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Overview

« From RHIC to LHC
- ATLAS and CMS detectors

= QCD matter in the soft sector . High and low pt tracking

dN_./d i
cn/dn . Muon reconstruction

low nt/K/p spectra :
pr n/K/p sp . Jet reconstruction

Eliptic flow .
P . Photon reconstruction

« QCD matter in the hard sector

. Event plane

high-p; hadrons, jets, photon-jet Evant cahtrality

Qqbar suppression

Y-l1+l- photoproduction
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Some evidences from RHIC

Deflection from Hyd ro -
Viscosity?
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From RHIC (200 GeV/n-n) to LHC (5500 GeV/n-n)

= Initial state fully in the saturated CGC regime
Initial energy density ~5 times higher
Lifetime of a quark-gluon plasma much Ionger
Large rates of hard probes over a broad klnematlcal range
= Plenty of heavy quarks (b,c) T |
 Weakly interacting probes become avallable (Z° W+)
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ATLAS and CMS acceptances
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Charged particle multiplicity ~ gluon density
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Relative resolution of pre

Soft hadron spectra (CMS) ~ medium equation of state
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Eliptic flow: medium viscosity

X = defines 1|1R
(dlrectlon of the impact parameter)

-~ dN/d(0 - wg) = No (1 + 2v,cos (¢- yg) +
2v,cos (£- va)) + )
T
Elliptic Flow: v,

= i 2
.V, =<CO0S2(0—Vyr)>= (P_xj 3

il

Initial spatial anisotropy

Final momentum anisotropy

)
|

Py

Px

il

Physics at LHC, Split, _Crpatia, 29 Sept-4

D1

7 NA49 AuAu-B.8 GeV
' BNL-E877 -5.0 GeV

—hydro limit (QGP-EcS)
— hydre limit (H-EoS)

I ® STAR AuAu-200 GeV
,I,} ‘al'a’: B PHOBOS AuAu-200 GeV
T B STAR AuAu-130 GeV
N @ STAR AuAu-B2.4 GeV

¥ STAR CuCu-200 GeV

NA49 AuAu-17.3 GeV

A PHOBOS CuCu-200 GeV
STAR CuCu-62 4 GeV
PHOBOS CuCu-62.4 GeV

|
25 30

10 15 20

-2
(1/A_) dN_ /dn (fm®)



Eliptic flow: ATLAS

Flow was included in HIJING based on Poskanzer and Voloshin [PRC 58 (1998) 1671].
Parametrization was taking from RHIC

" pT [BeV]
v, signal measured using reconstructed tracks (p; > 0.5 GeV/c) while
reaction plane estimated from the energy depositions in FCAL
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To methods:

Eliptic flow: CMS

1. Using reaction plane determination with Calorimeters and tracker
2. Cumulant analysis: using two and multi particle correlations
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Hard probes of QCD matter:

~ Qaurkonia and heavy quarks
Jets and high-p; hadrons

Physics at LHC, Split, Croatia, 29 Sept-4 Oct 2008



Hard probes triggering for Hl in CMS

CMS trigger system is designed for 1034 (pp events) with 40 MHz bunch crossing
frequency.
Two levels system: Level 1 and High Level Trigger
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Jet finders in ATLAS and CMS for HlI
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High-pt tracking in ATLAS and CMS
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High-pt hadron spectra (ATLAS and CMS)
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Photons (ATLAS)
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Photon reconstruction (CMS)
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Fragmentation function measurements (ATLAS and CMS)
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Dissociation of quarkonia: hot QCD thermometer

a Suppression: RHIC comparable to
SPS

s Regeneration compensate screening
a J/¥ not screened at RHIC (T;~2Tc)

» LHC: recombination or suppression]"
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« Quarkonia: J/y (BR:5.9%), Y (BR:2.5%)

« Background: combinatorial due- to decays from n/K, b-,c-

production
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counts / 35 MeV
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Upsilon measurements (ATLAS and CMS)
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Summary

The excellent capabilities of ATLAS and CMS give the unique possibility
of measuring both soft and hard probes of the dense medium state:

Multiplicity

soft and hard spectra of charged particles
photons

Jets

Quarkonia

some other probes that are not covered by presentation:

Ultra-peripheral collisions

Dihadron and dijet correlations
HBT | '

The close p;-eta acceptance of ATLAS and CMS detectors allows to
cross-check measurements done with different technologies.
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- Heavy«lon Physics proegram.at LHC, -
starts with the FIRST pp data
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counts / 35 MeV

Upsilon measurements (ATLAS)
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Upsilon measurements (CMS)
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J/v measurements (CMS)
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Jet finders in CMS for HI

Iterative cone (R>=0.5) with background subtraction:

350~
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mean value is determined on an event-by-event basis: pile-up subtraction algorithm

calculate average energy and dispersion in tower (in eta rings)

120
for each event ;
subtract average energy and dispersion from each tower <100 - (Am@ @
find jets with a jet finder algorithm (any) using the new < 80 dN_,/dn = 5000
tower energies = |
_ _ _ 2 6o | ~____ENDCAP
recalculate average energy and dispersion using towers s | H 1.6 <Nl < 1.9
= I
= - q w 40
free of_ jets recalculate_ jet energies : - Purity
T ™ T ™TTT ™TTT ™TTT ™TTT _ b=
: ' '_ | | | | ] E - Jet energy resolution 120
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Space resolutlon |s less then the size of calorlmeter tower
“Physics at LHC, Split, Croatia, 29 Sept-4 Oct 2008



ATLAS and CMS detectors for heavy ions

Muon Detectors Tile Calorimeter  Liquid Argon Calorimeter @ Tracker: Silicon (Silicons: pixels+strips; TRT)
s ‘ @ Electromagnetic calorimeter (LAr+absorber)
@ Central hadron calorimeter
barrel (Lar+absorber),
endcap (plastic+absorber)
@ Forward calorimeter
(Lar+absorber)
@ Muon chambers
Monitored Drift Tubes (MDT)+RPC (barrel),
y MDT + Cathod Strip Chambers
(CSC)+TGC(endcap)
@ Zero-degree calorimeter
2 T magnetic field (solenoid + toroid)
momentum resolution 3% for pt<10 GeV/c with
silicons only

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

| 2 Silicon Tracker (Pixels and Strip)
o tor or LHC » Electromagnetic Calorimeter (PbWO4)
S » Central hadron Calorimeter

—— (plastic + brass absorber)
2 Forward calorimeter (Quartz-fiber and ferum)
2 Muon Chambers (Drift tubes in barrel,

Cathod strip chambers in endcap, RPC)

+ CASTOR
s Zero-degree calorimeter
+ TOTEM

J 1) 4 T magnetic field (solenoid), 2 T return yoke
SaEh. B s S momentum resolution < 2% for pT<100 GeV

el e e Fagt DAQ allows to take almost all events
.rllyblLb Al LI, OPIIL, \_lt.JdLI to HLT farm



Ultra-peripheral collisions
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J/v measurements (ATLAS)

~Main problem: low acceptance due to minimum muon p; ~1.5GeVic
Two methods considered:
- both muons fully reconstructed
- “tagging-method” for one muon (increase the statistics of J/y with low p- )

2 = i
= Z:14000 |-
12000 |
10000 | 1
8000 [
6000 [
. 4000 |
2000 ’
y: (L . v
o (in ” I‘TzlethOé 3/ (Ge‘l;)) 26 28 3 '3I2' 34 36 38 '!1'
gging ¥ Py ' p, 1 invariant mass (GeV/c )
full reconstruction, p. cut 1.5.GeV/c Mass resolution 68 MeV/c?

~100k th, t thod
full reconstruction, p_ cut 3 GeVi/c’ 1 JIW permpu aggmg 1RSSO

; Phy5|cs at LHC, Split, _Crpatla, 29 Sept-4 Oct 2_008



J/v and Upsilon rates (ATLAS)

Field full full full half half half
In| (max) 1 2 2.5 1 2 2.5
Acceptance x efficiency | 4.7% | 12.5% | 17.5% 49% | 13.8% | 19.3%
(2.6%) | (8.1%) | (12.0%) | (2.6%) | (8.9%) | (13.4%)

Mass resolution (MeV) 123 145 159 126 162 176
S/B 0.3 0.2 0.2 0.3 0.2 0.2
0.4) | (03) | (0.3) || (0.55) | (0.3) | (0.3)
S/vVS+ B 37 46 55 37 50 60
(31) | (45) (55) (34) | (48) (60)
Rate/month 5700 | 15000 | 21200 5900 | 16800 | 23400

(3100) | (10000) | (14600) || (3100) | (10800) | (16300)

Field full full half
pr (min) (GeV) 3 1.5 1.5

Acceptance x efficiency | 0.055% 0.530% 1.100%
(0.039%) | (0.151%) || (0.529%)

Mass resolution (MeV) 68 68 76
S/B 0.4 0.15 0.15 1
(0.5) (0.2) (0.25)
S/VST B 56 113 164
(52) (72) (140)
Rate/month 11000 104000 216000

(8000) | (30000) || (104000)
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Fragmentation function measurements (ATLAS)

“Raw” evaluation of
. J; distribution
« Fragmentation func.
« pr>2GeV/c Inl <25
- Jet E;e¢ > 70 GeV |

‘With constant (for
simplicity) 70% correction
for tracking efficiency

Reproduce both shape
‘and absolute yield, both
J+ and D(Z)
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