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• MSSM provides two doublets       
                  with                          at tree level

• Higgs sector 2 param., e.g.

•                  typically closed

• NMSSM adds additional singlet

• singlet-doublet-mixing →                     can be dominant

• not searched for in standard searches

• considering collider constraints on NMSSM, put special focus on 
light      closely above      threshold

• fragmentation to single     jet
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NMSSM Higgs sector
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• common sfermion mass                             & MFV

• gaugino masses by 
(cf CMSSM, grav.med.)

• squark/slepton trilinears unified, but variable (stop mixing)
                                             GeV

Scenario specification

M1 = 100 GeV, M2 = 200 GeV, M3 = 800 GeV

At = Ab = A⌧ 2[-5000,5000]

µ 2 [125, 1000] GeV
mh± 2 [80, 170] GeV
ma1 2 [4, 150] GeV

tan� = vu/vd 2 [1, 60]
� 2 [0, 0.7]
 2 [�0.7, 0.7]

MSUSY = 1 TeV
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• Collider

• direct searches for Higgs bosons

• direct searches for sparticles

• Low energy flavour

•  

•  

Experimental constraints I

Bu ! ⌧+⌫⌧
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• Collider

• direct searches for Higgs bosons

• direct searches for sparticles

• Low energy flavour

•  

•  

Experimental constraints I
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Experimental constraints II
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Experimental constraints II

 [GeV] h+m
80 90 100 110 120 130 140 150 160 170

 W
)

1
 a

→+
Br

(h

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 < 10βtan 
 < 12 GeV a110 < m

allowed for essentially all 
charged Higgs masses

            dominant
in this region

h± ! a1W



Uppsala, 10.10.2012

• LHC @ 8 TeV

•      set to 11 GeV

•          100/130/150 GeV

repr. kinematic cases

S/B analysis
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• W+/- lept./hadr. selected

• BG:            and     + mistagtt̄tt̄bb̄

ma1

⇒ to be clustered as 1 jet
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Packages, reconstruction, tagging

• ME from 2HDMC / MadEvent 5 1.3.16

• Full hadron-level simulation using PYTHIA 8.1.5.3

• Jet recon. using FastJet libraries (anti-kT, R=0.5)

• Simplified b-tagging sim.: cone R=0.4 around true 
parton-level b-quark if      < 2.5, assumed efficiency 0.6

• reducible BG:     + mistag (0.01 mistag probability for 
jets inside tagger region)

tt̄

|⌘|
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• std kinematical cuts (iso. lepton, lepton    ,   , MET, ....)

Reconstruction
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h+ reconstruction
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C. Signal significance and reach

To estimate the signal reach as well as its significance, we choose a common window of 90 to
160 GeV to integrate the signal as well as the backgrounds. We correct for b-tagging e�ciencies
which we assume to be 0.6 per b-jet. The resulting cross-sections are shown in Table II.

�peak [fb]

signal/background 100 GeV 130 GeV 150 GeV tt̄bb̄ tt̄ ⌃ BG

High p? channel 0.78 7.9 3.7 3.0 0.9 3.9

Low p? channel 0.97 9.2 4.7 4.8 1.2 6.0

TABLE II. Integrated signal cross-sections (cf figure 9) for the three di↵erent charged Higgs masses
as well as the two backgrounds. The integration region is 90 to 160 GeV

S/
p
B ratios for the three di↵erent mass cases are then calculated for an integrated luminos-

ity of 20 fb�1 and summarized in Table III. The table also shows the branching ratios at the
simulated parameter points, as well as the extrapolations to branching ratios necessary for a 5�
discovery. From the table it is clear that for mh± ⇠ 130 GeV, the discovery reach is maximal.
For smaller or larger mh± , the limitations in phase space will reduce the branching ratio for
h± ! a

1

W and t ! h±b respectively. In the former case this means that the standard decay
channel h± ! ⌧⌫⌧ will also be significant.

mh± 100 GeV 130 GeV 150 GeV

b-jet selection high p? low p? high p? low p? high p? low p?
BRcrit(t ! bh+ ! ba

1

W ! bbb̄W ) 0.014 0.014 0.0060 0.0065 0.0085 0.0085

TABLE III. The S/
p
B ratios obtained for an integrated luminosity of 20 fb�1 for the di↵erent signals

considered together with the branching ratios for the total decay chain t ! bh+ ! ba
1

W ! bbb̄W
of the respective parameter points and a linear extrapolation to the critical branching ratio necessary
for a 5� discovery.

Before ending this section we note that similarly to the standard decay modes of the charged
Higgs boson it should be possible to use the spin-correlations between the decay products of
the two top quarks as a way of enhancing the signal [41–43].

V. COMPATIBILITY WITH POSSIBLE HIGGS SIGNAL

Recently the ATLAS and CMS experiments announced the combined results of the SM
Higgs (�) searches using ⇡ 5 fb�1 of data from 2011 [44, 45]. In short they can be summarized
as follows: the CMS experiment has ruled out the region m� 2 [129, 600] GeV at the 95 %
confidence level as expected whereas in the region [118,129] GeV they have not been able to
make any exclusion at all even though they expected to be able to do so at the 95 % confidence
level, the ATLAS experiment has similarly ruled out the regions m� 2 [112.9, 115.5] GeV,
m� 2 [131, 238] GeV, and m� 2 [251, 466] GeV at the 95 % confidence level whereas they had
expected to rule out the region [125, 519] GeV.

Instead, both experiments have found an excess of events in the regions m� ⇠ 126 GeV
and m� ⇠ 124 GeV for ATLAS and CMS respectively, which when corrected for the so called
look-elsewhere-e↵ect and combining the di↵erent channels has a statistical significance of about

14
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Compatibility with „Higgs“ signal I

Rhi
gg�� =

�(gg ! hi)NMSSM

�(gg ! �)SM

Br(hi ! ��)NMSSM

Br(� ! ��)SM

theoret. uncertainty? 
other scenario?

ATLAS 1.8 ± 0.5
CMS 1.6 ± 0.4

lightest CP-even Higgsh1
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Compatibility with „Higgs“ signal II
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• Constraints on parameter space (incl. LHC) for 
NMSSM from direct searches and indirect/flavour 
observables

• Light CP-odd Higgs signal search in      production           
using                 :
signal visible if combined BR
is larger than ≈ 0.01

• ATLAS/CMS Higgs signal: different scenarios of 
compatibility:      seems to be most promising

Conclusion

h± ! a1W
tt̄

h2

t ! bh+ ! ba1W ! bbb̄W
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Thank you

Closing the window on light H+ in NMSSM

Thomas Rössler
based on arXiv:hep-ph/1206.1470 with J. Rathsman
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Backup

After electroweak symmetry breaking, and assuming that CP is conserved, the Higgs sector
will contain three CP-even Higgs bosons (h

1

, h
2

, h
3

), two CP-odd (a
1

, a
2

) and one charged (h±),
where the states are ordered in terms of increasing mass. In the same way as in the MSSM the
minimization conditions for the Higgs potential allows one to trade the mHu ,mHd

parameters
for the doublet vev v ⇡ 174 GeV and tan � = vu/vd. Similarly mS can be expressed in terms
of the singlet vev vs which in turn gives rise to the e↵ective µ-parameter, µ = �vs. All in all
this leaves us with 6 unknown parameters describing the Higgs sector of NMSSM at tree-level:
tan �, µ,�,, A�, A. Below we will trade the latter two parameters for the masses mh± and
ma1 .

As already alluded to the mass-eigenstates are mixtures of the electroweak eigenstates.
More specifically, writing Sweak = (Re(Hu),Re(Hd),Re(S)) we have hi = SijS

weak

j . (In the
MSSM limit this means that S

12

= � sin↵.) Similarly for the CP-odd states we have ai =
AijA

weak

j with Aweak = (Im(cos �Hu + sin �Hd), Im(S)). Here the mixing matrix is simply

A =

✓
cos ✓A sin ✓A
� sin ✓A cos ✓A

◆
. Together with the ratio of the two doublet vevs (or equivalently the

rotation angle needed to go to the Higgs basis where only one of the doublets have a vev) tan �,
the mixing matrices S and A specify the reduced couplings to fermions and gauge bosons as
given in table I.

Vertex NMSSM MSSM SM
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sin�
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tt cot� cos ✓A cot� n.a.

a
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bb tan� cos ✓A tan� n.a.

h
1

V V sin� S
11

+ cos� S
12

sin(� � ↵) 1

h
2

V V sin� S
21

+ cos� S
22

cos(� � ↵) n.a.

a
1

h
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Z (cos� S
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� sin� S
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) cos ✓A cos(� � ↵) n.a.
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1

h
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Z (cos� S
21

� sin� S
22

) cos ✓A sin(� � ↵) n.a.

h
1

h+W� cos� S
11

� sin� S
12

cos(� � ↵) n.a.

a
1

h+W� cos ✓A 1 n.a.

TABLE I. Reduced Higgs couplings in the NMSSM compared to the MSSM and the SM (when
applicable). Note that the reduced couplings to fermions are identical for all three generations, even
if only the third generation is displayed here. The couplings to h

3

can be obtained from the h
1

ones
by the replacements S

11

! S
31

and S
12

! S
32

wheras the couplings to a
2

can be obtained from the
a
1

ones by the replacement cos ✓A ! sin ✓A.

III. EXPERIMENTAL CONSTRAINTS

In this section we will explore to what extent the process we are interested in is constrained
by existing experimental data. Since we are interested in a light h± (with mh± < mt) and
a light a

1

there are constraints both from collider experiments as well as low-energy flavour
experiments. However, before going in to the various constraints we will specify the scenarios
that we have considered and then come back to the question of experimental constraints.

4
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Kinematical distributions
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Experimental constraints II



Uppsala, 10.10.2012

Experimental constraints III

 [GeV] h+m
80 90 100 110 120 130 140 150 160 170

 W
)

1
 a

→+
Br

(h

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 < 10βtan 
 < 12 GeV a110 < m


