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Large Hadron Collider (LHC) @ CERN 
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Multi-purpose hadron collider:  p+p, Pb+Pb, p+Pb 

ATLAS 

ALICE 

LHCb 

CMS 

Å Former LEP tunnel 
Å 27 km circumference 
Å ~100m underground 

Searches for new physics at four 
Interaction Points (IP) 

/a{ ŀƴŘ !¢[!{Χ 
ÅGeneral purpose detectors to 

study Higgs & search for physics 
Beyond the Standard Model 

LHCbΧ 
ÅDetailed studies of b-quark 
![L/9Χ 
ÅThe heavy ion experiment 

 

 
This talk: 



Outline 

ÅReminder of the CMS detector 

ïDesign and functionality 

ÅEssential aspects of Run-2 

ïOperational efficiency 

ïDetector performance 

ÅCMS detector upgrades 

ïMotivation:  pileup 

ïStatus of Phase-1 
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CMS is designed, built, operated, 
calibrated, and physics results extracted by 

Χ ŀƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ 
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/a{ ƛǎ ŀ ōŜŀǳǘƛŦǳƭ ŘŜǘŜŎǘƻǊΧ 
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Χ ǿƛǘƘ ŀ ŦǳƴŎǘƛƻƴŀƭ ŘŜǎƛƎƴ 



Compact Muon Solenoid detector 
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Weight = 14.5kton 
Diameter = 14.6m 
Length = 21.6m 

p 

tǊƻǘƻƴǎ ŎƻƭƭƛŘŜ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ /a{ ŘŜǘŜŎǘƻǊΧ  
hƴ ǘƘŜƛǊ ǿŀȅ ƻǳǘΣ ǇŀǊǘƛŎƭŜǎ ŜƴŎƻǳƴǘŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎΧ 

p 



Compact Muon Solenoid detector 
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3.8T superconducting magnet 

Weight = 14.5kton 
Diameter = 14.6m 
Length = 21.6m 

p 

Silicon pixel and 
strip tracker 
(|h|<2.5)  

p 



Compact Muon Solenoid detector 
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3.8T superconducting magnet 

Electromagnetic calorimeter 
(|h|<3.0)  

Weight = 14.5kton 
Diameter = 14.6m 
Length = 21.6m 

p 

p 

Silicon pixel and 
strip tracker 
(|h|<2.5)  



Compact Muon Solenoid detector 
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3.8T superconducting magnet 

Electromagnetic calorimeter 
(|h|<3.0)  

Weight = 14.5kton 
Diameter = 14.6m 
Length = 21.6m 

p 

Hadronic calorimeter 
(|h|<5.0) 

Silicon pixel and 
strip tracker 
(|h|<2.5)  

p 



Compact Muon Solenoid detector 
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3.8T superconducting magnet 

Electromagnetic calorimeter 
(|h|<3.0)  

Weight = 14.5kton 
Diameter = 14.6m 
Length = 21.6m 

Muon detectors interleaved with magnet return yokes 

Å Drift tubes (|h|<0.9) 
Å Resistive plate chambers (|h|<1.6) 
Å Cathode strip chambers (0.9<|h|<2.4) 

p 

Hadronic calorimeter 
(|h|<5.0) 

Silicon pixel and 
strip tracker 
(|h|<2.5)  

p 



CMS goal:  discover new physics 
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ÅSome of the observables to be ŘŜǘŜŎǘŜŘ ƛƴŎƭǳŘŜΧ 

ïH Ą Z + Z Ą 4 leptons 

ïH Ą g + g 

ïH Ą t + t Ą l + jet 

ïZ¡ Ą e+ + eς? 

ïMissing ET, di-jets,  
    heavy Ions 

ÅOver 70 new results  
    ǎƻ ŦŀǊ ƛƴ нлмсΧ 

http:// cms-results.web.cern.ch/cms-
results/public-results/preliminary-

results/ICHEP-2016.html  

Higgs rediscovery at Õs=13 TeV 
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Event display 
of W+Z 

production at 
CMS 
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Event display 
of back-to-

back jets with 
largest 

invariant mass 
seen at CMS 

(Mjj = 7.7 TeV) 



{ǳƳƳŀǊȅ ǎƻ ŦŀǊΧ 

ÅWe have seen a short reminder ƻŦΧ 

ïWhat CMS was designed for 

ïRediscovery of the Higgs 

ïPotential to see large invariant masses 

 

ÅbŜȄǘ ǿŜ ƳƻǾŜ ǘƻ ŀ ǘŀǎǘŜ ƻŦΧ 

ïLHC and CMS Operations 

ïCMS detector performance 
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L =
N2kb f g

4p e n b
*

F

LHC increase lumi Run-1 Ą Run-2 

N Number of particles per bunch 

kb Number of bunches 

f Revolution frequency 

nʁ Normalized emittance 

F Reduction factor due to crossing angle 

*̡  Beta function at Interaction Point 
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Increase number of bunches by 
reducing spacing between bunches 
(50ns Ą 25ns) 

5ŜŎǊŜŀǎŜ ǘƘŜ άŦƻŎŀƭ ƭŜƴƎǘƘέ ŀǘ /a{ 
(60cm Ą 40cm) 

Reduce transverse size of the 
beams in the injectors 



[I/ άǘȅǇƛŎŀƭέ Ŧƛƭƭ 
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Maximum peak lumi in Run-2 = 1.6x Run-1 max    (so far) 

Run-1 max 

Example fill 5154 
1 August 2016 

Run-2 max 



With increased lumi, LHC is delivering 
at record pace 
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So far in 2016, LHC 
has delivered  

22 fb�t 1  
 

There are 8 more 
weeks of running 
ƭŜŦǘ ƛƴ нлмсΧ 

 
If LHC continues at 

the same pace, 
could deliver  

30-40 fb�t1 in 2016 

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


