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e Heavy ion physics with CMS detector
 First CMS results on PbPb collisions
> Jets
> Photons
> 7’ -bosons
> Quarkonia
> Hadron multiplicity and spectra
> Two-particle correlations
> Elliptic flow
e Summary and outlook

o a - " XX International Workshop on High Energy Physics and Quantum 1
Igor Lokhtin, “CMS results from PbPb collisions at the LHC Field Theory, Sochi, Russia, September 24 - October 1, 2011



1o 4 RHIC eee/TH —

14 /T l _

12+ - - :

10 ¢ a3 5 t _
LHC

8 r _

3 flavour
6 - 2 flavour n
4 L _
T.= (173 +/- 15) MeV
2 r e, ~ 0.7 GeV/fm® T [MeV] -
0 I I I I I

100 200 300 400 500 600

Deconfinement of nuclear matter and quark-gluon matter (QGM) formation — the
prediction of Lattice Quantum Chromodynamics (QCD) for systems with high
enough temperature and/or baryon density
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Study of quark-gluon matter in HI collisions ,

SPS (CERN) = RHIC (BNL) = LHC (CERN)
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Heavy ion physics at the LHC

New regime of heavy ion physics with the important role of hard
QCD-processes in hot and long-live quark-gluon medium
complementary measurements from ALICE & CMS/ATLAS

ALICE | ATLAS | CMS

ALIISE (lﬁ“(’i‘PT ngrgEd Pafltide CMS/ATLAS (high-p, charged particle tracking,
tracking, hadron U, centrale, central U (J/Y, Y, Z), hard Y, calorimetric jets...)

forward p (J/, Y), y multiplicity,...)

soft probes + selected hard probes hard probes + selected soft probes
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CMS Detector
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LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES  CERMNAHOC Z007-008
CME TDR 8.2-Acd
CER.N EUROPEAN LABORATORY FOR PARTICLE PHYSICE 5 March 2007

- Jets and photons

- Quarkonia, Z° and heavy quarks in
high-mass dimuon decay modes

- Charged hadron spectra
- Elliptic flow

- Ultraperipheral collisions, forward physics

High Density QCD
with Heavy lons
Physics Technical Design Report, Addendum 1
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LHC: 2010 Heavy Ion Run
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2010: LHC delivered 8.7 pb™! of PbPb data at vs=2.76 A TeV
~7 1b! used in hard probes analysis (equivalent to ~300 nb! of pp hard processes)

2011: LHC delivered 241 nb™! of pp data at vs=2.76 TeV
baseline measurement for PbPb (statistics are comparable)
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Event centrality determination
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Events are classified according to the percentile of the PbPDb inelastic cross section
based on total deposited HF energy
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First CMS papers on PbPb collisions

13 CMS HI papers from LHC PbPb run 2010

* HIN-10-001: Multiplicity — JHEP 1108 (2011) 141

* HIN-10-002: Elliptic flow — PAS (CDS record 1347788)
* HIN-10-003: Z bosons — PRL 106 (2011) 212301

* HIN-10-004: Dijets — PRC 84 (2011) 024906

* HIN-10-005: Charged spectra — PAS (CDS record 1352777)
* HIN-10-006: Quarkonia — PAS (CDS record 1353586)
* HIN-11-001: Correlations (“ridge™) — JHEP 1107 (2011) 076

* HIN-11-002: Photons — PAS (CDS record 1352779)
* HIN-11-003: Energy flow — PAS (CDS record 1354215)
* HIN-11-004: Fragmentation functions — PAS (CDS record 1354531)
* HIN-11-005: Flow (higher harmonics) — PAS (CDS record 1361385)
* HIN-11-006: “Ridge” vs. centrality — PAS (CDS record 1353583)

* HIN-11-007: Upsilon — PRL 107 (2011) 052302
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Imbalance (asymmetry) of dijet energy

il CMS Experiment at LHC, CERN

% Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

¥ Lumi section: 249

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV
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Imbalance (asymmetry) of dijet energy
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Leading jet spectra
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Leading jet spectra are not affected by medium & reproduced by MC (PYTHIA+PbPb DATA)
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Imbalance (asymmetry) of dijet energy
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Fraction of “balanced” dijets (A, < 0.15) drops with PbPb centrality & is constant for MC
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Jet fragmentation function
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Leading and sub-leading jet fragmentation functions in PbPb and pp collisions are similar

o u - " XX International Workshop on High Energy Physics and Quantum 16
Igor Lokhtin, “CMS results from PbPb collisions at the LHC Field Theory, Sochi, Russia, September 24 - October 1, 2011



Prompt photons E _-spectraand R
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e Energy spectrum is consistent with next-to-leading order pQCD calculations

e Within uncertainties, no violation of binary NN collision scaling is observed
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Dimuon mass spectrum
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J/p, Y(1S, 2S, 3S) and Z° peaks are clearly visible
(best mass resolution of all LHC experiments in heavy ion collisions )
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7’ — W' in PbPb collisions at CMS

CMS Experiment at LHC, CERN
. | Data recorded: Tue Nov 9 23:51:56 2010 CEST
".1 Run/Event: 150590 / 776435

! Lumi section: 183

Z-boson is not affected by the medium, and so probes initial state (PDF, nuclear shadowing)
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7 mass distribution
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39 reconstructed Z"'s, mass resolution is close to pp one
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Z°vs. centrality, y and p_
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 Kinematic distributions are consistent with pQCD calculations

e Within uncertainties, no violation of binary NN collision scaling is observed
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J/@ and Y mass distributions
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e 734 +54 J/y's and 86+12 Y's (1S), mass resolutions are close to pp ones
e CMS pp data at vs=2.76 TeV are used as reference for PbPb
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J/Y and Y suppression vs. centrality
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e Prompt J/y's are suppressed in central (peripheral) PbPb by a factor 5 (1.6) with respect to pp
(centrality dependence is similar to the one measured at RHIC, but in a different kinematic range)
e Secondary J/'s are suppressed in minimum bias PbPb by a factor of 2.8 with respect to pp
(first indication on medium-induced energy loss of b-quarks?)
* Y's (1S) are suppressed in central PbPb by a factor 1.5 with respect to pp (sequential melting?)
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Y(25+3S)/Y(1S) suppression
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Hadron multiplicty vs. n, centrality and s
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Charged hadron p_-spectraand R |
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Two-particle correlations

pp, 7 TeV PbPb (0-5%), 2.76 A TeV

p."&: 4-6 GeV/c, p_**: 2-4 GeV/c
N>110, 1.UGeWc<pT<3.UGerc T T .

R(AN,A¢)

”Ridge” (long-range azimuthal correlations) is observed by CMS in high multiplicity
pp as well as in central PbPb collisions
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Two-particle correlations vs. centralit
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Elliptic flow v_ vs. p_and s
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» v,(p,) peaks at ~ 3 GeV/c, finite at ~10 GeV/c, strongest for 40-50% centrality

» P_-dependence of v, at LHC is similar to RHIC

» Integral v, at the LHC is higher than at RHIC by ~15-30% (due to the rise of <p_>)
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Summary

First CMS results on PbPb collisions show a number of exiting collective features
* Dijet asymmetry and jet fragmentation function (jet quenching)
jet energy loss spreads over low pT and large angles, unmodified fragmentation
(the novel observables, were not studied at RHIC)
e Suppresion of high momentum hadrons (quenching of leading partons)

strong momentum dependence of suppression factor
(much higher transverse momenta than at RHIC, up to ~100 GeV/c, are available)

 JAI, Y and Y(2S+3S)/ Y(1S) suppression (quarkonium melting)
the only experiment that separates Y family peaks in heavy ion collisions
(Y and B—J/y suppression — the novel observables, were not studied at RHIC)
e Ridge (long range two-particle azimuthal correlations)
similar to high multiplicity pp collisions at 7 TeV and AuAu collisions at RHIC
 Strong elliptic flow (hydrodynamical behavior)
momentum dependence of v2 is similar to RHIC, integral v2 is larger
e 7° and prompt photons (electroweak hard probes)
no medium effects are seen — confirmation of NN binary scaling
(first measurements of Z and isolated photons in heavy ion collisions)
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Outlook

Future studies with higher statistics (expected from LHC PbPb run 2011)
« more differential study of jets

(fragmentation functions, jet shapes, multi-jets, ...)
+ Z7/Y-jet correlations

+ more differential study of high-mass dimuon resonances
(J/y, Y, Y, Y" yields vs. centrality, p_, y, @, ...)

+ B-physics
(B—J/ys, high mass dimuon continuum, tagged B-jets)

+ forward physics and ultraperipheral collisions

L 4
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BACKUP SLIDES
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Study of quark-gluon matter in HI collisions

The formation of super-dense and hot state of QCD-matter in relativistic
heavy ion collisions is possible on large space-time scales
(quasi-macroscopic as compared with characteristic hadronic scales).

initial state QGM S
P (hydrodynamics) ¥ = 7%

i"-l'l'I |'I'I' g 5 v

':'I|I|I I|:-I|I|I.

Mgl

il i

pre-equilibrium
stage

Soft probes (p;~Aqp=200 MeV) Hard probes (p;,M>>A,,=200 MeV)

v ' ' : : ;

spectra of particles V‘;Hh low v’ spectra of particles with high transverse
transverse momenta, femtoscopic momenta, their angular  correlations;
momentum correlations; v hadronic jets;
flow effects; v’ quarkonia (dileptons);

thermal photons and dileptons; v heavy quarks (leptons, tagged b-jets).
strange particle yield.
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CMS PbPD trigger selection

Dimuon Trigger
e Level-1: 2 hits in the muon chambers
« HLT (only for Z): 2 reconstructed tracks in the muon chambers with p_> 3 GeV/c

e ~ 94% efficient for Z—pp

Jet Trigger
 Level-1: single jet with ET > 30 GeV(uncorrected energy)

o HLT: single jet with E_> 50 GeV (background subtracted, uncorrected energy)
e Fully efficient for corrected transverse energy above 100 GeV

Photon Trigger
o Level-1: e/m cluster ET > 5 GeV (uncorrected energy)

« HLT: e/m cluster E_> 15 GeV(uncorrected energy)
* > 98% efficient for corrected transverse energy above 20 GeV

Minimum Bias Trigger

 Coincidence between signals from +z and -z sides of HF or BSC
* 97 +3% efficient

o u - " XX International Workshop on High Energy Physics and Quantum 37
Igor Lokhtin, “CMS results from PbPb collisions at the LHC Field Theory, Sochi, Russia, September 24 - October 1, 2011



> Leading jet with E_> 120 GeV
Trigger efficiency ~1

> Sub-leading jet with E_> 50 GeV

Above background fluctuations

> Both jets within rapidity, |n| <2

> Jets are opposite in azimuthal direction, A@Q > 21t/3

> Asymmetry of dijet energy:

El'-E/°
A =—F—-1
] i P
El'+E]
T T
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Jet reconstruction in HIC at CMS

* Jets are accompanied by the large “thermal background” or “underlying event”

that depends on the overall event multiplicity
> Use background subtraction procedures
* CMS uses several jet finding algorithms

> IC5 CaloJets with iterative background subtraction
(O. Kodolova, I.Vardanian, A.Nikitenko, A.Oulianov, EPJ C 50 (2007) 117 )
> Anti-kT (M. Cacciari, G. P. Salam, G. Soyez, JHEP 0804 (2008) 063)
* Jets are found using different sets of detectors
> (Calorimetric Jets: use ECAL and HCAL
> Particle Flow Jets: use Tracker and Calorimeters
* Jet cone size can vary
> Use R=0.5
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Jet energy scale and resolution
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Jet finding efficiency and fake rates
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Jet-track correlation (missing p, )
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Jet fragmentation function
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Prompt photons R vs. centrality
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Prompt and secondary J/{y separation
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Prompt and secondary (from B decays) J/y's are separated using secondary vertex information
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J/p suppression vs. p_ and y
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« No dependence of suppression factor (~ 1/3) on p.. is seen
e Less suppression at forward rapidity?
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Y(1S) suppression vs. p_and y
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« No suppression at high p_?
e Less suppression at forward rapidity?
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RAA: CMS vs. ALICE, RHIC and models
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« CMS and ALICE are in agreement, but CMS reaches higher p_ (due to using the jet trigger)
« Much higher p_than at RHIC, up to ~ 100 GeV/c, are available

« R (p,) — strong constraints on partonic energy loss model (access to medium properties)
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Charged hadron R
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Strong momentum dependence of suppression factor is observed
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Summary of R
AA
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Two-particle correlations

Short range correlations (0 < |An| < 1): Jet + Ridge
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Ridge disappears at high p_
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Elliptic tlow v_ vs. p_and centrality
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e v(p,) peaks at ~ 3 GeV/c, finite at ~10 GeV/c, strongest for 40-50% centrality

 The different methods show differences consistent with the expected sensitivity to non-flow
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Integral v, vs. centrality
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« Integral v_ increases with centrality reaching a maximum at the 40-50% centrality

e« CMS and ALICE data are in the agreement (except in most peripheral events)

o a - " XX International Workshop on High Energy Physics and Quantum 55
Igor Lokhtin, “CMS results from PbPb collisions at the LHC Field Theory, Sochi, Russia, September 24 - October 1, 2011



- (@05% o (0)510% _ . F (©10-15%  F () 1520% 7
- Pbe\nl =276 TeV-:- o v,{2) + ¥ :
2 CMS Prellmlnary 3 AV,{4) + i ]

(€) 20-25%

1
—
N
o
6]
o
X
L
=
o
o
¢
D
S
o~
5
o
=
F
<
o1

« v, slowly decreases from mid-rapidity to forward rapidity
e Stronger rapidity dependence is observed for the most peripheral collisions
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