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CERN / LHC : Physics goals
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20 members Vs =7TeV p-p ~40 countries

40 countries \JSyy =2.76 Pb-Pb ~200 institutions
Budget: ~$1B LHC produces ~3600 scientists
~10,000 users Higgs, QGP 15x15x20m

(50% HEPs) Compact Muon Solenoid
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LHC / LHIC
as a new tool for HI
Physics







. { LHC as a new tool for HIP s

J A big energy jump! & | o €
— Extended kinematic reach for pp, pA, AA § I e 7o) LHC “40
— New properties of the initial state T roriesmete 0% ol 8
— possible gluon saturation RHIC 6
— A hotter and longer lived partonic phase  °° a

o - AGS
— Increased cross sections, new hard probes | 4 2
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LHC HI : motivation o8

d SPS & RHIC:

—show new and unexpected properties of hot nuclear matter
e Jet quenching+high Elliptic Flow - strongly interacting color liquid

d LHC:

—significant increases of energy density
e new properties of the QGP are guaranteed

] Observables:

—Soft probe observables
e Multiplicity, Elliptic flow, Femto-scopy

— Need small statistics, day 1 / week 1 measurement
—Hard probe observables

e Jet, Jet-quenching, Quarkonia production, High p, spectra
— Need large statistics, full statistic measurement
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- RHIC prefers Hydrodynamic limit. How about at the LHC?
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Jet quenching: strong interaction of

2
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CMS
as detectors
for HI Physics



CMS Detector geexs

Plastic scintillator/brass
sandwich
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Total 66M Si
Pixels
Occupancy<2% at

dN,, /dn = 3500
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Centrality (impact parameter) determination is needed for physics analysis
Zero Degree Calorimeter

Vs > | Phototubes
7‘ Light guides

Quartz-Quartz
Fibers

Energy in the forward
hadronic calorimeter

:  Tungsten Plates Fiber Ribbons =

» Tungsten-quartz fibre structure
» electromagnetic section: 19X,

Ge
+

PbPh

mhﬁ d Pb+Pb | |, hadronic section 5.6,
4000 £ » Rad. hard to =20 Grad (AA, pp low
00 £ lum.)
1000 £ . .., | » Energy resolution: ~10% at 2.75 TeV
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d CMS Heavy Ion institutions:

—13 countries, 25 institutions, > 100 participants, ~6 Koreans

e CERN, Croatia (Zagreb), Greece(Athens, Ioannina), France (Lyon,
Paris), Hungary (Budapest), India (Mumbai), Korea (Seoul, Korea
Univ.), Lithuania (Vilnius), New Zealand (Auckland), Portugal
(Lisbon),Russia (Moscow), Turkey (Cukurova), USA (Colorado, Iowa,
Kansas, Los Alamos, Maryland, Minnesota, MIT, Vanderbilt, UC
Davis, UI Chicago)
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Elliptic Flow
@ CMS
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Elliptic flow Primer
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d Measurement of azimuthal asymmetry in particle
distribution in HI collisions

_dN( b. v)
d(p pT’ ’y

y z
d However, some difficulties ]<

x,b

—Non-flow correlations : jets, decays, detectors, etc.

d Several different techniques and higher orders
—Event plane, camulants, Lee-Yang zero

—V,ye V
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Kolb P.F., Heinz U., nucl-th/0305084
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CM > - -

d Fourier expansion of azimuthal particle distribution

dN _
I " No(1+2 Z v, cos[n(ep — ¥Pp)]) vy =< cos[2(p —WPR)] >

n=1
 2-particle correlations
vy > 0, vz{Z} >0
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4 The v,(p;) gives us important information on
viscosity of medium and jet-quenching.

A The v,(n) provides constraints on the system
evolution in the longitudinal direction (EoS).

d Odd harmonic v,, v, are new challenges and tell us
fluctuations of initial state of medium.

d Different analysis methods show us the different
sensitivities to non-flow contribution and
eccentricity fluctuations.
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Measurement techniques oree

 Event Plane

—based on particle correlations with the event plane

b

—gives an estimate of the reaction plane
—requires corrections for the detector acceptance

d 2nd Order Cumulant

—based on 2-particle correlations

d 4% Order Cumulant
—based on g-particle correlations
—removes lower order non-flow effects

d Lee-Yang Zeros

—based on all particle correlations in each event

00
200 QO

—removes non-flow effects

Q)) K?f?@ls 24 Inkyu Park
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V,(P1) 5 Vo(cen) , vy(n)
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—Peaked at ~ 3 GeV/c, finite at ~ 10 GeV/c, strongest in 40-50%
cent.
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d LHC: Pb-Pb 2.76TeV, RHIC: Au-Au 0.2 TeV
—Low pT — within 15%, High pT - CMS < PHENIX for cent > 30%
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N
PH-<ENIX Phys. Rev. Lett. 105, 062301 (2010)
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V,(centrality) at mid-n pred

d v2 rises up to 40-50% , then decreases

0.16
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V,(n) : centrality dependence Soret

—Weak n-dependence, except for most peripheral (EP and v2{2})
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4 15-30% increase in integral v, from top RHIC energy

to LHC
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Higher harmonics
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— v, rises quadratically with p;
—Vv, is small, reaches 2% in mid-central collisions
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Comparison to Hydrodynamics
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Vv, and v; : sensitivity to n/s

-

M&MYO Y

uuuuuuuuuuuuuuuuu

d v, and v, together have better sensitivity
—The centrality dependence adds further constraints
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Schenke et al., arXiv:1102.0575v2
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Glauber initial conditions
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U Different initial conditions

- CGC, Glauber initial condition

(a) 5%-10%, n|<0.8 1 (b) 15%-20% I (c) 35%-40%
PbPb \"S_Nrﬁ 276 TeV J Alveretal., Phys Rev. C82 (2010) 034913 T
CMS Preliminary ¥ --v,CGCn/s=0.16

. T --v;CGCn/s=0.16
Stat. Uncertainties 1 —, Glauber n/s =0.08
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v, and vz vs N, : Hydro

d Qualitative agreement with the data
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d CMS has measured up to 6th order harmonic
coefficients in a broad centrality, p; and rapidity
range using a variety of methods

d v,(py) is comparable to RHIC

—Integral v, scaling with transverse density and Vsyy

Q v, is sizable and almost independent of centrality

—V,, V¢ are small, finite

O Our results provide the basis for future detailed
comparison to sQGP properties
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