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Plan of the talk

● CMS detector, performance
● Some SM measuremens
● CMS Searches

– New results in Higgs search 

– New result in Searches for Supersymmetry

– Other BSM searches: updates and new

● Conclusion
(Note: focus on results from Moriond 2016.)
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The CMS Detector
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Particle Flow

● Reconstruct all stable 
particles in CMS detector by 
linking responses of 
subdetectors

Photon, electron, muon, 
charged and neutral hadrons

Resulting list of particles can 
be used as if they came from 
a MC generator

Composite objects like jets, 
taus, MET can be 
reconstructed from the “PF 
candidates”
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Electrons 
and photons

● Photon identification efficiency 
~ 90%

● Photon energy resolution ~ 1% 
from Z to ee data
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Jets

Anti-KT with distance 
parameter 0.5

CALO, JPT, PF

PF jets clustered from 
PF candidate particles

Resolution measured 
from MC and various 
energy balancing 
methods

2011 JINST 6 P11002
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Muons

1-6% relative momentum 
resolution  for pT<100GeV

> 10% at a TeV

> 1% hadron to muon fake 
probability

Single muon trigger rates 
(much) better than 90% 
above a few GeV



Taus: the HPS algorithm

charged hadrons reconstructed using 
PF algorithm

π0’s are reconstructed in ECAL as 
strips

Strips:

π0 -> γγ

Photon conversion in the tracker 
material

electron tracks bending in the 
magnetic field: broadening of the 
signal in the azimuthal direction

A strip of 0.05 in η and 0.2 in φ is 
built

Mass is required to be consistent 
with π0



Tau efficiency



b-tagging efficiency

• The impact parameter (IP) of the track wrt the 
primary vertex is used to distinguish the decay 
product of the b hadron from the prompt tracks

• Algorithms:

• Track counting: sorts tracks in a jet by 
decreasing value of IP significance

• Jet probability (JP): uses estimate of the 
likelihood that all the tracks associated to the 
jet come from primary vertex

• Jet B probability (JBP): same as JP, in addition, it 
gives more weight to the tracks with high IP 
significance
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Standard model
measurements 



Di boson cross sections

No evidence for anomalous couplings!



top pair cross sections



See talk by Christian Schwanenberger in LHC Ski 2016 for more details
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Higgs sector



 Higgs mass: CMS and ATLAS 
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● MVA based analysis (vertex, photon id, 
kinematics)

● Background from sideband fit

● Categories: 

● ttH leptonic/hadronic

● VBF

● 4 untagged

● Expected (MH=125.09 GeV)

● Observed

Higgs to diphoton rediscovery

● Best Fit

HIG-15-005

David Sperka, Moriond QCD,2016
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Higgs rediscovery 
HIG-15-004

David Sperka, Moriond QCD 2016
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ttH @ 13 TeV HIG-15-005

HIG-15-008

HIG-16-004
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Heavy Higgs @ 13 TeV
● 8 TeV direct searches 

put constraints in

HIG-15-004

HIG-16-001
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● First KK excitation of RS1 
graviton

● MVA Tag secondary vertex

● 4(2) jets in low (high) mass 
 region

HIG-16-002

HIG-16-013

Radion

KK Graviton
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Search for 
Supersymmetry 



 CEFIPRA, IISc Bengaluru 2 
May, 2016

Satyaki Bhattacharya 24



 CEFIPRA, IISc Bengaluru 2 
May, 2016

Satyaki Bhattacharya 25

SUSY searches @13 TeV

● Search in all accessible channels
● Focus on stop, sbottom, gluino
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Strategy @ 13 TeV

John Paul Chou, Moriond QCD 2016
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SUSY Hadronic search channels
● Look for pair production with simple decay chain

● Exclusion in M_produced-M_LSP plane
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SUSY Hadronic search 
● Lepton veto to remove 

W's

● MET related quantities to 
reject multijets
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Gluino searches
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Gluino searches

SUS-16-003 SUS-16-004
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Stop Searches
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SUSY hadronic summary

● 2016 will offer 10X opportunity
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 Single lepton gluino limits @ 13 TeV

● T5q4WW model

● 0 b analysis

PAS-SUS-15-007, 
PAS-SUS-15-006 
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Single lepton stop search

Limits on direct stop production 
with 100% B.R.  

● Run I limit 650 GeV (790 GeV from 
most sensitive channel) 

● Assume chargino nearly degnerate 
with LSP

● Limit worsens with increasing B.R.

PAS-SUS-16-002 
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SUSY with Multileptons @ 13 TeV
PAS-SUS-16-003 
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SUSY with photons @ 13 TeV

● At least two photons > 40 
GeV 

● MET > 100 GeV

● No constraints on number of 
jets

● General Gauge Mediated 
breaking with Gravitino LSP

SUS-15-012
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Other BSM Searches 
(Exotica)
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Monojet + MET @ 
8 TeV



 CEFIPRA, IISc Bengaluru 2 
May, 2016

Satyaki Bhattacharya 40

Monojet + MET

DM EFT DM MED

ADD 
Graviton

perturbative

s-channel
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Monojet
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Monojet extra dim, unparticle
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Monojet @13 TeV

Central high pT jet + large MET

Lepton, b-jet veto

Large azimuthal opening between 
jet-MET

EXO-15-003

90% upper limit on signal strength

Yet to do better than 8 TeV
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Monojet @13 TeV

Couplings taken to be unity
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Monophoton

Photon pT > 150 GeV

Met > 135 GeV

No jet

No lepton

Discriminator for beam halo, 
cosmics, anomalous ECAL 
signals
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Monophoton
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Monophoton: graviton and branon
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Mono jet and mono V(hadronic) @ 13 TeV

● Jet + MET(>90 GeV)

● For mono-V jet substructure 
(pruned mass, N-jettiness) 
used

● Couplings taken as unity

EXO-16-018NEW!!
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Mono jet and mono V(hadronic) @ 13 TeV
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DM + Heavy Flavor
● MET + b + lepton veto

● Sample divided in categories of b 
jet multiplicity

● Signal extracted from MET 
spectrum

● Scalar/pseudoscalar mediator

● Signal efficiency strongly depends 
on mediator mass (10-6 to 10-2 for 
mass 10 GeV to 1 TeV)

B2G-15-007NEW!!
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CMS diboson: 8 to 13 TeV

● massive narrow 
resonances decaying to 
pairs of W and Z

● Spin-1, spin-2 resonances 
< 0.8 TeV

● WW, WZ, or ZZ to ℓνqq or 
qqqq
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Dilepton OSSF @ 8 TeV

● Best fit edge:78.7 +-1.4 
GeV

● Local p-value with -2logQ 
statistic is 0.009

● Gaussian one sided tail 
probability → 2.4 sigma

● No look-elsewhere effect 
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Search for new physics in final states with two opposite-sign same-

flavor leptons, jets and EmissT in pp collisions at s√= 13 TeV 

● Should see 61 events 
offshell

● 57 is upper limit

SUS-15-011

● Should see 12 events 
offshell

● 9 is upper limit
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High mass diphoton search

P. Mussella, Moriond EWK,2016
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High mass diphoton
● Signal model: 

lineshape X 
detector resolution

● Background 
model:

EXO-16-018
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High mass diphoton 
Frequentist, unbinned likelihood

8 TeV switching point

20-40% 
improvement
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High mass diphoton
● Largest excess @ M

X
 =750 GeV, narrow width

● 3.4 sigma local significance

● 1.6 sigma global in range 500-3500 GeV
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High-mass resonances in Zγ→e+e−γ/μ+μ−γ final states @ 13 
TeV 

EXO-16-019 

● Higgs to diphoton style analysis

● Unbinned likelihood fit of 
background sideband

● Supported by an independent  
cut and count analysis

● No excess seen
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Conclusion

● Many new results @ 13 TeV

already
● Almost everything is consistent with the 

Standard Model
● Except the excess in diphoton channel
● Not supported by any other channel 
● A more definitive answer in next months
● A lot more interesting physics ahead
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backup
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Search for physics beyond the standard model in final states with a 
lepton and missing transverse energy in proton-proton collisions at s√ = 8 

TeV 

●

●

CMS-EXO-12-060 ; CERN-PH-EP-2014-176 

Phys. Rev. D 91 (2015) 092005
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Dark matter razor analysis

Two Jets

No leptons

Razor variables used

Separate analysis for

b-jets 

EXO-14-004

http://dx.doi.org/10.1103/PhyRevD.91.092005
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Dark matter razor analysis

vectoraxial vector
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Dark Matter razor analysis
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Mono Z @  8 TeV 
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Mono-Z @ 8 TeV 
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Mono Z @ 8 TeV 
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Mono-Z
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Mono-Z
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Search for massive WH resonances decaying into the ℓνbb¯ 
final state at s√= 8 TeV

 

● B 's reconstructed as a single 
jet

● Tagged by substructure

● In HVT model limit of

● 1.5 TeV on W' mass

● exo-14-010
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High mass diphoton

● Compatibility of 8 and 
13 TeV



 CEFIPRA, IISc Bengaluru 2 
May, 2016

Satyaki Bhattacharya 72

Higgs to diphoton
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HVT Model

● exo-14-010
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ATLAS dilepton excess
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Higgs singlet branching
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