
CMS overview: Results of Searches for Higgs Boson

and New Physics at LHC

Alexander Lanyov (JINR)

on behalf of the CMS Collaboration

The XXI International Baldin Seminar

on High Energy Physics Problems, JINR, Dubna

10–15 September 2012

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 1



CMS Overview

CMS Public Physics Results:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Outline:

• CMS Experiment

• Studies of Electroweak and QCD processes

• Results of searches for Higgs boson

• Searches for New Physics

• Heavy-ion physics

• Conclusions
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CMS Detector
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Detector: Compact Muon Solenoid (CMS)
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Statistics of Integrated Luminosity

• Excellent performance of LHC and CMS in 2011 and 2012

•
∫
L dt ≈ 20 fb−1 in pp collisions collected at

√
s = 7 and 8 TeV

• Until the summer conferences 2012 — analyzed ∼ 10 fb−1

• Peak luminosity 7.6× 1033 cm−2 s−1

• Data taking efficiency > 90%

• Plans: to get ∼ 30 fb−1 before end of 2012
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Performance plots (Tracker)

Track reconstruction efficiency for single muons as a function of pseudorapidity η

µ π

σ(pT )

pT
≈ 10−4 · pT ⊕ 0.005
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Performance plots (Calorimeters)

 [GeV]
T

p
50 100 200

 r
es

ol
ut

io
n

T
je

t p

0

0.1

0.2

0.3

total systematic uncertainty

MC truth (c-term added)

MC truth

data

50 100 2000

0.1

0.2

0.3

total systematic uncertainty

MC truth (c-term added)

MC truth

data

total systematic uncertainty

MC truth (c-term added)

MC truth

data

total systematic uncertainty

MC truth (c-term added)

MC truth

data

-1=7 TeV, L=35.9 pbs CMS preliminary 2010

PFJets
 R=0.5)

T
(Anti-k

 0.5≤| η0 < |

PF Jet pT resolution

σ(E)

E
≈

1.0
√
E

⊕ 0.05

ECAL Clustering and

Bremsstrahlung Corrections

σ(E)

E
≈

0.03
√
E

⊕ 0.003

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 7



Progress in ECAL calibration

For the golden categories, both photons in the barrel and no conversions:

FWHM/2.35 = 1.04 GeV (0.87%) approaching the nominal value.
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Performance plots (Muon system)

Z → µµ

)2 (GeV/cµµm
2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2

 )2
E

ve
nt

s 
/ (

 0
.0

4 
G

eV
/c

210

310

CMS Preliminary

 = 2.76 TeVNNsPbPb  
-1bµ = 150 intL

0-20%, |y| < 1.6
 < 30 GeV/c

T
6.5 < p

 65±: 3211 ψJ/N

 0.008±: 0.024 (2S)ψR
2 1) MeV/c± = (29 σ

data
total fit
background

J/ψ, ψ′

]2 invariant mass [GeV/c-!+! "J/
3.6 3.65 3.7 3.75 3.8 3.85 3.9 3.95 4

2
C

an
di

da
te

s 
/ 5

 M
eV

/c

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

]2 invariant mass [GeV/c-!+! "J/
3.6 3.65 3.7 3.75 3.8 3.85 3.9 3.95 4

2
C

an
di

da
te

s 
/ 5

 M
eV

/c

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

]2 invariant mass [GeV/c-!+! "J/
3.82 3.84 3.86 3.88 3.9 3.92

2
C

an
di

da
te

s 
/ 5

 M
eV

/c

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

]2 invariant mass [GeV/c-!+! "J/
3.82 3.84 3.86 3.88 3.9 3.92

2
C

an
di

da
te

s 
/ 5

 M
eV

/c

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

CMS Preliminary L dt = 40 pb-1!
s = 7 TeV

NX(3872) = 548 ± 104 (stat.) !
Nψ(2S) = 7346 ± 155(stat.)!

ψ′ X(3872)

Dimuon mass [GeV]
9 9.5 10 10.5 11

C
ou

nt
s 

pe
r 

40
 M

eV

0

10

20

30

40

50

| < 0.6y|

| < 1.2y0.6 < |

CMS

-1L = 4.9 fb

 = 7 TeVspp    

3x 10

Υ

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 9



Dimuon Mass Spectrum

Dimuon mass distribution from several trigger paths
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Excellent performance of the CMS detector
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CMS Publications

Total publications: ∼ 200 papers
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Standard Model

(Electroweak & QCD)
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Inclusive W and Z boson cross sections at
√
s = 8 TeV (SMP-12-011)

Collider Energy [TeV]

 B
  [

nb
]

× σ

-110

1

10

, 8 TeV-1CMS, 19 pb
, 7 TeV-1CMS, 36 pb

CDF Run II
D0 Run I
UA2
UA1

Theory: NNLO, FEWZ and MSTW08 PDFs

pp

pp

0.5 1 2 5 7 10 20

W
+W-W

Z

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 13

http://cdsweb.cern.ch/record/1460098


Measured Drell-Yan Cross Section EWK-11-007
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Generally good agreement between data and theory (NNLO calculation with FEWZ)

2D differential distributions d2σ/dM dy also measured
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Diboson Production (SMP-12-014)
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Measured cross sections:
σ(pp → ZZ) = 8.4 ± 1.0(stat.) ± 0.7(syst.) ± 0.4(lumi.) pb (for mZ ∈ [60, 120] GeV)
σ(pp → WW ) = 69.9 ± 2.8 (stat.) ±5.6 (syst.) ±3.1 (lumi.) pb

Consistent with the standard model prediction.
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Summary of Electroweak Physics Results
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Multiplicities of Charged Hadrons
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Inclusive Jet Cross Sections (QCD-11-004)
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Results are in good agreement with NLO pQCD until jet pT ∼ 2 TeV.

Used in general fits of collider data by fastNLO Collaboration (ArXiv:1109.1310).
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QCD Studies with Dijets
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Results are in good agreement with NLO pQCD until invariant dijet mass 5 TeV.

Quark compositeness: lower limit on the contact interaction scale:
Λ+ = 5.6 TeV, Λ− = 6.7 TeV at 95% confidence level.
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Ratio of the 3-jet to 2-jet Cross Sections (QCD-10-012)
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Results for ratio of the inclusive 3-jet to 2-jet cross sections

are in good agreement with SM for all values HT between from 0.5 to 2.5 TeV

(extending to an HT range that has not been explored before).

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 20

http://cdsweb.cern.ch/record/1356152


Hadronic event shapes (Phys. Lett. B 699 (2011) 48)

Event shapes provide information about the properties of hadronic final states
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pT,1 > 200GeV Event-shape variables:

Central transverse thrust

τ⊥,C ≡ 1−maxn̂T

∑
i|~p⊥,i·n̂T|∑

i
p⊥,i

Central thrust minor

Tm,C ≡
∑

i|~p⊥,i×n̂T,C|∑
i
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3 bins for leading jet pT,1:
(90–125, 125-200, > 200 GeV)

Pythia6 and Herwig++ predictions agree with the measurements in all three momentum bins,

ALPGEN, MADGRAPH and Pythia8 curves have some deviations from the data.

These measurements provide input for improvement of currently available models

of QCD multijet production.
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Observation of “Ridge effect” in pp coll. (JHEP 09 (2010) 091)

“Ridge effect” observed for the first time in pp collisions.

Particle correlations: wide ∆η region, narrow ∆φ ≈ 0 region

Pronounced structure at large ∆η
around ∆φ ≈ 0 !

Experimental manifestation of the new coherent effects

in proton-proton collisions

=⇒ Flow of possible explanations using different mechanisms
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Higgs boson
searches
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July 4 Fireworks: from CERN to Melbourne
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Timeline for Higgs Searches at CERN

& 2011+2012 Analyses by CMS

0
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LHC
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∆αhad =∆α(5)
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0.02749±0.00010

incl. low Q2 data

Theory uncertainty
March 2012 mLimit = 152 GeV

• LEP excluded MH < 114 GeV (2003)

• LHC exclusion, using 2011 data — 127-600 GeV

3σ peak at ∼ 125 GeV (CMS-PAS-HIG-12-008)

• Fit of precision electroweak measurements
(March 2012)

• On July 4, 2012, CMS and ATLAS

reported 5 σ observation (each)

of a new boson with mass about 125 GeV,

consistent with the SM Higgs boson.

• Papers submitted to publication on July 31:

Phys. Lett. B716 (2012) 1; 30.
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SM Higgs: Cross sections & Branchings
Expected cross sections for SM Higgs boson
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Most sensitive search channels at 125 GeV (HIG-12-028)

5 main channels:

}Excellent mass resolution
1–2%

}Worst mass resolution
Largest cross section

Summary of the subchannels, or categories, used in the analysis of each decay mode.

Decay Production No. of mH range Int. Lum. (fb−1)

mode tagging subchannels (GeV) 7TeV 8TeV

γγ
untagged 4

110–150 5.1 5.3
dijet (VBF) 1 or 2

ZZ untagged 3 110–600 5.1 5.3

WW
untagged 4

110–600 4.9 5.1
dijet (VBF) 1 or 2

ττ
untagged 16

110–145 4.9 5.1
dijet (VBF) 4

bb lepton, Emiss
T (VH) 10 110–135 5.0 5.1

• All 2012 analyses were “blind”: analyses were fixed before looking at the signal region.
In order to avoid the possibility of an unintended bias, all selection criteria in the analyses of the 2011 and
2012 data were fixed before looking at the result in the signal region.

• Most of analyses have been re-optimized compared to 2011.
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Higgs → γγ (HIG-12-015)
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• Significance: 4.1σ (expected 2.8σ)

• Excess at ∼ 125 GeV

• Very consistent between 2011 and 2012

• Resulting strength at 125.6 GeV: µ = σ/σSM = 1.6± 0.4

• γγ alone excludes almost full mass region

• Cross-checked with two alternative analyses (simple cuts and MVA) =⇒ Compatible results
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Event display for Higgs → γγ
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Higgs → ZZ → 4` (HIG-12-016)
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• Clean channel:

2 high-mass pairs of opposite-sign

isolated electrons or muons

coming from Primary vertex

• Narrow mass peak:

Very good mass resolution 1–2%

• Background:

– irreducible: ZZ

– reducible: Z + jets, Zbb̄, tt̄, WZ

• Small Branching ∼ 10−3 at 125 GeV
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Higgs → ZZ → 4` (HIG-12-016)

MELA (Matrix Element Likelihood Approach):

Analytical likelihood built from angular distributions

MELA =
PSig

PSig+Pbkg

MELA distribution
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Higgs → ZZ → 4` (HIG-12-016)

Number of selected events and background (mass range 110–160 GeV)
Channel 4e 4µ 2e2µ 4`

ZZ background 2.7 ± 0.3 5.7 ± 0.6 7.2 ± 0.8 15.6 ± 1.4

Z +X 1.2+1.1
−0.8 0.9+0.7

−0.6 2.3+1.8
−1.4 4.4+2.2

−1.7

All backgrounds (110 < m4` < 160GeV) 4.0± 1.0 6.6± 0.9 9.7± 1.8 20± 3

Observed (110 < m4` < 160GeV) 6 6 9 21

Signal (mH = 125 GeV) 1.36 ± 0.22 2.74 ± 0.32 3.44 ± 0.44 7.54 ± 0.78

All backgrounds (signal region) 0.7± 0.2 1.3± 0.1 1.9± 0.3 3.8± 0.5

Observed (signal region) 1 3 5 9

• Significance: 3.1σ (expected 3.6σ)

• Excess at ∼ 125.6 GeV

• Resulting strength: µ = σ/σSM = 0.7+0.4
−0.3

• ZZ alone excludes almost full mass region
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Event display for Higgs → ZZ → 2µ 2e
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Higgs → WW → `ν`ν (HIG-12-017)
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 WW→CMS H -1 = 8 TeV, L = 5.1 fbs-1 = 7 TeV, L = 4.9 fbs

• Broad excess compatible with presence of 1 x SM Higgs
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Higgs → ττ & Higgs → bb

 (GeV)Hm
110 115 120 125 130 135 140 145

S
M

σ/σ
95

%
 C

L 
lim

it 
on

 

0

1

2

3

4

5

6

7

8
Observed

Expected (68%)

Expected (95%)

Observed

Expected (68%)

Expected (95%)

ττ →CMS H -1 = 8 TeV, L = 5.1 fbs  -1 = 7 TeV, L = 4.9 fbs

Observed

Expected (68%)

Expected (95%)

ττ →CMS H -1 = 8 TeV, L = 5.1 fbs  -1 = 7 TeV, L = 4.9 fbs

 (GeV)Hm
110 115 120 125 130 135

S
M

σ/σ
95

%
 C

L 
lim

it 
on

 
0

1

2

3

4

5

6

7

8
Observed

Expected (68%)

Expected (95%)

Observed

Expected (68%)

Expected (95%)

 bb→CMS H -1 = 8 TeV, L = 5.1 fbs  -1 = 7 TeV, L = 5.0 fbs

Observed

Expected (68%)

Expected (95%)

 bb→CMS H -1 = 8 TeV, L = 5.1 fbs  -1 = 7 TeV, L = 5.0 fbs

• ττ — No significant excess wrt SM background

Sensitivity close to 1 x SM Higgs (improved by about 70% wrt 2011)

• bb — Two b-jets, large background is reduced by requiring an associated vector boson

Analysis improvements wrt 2011 ∼ 50% in sensitivity

Results: broad excess compatible with presence of 1 x SM Higgs
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Higgs — Combination of All Channels
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Higgs — Signal strength
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The fitted σ of the excess near 125 GeV is consistent

with the SM scalar boson expectation:
σ

σSM
= 0.87 ± 0.23

Signal strengths in 7 and 8 TeV data are consistent.
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Higgs Couplings CV vs CF
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First measurement of the scaling

of fermion vs vector couplings

of the new boson

cV ∼ 1, cF ∼ 0.5

(when interpreted as a Higgs boson)

Consistent with the SM Higgs boson.
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Higgs — Mass of the observed new boson
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To reduce model dependence,

allow for free cross section in three

channels and fit for the common mass.

Measurement dominated by H → γγ

MX = 125.3± 0.4(stat.)± 0.5(syst.) GeV
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Higgs — Spin/Parity Measurements
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Generated experiments
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• Not yet really sensitive with the analyzed dataset.

No public results yet using the data

• Only known that the observation of γγ channel

excludes the spin 1 hypothesis

(Landau-Yang theorem)

• Spin 2 and Parity could be probed

using angular distributions

• H → ZZ → 4` projections:

using MELA Discriminator

we can discriminate

between scalar and pseudo-scalar

at 3σ level with 30 fb−1 at 8 TeV

(assuming SM cross section)

• Other channels (WW , γγ) are being studied as well
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Spin/Parity Measurements in WW and γγ Channels

Y.Gao, A. Gritsan, Z. Guo, et al., Phys.Rev. D81 (2010) 075022 — considered separation in ZZ channel
S. Bolognesi, Y. Gao, A.Gritsan, et al., arXiv:1208.4018 — added WW and γγ channels (see also ICHEP’2012)
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Higgs — Summary and Outlook

• CMS observed a new boson consistent with a SM-like Higgs boson,
more prominently in γγ and ZZ → 4` channels

– Used data corresponding to up to 5.1 fb−1 at 7 TeV and 5.3 fb−1 at 8 TeV.

– 5 decay modes: γγ, ZZ, W+W−, τ+τ− and bb.

– Excess observed: local significance of 5.0 σ (expected 5.8 σ)

– Fit gives M = 125.3± 0.4 (stat.)± 0.5 (syst.)GeV.

– Results are consistent (within uncertainties) with expectations for a SM

Higgs boson.

– A new era starts for the measurements of its properties,

including also spin and parity determination.

• All the remaining mass range from 115 to 600 GeV is excluded at 99% CL.

• No evidence of BSM Higgs bosons and improved limits are obtained in

different scenarios.

• CMS and LHC are on track to get a total of ∼ 30 fb−1 by the end of 2012.
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Search for
Exotica (BSM)

at CMS
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Search for Narrow Heavy Resonances in Dilepton Spectra (EXO-12-015)
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Search for Narrow Heavy Resonances in Dilepton Spectra (EXO-12-015)
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σ(Z ′ → `+`−)
σ(Z → `+`−)

The lower dilepton mass limits at 95% CL:

2590 GeV — Z ′
SSM model

2260 GeV — Z ′
ψ model

CMS limits are more restrictive than those previously obtained

with similar direct searches by the Tevatron experiments

or indirect searches by LEP-II experiments.
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Search for leptonic decays of W ′ bosons (EXO-12-010)
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-1 5.0 / 3.7 fb≈ L dt ∫

W ′ → `ν Lepton-MET system: MT =
√

2 · p`T · EMiss
T · (1− cos ∆φ`,ν)

Integrated luminosity of 3.7 fb−1 at 8 TeV

A SSM W ′ with M < 2.85TeV was excluded at 95% CL

(with 3.5 fb−1 √s = 8TeV data).

Combining 2011+2012 results does not improve further.

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 46

http://cdsweb.cern.ch/record/1461725


Search for a heavy neutrino and right-handed W
of the left-right symmetric model (EXO-12-017)
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No excess over expectations from standard model processes is observed.

Combining 7 + 8 TeV data and electron + muon channels,

We exclude the region in the two-dimensional parameter (MWR
, MN`

) space
that extends beyond MWR

= 2.9 TeV.
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Search for Narrow Resonances using the Dijet Mass Spectrum (EXO-12-016)

Lower limits on the masses of

different types of

exotic resonances are set

in the range 1–4.7 TeV.

Many of them extend

the previous exclusions

from the dijet mass search.
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Event:
9 jets with ST = 2.6 TeV

Search for Microscopic Black Holes (EXO-12-009)

Microscopic Black Holes can manifest themselves
as multiparticle final state with large ST =

∑
ET

The CMS analyses:

2010, 35 pb−1 at 7 TeV: Phys. Lett. B697 (2011) 434;

2011, 4.7 fb−1 at 7 TeV: JHEP 1204 (2012) 061;

2012, 3.7 fb−1 at 8 TeV: CMS-PAS-EXO-12-009
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CMS set limits on the minimum Black Hole mass of 4.1–6.1 TeV.

The last analysis at
√

s = 8 TeV has a substantially increased sensitivity
compared to previous searches.
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Exotica 95% CL Limits

Many other searches

of Exotica at CMS

has been performed.

Limits have been set.
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Many searches of Supersymmetry at CMS has been performed.

Limits have been set.
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Heavy Ion
Collisions

at
√
sNN = 2.76 TeV
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Studies of Resonances in PbPb collisions

)2 (GeV/cµµm
2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

 )2
Ev

en
ts 

/ ( 
0.0

2 G
eV

/c

0

500

1000

1500

2000

2500

3000

CMS Preliminary

 = 2.76 TeVNNsPbPb  
-1bµ = 150 intL

|y| < 2.4
 < 30 GeV/c

T
6.5 < p
Cent. 0-100%

 177±: 8525 ψJ/N
2 1 MeV/c± = 35 σ

data

total fit

bkgd + non-prompt

background

Phys. Rev. C 84 (2011) 024906
]2) [GeV/c-µ+µMass(

7 8 9 10 11 12 13 14

 )2
Ev

en
ts 

/ ( 
0.1

 G
eV

/c

0

100

200

300

400

500

600

700

800
 = 2.76 TeVNNsCMS PbPb 

Cent. 0-100%, |y| < 2.4
 > 4 GeV/cµ

T
p

-1bµ = 150 intL

data
total fit
background

]2) [GeV/c-µ+µMass(

7 8 9 10 11 12 13 14

 )2
Ev

en
ts

 / 
( 0

.1
 G

eV
/c

0

10

20

30

40

50
 = 2.76 TeVsCMS pp 

|y| < 2.4

 > 4 GeV/cµ

T
p

-1 = 230 nbintL

data
total fit
background

)2 (GeV/cµ µM
60 70 80 90 100 110 120

)2
Ev

en
ts

/(2
 G

eV
/c

0

20

40

60

80

100

120

140

opposite charge pairs

CMS Preliminary

 = 2.76 TeV sPb+Pb  
-1bµ = 150 intL

| < 2.4 
µ

η 20 GeV/c, |≥ 
T

µp

CMS-PAS-HIN-12-008
Suppression of excited states f ≈ 3
arXiv:1208.2826 = CMS-HIN-11-011

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 53



Observation of Jet Quenching in PbPb collisions
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Large jet quenching has been
observed by CMS and ATLAS

Phys. Rev. C84 (2011) 024906,
“Observation and studies of jet quenching
in PbPb collisions at

√
sNN = 2.76 TeV”
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Conclusions

◦
We are here

Next
CMS
run ..?

Possible projections — from CERN Courier, Dec. 2009
Now we have it! c© (One of the items...)
What’s next?

• CMS detector performance is excellent,
new results are produced at very high rate.

• Impressive agreement of the data with the Standard Model.

• ...even very impressive: A new boson is found around 125 GeV with 5.0 σ,
compatible with Higgs boson.

• Spin/parity determination of this boson is expected with 30 fb−1.

• Many papers at CMS – O(200), impossible to mention all analyses in a talk.

• Looking back:

What were

the projections

at the start

of the LHC run?

• What has Nature

prepared for us?

• Stay tuned

for next results
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Thank you
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