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and Moriond17 after the 
9th FCPPL
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Apologize that  can NOT 
include all the CMS recent 
results and can NOT tell 
the details of the analyses



CMS Collaboration and It’s Goals

CMS experiment at LHC is an 

international scientific collaboration, 

involving about 3500 scientists, 

engineers, and students from 199 

institutes in 46 countries

Discovered the last Standard Model 

particle: Higgs Boson

but… there is more than “just” the Higgs
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CMS Data Taking History

~ 776

Higgs Bosons

Produced

~ 105 K

Higgs Bosons

Produced

~ 511 K

Higgs Bosons 

Produced

Discovery!

~ 2 Million

Higgs Bosons Produced

30 Higgs Bosons per 

minute!

Biggest jump in

σ x Luminosity !
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Run 1 Run 2



CMS in 2016 operated with

high efficiency

CMS Operations in Run 2

more than 96% detector active

92% data taking efficiency

92% efficiency ~

“as if” 28 Higgs Bosons per minute
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CMS physics results

 Around 600 papers 
submitted/published

 ~200 public results 
already  with Run2 data
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Primary vertex resolution 

in x (left) and z (right)

e

barrel-barrel



Dimuon invariant mass spectrum

𝜏h decays into 

one charged 

hadron

τ

Vertex

CMS Object  Reconstruction

MET

Charged 
hadron
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Higgs
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Brief Higgs Summary from Run-I

Width < 13 MeV (95%CL)Higgs mass from ATLAS+CMS

Phy. Rev. D 92, 012004 (2015)

Couplings are within 
~20% of the SM values

Spin: SM Higgs quantum 
numbers 0+(+) preferred

Phys. Rev. Letter 114, 191803(2015)

Many properties of
the Higgs have been
measured in Run I
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Higgs at LHC Run2 (13TeV) and
 Cross sections are increased by ~2.3 except for ttH 3.8 from 

8 TeV to 13 TeV

 More than 100 fb-1 is expected in Run 2

~25 fb-1 in Run 1

 We expect 10 times more the BEH scalar events than Run 1

 Results with 12.9 - 35.9fb-1 data are presented in the follows   

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG
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H(125)→4ℓ

Z→4ℓ

ZZ→4ℓ

Re-discovered by both H→ZZ→4l and H→

>10σ

Look for small signal peak (BR~0.2%, 
good mass resolution  ~ 1-2% m ) 
over large background (, j, jj)

5.6σ at 125.09 GeV and 
max. 6.1σ at 125.97 GeV 

ICHEP16

CMS-HIG-16-041

CMS-HIG-16-020

Higgs Re-Discovery and
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Measurements from H→ZZ→4l 

125.26 ± 0.20 (stat.) 

± 0.08 (sys.) GeV

4ℓ fiducial cross 
section at 13 TeV (fb)

Differential cross-section 
with respect to pT(H) : 
consistent with the SM 
expectations within 
uncertainty

CMS-HIG-16-041
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 Signal strengths of individual 
production modes are consistent with 
SM expectations

 Couplings, kV and kF, are also consistent 
with SM expectation

 fiducial and differential cross section 
with full  2016 dataset (35.9 fb-1)

CMS-HIG-16-020

HIG-17-015

Measurements from H→

See more details from L. 
FINCO ‘s talk later

ICHEP16
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ttH Production 

Run-2

ttΗ→multi-ℓ

Important to 
study directly 
the coupling of 
top to Higgs

CMS-HIG-17-004
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See details 
from Q. Li ‘s 
talk later



Double Higgs Production: H(125)H(125)

σHH : main way to extract 

Higgs trilinear coupling λHHH

CMS-HIG-17-002

Non-resonant search excludes 

28 times the SM 

Resonant production tested up 

to mX = 900 GeV
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Standard Model Measurements
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SM Cross Section measurements
All measurements consistent with standard model 

QCD

Electroweak Top Higgs

17



Measured values, including √s dependence, 
agree with NNLO QCD predictions 

Ratios of production rates → tools to 
constrain PDFs 

SMP-15-004
SMP-15-011

Inclusive W/Z production
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Diboson Production
 Important test of the SM → probes gauge-

boson self-interactions

 Background to many Higgs searches and 

new physics searches

 Relatively large diboson rates at the LHC

 use mainly W/Z leptonic decays for 

clean signatures and high trigger 

efficiencies

 add hadronic decays where possible to 

increase statistics

Very good agreement with SM expectations 
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Anomalous triple and quartic gauge couplings (aTGC, aQGC)

Diboson and triboson measurements are the natural choice to search for anomalous 

gauge couplings

Limits on WWZ aTGC couplings Limits on WW
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Top pair/single top  production 

Within experimental uncertainty 
no significant deviation observed

5.02TeV/26pb-1

13TeV, <2.3fb-1

TOP-16-005/006

~220pb

~72pb

~10pb

TOP-16-003

currently the 

most precise 

measurement
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CMS-PAS-TOP-16-017

Select event with 2 SameSign
leptons(ttW) or 3 or 4 leptons (ttZ)

Top pair + W/Z production
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Beyond Standard Model Searches
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EXO-16-027

~750GeV bump was 
not confirmed by 
2016 data (ICHEP16)

EXO-16-034

ee μμ

EXO-16-031 EXO-16-031
WW/WZ→ℓνqq

B2G-16-020

No obvious excess

ICHEP16

Search for new resonances (I)

EXO-16-056
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CMS-PAS-B2G-17-001

No obvious excess

WH

ZH

CMS-PAS-B2G-17-002

Higgs boson decays to b quarks

Search for new resonances (II)
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Searches for BSM Higgs

Excluded if h ≡ SM Higgs

CMS-PAS-HIG-16-037

A/H/h→ ττ

Charged Higgs
High mass X→ZZ
CMS-PAS-HIG-16-034

No excess is found above SM exp.

CMS-PAS-HIG-16-029
Narrow resonance 
H→2 SM Higgs → 
bbττ

CMS-PAS-HIG-16-031
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 Hierarchy problem
 Unification of gauge couplings
 Dark matter (lightest SUSY particle)

 Many searches with jets, leptons , 
photons, missing energy in final state 

tt+LSP

Gluino

0l+1l combination

Top squarks

Bottom squarks

SUSY

Opposite-sign dilepton
+ Jet + MET
CMS-SUS-16-021

Chargino

3l + same-sign 2l +MET
CMS-SUS-16-024

Neutralino

Soft dilepton + MET
CMS-SUS-16-025

No significant deviation from

Standard Model observed

ICHEP16
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gluino pairs to 4 tops 
gluino pairs to 4 bottoms 

stop pairs to 2 tops 
sbottom pairs 
to 2 bottoms 

squark pairs to 
2 quarks 

No significant deviation from

Standard Model observed

Now exclude gluino masses up to ~2 TeV

SUSY : pair production
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Dark Matter
Basic idea: search of 
mono-object recoiling 
against MET

Summary of all Dark 
Matter Searches in 
Run II :  Max and Min 
Limits on mediator 
search (blue) decaying 
to dark matter (red)

Mono-Photon
No excess observed, 

set limits on DM and 

mediator : Mediator mass 
up to 760 GeV excluded 
(vector/axial vector)

ICHEP16
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Exotic : majorana neutrinos
A search for a type-III seesaw signal in events with 

three or more electrons or muons was performed 

 Constrains heavy majorana neutrinos

 Limits improved by ~400 GeV from 2015

EXO-17-006
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Beyond 2nd generation: X5/3

SS 2ℓ events are used to 

constrain the top partner X5/3

B2G-16-019

 No significant deviations

 Limits on mass at 1.10 (1.16) TeV on
left(right)-handed X5/3 : improved by 

~200 GeV from 2015
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 Very successful operation of the LHC and CMS in 2016

 Higgs was rediscovered and measured with Run II data :  its properties consistent with 
the SM expectations within uncertainty

 Precision results on SM process measurements are crucial for better understanding of 
LHC physics :  consistent with standard model 

 Known excesses (such as diphoton in 2015) not confirmed using 2016 data

 Searches for BSM physics: no new significant excesses observed

Many more CMS analyses are public and were not presented in this talk. More CMS 
results will come with full 2016 data!

Summary 

32



Thanks for your attention!
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Backup slides
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H(125)H(125) : 3000fb-1

Extrapolation from 2015 

to HL-LHC (3000 fb-1)
(but analyses improve fast)

CMS-FTR-16-002

0.4σ

1.6σ

0.4σ

0.5σ
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Why Standard Model Physics?
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W/Z- boson production cross sections
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 Double- and triple-differential (di)jet cross section vs jet pT and y (|y1 + y2|, |y1 – y2|)

 Measurement covers ~7 orders of magnitude, for jet pT up to ~ 2 TeV

 Compared with NLO QCD predictions + NLO EW + nonperturbative effects

Jet Production
●

very good agreement over 

most of the phase space

SMP-15-007 38
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Dark Matter Searches at LHC
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Search for Diboson VV Resonances

JHEP 12 (2015) 55

 ATLAS Run1:  ~3 excess for all 
hadronic VV search (~150 theory 
papers), but not confirmed in the 
semileptonic channels

 CMS Run1: a slight excess is 
seen only in all-hadronic channels

JHEP 08 (2014) 173

WZ WW ZZ
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EXO summary plot Excluding Dark 
Matter and Long 
Lived particles 
searches
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B2G summary plot 
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