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ÅLHC and CMS
ÅRediscovery of the Standard Model particles
ÅHighlights from 7 TeV pp run
ÅHadron physics results
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Nov. 2009

2009:     0.9  TeV  c.m.  p p 

2.36 TeV                         

2010:       7 TeV    c.m.  p p ~ 45 / pb  per exp  

574 TeV     c.m.  Pb Pb

201X:     

14  TeV  c.m.  p p            10 5 / pb /year 

CERN Control Center
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LHC luminosity

CMS

pp 7 TeV c.m.

scm //10 227

scm //10 232>

increase of 
instant. lumi 
by 5 orders 
of magnitude!

ICHEP conference 2010 (0.3/ pb)

explosive 
growth !

43/pb

typically 2 
interactions 
per crossing
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CMS = Compact Muon Solenoid

superconducting 

coil

iron yoke

silicon tracker

elm. calorimeter

hadron calorimeter

muon chambers
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CMS = Compact Muon Solenoid
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Photons

7 TeV c.m. 

GeVET 70º

elm. energy
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mm­Z

7 TeV c.m. 

Z bosons
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eeW n­
7 TeV c.m. 

Missing  ET

elm. energy

elm. energy

= neutrino !

W bosons
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Gluons

2.36 TeV c.m.

at least one jet is a

gluon jet
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Tau leptons 

7 TeV c.m. 

+ neutrinos !

2nd vert.
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Quarks - Jets

7 TeV c.m. 

elm. energy

had. energy
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Bottom Quarks    
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Mesons, e.g. p0

ggp­0

light quarks (u,d) !

detector resolution ! 
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Baryons, e.g.   Omega = W

-­L pp

April, 2010

­W

detector resolution ! 

strange quarks!
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Dimuon event (J/ycandidate)

elm !

charm quarks!
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Dimuons 

resonances
bottom quarks!
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Top quarks   

7 TeV c.m. 

mnmnbbbWbWtt ­­
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Inclusive jet production 
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Agreement with QCD prediction over several orders of magnitude

NP = Non Perturbative

= mean(Herwig, Pythia)
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W and Z production

Perfect agreement 
with SM

W mass confirmed

Z mass confirmed

~ 100ó000 events!
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W and Z cross sections

Note:   in pp  less  W,Z bosons than in pp 
-

l = e, m 

Nice agreement 
with SM
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Top production

Agreement with SM  

jet

jet

From dilepton events:

Tevatron:  7 pb !
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Dijet resonance search - excited quarks

jetsgqq 2* ­­

compositeness:

excited quarks excluded 

up to a mass of

1.58 TeV (95%)

World record !

compositeness scale 

*)(qm=L

Tevatron limit: 870 GeV  
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Do we see

Heavy Stable Charged Particles 

(HSCP) ?

stable gluinos (R-hadrons) 

must be heavier than

284 GeV (95%)

Tevatron limit: 3XX GeV  
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And what about leptoquarks ?

Leptoquark  LQ 

= composite object 

= l + q

Scalar first generation 

leptoquarks excluded up to

mLQ = 220 GeV (95%)

forb = 1

­pp

b=BR

Tevatron limit: 300 GeV  
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Hadron production

fit
Increase with energy stronger 

than anticipated !

0=h

Non Single Diffractive
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Charged Particle Multiplicity Distribution

n

High sensitivity to
model parameters!

Tune 1
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Inclusive Strange Particle Production

Example:   X-

Yield increases strongly
with energy 

not predicted by current 

Monte Carlo `tunes`
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Hadronic Event Shapes

First measurement of 
event shape variables 

at LHC

narrow broad

Tune 1

D6T
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Jet Structure

integrated jet shape

Transverse jet shape: 
model predictions ok

r


