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The CMS detector requirements
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ÅCompact & modular

ÅHermetic

ÅLarge Energy Range

ÅFast & Stable

ÅRadiation Resistant

ÅExcellent Energy 

Resolution

ÅBenchmark channels: discovery of low 

Mass Higgs in H ­ggchannel   and

H­ ZZ ­ l+ l- l+ l-

ÅOptimized for high p T leptons & photons
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Total weight         14000 t

Overall diameter   15 m

Overall length       21.6 m

3.8T Solenoid

ECAL 76k scintillating 

PbWO4 crystals

HCAL Scintillator/brass

interleaved

Pixels & Tracker

MUON BARREL
Drift Tubes (DT) and

Resistive Plate Chambers (RPC)

MUON 

ENDCAPSIRON YOKE

Cathode Strip Ch. (CSC)

Resistive Plate Ch. (RPC)

Muon 
End-Caps

ÅPixels (100x150 mm2)

~  1 m2 66M channels

ÅSilicon Microstrips

~ 210 m2 9.6M channels

CMS
http://cms.cern.ch



The CMS Collaboration

~ 1/4 of the people who made CMS possible 

The CMS Collaboration: >3000 scientists and engineers, 

>700 students  from  182  Institutions  in  39 countries .



CMS going underground

CMS

experiment

@ 

LHC

from 

early

design

to 1rst

collisions              

~20 years
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HB+ February 2007

CMS comprises 66M pixel channels, ~10M Si microstrip ch, ~75k crystals, 150k Si preshower ch, 
~15k HCAL ch, 250 DT chambers (170k wires), 450 CSC chambers (~200k wires), ~ 500 
Barrel RPCs and ~ 400 endcap RPCs, muon and calorimeter trigger system, 50 kHz DAQ 

system (~ 10k CPU cores), Grid Computing (~ 50 k cores), offline (> 2M lines of source code).

Total weight         14000 t

Overall diameter   15 m

Overall length       21.6 m



Data collected so far
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Cosmic Ray Runs:

Å MTCC  06ô (25M muôs) +   CRAFT 08ô (270M muôs)

ï Before collisions, detailed detector studies with cosmic muonsevents   

ï World most precise measurement of charge ratio of atmospheric muons.

Beam Collisions :                                            

Å ãs=900 GeV@ LHC injection energy          300K events   

ï First LHC collisions December 2009 (~15 ɛb-1/10ɛb-1)  

ï First physics papers and lots of calibrations 

Å ãs=2.36 TeV 20K events            

ï Delivered/recorded  ~ 1.2ɛb-1/0.4ɛb-1 

ï First glimpse to high energy events and further understanding of detector 

Å ãs=7 TeV Start of  LHC Run I 

ï running since 30 March 2010     ~ 20nb-1
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Commissioning with Cosmics

Cosmic

Runs

At

Four

Tesla

In total  > 1 billion cosmic triggers 

collected between 2008 and 2009 

MUON

HCAL

ECAL

TRACKER



Before collisions
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ÅRatio of positive to negative charge cosmic muons, as a function of the muon p. 

Å We have obtained he most precise measurement to date of the charge ratio in the 

regions   pĿ cos ɗz < 650 GeV/c   and   p < 850 GeV/c. 

Å The measurement implies a good understanding of the muon reconstruction in 

the full momentum range, the (L1) trigger efýcencies and muon tracking 

alignment.

Charge Ratio of Atmospheric Muons

CMS performance CMS physics result C. Biino ïBEACH 2010

ñMeasurement of 

the Charge Ratio of 

Atmospheric Muons 

with the CMS 

Detectorò

Submitted to 

Physics Letters B

Muon Charge ratio = 1.2766 ± 0.0032(stat) ± 0.0032(syst)
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Commissioning with Collisions

LHC

Pilot Runs
(23 Nov-16 Dec 2009)

ãs= 900 GeV

&

2.36 TeV

Physics Run 

Start-up
(30 March 2010-é)

ãs = 7 TeV
e.g. First collision at record ãs = 2.36 TeV



First CMS publications
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The scientific production of CMS has started within weeks

ñTransverse momentum and 

pseudorapidity distributions of 

charged  hadrons at Õs =900 GeV

and 2.36TeVò  JHEP02(2010)041

ñBose-Einstein Correlations in 0.9 

and 2.36 TeV Proton-Proton 

Collisions with the CMS 

Experiment.ò 

Submitted to Physical Review Letter

Other papers in the pipeline.

Years of preparation pay off with prompt physics results. 

Good agreement with previous data. The rediscovery of SM beginsé
d

N
c
h/

d
 h

h
~

0



March 30 at 12:58: First 7 TeV Collisions
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Trigger Rate100 Hz

within the first 5 min

within the first 5 min



First 2.5 months of  7 TeV operations
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Reliable operations with ~20nb-1 delivered by LHC and ~18nb-1 of data 

collected so far. Overall data taking efficiency > 91%. After quality flags and 

data certification for physics (~95% ) we end up with ~17nb-1 of good data for 

physics.

b*= 2m 2x1-2e10

L å3e28cm-2s-1

Minbias= 1KHz

b*= 2m 2-4-6x2e10

L å5e28cm-2s-1

Minbias= 4KHz

b*= 2m 6-13x2e10

L å2e29cm-2s-1

Minbias= 15KHz

b*= 10m 2x1-2e10

L å5e27cm-2s-1

Minbias= 300Hz



Status of Sub-detectors Operation
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90 91 92 93 94 95 96 97 98 99 100
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ECAL BARREL
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Series1 98.5 99.8 98.8 99.9 100 99.9 99.3 98.9 99.8 98.1 98.2

Global operation efficiency: 

All subsystems over 98% functional. 



Minimum Bias Trigger
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BCM1

HF

BSC

ÅTrigger: Minimum & Zero Bias

ïL1 Beam Scintillator Counters

ïL1 Trigger ñBPTXò prescaled

ÅMinimum Bias Offline selection:

ïBSC  (OR of 2 planes) + vertex: ⱦ~ 90%

ïHF (E > 3 GeV both sides): ⱦ ~ 90%

ÅHadronic Forward  

ïHF: 2.5 ¢|h|¢5.

ÅBeam Scintillator Counters

ïBSC: °10.5 m from IP

ÅBeam Pick-up Timing

ïBPTX: °175 m from IP 

Physics triggers are now deployed 

based on calorimetry and muons



Timed-in L1 algorithms deployed in the trigger.

Still, at the highest luminosity seen so far, 2× 1029 cm-2s-1, 

we have passed the full minbiasrate to the HLT.

Dynamic prescalingis now ready to be deployed.

L1 Trigger Time Alignment

CMS status CMS Commissioning C. Biino ïBEACH 2010

( 25 nsecunits)



DAQ, L1 and HLT Triggers
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Å L1/DAQ RUN FLAWLESSY

ï L1 ~ 1KHz, 

ï Event size <500 kB/evt, 

ï CPU load ~ 2% @ HLT farm

ï Farm Capacity ~100 msec/evt

ÅAverage CPU processing time at 

L1 rate of 50 KHz

ï Up to now we have spent ~15 

ms/event (min bias dominated)

ï Expect ~ 40 ms/event for a lumi of 

1030 cm-2s-1 on average

Å Deployed  trigger menus for 1027, 1028 , 
1029cm-2/s  (in development for 1030 -
1031cm-2/s)

ïRate predictions based on MC & data

ï Primary datasets for 1029cm-2/s

Lå 1028cm-2s-1

High Level Trigger rates

Data vs. MC



By taking millions of 

MB events, with the 

triggers in ñmark and 

passò, the low Pt 

triggers have been 

validated. Then when 

they are implemented 

at higher luminosity, 

the higher Pt triggers 

will, in turn, be put in 

mark and pass -

bootstrap. 

Triggers commissioning
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L1 turn on curve

electron-photon trigger with E t > 2 GeV



Computing Processing/Transfer
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CERN to Tier-1 Transfers

1hour
1hour

Tier-1 to 

Tier-2
1GB/sTier-0 to Tier-

1s24h average

0.4GB/

s 24h average

ÅData processing proceeds very smoothly. 

ïTier-0: software and infrastructure are stable

Å Tier-1s and Tier-2s making reliable contributions

Å All 7 Tier-1s fully participating.

Å Many re-processing cycles handled very well so far .

Å49 Tier-2s received collision data and 57 Tier-2s 

participate to simulation

Å > 465 users submitting jobs for analyses (and 

number increasing weekly)

Tier-0 to Tier-1s 0.4GB/s
24h average

24h average

Tier-1 to Tier-2



PILE -UP AT LOW LUMINOSITY

Soon to become important

with squeezed high intensity

beams

Pile-up at low luminosity

CMS status CMS Performance C. Biino ïBEACH 2010



CMS detector performance

CMS status CMS Performance C. Biino ïBEACH 2010

Good understanding of alignment and magnetic field; good

description of the detector. Most of the tracker aligned at what

wasexpectedafter 10pb-1 of collision data. Performancenot too

far from ideal.

Momentum resolution vs

pT with 2-leg muons.

Distance of minimal approach 

with split tracks.

Excellent control of  the 

momentum scale.



Tracker performance

CMS status CMS Performance C. Biino ïBEACH 2010

pixel cluster charge dE/dx  signal/noise

pT spectrum hdistribution fdistribution
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K 0
s, L, fé
Validate 

Tracking Reconstruction

Secondary Vertex Finding

Magnetic Field

Material

Momentum scale

Validation of MC 

Tracker

ūŸ K+ K- using dE/dx
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Tracker ïDecay vertex commissioning

CMS status CMS Performance C. Biino ïBEACH 2010

ÅTest of the primary 

and decay vertex 

finding

ÅCheck on the tracker 

momentum scale

ÅCheck on the tracker 

momentum resolution

ȿ



Tracker - Low mass resonances
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ÅTracks displaced from primary 
vertex  (d 3D > 3ů) 
ÅCommon displaced vertex 
(L 3D > 10ů)

Invariant mass distribution 

for different combinations

(ɋ± ­ȿK± or X± ­ȿp± ) fit 

to a common vertex.     

PDG Mass: 
1321.71 ± 0.07

PDG Mass: 
1672.43 ± 0.29

ɋ-­ȿK -
X-­ȿp-



Charm physics in MB events

CMS status CMS Performance C. Biino ïBEACH 2010

D+
ĄK-p+p+

D*+
ĄDo(K-p+)p+ Do

ĄK-p+

ÅGood agreement 

with PDG values

ÅB field and  p  

scale well 

understood

ÅResolution as 

expected from MC

ÅGood 

alignment

These ñreferenceò open 

charm decays validate the 

tracker pattern 

recognition, momentum 

resolution and secondary 

decay vertex quality.



Heavy Flavour
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Two b-jets candidate
B-tagging is being commissioned

Note error 

ellipses on 

primary 

and 

secondary 

vertices

jet pT=40.3 GeV

L3D=8.6mm(55ů)

massSV=3.1 GeV

ɢ2/dof=15.9/3

jet pT=43.7 GeV

L3D=6.2mm(43ů)

massSV=2.9 GeV

ɢ2/dof=6.3/5



ECAL Performance
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hdistribution

timing resolution

fdistribution

energy distribution



ECAL

With ñOut of the boxò MC corrections: 

within 2% of PDG mass é

p0 with one leg reconstructed

(track-driven) as conversion ! 

Calibration of the calorimeters comes from test beams, cosmic rays and 

then in situ reconstructions of known resonances. Later the g+ Jet 

reaction will be used to transfer calibration to hadron calorimeter.

First ˊ0 peak shown already the 27th of November !

First ɔɔResonances in ECAL

CMS status CMS Performance C. Biino ïBEACH 2010

ˊo

ˊo



p0 andhPeaks for Inter-Calibration 
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1.46M of  p0 Ÿ gg
PT(g) > 0.4 GeV, 
PT(pair) > 1 GeV

The excellent ECAL 

performance allows the 

clean reconstruction of 

p0 and hsignals.

0.43 nb-1 1.46M 0́

0.43 nb-1 25.5k ɖ 

25.5K of  hŸ gg
PT(g) > 0.5 GeV, 
PT(pair) > 2.5 GeV

ÅNumbers refer to ~5%

of the currently available 

statistics.

ÅVery useful data to 

intercalibrate the crystals.

ÅMC based correction applied 

according to cluster ɖ and 

energy.
Data                                         MC 


