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October 2009: 182 Institutions with about 3110 scientists and engineers
~ 2000 Signing Authors (including students)



CMS Detector

UK-HEP_Forum'10-tsv 3



CMS Detector in the Underground Cavern
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7 TeV operations since March 30

About 3.9pb-1 delivered by LHC and ~3.6pb-1 of data collected by CMS. Overall data 

taking efficiency >90%.

Good performance of CMS in coping with 4 orders of magnitude increase in instantaneous 
luminosity. Since ICHEP we have recorded another 3.0pb-1 of data:2.9pb-1 validated for physics 
in total (86%  of the recorded data)

LҒ мл30cm-2s-1

LҒ мл27cm-2s-1

LҒ мȄмл31cm-2s-1

ICHEP
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Sub-detectors operational status



Trigger and DAQ

ÅL1 rate ς45 kHz
ÅHLT menu for 6x1031 is prepared , will run till the end of 

year accumulating in total ~ 30 pb-1

ÅTransfer to T0: ~ 300 MB/s;  Rate of Stream A: 200-400 Hz; 
event size after compression: ~ 250 kB.

L1 & HLT Photon efficy. 
wrt RECO SuperCluster:
Barrel& Endcaps
Nearly 100% efficient. L1 Jet 

triggers



Data Processing, Transfer and Analysis  

The whole Offline and Computing organization +
GRID infrastructure performing well.

Data distribution from T1 to T2Data reprocessing at T1s

=> Distributed data analysis at T2 exploiting grid computing



Test of computing 
model:

Jobs accessing 
CMS data now  



Using complementary methods: conversions, nuclear interactions, multiple scattering etc
Material uncertainty today better than 10%ĄSystematics uncertainties on physics 
quantities related to material budget <1%.

|z|<26 cm

CMS is well-described in simulation e.g. Tracker

10UK-HEP_Forum'10-tsv



H+ analyses  

ÅAll variety of recoobjects used:

ïhigh pT leptons, thad and b-tagging, jets and ET
miss

ÅBackgrounds:

ïtt ~, W+jets, QCD multi-jets 

T. Plehnet al., hep-ph/0312286
used in CMS PTDR 2006

ÅCMS analyses so far:
ïtt ~->H+bWb->thadnblnb

for m H+ < mt

ïpp->H+t(b)->thadnjjb(b)
for mH+ > mt



Muons

tt ->WbH+b->mnbtnb analysis uses high pT muon from W for trigger.
W, Z, tt ~ analyses use ά¢ƛƎƘǘ muonsέ: good quality tracks from a 
combined fit of the hits in the tracker and muonsystem, 
requiring signal in at least two muonstations. 

Jet1

Jet2 Jet3

Jet4

m

tt ->WbWb->mnbjjb candidate

άDƭƻōŀƭέ  muon: out-in
ά¢ǊŀŎƪŜǊέ muon: in-out



ά¢ƛƎƘǘ muonsέ 
Å Tight muonΥ ƛǎ άƎƭƻōŀƭέ !b5 άǘǊŀŎƪŜǊέ muon, 
cgl.trk

2< 10, > 0 muon hits, > 1 matched muon
segments, > 10 trk. Hits, >0 pixel hits, ipxy < 2 mm, 
pT > 3 GeV

ïάǘǊŀŎƪŜǊ muonέ Υ ƛƴǎƛŘŜ-out approach

ïάƎƭƻōŀƭ muonέΥ ƻǳǘǎƛŘŜ-in approach+globalfit

from min. bias trigger

used in W->mnand tt ~ 
analyses



άŀōǎƻƭǳǘŜέ ǘǊƛƎƎŜǊ ŜŦŦƛŎƛŜƴŎȅ  ƻōǘŀƛƴŜŘ
by tag-and -prob using muonsfrom J/Y 

trigger efficiency                             tight muon ID efficiency

trigger and ID efficiency from J/y->mm



Data / MC efficiency of muon
isolation obtained with  Lepton 
Kinematic Template Cones using 

W-> mnevents

Muon isolation in W->mnanalysis
Isolation Variable in cone 0.3:

I = SpT
trk / pT

m+
SET(em) / pT

m+
SET(had) / pT

m



Electrons

e

tt ->WbWb->enbjjb candidate

tt ->WbH+b->enbtnb analysis uses hight pT electrons from W for trigger



Electron reconstruction
Å High pTŜƭŜŎǘǊƻƴǎ ŀǊŜ ά9/![ ŘǊƛǾŜƴέΥ
ïstart by high ECAL super cluster and 

extrapolate toward innermost tracker 
layers

ïpair of hits are selected within a window 
around the expected position (r-phi and r-
z planes)

ïpre-selections using Dh, Df, H/E

Electron recoefficiency: Data / MC



Electron selections (in W->enanalysis)

Å identificaions: based on cluster shape, cluster-track matching 
simple cuts (Dhin, Dfin, sihih, H/E)

ÅIsolation in cone 0.3:  cuts on SpT
trk/ pT

e, SET
ECAL/ pT

e, SET
HCAL/ pT

e

ïtracks and ECAL energy associated with electron are excluded from 
sums.

Ågconversion rejection: no inner missing trk. hits; no close by 
tracks

80% eff.
point 

Data / MC electron selection efficiency



Fake rate for electrons and muons

e ID with simple cut selections

pions-Ҕ άǘƛƎƘǘέ muon
Mis. ID using K0->p+p-

Jet-ҔέŜƭŜŎǘǊƻƴέ mis. ID using jet 
events and electron candidates
not matched with leading ET jet 



Jets (I) 

Three methods of jet reconstruction:
using calorimeter: calojets 
using tracker and calorimeter+e/m: JPT jets 
using PF objects: PF jets 

Jet 1 Jet 2

CalopT 703 550

JPT pT 675 580

PF pT 694 567

Jet 1

Jet 2



Jets (II)

ÅJet response vspT
gfrom g+jet data

ïJPT and PF gives higher response than calojets 

Åsmaller energy corrections needed



Jets (III)

ÅJet energy resolution from di-jet events

ïJPT and PF have better resolution than calojets



Missing ET 
ÅThree methods of Et

missmeasurement in CMS

ïusing calorimeter + ms: caloMET 

ïusing tracks and calorimeter + ms: tcMET

ïusing particle flow objects: pfMET

ET
misscleaning against noise

s (ETx,y
miss)

min.bias

Di-jets



Missing ET for evens with real ET
miss

ÅtcMETand pfMETgives better performance than caloMET

g+jet
W->en



treconstruction and 
identification

25Z->tt->m+thad candidate



Off-line tςjet reco and ID

ÅReconstruction of t-jet using

ïParticle Flow objects;  PF Tau

ïtrack corrected calojet; TC Tau

ÅIdentification

ïbasic selections based on isolation 
criteria for PF and TC Taus

ïadvanced ID based on 
reconstruction of tdecay modes 
using PF objects
ÅHadronPlus Strip (HPS)

ÅTau Neural Classifier (TaNC)
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Fake rate and efficiency vspT
t-jet
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ÅShrinking signal cone recovers 3-prong tsat pT
t-jet < 30 GeV

by price of increased bkg. rate
ÅάŀŘǾŀƴŎŜŘέ tID provides better S/B ratio

Jet->thad fake rate: data          thad efficiency: Monte-Carlo



Data and MC for fake rate vspT
t-jet

ÅFake rate is higher in data than in MC for all 
algorithms
ïneed more understanding
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B-tagging

Two b-jet candidates



CMS b-tagging algorithms
ÅTrack counting
ïhigh efficiency; use 2nd track 3d ip significance

ïhigh purity; use 3rd track 3d ip significance

ÅJet probability 
ïuse 3d ip significance of all tracks

ïuse four most displaced tracks 

ÅSecondary vertex based on 3D flight path significance
ïuse >= 2 track vertex

ïuse >= 3 track vertex

ÅLepton (e, m) taggers

Signs of Impact parameter and of 
vertex decay length are defined 
according to jet direction 



Data vsMC for b-tagging observables

ÅTrack 3D ip significance

ÅSV 3D flight path signif.

Åmuon pT
rel


