstrengthmodifiersfor h125
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Bi ςprobability to decayto invisible mode (h125Ҧ5a DM)
Buςprobability to decayto yet undetectedBSM modes

h125Ҧ mt,hhΣΧ Ҍ unknown/ undetectable
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Nature 607, 52-59, (2022)

Room for New Physicswith non SM 
decaysof h125:

Bu < 0.12 (expected0.21)
Binv < 0.13 (expected0.08)

at 95 % CL 

https://www.nature.com/articles/s41586-022-04893-w.pdf


BSM physics with Higgs bosons

Åfind an additional Higgs bosons

Åfind non SM decays of h(125)

ÅpǊŜŎƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ Ƙόмнрύ ǳǎƛƴƎ ά{a ŎƘŀƴƴŜƭǎέ 
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AdditionalHiggsbosons
in MSSM 

h,H,A,H± (mh < mH) 
most probablyh (not H) is discoveredh125
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At tree level Higgs sector of MSSM is determined 
by only two parameters:

MA and tan(b)

1 <  tan(b) = v2/v 1 = (v sin(b)) / (v cos(b)) < 60
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From 2010 to 2022 in MSSM neutral Higgs searches  
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H/A->cc still to be done
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AdditionalHiggsbosons
in 2HDM 

h,H,A,H± (mh < mH), h or H is discovered
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Free parameters of 2HDM:

mh, mH, mA, mH+, a, tanb, m12 (soft Z2 symmetry (F1->F1, F2->-F2) breaking 
parameter)

m12 is often taken as in MSSM: mA
2=m12

2/( sinbcosb)-l5v
2 with l5=0 as in MSSM

m12 != 0 to have a new mass scale. This allows the model to have a decoupling limit. When m12 goes to infinity 
we recover the SM
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Anaysiswhichdoesnot makea sencein MSSM 
but doesin 2HDM: A(H)ŸZH(A), h=h125
Åcontrary to MSSM 
ÅA-boson canhave a smallmass

ÅmA ΗҒ mH at large masses

ÅAŸZH decay is the signature of a strongly first order electroweak 
phase transition (EWPT) in 2HDMs, as needed for Electroweak 
BaryogenesisG. C. Dorsch, S. Huber, K. Mimasu and J. M. No, arXiv:1405.5537
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Seealsomore recent:
Strong First Order Electroweak 
Phase Transition in the CP-
Conserving 2HDM Revisited, 
M. Meuhlleitner at al,
arXiv:1612.04086

2HDM Type I
Promisingfast
sim. result for
llbb final state, 
mA=400 GeV
mH=180 GeV. 
s=5 at L=40fb-1

at 14 TeVLHC
29/09/2022

https://arxiv.org/pdf/1405.5537.pdf

