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Sources of correlations

m jets — central peak (same jet), away-side ridge (back-to-back
jets)

collective harmonic flow — near- and away-side ridges

charge balancing — central peak, shape of the near-side ridge
resonance decays — away-side ridge

Bose-Einstein — central peak

Coulomb, final-state, ...
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The Ridge

| PHOBOS | [ sm | ALICE
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* Hard Ridge: high p; trigger and lower p;
associates.

« Soft Ridge: correlations with no p; restriction

Soft Contribution to the Hard Ridge

G.M., 5.G. Nuclear Physics A 836 (2010) 4358 arXiv:0910,3590
* Flow based explanations: correlations from
source fluctuations, and transverse expansion must
come from the same origin.

* Long Range correlations: correlations must
emerge at early times.

« Study the initial conditions! [from G . M oschel | I]
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{a) CMS MinBias, pr>ﬂ.1 GaVic (b) CMS MinBias, 1 .nGsWa:ple.OGch
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Does a mysterious ridge point to a quark-gluon plasma?

A subtle and unexpected signal In data from the Large Hadron
Collider (LHC) In Geneva could mean that the proton accelerator Is
capable of creating a "hot soup” of Interacting particies called a
quark—gluon plasma.

The resuit comes as a surprise because physicists had believed that
coliding protons at the LHC should not create such a plasma — hints.
‘which have already been spotted by the RHIC accelerator I the

US, which smashes heavy ions such as goid together.

Hundreds of particles

When two protons collide at 7 TeV at the LHC, hundreds of particles
can sometimes be produced and dstected. In order to understand the
underlying physics, physicists ook for correlations between the

angles at which pairs of particies fly away from the point of impact.

Researchers using the Compact Muon Solenoid (CMS) experiment at
the LHC had expected that a plot of the correlations would show a
peak where the angles are zero, which would mean that the paticles.
are leaving the collision point in a jet pointing in a specific direction.
Instead, the peak seems to be riding on top of a ridge-like structure.
This suggests that some particles are heading off in completely
different directions - and correlations between pairs of these
wayward particles are set by some sort of interaction between the
particles when they were created In the collision.
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Pb-Pb
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p-Pb from CMS, 5.02 TeV

CMS pPb \ s, = 5.02 TeV, NoI"™ < 35
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(released in October)

“Observation of long-range near-side angular correlations in
proton-lead collisions at the LHC"”, CMS Collaboration
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Observing ridges
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Fluctuations

Our approach (“Standard Model of heavy-ion collisions”):
initial — hydro — statistical hadronization
m Initial phase - “geometric fluctuations” from the distribution
of nuclei
m Hydrodynamics - deterministic
m Statistical hadronization - fluctuations from a finite number
of hadrons
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Fluctuations

Our approach (“Standard Model of heavy-ion collisions”):
initial — hydro — statistical hadronization
m Initial phase - “geometric fluctuations” from the distribution
of nuclei
m Hydrodynamics - deterministic
m Statistical hadronization - fluctuations from a finite number
of hadrons

Main result: Central p-Pb collisions are hydro-like — near-side
ridge appears naturally
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Initial fluctuations in the Glauber approach

p-Pb, NW:18
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two typical configuration of wounded nucleons in the transverse plane
generated with GLISSANDO, smearing with Gaussians of width 0.7 fm



Hydrodynamics [Bozek 2011]

341D viscous event-by-event hydrodynamics, tuned to reproduce
the one-body RHIC data

standard set of parameters:

Tinit = 0.6 fm/c, n/s = 0.08 (shear), (/s = 0.04 (bulk), Ty =150 MeV
Chojnacki-Florkowski EoS

viscosity necessary for small systems
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Some results for RHIC
[Bozek 2011]

sample results — it works for one-body observables

RSN L B L B S N L L B L B BRI R

0.16 . ] 0.14F B
Vo P o PHENIX  ¢=10-20% . . 1 V3 T 'E e PHENIX c=10-20%

0.14F e E 0.12F E

[ e i £
0.12¢ e E 0.1fF 4
0.1F e 3 £ ¢
3 E 0.08F . E

0.08 I E F .

3 A 3 0.06 - . 4
0.06 - E E < E
£ ’d ] E -
0.04F 3 0.04 ‘ ]
Eoo F s ]
0.02F .~ E 0.02F . E
S TR P FETT PR A I N DR N P

0

[ P,
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Final fluctuations

Statistical hadronization via Frye-Cooper formula + resonance
decays (THERMINATOR), transverse-momentum conservation
approximately imposed, charge balancing — central peak



correlations in p-Pb

L Hydrodynamics]

Charge balancing (from resonance decays and “direct”)
transverse-plane view of the expanding system at freeze-out

p1+

u
g g

P2
e

direct balancing: particle-antiparticle pair emitted from the neutral
hydrodynamic medium at freeze-out from the same space-time point,
eg,mtn, KYK~, pp, ..., APA0 .

resonances also contribute

special kind of clusters many ways to modify/improve
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STAR vs model, Au+Au

(like sign, 0.8 < pr < 4 GeV, balanced)

/55"’/////"" i \""//

,,,,////,,//\\\,,,,’K\

no central peak for like-sign pairs,
correct “offsets” - compare to Takahashi et at. 2009, Sharma et al. 2011
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STAR vs model, Au+Au

(unlike sign, 0.8 < pr < 4 GeV, balanced)

30-40%

central peak for unlike-sign pairs,
correct “offsets” - compare to Takahashi et at. 2009, Sharma et al. 2011
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2D balance functions
[see also talk by Panos Christakoglu]

B, 80) = Wil + Bt
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L Balance functions

2D balance functions
[see also talk by Panos Christakoglu]

B, 80) = Wil + Bt
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30-40%, bal.
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L Balance functions

2D balance functions
[see also talk by Panos Christakoglu]
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2D balance functions, Au+Au

Crucial role of charge balancing
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2D balance functions, Au+Au

Crucial role of charge balancing

(a) (b) 30-40%

S 014 = 014
3% <%
g 06 g et
@ 56 @ 5%
0 0
3 3
small (resonance decays only) big (direct balancing)

balancing + flow — collimation
important non-flow effect, a way to look at the data
(flow effects in correlations = obtainable by folding the single-particle

distributions containing flow)
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Balance functions in relative pseudrapidity An, Au+Au

[Jeon & Pratt 2002, Bass et al. 2010, Bozek et al. 2005]

Marginal distribution of the above 2D function: the charge balance
function in An
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comparison to the STAR data for Au+Au at 200 GeV
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Balance functions in relative azimuth A¢, Au+Au

[STAR 2010, Au+Au, 200 GeV]
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Balance functions in relative azimuth A¢, Au+Au
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v2(An) in Au+Au
vp(An) = [ dAg/(2m) cos(nA¢)Ry(An, Ad)

(8) 0-5%

comparison to extracted STAR data (HBT removed), v3, v3
fat: with balancing, thin: no balancing - completely flat

balancing — explanation of the fall-off of the same-side ridge in Ap
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v2(An) in Au+Au
vp(An) = [ dAg/(2m) cos(nA¢)Ry(An, Ad)

(b) 30-40%

BN W A O o N
AR BALIRAREAmaRsIsyiEsasE

=l
T

comparison to extracted STAR data (HBT removed), v3, v3
fat: with balancing, thin: no balancing - completely flat

balancing — explanation of the fall-off of the same-side ridge in Ap
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v2(An) in Au+Au
vp(An) = [ dAg/(2m) cos(nA¢)Ry(An, Ad)

=

B e B P

(c) 60-70%

comparison to extracted STAR data (HBT removed), v3, v3
fat: with balancing, thin: no balancing - completely flat

balancing — explanation of the fall-off of the same-side ridge in Ap
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Back to p-Pb
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Ridge in p-Pb, CMS

(a) N“k 2110, 1<pT<3GeV
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Projection on 2 < |An <4

01

0.1<p, <1.0GeV
90 <N, <110

1.0< p, < 2.0 GeV
® CMS pPb 5.02TeV
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Dusling & Venugopalan
predlct|on from glasma+BFKL arXiv:1210.3890

eprolote | 2< <pl®
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0.03 | +
0.01 | -
0.00

.

0.03 | 4<pfeescev L
0.02 L
0.0t b
0.00

0009 | 5<pF°<6GeV
0006 | L
0003 | +

0.000

dashed - pp,
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solid

- pPb, no near-side ridge!
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Dusling & Venugopalan 2
update in arXiv:1211.3701
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Appearance of same-side ridge
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Flow in p-Pb

Ny 2 110, 0.1<p <2GeV

V,(&n), v, (@n) [%]

O b N W b O o

cov b b b b b b by el
0 05 1 15 2 25 3 35 4
An|

possible to measure directly in the experiment
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Flow

phyS(A¢7 An)= —/d¢1d¢2d771d772p1(¢1,771)p1(¢2,772)5A¢ b2+610An—na—m + Pc(Ad, An)

lee 1
P54 (An) = W/d‘l’d%d@dmdmm(qﬁl, m)p1(pz — ¥, m2)0Aa¢—¢s+é10Aan—n2—m

p1(601) = () [1 -+ 23 (1) cos(p W)

R, = W dmdnzn(m)n(n2) [1+ QZn Vn (1)0n (12) 0S(RAG)] San—ns 1 + pe)events _

<f d771 d772n(771 )n(’rl2)6An77]2 +m1 >events
=1+2 Z vs (An) cos(nA¢)  (includes nonflow)

spectra and flow coefficients as functions of 7 yield v2(An) only if p. = 0
e-by-e — presence of odd harmonics also for symmetric collisions
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L p-Pb at LHC

“Longitudinal” (An ~ 0) ridge

(a) N“k 2110, 0v1<pT<1GeV (b) N“k 2110, 0v1<pT<1GeV, no bal.
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back-to-back emission for soft particles
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p-p in ALICE, Matgorzata Janik @ WPCF 2012
pp7Tev  Multiplicity dependence

increasing like-sign (positive) unlike- SIQT o
muttiplicity | F ALICE preliminary
§.. [E-29
N <12 '
ch -
q; ; e N
Longitudinal ridge structure
_— - isvisible only for unlike-sign
<l s ) pairs, for low multiplicities
17<N <22 b
ch
‘;=1
42<N <51 E
ch \ ot
Decreasing

correlation (per pair)
with rising multiplicity -

10/09/2012, WPCF '12 Matgorzata Janik — Warsaw University of Technology

7122




correlations in p-Pb
L p-Pb at LHC

Longitudinal ridge in p-p from CMS

{a) CMS MinBias, pr>ﬂ.1 GaVic (b) CMS MinBias, 1 .nGsWa:ple.OGch
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Conclusions

m E-by-e hydro in semi-quantitative agreement with the (soft)
data for 2-particle 2D correlations from RHIC and LHC for
A-A and p-A collisions

m Charge balancing combined with flow explains the shape of
the same-side ridge for An <~ 1 and A¢ - major non-flow
effect

m The fall-off of the flow coefficients v2(An) in A-A reproduced

m Charge balancing increases v2{2} by a few % and splits the
like-sign and unlike-sign combinations

— late charge separation

m Hydrodynamic explanation of the same-side ridge in p-Pb
— collective behavior in high-multiplicity small systems

m Longitudinal ridge
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