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CMS will measure low X and high CMS will measure low X and high ppTT
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Low and high X physicsLow and high X physics

It is possible that low momentum gluons in large nucleiIt is possible that low momentum gluons in large nuclei
form a classical colored field. However the sources of thisform a classical colored field. However the sources of this
field are the high momentum valence quarks. Therefore itfield are the high momentum valence quarks. Therefore it
is essential to study the correlations between low and highis essential to study the correlations between low and high
X.X.

High XHigh X Low XLow X
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Abundant hard probes at LHCAbundant hard probes at LHC

Large jet cross section
•Jets directly identifiable
•J et-Jet, jet-g, jet-Z0   correlations
•Study in medium modifications

Large cross section for J/Y and °.
Study the different melting of the 3 °
states to measure the temperature of
the early system.

J/Y

°°

104 jets/Get/month
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Measure electrons,Measure electrons,
muonsmuons, photons, Z,, photons, Z,
charged & neutralcharged & neutral

hadronshadrons
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Strips 10 layers in barrel
9 layers forward
  single and double-sided

10M strips

2.4 m

48M pixels

5.4 m

Tracker Covers |Tracker Covers |hh|<2.4|<2.4
dN/dh = 5000

Pixels 100x150 mm2   3 layers in barrel,
2 layers forward, occupancy:  2%

Analog readout useful for HIAnalog readout useful for HI
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Bulk PropertiesBulk Properties?

Energy of Collision
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  Charged Particle Multiplicities
• Predictions vary by a factor of 4!
• dN/dy ~ 1200 – 7000
• (R!HIC extrapolation vs. HIJING)
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• Reconstructed

+    MC Input

--   Systematic Error
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One EventHit counting in the first pixel layer
•Needs few events O(1000)
•Few seconds of data taking

h
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Forward detectors for pp, Forward detectors for pp, pA pA & AA& AA

TOTEM T2

BCM Sensor CarriageScintillators at
z=10.5m

IP

TOTEM T1

BCM Sensors

ZDC @ 140 m

CASTOR

Lumi monitor

Hermetic calorimetry up to |h|<7 plus zero degree
neutral energy. T1 and T2 are multiplicity detectors
Physics: Centrality, Low-x, Limiting fragmentation,
strangelets, DCC
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How much energy isHow much energy is
available for particleavailable for particle

production?production?
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Beam Rapidity
66 77 88 99

CASTOR covers 5.3< h<6.9

Estimate rapidity lossEstimate rapidity loss
of incoming nucleonsof incoming nucleons
from from dEdE//dydy
measurements.measurements.
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Forward detectors giveForward detectors give
reaction geometryreaction geometry

 b=6 fm

s = 0.1 radians

x
y z

j rad

dN
djImpact parameter (fm)

ET for 3<|h|<5 
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Large h range helps us avoid
auto-correlations with other
measurements.
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Tracking within aTracking within a
heavy ion eventheavy ion event

• The increased  track density in a jet leads to
a local decrease in efficiency of ~ 5-10%.

• This an be corrected for since jets will be
reconstructed by the calorimetry

Fakes

Match reconstructed tracks to
MC input on a hit by hit basis
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Impact parameter resolutionImpact parameter resolution
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Quarkonia in CMSQuarkonia in CMS
J/y ° family

 

Expect ~24k J/y and
~ 18/5/3 k °,°’,°’’
for  one month with

L=1027cm-2s-1 and 50%
efficiency

° Family region
Mm+m- sM=50 MeV

J/y acceptance

Coverage in central rapidity region
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Jets in Heavy Ion CollisionsJets in Heavy Ion Collisions

Hard partons and their energy loss probe the
medium.
• High pT particles & particle correlations
• Jet rates: single jets, multi-jets
• Jet fragmentation and shape
• Jets originating from heavy quarks (b, c)

Comparison to pp and pA is essential

c

d

a
b
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100 GeV jet in calos

PbPb dN/dh =5000

Jets for |Jets for |hh|<5|<5

Jet Covers ~Jet Covers ~
4000 crystals in4000 crystals in
EM calorimeterEM calorimeter

No quenching

We can also useWe can also use
the tracker tothe tracker to
study jetsstudy jets
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Jet ET (GeV)

sE %

Eff %

1. Subtract average pileup
2. Find jets with sliding window
3. Build a cone around maximum ET
4. Recalculate pileup outside cone
5. Recalculate jet energy

Jet reconstructionJet reconstruction
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Fragmentation of 100GeV jetsFragmentation of 100GeV jets

 dN/dy ~5000

Momentum fraction z along thrust axis

Precision tracking out to high

momenta will give detailed

information on modification
of the jet by the medium

axis

pT 
Jet

pT relative to thrust axis:
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Reconstructing Zs opposite JetsReconstructing Zs opposite Jets
Study jets with calibrated energy

ETjet, g > 120GeV in Barrel

Drell YanDrell Yan+Z+Z
bbbb

cccc

pp/K decays/K decays

Di-muon Mass (GeV/c2) 

1

10

102

103

104
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Balancing jetsBalancing jets
with  with  gg or Z or Z00

Events for 1 month at 1027 cm-2 s-1 

          600ZŸm+m- >50GeV50GeV

            90ZŸm+m- >100GeV100GeV

       6,000g > 100GeV100GeV

8,700,000Jet > 100GeV100GeV
EventsEventsProbeProbeJet EJet ETT
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Data Acquisition and TriggerData Acquisition and Trigger
Level 1 hardware trigger

– Muon track segments
– Calorimetric towers
– No tracker data
– Output rate (Pb+Pb): 1-2 kHz

comparable to collision rate

Onli
ne
Far
m

switchswitch High level trigger
– Full event information available
– Every event accepted by L1 sent to

an online farm of 2000 PCs
– Output rate (Pb+Pb): ~ 40 Hz
– Trigger algorithm same or similar

to offline reconstruction
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CMS under constructionCMS under construction

Hadron 
Calorimeter

Electromagnetic 
Calorimeter

Si tracker &
Pixels

Magnet &
Muon Absorber

DAQ
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ConclusionsConclusions

LHC will extend ÷S,  low x and  pT reach of HI physics.
CMS strengths:
• Excellent rapidity & azimuthal coverage including ZDC,

CASTOR & TOTEM in forward region
• High resolution tracking, calorimetry, muon identification
• Quarkonia, photons and Z0
• Jets
• Essentially no modification to the core detector hardware
• New High Level Trigger algorithms specific for A+A
• Heavy-Ion program is well integrated into the overall CMS

Physics Program


