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SUSY searches at CMS

The experimental features of SUSY events
are related to the scales mA,mB and mC .

• mB drives the cross sections
• (mB −mC) drives the hadronic
scale (HT,jets)

• (mC −mA) drives the lepton pT

• mA drives the MET
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SUSY searches at CMS

CMS search strategy:

• Perform generic searches
→ Focus on simple signatures that
are common to several scenarios
(MET from LSPs,
high-ET jets and leptons
from long decay chains)

• Backgrounds

Cannot yet rely on MC
Measured in data→ Data-driven techniques
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Hadronic search with αT
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αT can be used to supress the background

• At least two jets with ET > 50 GeV and |η| < 3

• Leading jet with |η| < 2.5 and E j1
T > 100 GeV

• Veto on isolated e±,µ± and photons

• HT =
∑
jets

E jets
T > 350 GeV
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Inclusive Background estimation
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• αT > 0.51 dominated by QCD multijet BG
→ 6 ET originates mostly from energy
mismeasurements
• αT > 0.55 dominated by EW background
→ Genuine 6 ET .
→ Constant value of RαT

• The background for the signal region can then be estimated
with the double ratio: RαT (HT300 GeV)

RαT (HT250 GeV) =
RαT (HT350 GeV)

RαT (HT 300 GeV)

• Yields an estimation of 9.4+4.8
−4.0(stat.)± 1.0(syst.)

• 13 events are observed in data→ No excess observed

HT250 HT300
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Interpretation in the CMSSM

• To facilitate the comparison with
previous experiments, exclusion limits
in the CMSSM are set

• tanβ = 3 A0 = 0 µ > 0
• Excluded region at Tevatron
significantly extended
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Interpretation in the CMSSM

• A weak dependence on tanβ is observed

tanβ = 3

tanβ = 10

tanβ = 50
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Same-sign dilepton search
• Isolated same-sign lepton signature is essentially absent in
the Standard Model

• Several search-regions are defined
in the HT -MET plane.
• Data-driven techniques are used to estimate
the backgrounds in these regions.
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Same-sign dilepton search
• In the high-plepton

T region, the dominant background arises from
t t̄ events , with one isolated lepton from W decay ( real ) and
one brom a b decay ( fake ), expected to be less isolated.

• The quantification of
lepton isolation is

thus of paramount
importance to estimate
the background.

• RelIso quantifies the isolation:

RelIso =
Scalar sum of track momenta and calorimeter energy in∆R lepton<0.3

transverse momentum of the lepton
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ttbar background estimation

• Tight-to-Loose lepton ID probability from multi-jet sample
→ Tight cuts involve RelIso< 0.1 (high isolation)
→ Loose cuts involve RelIso< 0.4

• Key assumption: εT |L is universal

i.e. it is the same for all jets in all samples

• A fake-lepton-enriched sample is
considered and εT/L is measured.
• εT/L can now be used to
estimate the background
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ttbar background estimation
Two different methods to estimate the t t̄ contribution:
• Tight-to-Loose lepton ID probability from multi-jet sample
→ Tight cuts involve RelIso< 0.1 (high isolation)
→ Loose cuts involve RelIso< 0.4
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ttbar background estimation
Two different methods to estimate the t t̄ contribution:
• Tight-to-Loose lepton ID probability from multi-jet sample
→ Tight cuts involve RelIso< 0.1 (high isolation)
→ Loose cuts involve RelIso< 0.4

• Data-driven approach
• Different techniques provide

consistent predictions in
overlapping regions.
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Results

• No excess of events over the background expectation is seen.
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Interpretation within the CMSSM

• Exclusion contour in the m0 −m1/2 plane for the CMSSM
• A significant improvement over the Tevatron results is obtained
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pp →W → `ν charge asymmetry

• The production of W bosons at the LHC
is sensitive to the structure of the proton
and can therefore be used to constrain
the PDFs.

• A prevalence of W + over W−

should be expected due to the higher
content of u quarks

17 / 24



pp →W → `ν charge asymmetry

• The charge asymmetry is defined as:

A(η) =

dσ
dη`

(W + → l+ν`)−
dσ
dη`

(W− → l−ν`)

dσ
dη`

(W + → l+ν`) +
dσ
dη`

(W− → l−ν`)

• Measured for muons and electrons
• The signal is extracted from the

QCD and EW background in bins
of η

18 / 24



Results

• A good agreement beween `

and µ is observed

• This provides the first constraints
on the PDF from LHC physics
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Results

• The preliminary addition of the CMS W charge assymetry data in
NNPDF2.1 shows a reduced uncertainty on sea quarks
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Neutral MSSM Higgs Boson→ τ τ̄

• In the MSSM, one has 2 Higgs doublets:
• This leads to 5 physical Higgs Bosons after EWK breaking:

2 CP-even scalar neutrals: → h,H
1 CP-odd pseudo-scalar neutral: → A
2 charged: → H+, H−

• At Born level, MSSM is described by 2 parameters: tanβ and mA.

• The main production processes are:

The cross section

increases as ∼ tanβ
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τ+τ− Mass reconstruction

• Likelihood Fit of the momenta of
visible decay products and of the
neutrino.

• The mass spectra show no evidence
of the presence of a Higgs boson signal

7−→ A 95% C.L. upper level bound
on the σφ · Bττ can be set as a
function of the Higgs mass
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τ+τ− Mass reconstruction

Observed
95% C.L. upper bounds
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• Figure: Expected one- and two-σ deviation ranges (blue bands)
and observed (red line) 95% C.L. upper limits on σφ · Bττ

• The observed limits are well within
the expected range assuming
no signal.

• This can be interpreted in the
MSSM parameter space of
tanβ vs. mA for a certain
SUSY scenario.
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τ+τ− Mass reconstruction

• Figure: Region of the parameter space of tanβ vs. mA excluded at
95% C.L. in the context of the MSSM mmax

h scenario.
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• The exclusion region in tanβ is
extended with respect to the
Tevatron experiments, especially
for values of mA > 140 GeV2.
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