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Outline:

motivation for non-standard Higgs decays

NMSSM with a light singlet-like CP-odd Higgs

MSSM-like models with many light Higgses: h, H,  A,  H

summary of related Higgs decay modes

review of experimental searches and theoretical studies

never-searched-before decay modes, possible searches...

NMSSM example
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Motivation for modified Higgs decays:

arise in many models beyond the SM

allow the SM-like Higgs significantly below LEP limits
wanted by generic SUSY/natural EWSB
preferred by precision EW data
indicated by LEP data
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(N)MSSM - the usual story (decoupling limit)
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NMSSM with a light singlet CP odd Higgs
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R.D. and J. Gunion (2005)

A is light as a result of 
an approximate global U(1)
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the usual decoupled scenario (for 
the two Higgs doublet part)

the SM-like Higgs 



Light CP odd Higgs:



MSSM with                   :
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Models with an MSSM-like light CP odd Higgs
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R.D., arXiv:0806.0847 [hep-ph]

H
h is SM-like
(lighter than ~65 GeV)

tanβ � 2.5
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problem with decay mode 
independent limits (82 GeV)!



NMSSM with                   :MSSM with                   :
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Models with an MSSM-like light CP odd Higgs
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R.D., arXiv:0806.0847 [hep-ph], R.D. and J. Gunion, arXiv:0811.3537�[hep-ph]

H
h is SM-like
(lighter than ~65 GeV)

top
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A-singlet

H
±H

h is SM-like

H-singlet

tanβ � 2.5 tanβ � 2.5

NMSSM provides an additional contribution 
to the mass of the SM-like Higgs:

W ⊃ λSHuHd

m2
h � · · · + λ2v2 sin2 2β + . . .



NMSSM with                   :

Models with an MSSM-like light CP odd Higgs
R.D., arXiv:0806.0847 [hep-ph], R.D. and J. Gunion, arXiv:0811.3537�[hep-ph]
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A-singlet

H
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h is SM-like

H-singlet

tanβ � 2.5

Phenomenologically viable in a large range of par. space 
(no need for heavy SUSY), all Higgses produced already at LEP!
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a1 ≡ cos θA aMSSM + sin θA aS

NMSSM with a light doublet-like CP-odd Higgs:



SM-like CP-even Higgs:



Heavy CP-even Higgs:



Heavy CP-even Higgs:



ν

Charged Higgs:

±H
W

A

W

if                      , it would contribute to the 
measurement of the lepton universality in 

W decays, there is a          deviation!

mH± � mW±

2.8σ

R.D.,  arXiv:0807.2135 [hep-ph]



the extra singlet is not necessary 

all the Higgses (from two Higgs doublets) would be fairly light

all the Higgses: h, H, H   would decay through the CP odd Higgs: A

If the light CP-odd Higgs is doublet like:

the scenario can be viable in many other models!
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could have been 
produced at LEP:
e+e− → Zh

ongoing search at L3, 
studies and searches for 
Tevatron and LHC no searches or studies

could have been 
produced at LEP:
e+e− → HA

no searches

could have been 
pair produced at 
LEP, or in top 
quark decays at 
the Tevatron

ongoing searches at B factories
R.D., J. F. Gunion and B. McElrath, hep-ph/0612031

could have 
been 

produced at 
B factories



                           at LEP:h → aa → 4τ
C. Tully, L3

A

A
h 

τ+

τ+

τ−

τ−

e+e− → Zh



                           at Tevatron and LHC:h → aa → 4τ

M. Lisanti and J. Wacker, arXiv:0903.1377�[hep-ph]

M. Lisanti, Pheno 09

smaller but cleaner!



M. Lisanti and J. Wacker, arXiv:0903.1377�[hep-ph]

M. Lisanti, Pheno 09



DØ-search for
DØ, arXiv:0905.3381 [hep-ex] (PRL)

h → 2μ2τ



DØ, arXiv:0905.3381 [hep-ex] (PRL)

DØ-search for h → 2μ2τ
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CDF-search for h → aa → 4τ
S. Wilbur, CDF, Pheno 09

the goal is to 
identify di-tau objects



CDF-search for h → aa → 4τ
S. Wilbur, CDF, Pheno 09

plan is to reach 5-sigma sensitivity this summer! :)



Light CP-odd Higgs at B factories
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γ

b

b̄

Υ(1S) a1

A could have been produced at B factories:

Within the reach at existing facilities!

Υ → Aγ
(it is advantageous to search in            ,              and              data)Υ(1S) Υ(2S) Υ(3S)

R.D., J. Gunion and B. McElrath,  hep-ph/0612031



CLEO limits on the light CP-odd Higgs
CLEO, arXiv:0807.1427 [hep-ex]

21.5 mil. of Υ(1S)



BaBar limits on the light CP-odd Higgs
BaBar, arXiv:0902.2176 [hep-ex]

Not stronger than CLEO



BaBar limits on the light CP-odd Higgs
BaBar, arXiv:0906.2219 [hep-ex]

comparable to CLEO122 mil. of Υ(3S)



Light CP-odd Higgs at Tevaron (and LHC)
R.D. and J. Gunion, in progress
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New D0 and CDF limits on charged Higgs
Aug 08
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CP-odd Higgs:                                                      1/250

Charged Higgs at the LHC

ν±H
W

A

W

R.D. and E. Lunghi, in progress

one of the two Ws:                                                20%

for                                         we have 650 3-muon events 

LHC is a top factory: 4 000 000 top pairs at 10 TeV with 10 fb−1

Br(t → H+b) = 10%

a → μμ

W → μν



the extra singlet is not necessary 

all the Higgses (from two Higgs doublets) would be fairly light

all the Higgses: h, H, H   would decay through the CP odd Higgs: A

Consequences of a light doublet-like CP-odd Higgs:

the scenario can be viable in many other models!
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