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* Colliding nuclei at high energy to
create suitable conditions for
“melting” matter into the QGP
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Quark Gluon Plasma, a phase of
QCD, consisting of asymptotically
free quarks and gluons

Colliding nuclei at high energy to
create suitable conditions for
“melting” matter into the QGP

Lattice QCD calculations for phase
transition

Dynamical evolution at RHIC and
LHC energies dives deeply into the
“Quark-Gluon Plasma” domain of
QCD



% QGP — Anisotropic Flow

ALICE

» Spatial Anisotropy

 Almond shaped interaction
volume after a non-central
collision of two nuclei

@ Central @D Peripheral

» Spatial Anisotropy translates into
a momentum anisotropy of the

produced particles

=>» Anisotropic Flow
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% QGP — Anisotropic Flow

ALICE

» Spatial Anisotropy

 Almond shaped interaction
volume after a non-central
collision of two nuclei

@ Central @@ Peripheral

» Spatial Anisotropy translates into
a momentum anisotropy of the

produced particles

=>» Anisotropic Flow
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Two-Particle Correlations
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ALICE

 Two-particle correlations have been
used as a tool to explore particle x-y plane
production mechanisms in collisions

Angular correlation (Ag, An) between
Associated particles

trigger particle and associated particles
leading particle

pp f leading particle
jet V
Jet
quark or gluon :3 quark or gluon ‘ 4—‘ .—}
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Two-Particle Correlations

2<p_ <4GeVic p-Pb \s,, = 5.02 TeV

Ttrig
1<P, 0. <2GeVie 60-100%

* pp and low multiplicity p-Pb

v" Dominated by near-(Ag ~ 0) and
away-side (Ag ~ m) jet structures
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PLB 719 (2013) 29
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0 foued

3< pt <4 GeV/c Pb-Pb 2.76 TeV
-41No°

2<p<25GeVic °1° 7 * Pb-Pb

""""""""""""""""""" v' Near-side : jets + resonances

=
_jz 1.05-" /> li." \ A‘\ - J AwaY'Side jets
S -\‘\\< — . . )
> 1 Wiy 'i'b..o: s v" Near-side ridge and away-side
, ) SSOONROGA 3
'e\\\ ~ structure : collective effects, e.g.

anisotropic flow

2
A \rad\

PLB 708 (2012) 249

p-A collisions : Access initial state effect + A reference for heavy ion studies

2013 US LHC UO Annual Meeting Saehanseul Oh (Yale U.)



ALICE Detector

ALICE
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% First Look at Correlation Function in p-Pb

ALICE
2< P g < 4 GeV/c p-Pb\s,, =5.02 TeV
1< P assoc < 2 GeV/c 0-20%
1.2 .
~ : Near-side jet (Ap ~ 0, An ~ 0)
g |
Z§§ 1y _ Away-side jet+ridge (A ~ 1, elongated in An)
=
= 1.0, | — Near-side ridge (Ap ~ 0, elongated in An)
2

» Highest multiplicity p-Pb (Zoomed in)
Near-side ridge appears (also, very high multiplicity pp (JHEP 09 (2010), 091))
Higher yields on both near- and away-side than lower multiplicity cases
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% Two-ridge Structure

ALICE
<4 GeV/c
PLB719 (2013) 29-41

2<p,,,, <4 GeVic p-Pb | s, = 5.02 TeV 2<p,, <4GeVic
1< p‘l'assoc <2GeVic 0-20% sssoc <2 GeV/c

p-Pb \s,, =5.02 TeV

p-Pb \s,, =5.02 TeV
60-100%

E 1.4 F:"é:
] ]
%{12 (\E %‘: _ zu
oo — =
2
0 4 4
K 2 ;tv \‘id\ 3 2 - 11»» \‘2"‘6\ 3
-1
-1
-20% (High Mult. -100% (L Mult. 2
0 (:J/;t(+lgidesz) ult.) 60-100% :Jotv)vest ult.) (0-20%) — (60-100%)
g e Two-ridge structure

* Two-ridge structure from ALICE di-hadron correlations analysis in p-Pb
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% Two-ridge Structure

ALICE

p-Pb | s, = 5.02 TeV
|\ (0-20%) - (60-100%)

PLB719 (2013) 29-41

2<p,, <4 GeVic p-Pb s, =5.02 TeV 2<p, . <4GeVic p-Pb | s, = 5.02 TeV

trig
1< pT.assoc <2 GeV/c 0-20% assoc < 2 GeV/c 60-100%

FTE: 1.4 E 0.6
4= 1 i
% g 1.2 % ‘é‘ 0.4 2@
g — | F - %
|Z 1.0 |Z 0.2 — ,.l
2 2
0 4
v 2 a0 ;«v \‘ic“ 3 v 2 a0 z1>a> \‘2"‘6\ 3
o1
- o i - o -2
0 ZC:JA»t(I-Il_lghdest)Mult.) 60-100% (Lowest Mult.) (0-20%) = (60-100%)
€ '. ge (Jet.) _ Two-ridge structure
* Two-ridge structure from ALICE di-hadron correlations analysis in p-Pb
0.90 T T -
. 2 hr oo O
o] Bonen DIWENTEE T o Yield comparison, extraction of v,, v, from Ag-
0.86 | 2<pf¥<4GeV;1<pi*<2GeV - . .
projection
0.84 |
os2  The origin of collective features might be
o ‘ v Initial state parton saturation in nucleus (CGC)
0.78 |1
v" hydrodynamic expansion of high-density medium

A$
K. Dusling, R. Venugopalan, arXiv:1302.7018
2013 US LHC UO Annual Meeting Saehanseul Oh (Yale U.)




ALICE

Forward-Mid Two-Particle Correlations

3D ALICE Detector Schematics

n coverage
TPC/ITS : |n| < 1.2

Forward Muon
Spectrometer :
-4<n<-25
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> Di-hadron correlation
* |An| <2, n,,=0

e

ZDC:+112.5m(not shown)
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» M-hadron correlation
* -5<l0n<-1.5,n,,=-2

> One can approximately estimate parton x of Pb(p) with given p;, An and Navg:

» Access smaller x of Pb with forward-mid two-particle correlations
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% Forward-Mid Two-Particle Correlations

ALICE
VOA 60-100%
uncorrected p-h correlations Sy =5.02TeV
\/6%E1FE)OOO}A multiplicity class i - PRL 110, 182302 (2013)
( ° T S RS ATLAS  p+Pb \s,,=5.02 TeV
085~ Pt ‘ 2E$b<20 GeV fL P ub'1 0 5<pa,b<4 GeV 2E$b>80 GeV
08 ..... ) - ’ T )
"o 0.754 N
@©
= 079 _ 1.1
% = 0.653 R %
o 1 T =
NZ =d 0.69" s
OlZ 0553 &)
05 ...........
0.45
i -4 2 . . .
0.5<p,  <4.0GeV/c o | trad Corresponding area from ATLAS two-particle correlation

fyle]
0.5<pTyassoc<4.0 GeV/c

» More results coming soon

» Capabilities to distinguish models
=» Larger saturation effect with smaller parton x of Pb?
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Two-Particle Corre

lations with Identified Particles

ALICE
o 15 T T L DL L IR B B R R
o B p-Pb, \sy, = 5.02 TeV % i
% = 1.5<p<1.6 (GeV/c) i
S 10 RO ALICE -
ro - ..~ no TOFvs. no TPC  27ios2013 .
* ALICE detector has powerful g L L -
particle identification capabilities S :

OF R, T e e
>5 S R N s
nc pions, TOF
-~ 025 LA SLELEL R L B BN BRI BN .
'g " ALICE |An| > 0.8 (Near side only) ] i h'T[, h'K, h'p COH‘E|a1.'IOnS
Z;“ - p-Pb |5, =5.02 TeV .
0.2 o o —] . . . .
& - (0-20%) - (60-100%) | 1+ Mass ordering in high multi. pPb
> s - = v Low p; (<2GeV/c)
- xK op i . .
- b . . v More obvious after subtraction
01 =F=‘= "'I E (left plot)
005 +5¥E+—+— | E v'Qualitatively similar to PbPb
B v e eeeod ¢ Weak mass ordering in low multi. pPb
0.5 1 1.5 2 2.5 3 3.5 4
and pp
PLB 726 (2013) 164 p; (GeVic)
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Summary

» Two-particle correlations are a tool to study the underlying
mechanism of particle production in collisions of hadrons and
nuclei at high energy.

» A double ridge structure in high-multiplicity p-Pb collisions is
observed

» Forward-mid correlation measurements can explore lower x-
range in the nucleus than di-hadron correlations (underway!)

» ldentified particle correlations in high multiplicity p-Pb show
gualitative similarities to measurements in A-A collisions
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ALICE

Thank you.
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