
Higgs review @ 7 TeV 
(SM, MSSM, NMSSM,...)

Roberto Salerno (LLR)

OUTLINE:
– The SM Higgs World
– The BSM Higgs World

 I’m sorry, I will show a no exhaustive list of biased topics  

CEA, Saclay, 2nd April 2010, CMS France



As you know, we started ...



CMS statement for the 7 TeV collisions
Geneva, March 30th  2010. 
....
At 12:58:34 the LHC Control Centre declared stable colliding beams: the 
collisions were immediately detected in CMS. Moments later the full processing 
power of the detector had analyzed the data and produced the first images of 
particles created in the 7 TeV collisions traversing the CMS detector
....



... and we know what we have to look for,

at least in the standard way ...





SM: Production and cross sections

6

BSM Physics can change these in a major way !!! 
(e.g. bbH in MSSM)

Overview of SM Higgs production at the LHC:
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SM Higgs search at the LHC: ⇒ full parameter space accessible!?
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SM: Branching ratio

H → τ+τ−
Exploitable at low MH in the VBF 
production mode

H → γγ
Complementary mode at low MH via loop 
diagrams, low BR but excellent γ/Jet 
(γ ID, γ Iso., Mγγ) separation

MH ≤ 145 GeV

MH > 125 GeV

H → WW(*)

Dominant mode, l+νl−ν    channel optimal for MH = 2 MW ; 
l+νqq’ channel exploitable at large MH or through VBF

H → ZZ(*)

Small BR but ‘‘golden mode’’ for a discovery   l+l− l+ l−

BSM Physics can change these in a major way !!! 
(e.g. ττ, bb in MSSM)

H → b b
Dominant mode … but crippling QCD 
background 
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SM: Mass range... 
Current knowledge about the Higgs Boson Mass  

Standard Model prefers a light Higgs boson 

Theoretically allowed range up to 750 GeV  

Restore

 unitarity 

Pertubation theory valid

 up to MPlanck (1TeV) 

Electroweak  

precision measurements 

Direct  searches at   

LEP and Tevatron 

M. Schumacher  Towards Higgs boson disovery: From detector design to final analyis  Turino, 24.11.2009 

... and if Standard we prefer it light

Experimental bounds from TeVatron

 162‐166 GeV @95%CL
(159-169 GeV expected)



CMS have plenty of SM Higgs published 
prospective studies... but at 14 TeV...

Available on CMS information server
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Inclusive Search for the Higgs Boson in the

H→
γγ Channel

M. Pieri 1)
, S. Bhattacharya 2)

, I. Fisk 3)
, J. Letts 1)

, V. Litvin 4)
, J.G. Branson 1)

Abstract

We have carried out a detailed study of the inclusive search for the Higgs boson in the H→
γγ chan-

nel with the CMS detector at LHC. The analysis is based on full Monte Carlo simulation. Though

for the moment we have only simulated data to work with, we have designed an analysis that can

determine the background from
real data and will thus only depend on signal Monte Carlo when data

will be available. This largely reduces the systematic error and, together with the excellent energy

resolution of the CMS electromagnetic calorimeter, enables a search that would otherwise be very dif-

ficult because of the large amount of expected background. We have studied both a standard cut-based

search and a more optimized analysis that takes advantage of the wide range of signal/background

expectations as function of the possible selection cuts. Since discovery in this channel is expected to

take one or more years of LHC running, such optimized analyses should be studied to minimize the

time to discovery and to assure that the experiment is competitive in this important measurement.
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Discovery potential for the SM Higgs boson in the

H → ZZ(∗)
→ e+e−e+e−

decay channel

S. Baffioni a), C. Charlot a), F. Ferri a) b), N. Godinovic c), P. Meridiani d), I. Puljak c), R. Salerno a) b),

Y. Sirois a)
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b) Università di Milano Bicocca and INFN Milano, Milano, Italy

c) Technical University of Split, FESB, Croatia
d) Università di Roma I and INFN, Rome, Italy

Abstract

A prospective analysis is presented for the discovery and for the mass and cross-section measurements

of the Standard Model Higgs boson in the CMS experiment at the LHC collider. The analysis focuses

on the pp → H + X → ZZ(∗) + X → e+e−e+e− + X channel for Higgs boson masses in the

range 120 <∼ mH <∼ 300 GeV/c2. It relies on a full simulation of the detector response and usage of

new detailed electron reconstruction tools. Emphasis is put on realistic strategies for the evaluation

of experimental systematics and control of physics background processes. For an integrated LHC

luminosity of 30 fb−1
, a Standard Model Higgs boson would be observed in the e+e−e+e− chan-

nel with a significance above 3 standard deviations for masses mH in the range from about 130 to

160 GeV/c2
and above 180 GeV/c2. A discovery with a significance above 5 standard deviations is

possible for this integrated luminosity aroundmH # 150 GeV/c2
and in the range from about 190 to

300 GeV/c2. The mass (cross-section) of the Higgs boson can be determined with a precision better

than 0.5% (30%).
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Search for the Higgs boson in the ZZ(∗) decay channel with

the CMS experiment

The CMS Collaboration

Abstract

A prospective search for the inclusive production of Standard Model Higgs bosons H

decaying in ZZ(∗) pairs is presented with the CMS experiment at the CERN LHC pp

collider. The analysis is performed for the leptonic decay channels H → ZZ(∗) → 4!

with ! = e, µ and for a mass mH in the range from 115 to 250 GeV/c2 . Signal and

background datasets obtained with a detailed Monte Carlo simulation of the detec-

tor response, including the limited inter-calibration and alignment precision expected

at startup luminosities, are treated using a complete reconstruction chain. A simple

mH independent sequence of cuts is established which provides a clean sample of

4! events while preserving the highest signal detection efficiency. The data corre-

sponding to an integrated luminosity of up to 1 fb−
1 is analysed and observations

are compared to background expectations in a sliding mass window optimized as a

function of the mH hypothesis. A signal evidence with a significance above 2 stan-

dard deviations is found unlikely for a Higgs boson with a mass mH lying anywhere

in the mass range considered. In absence of significant deviations from background

expectations, upper limits on the production cross-section of a Standard Model-like

Higgs boson are established that lie beyond existing constraints.

Ava
ilab
le o
n C
MS

info
rma

tion
serv

er

CMS NOTE 2006/136

The Compact M
uon Solenoid Experiment

Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

CMS Note
July 18, 2006

Search for the Standard Model Higgs

Boson in the Two-Electron and

Two-Muon Final State with CMS

D. F
utya

n, D
. Fo

rtin

Uni
vers

ity o
f Ca

lifo
rnia

, Ri
vers

ide,
USA

D. G
iord

ano

Uni
vers

ità
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SM: Extrapolating from 14TeV to 7TeV

– Use only published results  
– Assume the same signal and background efficiencies for 14 TeV and 7 TeV 
   efficiencies are actually a bit larger at 7 TeV 
– Scale signal and backgrounds by the cross-section ratio at 14 TeV and 7 TeV
– Assume the same systematic uncertainties, take into account different background 
composition  
– Limits are computed using Modified Frequentist (CLs) method



SM: H→ZZ/WW/γγ
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Counting in a mass window 
No photon categories 

Counting above a MVA-output cut 
Three sub-channels: 2e, 2μ, eμ 

Counting in a 4l-mass window 
Three sub-channels: 4e, 4μ, 2e2μ 

Combing the 3 channels the CMS SM Higgs 
expected excluded range is 145-190 GeV

We are going to competitive with TeVatron 
but our main channel is based on a MVA-
analysis

Excluded range:
150-185 GeV



... but if we will look for something 
no standard that has 
a standard topology ...



4th generation (I)

• Sequential 4th generation of fermions
• Main constraints:

• Invisible Z width at LEPI: Mν4>50 GeV

• Direct searches at TeVatron: Mu4>256 GeV

• LEP2 bounds for unstable ν4 : Mν4>100 GeV

• Additional quarks enhance by x3 ggH coupling

• Higgs production cross sections:
•gg→H enhanced by ~x9!
•VH and VBF remain at SM rate

• Higgs decay BRs:
•H→gg significantly increased at low mass

•H→WW dominant mode for mH>135 GeV

PRD 76, 075016 (2007)



4th generation (II)

• Reinterpretation of SM high mass searches: 
• Consider gg→H→WW signal only
• Extend mass range to 260 GeV
• Re-optimize analysis (relax Δϕ cuts, retrain NNs)

• Assuming a 4th generation of fermions 
masses beyond currently experimental 
bounds:

 is excluded at 95% CL

130<mH<210 GeV

Ref: CDF Note 10101, DØ Note 6039 



Fermiophobic Higgs

• In Two Higgs-Doublet Models (2HDMs) two 
complex scalar doublets are postulated and five 
Higgs bosons are predicted

• Assuming no Higgs couplings to fermions 
• In this case, the BR(h→γγ ) is much bigger than the 

SM one 
• Same coupling to W and Z bosons as in the SM case 

but in the low mass region the BRs increase  
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Figure 6: Branching ratios of h0 at mA0 = mh0 , mH+ = 140 GeV , mH0 =
300 GeV and δ = 0.01 in potential B.
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Figure 7: Branching ratios of h0 at mA0 = 150 GeV , mH+ = 210 GeV , mH0 =
300 GeV and δ = 0.1 in potential B.
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B. Limit setting

We proceed to set upper limits on the Higgs production cross section times branching ratio for Higgs decaying
into a pair of photons. The distributions of invariant mass of the two photon candidates in the interval of (Mhf

-10
GeV, Mhf

+ 10 GeV) (shown in Fig. 5) are used for this purpose. Limits are calculated at the 95% confidence level
using the modified frequentist CLs approach with a Poisson log-likelihood ratio test statistic [16, 17]. The impact
of systematic uncertainties is incorporated via convolution of the Poisson probability distributions corresponding to
the different sources of systematic uncertainty. The correlation in systematic uncertainties are maintained between
signal and backgrounds. In this analysis, we use the diphoton invariant mass as the discriminant for limits setting.
We find that the selection efficiency varies smoothly and the di-photon mass resolution is almost constant ( 3 GeV).
Therefore, we are able to determine the limits in every 2.5 GeV mass values by interpolation of the efficiencies and
mass distributions of the signal using MC samples generated at every 5 GeV mass points. Table V and Fig. 6(left)
show the limits on σ × BR(hf → γγ) for the different Higgs masses. By assuming the SM cross section for the
associated and vector boson fusion Higgs production mechanims, we derive upper limits on the BR(hf → γγ) as
a function of Higgs mass (see Fig. 6(right)). As it can be appreciated, this search considerably extends the range
excluded by LEP and a previous DØ result.

Mhf
80 90 100 102.5 105 107.5 110 112.5 115 117.5 120 122.5 125 127.5 130 132.5 135 137.5 140 142.5 145 147.5 150

σ × BRobs (fb) 46.5 61.9 54.3 71.7 80.8 63.7 45.4 33.1 24.3 22.7 23.3 26.3 30.6 33.4 31.6 27.5 21.8 17.5 14.7 14.3 16.4 18.1 18.7
σ × BRexp (fb) 58.9 51.5 40.2 38.9 37.8 35.5 33.7 33.6 33.0 31.5 29.7 29.4 28.1 27.0 25.4 24.8 23.9 23.0 21.9 21.3 20.7 20.0 22.2

TABLE V: 95% C.L. limits on σ × BR for different fermiophobic Higgs masses.
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FIG. 6: 95% C.L. limits on σ × BR (left) and BR (right) as a function of fermiophobic Higgs mass.

The LEP/TeVatron γγ results provide strong 
limits on the production of a fermiophobic 
Higgs

Ref: DØ Note 5880-CONF 



 NMSSM searches

Ref: Phys. Rev. Lett. 103, 061801 (2009)

allowed within !R< 0:1 of either muon, to exclude
muons with showers in the calorimeter. Finally, the leading
muon pT must be less than 80 GeV, to remove muons with
mismeasured pT . To improve the E6 T measurement in the
calorimeter, the number of jets reconstructed [18] with
cone radius 0.5, pT > 15 GeV (corrected for jet energy
scale), and j!j< 2:5 must be less than five. Events with
E6 T > 80 GeV are also rejected to remove rare events
where the E6 T is grossly mismeasured, since signal is not
expected to have such large E6 T . These are the ‘‘refining’’
cuts. Then an event must pass one of three mutually
exclusive subselections. The first subselection, for when
no jet is reconstructed from the tau pair, requires zero jets
with pT > 15 GeV, !"ð##; E6 TÞ> 2:5, the highest-pT

track with !zðtrack; PVÞ< 3 cm and not matching either
of the two selected muon tracks in the dimuon candidate to
have pT > 4 GeV and !"ðtrack; E6 TÞ< 0:7. The second
subselection, for when at least one of the tau decays is

1-prong, requires at least one jet, where the leading-pT jet
(jet1) has no more than four (nonmuon) tracks associated
with it with pT > 0:5 GeV, !zðtrack; jet1Þ< 3 cm, and
!Rðtrack; jet1Þ< 0:5, !"ðjet1; E6 TÞ< 0:7, and E6 T >
20 GeV. The third subselection, for when both tau decays
are 3-prong (or more) and thus most jetlike, requires at
least one jet, where jet1 has either more than four (non-
muon) tracks associated with it or !"ðjet1; E6 TÞ> 0:7 and
E6 T > 35 GeV. Events passing one of these three subselec-
tions are called the ‘‘E6 T’’ selection.
To gain acceptance, we also select events not passing the

E6 T selection, but with either an additional muon (not
necessarily isolated) or loosely isolated electron. For the
‘‘muon’’ selection, a (third) muon is required, with pT >
4 GeV and !"ð#; E6 TÞ< 0:7. The ‘‘EM’’ (electromag-
netic) selection rejects events in the muon selection and
then requires an electron with pT > 4 GeV, !"ðe; E6 TÞ<
0:7, fewer than three jets, E6 T > 10 GeV, and pe

T þ E6 T >
35 GeV.
The dimuon invariant mass shape of the multijet and $?

background to the E6 T selection is estimated from the low
E6 T data which passes the refining cuts but fails the E6 T

selection cuts. For the muon and EM selections, it is taken
from the isolated data sample. The requirements of the
muon and EM selections have no significant effect on the
dimuon invariant mass shape for a data sample with loos-
ened isolation requirements. These background shapes are
summed and normalized to the data passing all selections,
but excluding data events within a 2 s.d. dimuon mass
window for each Ma (see below). Background from dibo-
son, t"t, and W þ jets production, containing true E6 T from
neutrinos, is estimated using MC simulations and found to
contribute<10% of the background from multijet and $?.
Signal acceptance uncertainty for the 2#2% channel is

dominated by the ability of the simulation to model the
efficiency of the refining muon cuts and final selections. It
is found to be 20% per event based on studies of the muon
and event quantities used, comparing data and MC events

Dimuon mass (GeV)

0 2 4 6 8 10 12 14 16 18 20

E
ve

nt
s 

/ 0
.1

 G
eV

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2 -1, 4.2 fbODData
Background
Signals

FIG. 2 (color online). The dimuon invariant mass for events
passing all selections in data, background, and 2#2% signals for
Ma ¼ 3:6, 4, 7, 10, and 19 GeV. &ðp "p ! hþ XÞ ¼ 1:9 pb is
assumed, BRðh ! aaÞ ¼ 1, and Mh ¼ 100 GeV.

 (GeV)aM
4 6 8 10 12 14 16 18

aa
) 

(p
b)

→
 B

R
(h

×
h)

→p
(pσ

0

1
2
3
4
5
6
7
8
9

10
Observed limit
Expected limit
Theory

-1, 4.2 fbOD

(a)

 (GeV)hM
80 100 120 140 160 180 200

aa
) 

(p
b)

→
 B

R
(h

×
h)

→p
(pσ

0
1
2
3
4
5
6
7

8
9

10

Observed limit
Expected limit
Theory

-1, 4.2 fbOD (b)

FIG. 3 (color online). The expected and observed limits and %1 s:d: and %2 s:d: expected limit bands for &ðp "p ! hþ XÞ &
BRðh ! aaÞ, for (a) Mh ¼ 100 GeV and (b) Ma ¼ 4 GeV. The signal for BRðh ! aaÞ ¼ 1 is shown by the solid line. The region
Mh < 86 GeV is excluded by LEP.

PRL 103, 061801 (2009) P HY S I CA L R EV I EW LE T T E R S
week ending

7 AUGUST 2009

061801-6

In the altered Higgs sector two additional pseudoscalar Higgs bosons (s and a) are added 
h →aa dominates 

If ma < 2mτ , dominant decay aa → μμμμ 
If 2mτ < ma < 2mb, look for: aa → μμττ 



... but if we will look for something 
no standard that has 

a standard topology but not quite ...



Neutral MSSM Higgs (4l+MET)
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Figure 1.11: Number of signal events per inverse femtobarns of integrated luminosity. Details on the
Tanβ value and center of mass energy are reported on plots’ legends.

In figure 1.14 another effect of the different sparticles mass in different region of mSUGRA, is shown.214

The SUSY neutral heavy higgs boson, depending on their mass, will be produced with different values of215

13

Ref: C.Charlot, R.Salerno, Y. Sirois [J. Phys. G34 (2007) N1-N12]

• If sparticles (χ2
0) are light enough so that SUSY decays of Higgs become kinematically allowed 

there are low tanβ regions of mSUGRA parameter space where A/H in 4l+MET channel has a 
sizable yield:
Focus on the decay of H/A in two next to lightest neutralinos (χ2

0)
Consider neutralino decays in two leptons plus missing ET (LSP χ1

0)

mSUGRA point (Tanβ, m0, m1/2)
(10, 60, 250) (10, 90, 165) (5, 120, 205) (5, 40, 175) (5, 95, 210)

Discovery optimization
nS 0.06 0.90 1.21 3.10 4.68
nB 2.77 5.28 3.41 7.44 4.16
SL 0.03 0.38 0.62 1.07 1.99

Exclusion optimization
nS 0.04 0.74 0.81 2.24 3.87
nB 1.56 3.51 1.86 4.37 2.73

σup
B /σS+B 6.74 2.30 2.78 1.44 0.90

Table 2.11: Significance and sigma ratios for the benchmark points with SUSY background simulation.
The numbers nS and nB represent the expected events for signal and background after the section cuts.
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Figure 2.12: Distributions of the reconstructed invariant mass of the 4-lepton final state for the events
passing the selection, for the two most sensitive mSUGRA points. All the three final state topologies are
included.

at this point is available, then, being the SM backgrounds fixed for different SUSY parameters, the cal-788

culation of SL and σup
B /σS+B is straightforward. On reasonable assumption that all the cut variables are789

varying continuously in the parameter space, follows continuity propriety of the selection efficiency too.790

More sophisticated approaches, like the construction of a selection function variable dependant, are too791

difficult to handle. A clarifying example is a plepton
T dependant selection function, which is behaving in792

the desired way to predict the pre-selection efficiency (which is pT -cut dominated), but then is totally793

scorrelated from fundamental cuts like on mll or !ET .794

795

The simplest approach, based on the weighted average for each mSUGRA point of the benchmark effi-796

ciencies, is adopted, and the obtained results are reported in fig. 2.2.2 and 2.2.2.797

Significance plots (2.2.2) show clearly, that, with the considered luminosity, there is no handle for dis-798

covery either for Tanβ = 5 or Tanβ = 10. The exclusion plots (2.2.2) show that there is potential to799

exclude the signal in a small region of Tanβ = 5 plane.800

45

Upper limits on the production cross-section can easily be established with 1 fb-1 7 TeV data



Doubly charged Higgs (4l but charge)

requirement (S1 and S2) in the dimuon invariant mass
region above 70 GeV=c2, after subtracting the SM sources
of background except Z=!! ! "þ"# events from the
data. This mass requirement removes most multijet back-
ground events in the low mass range. From these ratios, we
determine the average probability for charge misidentifi-
cation in data and MC simulations to be Pdata ¼ ð6:2&
1:1Þ ( 10#4 and PMC ¼ ð3:1& 0:4Þ ( 10#4, respectively,
assuming the multijet background is negligible. The un-
certainties are statistical. A possible bias in such an esti-
mate due to the potential presence of signal events in the
sample has been estimated to be well below the assigned
systematic uncertainty. Since the charge misidentification
rate in MC simulations is underestimated, the ratio of Pdata

to PMC is taken as a correction equal to 2:0& 0:4. This
ratio is applied to the Z=!! ! "þ"# MC sample when
estimating the like-sign contribution.

The distributions of dimuon invariant mass and!# after
selection S1 are shown in Figs. 1(a) and 1(b). The data are
compared with the sum of the background contributions.
For those events with more than one pair of muons ful-
filling the selection criteria, the dimuon invariant mass and
!# are calculated only for the pair with the highest indi-
vidual momenta. The number of remaining events after
each selection is shown in Table I. There is good agreement
between data and the sum of the backgrounds. Figures 1(c)
and 1(d) show the dimuon invariant mass and !# distri-
butions after the S1 and S4 requirements. The excess of
events at 150 GeV=c2 has a significance of less than 2:6$.
The last two columns of Table I give the individual like-
sign backgrounds after the various selection stages. This

demonstrates that the like-sign backgrounds are well
understood.
After all five selection criteria, three data events remain,

in good agreement with the SM background expectation of
2:3& 0:2 events. Total signal efficiencies are 32%–34%
and are nearly independent of mass. The dimuon invariant
mass and!# distributions for these events are compared to
the sum of the backgrounds in Figs. 1(e) and 1(f).
Since no excess is observed, we use the dimuon invariant

mass distribution in Fig. 1(e) to compute upper limits on
the production cross section times the branching fraction as
a function of MðH&&Þ using the CLS method [18] as
implemented in the MCLIMIT program [19]. The expected
rate for the signal as a function of MðH&&Þ is determined
by the NLO cross section [5] and measured luminosity and
corrected for the signal efficiency.
A number of systematic uncertainties on the signal and

background are taken into account in the limit calculation.
The uncertainties on the correction of the muon identifica-
tion are 2% and 6% for the backgrounds and signal,
respectively. The uncertainty on the isolation efficiency
for the multijet background is 12%. The 20% uncertainty
on the correction for charge misidentification is included.
The uncertainty on the luminosity for the signal is esti-
mated to be 6.1% [20]. The uncertainty on the normaliza-
tion using NNLO MC SM background production cross
sections is taken to be 5%. The parton distribution function
uncertainties on the cross section for backgrounds are
taken to be 4% [21].
The cross section limit as a function of MðH&&Þ is

shown in Fig. 2 together with the theoretical cross section
for left- and right-handed doubly charged Higgs bosons.
Mass limits for other branching ratios can be obtained by
scaling the theory cross section by the square of the
branching ratio. At the 95% C.L., lower mass limits of
150 GeV=c2 for left-handed and 127 GeV=c2 for right-
handed doubly charged Higgs bosons are obtained. This
extends the previous mass limit [8] for a doubly charged
Higgs boson decaying into muons.
We thank the staffs at Fermilab and collaborating insti-

tutions and acknowledge support from the DOE and NSF
(USA); CEA and CNRS/IN2P3 (France); FASI, Rosatom,
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Introduction LHC search Conclusions

Φ±± cross section and signatures
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Figure provided
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Calculated by M.
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Muhlleitner.

It is almost a background free analysis and no 
evidence for a signal can been easily observed

An upper limits on the production cross-
section can be established with O(300pb-1)

• The analysis searches for doubly-charged 
Higgs H++ bosons occur in models that have 
Higgs triplets

• The Higgs triplet(s) may couple to lepton 
fields via Yukawa couplings which are not 
constrained to be small since they are not 
involved in the mass generation

• The analysis is looking for two pairs of SS 
leptons or one pair of SS lepton and 
another additional lepton



... but if we will look for something 
no standard that has a 

no standard topology ...



Heavyish Higgs (2l/4l+jets)
The model contains a 200−300 GeV Higgs boson h with Standard-Model like properties, and 
heavy CP-even and CP-odd Higgs bosons H and A with masses in 500−800 GeV range

 
Discovery potential of H and A in the decay chains H→hh→4V and A→Zh 
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Figure 13: BR(A → Zh) plotted in the parameter space of Eq. (2.4) for λ = 2, assuming negligible
decay width into Higgsinos. BR(A → tt̄)≈ 1−BR(A → Zh).

The total width of A ranges between 5 and 30 GeV and is dominated by A → tt̄ and A → hZ
decays. Although the branching ratio of A → tt̄ is almost always dominant (see Fig. 13), we
cannot exploit this channel. Indeed, [19] showed that for the mass values we are interested in,
the tt̄ SM background does not allow discovery of a scalar resonance decaying into tt̄. Therefore,
we focus on A → hZ, whose BR is smaller, but still significant. Most of the produced h’s will
decay into vectors, yielding σtot(gg → A → ZV V ) ∼ 100 fb over all the parameter space. Such
a cross section will give too small event rate if more than one V is allowed to decay leptonically.
Therefore we concentrate on the signature

gg → A → hZ → V V Z → 4Jl+l− (signal). (5.1)

For a detailed study we go to our benchmark point (3.1), which gives the following numerical
values17:

mA = 615 GeV , ΓA = 11 GeV , (5.2)

σ × BR(signal) = 6.9 fb.

17The quoted value of ΓA does not include the width into Higgsino pairs depending on µ and M . The latter can
be as large as 10 GeV, but in most of the parameter space is below 2 GeV. See the analogous discussion for the H
in Section 4.2.

21

Figure 9: BR(H → hh) (left) and BR(H → ZZ) (right) in the preferred range (2.4) of the parameter
space. The H decay width into Higgsinos Γχχ is neglected. For nonzero Γχχ, these branching
ratios have to be multiplied by a factor Γ/(Γ + Γχχ), where Γ is the visible decay width
plotted in Fig. 8. The H → hh decay mode is dominant except for the lower left corner of
the parameter space where this decay channel is closed (mH < 2mh).
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Figure 10: The H decay width into Higgsino pairs for λ = 2, mH+ and tan β at the benchmark point
(3.1), and for µ (chargino mass) and M within their ranges determined by stability of the
potential and Naturalness considerations [9]. The gray area corresponds to mLSP < mZ/2
and is excluded.
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Some numbers for 14TeV 
gg → H → hh → 2Z2V → ll6J   σ × BR = 2.67 fb 
gg → A → hZ → V VZ   → ll4J   σ × BR = 6.9 fb

Ref: L.Cavicchia, R.Franceschini, S. Rychkov [arXiv:0710.5750]



Some Properties of Lepton Jets

Some properties of our benchmarks:

Lepton jets are much narrower
than QCD jets
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Sample Decay
An example Higgs decay might look like:

The Higgs can produce lots of leptons together with missing
energy, even in the simplest U(1)d model.

h
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l+
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l+

E/T

E/T

l− l+

Hidden Higgs (lepton jets)
A Hidden Higgs is light and has been produced at LEP,  but was missed because of 
exotic decays
Appealing scenario: 

• The precision electroweak fit favors a light Higgs 
• A heavy Higgs leads to the SUSY fine tuning problem

The Higgs can produce lots of leptons together 
with missing energy, even in the simplest U(1) 
model

Multilepton searches are not sensitive to lepton 
jets because they demand well-isolated leptons

Lepton jets are much narrower than QCD jets

Lepton jet

Exclusion limit/discovery reach to be establish 



Conclusions

• For the SM Higgs boson @ 7TeV with 1fb-1 of integrated luminosity CMS is 
going to be competitive with Tevatron, putting experimental limits more 
stringent than the actual ones

• In the BSM Higgs world, looking for something with a standard/quite standard/
no standard topology will allow us to exclude(discovery) models

Very exciting time is just around the corner ...



... finger crossed that the following figures ...

... might be very soon ...
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Final states to search/exclude...

Final stateFinal state xsec pT spec.

Doubly
Charged

Higgs

2l
(2lSS)

Single H++ 
Prod

up to 10 fb-1 hard lept

Doubly
Charged

Higgs

3l 
(2lSS+1l)

H++/H-
Prod

up to 10 fb-1 hard lept
Doubly
Charged

Higgs
4l 

(2lSS+2lSS)
Double H++ 

Prod
up to 10 fb-1 hard lept

MSSM
Higgs

SUSY decay

3l + MET
(2lOS+1l)

H+ to
Chi2Chi+

up to 5 fb-1 soft leptMSSM
Higgs

SUSY decay 4l + MET
(2lOS+2lOS)

A/H to
Chi2Chi2

up to 5 fb-1 soft lept

NMSSM
Higgs

2l+jets
(2lOS)

H to hh 
to 2Z2V

up to 3 fb-1 lept from Z
on shellNMSSM

Higgs 4l +jets
(2lOS+2lOS)

A to hZ 
to VVZ

up to 7 fb-1 lept from Z
on shell

Non Abelian
Higgs

4l 
(2lOS+2lOS)

H to 
Z’Z’

up to 5 fb-1 soft lept

...  a multilepton example


