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The Physfcs Léndscape:

Pb+Pb Collisions SPS->RHIC->LHC
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CMS as a Detector for Heavy lon Physics

mHigh Resolution and High :
Granularity Calorimetry .DAQ_ and Trlgge.r_
o AnxAd (barrel) o High rate capability for AA,
o ECAL:0.0174x0.0174 PA, pp
¢ HCAL: 0.087x0.087 e High Level Trigger capable
e Resolution (barrel) of full reconstruction of
# ECAL:0.027/NE®0.0055 most Hl events in real time

& HCAL:1.16/VE®0.05

e Hermetic coverage up to |n|<5
g’_ﬁ<7 roposed using
STOR)

e Zero Degree Calorimeter
(proposed)

mTracking p from 29, J/y, Y
e Wide rapidity range |n|<2.4

e Efficient suppression of 1, K—
u background
¢ ECAL at 1.3 m from the beam
¢ 1 chambers behind HCAL
¢ reject “kinks” using tracker

e Excellent M mass resolution b
~50 MeV @ 'Y Si Tracker
including Pixels

u chambers

o
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CMS as a Heavy lon Experiment

-Excellent detector for high p; probes:

e High rates and large cross sections

¢ quarkonia (J/y ,Y) and heavy quarks (bb)
¢ high p; jets

¢ high energy photons

L YA

e Correlations
¢ jet-y
¢ jet-Z0
¢ multijets
mGlobal event characterization
e Energy flow to very forward region
e Charged particle multiplicity

e Centrality

mCMS can use highest luminosities available at
LHC both in AA and pA modes
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CMS under construction

Magnet &
Muon Absorber

Hadron
Calorimeter

Si tracker &

L8 Electromagnetic B
Calorimeter
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Beam pipe splits 140m from IR
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HI compared to pp:

Extending/CMS

Higher multiplicity of low pt particles
Lower luminosity and event rate

Event Size
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CMS is designed for high luminosity pp
pp events are large to account for pileup effects
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J/y Y family
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J/y

Y family
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High Mass Dimuonj Z° Production

f m Z%>upu can be
107 ' i .
N Pb—Pb 5.5 TeV/nucleon pair reconstructed with high
& efficiency
1061 o DY + 7 e A probe to study
- b nuclear shadowing
-F - e Z%also proposed as
107 F reference for Y
= - 71 /K decays production.
1ot b, /K decays = Dimuon continuum
dominated by b decays
- e Heavy quark energy
107 loss
- m High statistics (1 month):
102 .
E Channel (M, = 10 GeV) Barrel+Endeap
- .
10 & * +Hr++ . Z 1.1x107
- #H, BB -y, PF = 5 Gev Lax107
f Ui | f | B J/0 > i, PF =5 Gev L3x10
"' 720 20 60 80 100 120 140 160
M GeV/c?
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Jet Reconstruction in CMS

4
I
5
z

m Subtract average pileup
1 m Find jets with sliding window
m Build a cone around E;™2*

m Recalculate pileup outside the
cone

m Recalculate jet energy

Window
Algorithm

1

Nﬂ cell —

Full jet reconstruction in Pb+Pb central collisions (dN/dy~8000)

_ Efficiency Measured jet energy ~ Jet energy resolution
1 e ? | 30
0 300 1 Me=03 €™ Inl, <03
S - © ) 3
:100 = o L : S 25 @ jet without background
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Jet spatial resolution: o((,e.~ $gen)=0.045, (16~ 1gen)=0.091

better than size of HCAL tower

o
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Channel Barrel+Endeap
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Jet Fragmenta'E| Effect of Nuclear
J

Matter on Jet Structure

m Find jets using calorimetry
m Study charged particle momenta inside of a jet using the tracker

m For this study use 4-5 outer layers of the tracker (use
conservative resolution obtained in pp studies: AA plausible
with low occupancy in outer layers)

p_T of Charged Particles in Jets with Various E_ T

| Jet 30<Et<50 GeV| | Jet 50<Et<80 GeV | | Jet 80<Et<120 GeV | | Jet 120<Et<170 GeV |

Particles in jet

Background
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Similar analysis
can be done with =°
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Conclusions

-LHC will extend energy range and in particular
high p; reach of heavy ion physics

mCMS is preparing to take advantage of its
capabilities

e Excellent coverage and resolution
¢ Quarkonia
¢ Jets

e Essentially no modification to the detector hardware
e New High Level Trigger algorithms

eZero Degree Calorimeter and CASTOR as relatively
minor additions

mThe knowledge gained at RHIC will be extended
to new energy domain
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ulL reconstruction: algonthm
Prlmarz vertex determination: dN,,/dy=8000

« select pairs of pixel hits with 100 -
A¢ giving 0.5 GeV < py <5 GeV .

« extrapolate each pair
in RZ to the beam line

Track finding: ,/

L 4

&

. select tracks in 15! | station

« extrapolate inwards from plane
to plane using vertex constraint

50

u station
I

Track selection by cuts:
« fit quality (x?)

. kink sensitive variable t kSi
Z =1 2/0.,2 rac er 0 | I | | | I | | | | | | | | 1 | | | 1
(pred = Omeas)” /0 46 48 5 52 54

to kill t,K—p ol Z (cm)
» Vvertex constraint e

6z = 140 um
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