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Outline

¥Introduction to 2-particle correlation features
Near and away-sidé (n,! ¢ ) correlation

¥Observables ‘ ,
Number (OoldO) and transverse momentum correlation (OnewQ)

¥Physics motivation
Gain additional information on underlying particle
production mechanisms

¥Results (p-Pb vs. Pb-Pb systems)
Correlation functions and Fourier decompositions

¥Summary
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Introduction The OoldO RHIC puzzle

“The Ridge”

“The Valley”

[STAR Collaboration], Phys. Rev. Lett. 102, 052302
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OWith elliptic RBow () only subtractedO
" Au-Au collisions exhibits a long range rapidity correlation called the
ridge - not seen in pp (at the same collision energy)

OThe valleyO, double bump peak, observed in central Au-Au
(2-particle correlation with background subtracted)
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Introduction(cont...)  Blgger and better at the LHC

Two Particle Correlation (ATLAS)

PHYSICAL REVIEW C 86,

: 014907 (2012) 0-1% Valle
Physics Processes: Ridge T L \
¥ umpy initial conditions also affect | A o

In long range rapidity correlations 0| ALDIEEE S
¥nitial geometry fluctuation leads iy

to even and odd harmonics in 5 3 aNETE
particle azimuthal distributions (i#v2rvasvans)

| ;A0 > 0.8 Py 2-2.5 GeVic
\ ¥ e 1.5.2 GeVic
1,01 ‘ 4'* Pb+Pb 0-1% Va
¥Hydrodynamic evolution : L
: : , 3 D
spatial anisotropy -> momentum anisotropy
0.00 +
oI 10028
2 L
8 Lig:
S 0.998 , . ,
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+N=10 A¢ [rad]
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And many open guestions ...

¥ How large are the higher harmonies

¥ Are all harmonics driven by initial geomerry

¥ Are the amplitudes of the harmonics correlated
¥ At what pr do jets mattef

¥ Relative contributions of Row and Onon-REwO
¥ |s the mach cone (really) dead

¥ etc, etc

Scope for new correlation observables}
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2-particle correlation functions - debPnitions

Distribution of Ocorrelated pairsO
Co(x1,22) = p2(x1,22) — p1(1)p2(72) r={y,pr} plx)=

Number correlation function: _ .
R> Is a robust observable;
Co(x1,12) single track efbciencies cancel

P1 (CEl),Ol (CEQ) out Of th|S ratiO

Ldo
o dx

Ro(x1,x2) =

Transverse momentum correlation function:

f P2 A]?T,1A20T,2 de,1de,2
[ p2 dpr1dpr.2

<APT,1APT,2> —

. _— Apr = pr,i — {PT)
measures deviation from the— [ pr(pi)pr.i dpr.

inclusive average momentum | (Pr.i) = T pr(py) dor
i ,0
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Physics motivation |: features &prApr  correlation

Why AprApt (An, Ay) is interesting?

¥Additional sensitivity to hardness of particles and their correlations
(Jet vs. non-jet)

¥Positive correlationboth particles havepeither higher or lower
than the averageip

¥ one particle has a higher ghan average
whereas the associated particle hadqwer than average

¥Integral part of this observahlsensitive to temperature Ructuation,
average momentum (3uctuation

¥Flow factorization (see next slide...)
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Physics motivation Il: factorization

¥Factorization expected when correlations driven by geometry only

Voa(p1,p2) = Un(p1)vn(p2)

¥Factorization expected to break down when jet and geometry have
similar contributions

Geometrical RBow model

Sharma and Pruneau, Phys Rev C,

—actorization folApt Apt 79, 024905, 2009

2). (Uﬁl - <pT>v£) (”52 - <PT>%%) used later as:
142> vlvzcos(nAyp) Eq. 2

APTAPT(ASO) —

Consequence

FDC ofAprApt atlarge\n should scale with Bow coefbcients
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Experimental setup and methodology

¥ different charge combinations:
(+-),(-+),(++),and (- -)

¥Results for different charge
combinations combined Into
charge independent (ClI)

Cl = %{LS + US}

TPC: gas drift detector ~ charged

ITS: Silicon detector —~ particles IS — %{(++) T
The centrality Is selected using the |

magnitude of the VZERO (VO0) signal US= A1)+ (1)}
(~ multiplicity)

¥<inematic selection
I|< 1.0 0< " < 2#

0.2<pt < 2.0 GeVic

@ \$s27) Prabhat Pujahari Hot Quarks, Las Negras, Spain September 21-28, 2014 9

ALICE VA



Correlation functions inrPb-Pb

charge independent 0.2<p <20 GeV/c Pb-Pb \/ =2.76 TeV
0-5% 30-40%
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Correlation functions inrPb-Pb

charge independent 0.2<p <2.0 GeVic Pb-Pb ‘/ s =276 TeV ALICE Preliminary
0-5% 30-40% 60-70%
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correlation functions imp-Pb

T
i

charge independent
VOA Multiplicity Class

0.2<p_<20GeVic p-Pb \s,, = 5.02 TeV
VOA Multiplicity Class  20-40%

0-20%

VOA Multiplicity Class 60-80%

I

I

il

R,(6d 6 )
R,(6d 6 )
R,(6d 6 )

charge independent
VOA Multiplicity Class 0-20%

0.2<p_<2.0GeVic p-Pb \s,, = 5.02 TeV

VOA Multiplicity Class 20-40% VOA Multiplicity Class 60-80%
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Harmonic coefbcient§ ) iRb-Pb

-3
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I S 1 o 04fF 0.2<p_<2.0GeVic
~
I ©0-5% »40-50% ] o I
0.01 m5-10% s060% - O i
T oo : 60-700/0 ] ~ I .g_i(())/(f;/ AR
e o 120-30% ) 0 . s 0.2+ Wo- 0 + 50-60%
- I ] _ _ - 010-20%
S i 030-40% % 70-80% - G ] 520-300/2 + 60-70%
0.005 — =L 630-40%  * 70-80%
" - 8_ I
i ] &, &
- 1 & O
L. N !
- - : ALICE Preliminary
: : _0.2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
-0.0050""0'5""'1"" 0 0.5 6 - 15
| 6d
¥ pr! pr changes sign at lower! ! than R»
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Harmonic coefpcient& ) ip-Pb

006 ! ! ! ! | ! ! ! | ! ! ! ! | ! ! ! ! —r 1 1. [ 111 1. 1.1 1 r ] r r 1.1
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Harmonic coefbcient: ) iRb-Pb

0.03 I I I I | I I I I | I I I I |
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Mndependent df n for 0-60% centrality flap,

¥Centrality dependent of;

0.0015
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O |
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Harmonic coefbcientd; ) ip-Pb

0.04

0.03

0.01

I I | I I I I | I I I | | | | | 0-002 | I I I I | I I I I | I I I I | I I | |
p-Pb \s,,=5.02 TeV ] - p-Pb \/STN =502 TeV
charge independent ] - charge independent
0.2<p_<2.0GeV/c _ 0.00151-
T I~ - 0.2<p_<20 GeV/c
VOA Multiplicity Classes T § i
® 0-20% i ) i VOA Multiplicity Classes |
1 2 o001t ® 0-20%
* 20-40% ] ™ .
& - * 20 - 40%
B 40 - 60% 1 _ -
] I ® 40 - 60%
o 60 - 80% . § 00005 — 0
- S i + 60 -80%
_ o ALICE Preliminary
ALICE Preliminary ] I y
1 | | ] 1 | | I 1 | | 1 | | | 1 | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2 0 0.5 1 1.5
6d 6d
c{! pr! pr} saturates at smaller!  tham{ R}
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Harmonic coefbcientds ) IRb-Pb
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Harmonic coefbcients ) ip-Pb
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Like sign vs. unlike sigew( )pAPb

0.02 | | | | | | | | | | | | | | | | | | | X10-3

- — 0.8 | | | | | | | | | | | | | | | | | | |
i p-Pb |'s,, = 5.02 TeV | i i
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Q:N i ¢ * Unlike sign T 9 i |
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6d A
¥US > LS at low! ! ¥US and LS merge at large! !
¥Contributions from charge YEarlier inc{! pr! pr}
conservation and resonances
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What do we lean from the new observallep+ Apr ?

Two component model
Assuming correlation can be split into two sour¢es

[\

Short range Long range

¥The saturation ofApTrApr at smalleky _tharp IRight be
an indication that this observable has a OshorterO range
correlation

MsAprApr =0 for long range correlation ?
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v2{R2} vs. centrality irPb-Pb

~, 0.2 -~ 0.2
= LS 3
=" =" US @ 1.59<|An|<1.89
ALICE ALICE
PR::;;W Pnf;:;:m B 1.27</An|<1.59
A 5, =2.76 TeV A 5,,=2.76 TeV A 0,97<|>\1] <1.27
V 0.67<|An|<0.97
0.1 AL 0.1 gTd g v V,{EP, Anl>2}
o ' o "4
ey &y
[ 4 4 & .
i o n{R2} = by
0 ' 0 '
0 20 40 60 80 0 20 40 60 80
Centrality (%) Centrality (%)
¥Measurements compared to v2{EP} by ALICE
89//:'#:"00<07&'"./"6#";:0'0&#""#7;0= ' n>1.0
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vo{AptApr} vs. centrality iPb-Pb

v, {Ap, AP}

-
o |
oasl - oot IS *
i | it 1.59<|An|<1.89
aLce | & ALICE ® e
e B e B 127<ani<1.59
A 5, =2.76 ToV > A 5,,=2.76 TeV
A 0.97<|An|<1.27
0.02- 0.02- V  0.67<An|<0.97
& & & 4 ¢ 57 & ‘ v,{EP, pnl>2}/5.2
¢7 & &7 &y
. & ¢ Vv,(Eq.2)
0.01- 0.01+
& €7
i &
0 0
0 20 40 60 80 0 20 40 60 80
Centrality (%) Centrality (%)

MCentrality dependence in excellent agreement w/scaled v2{EP}

coefficients \ ,
¥ xcellent agreement w/coefficients OpredictedO based ogeometric

flow model (Eqg. 2) coefficients

ALICE
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Summary

¥-irst measurement of the differential observafder Apr

¥AprApt shows an away-side double bump in most
central (0-5%) Pb-Pb

¥\ot seen in R (0-5% central) correlation function

¥Harmonic coefbcient; { AprApr} changes sign at
lowerAn thanci {R>}

¥Harmonic coefbcients fahptApt saturates earlier than R

¥AprApr behaves more like a OshorterO range correlation

¥rourier coefbcient ahprApr scale according to ,
geometrical model --¥et another form of OfactorizationO !

¥Additional support for models describing correlations based
on Initlal geometry and [3uctuations In initial conditions
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Two particle Number correlations and
Flow Factorization

¥ Two-Particle Correlation -- Fourier Decomposition

dN airs > n n
o # 142004, (pi, py)cos(n(”, &)
- n=1

¥ Flow Factorization
V. (p.p,) = <<em(¢1—¢2)>> _ <<em(¢1-mn)><em(¢1-%)>> =(v,{2}(p,)v,{2}(p,))

¥ Factorization Expected When Correlations Driven by ...
¥ Geometry Only
¥ Jet Only(?)

¥ Factorization Expected to Break Down
¥ When Jet & Geometry have Osimilar® contributions
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Transverse momentum correlation

Api1 Apradpr1dpea
A _ [ p2(n1,01,0t1,M2,02,pt2)
<Apt’1 pt’2>(771’ §b1, "2 ¢2) [ p2(n1,01,0¢1,M2,02,pt2)dpr1dpeo

Z Z Apt,lApt,Q where, Ap; = Dt — <pt>

events accept

Z npaifr‘s(An7 5(70) <pt > _ fpl (pi)pt,z’ dpt,i
events ) fp1 (pi) dpt,i

' Ap Ap" (An, Ayp) =
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Fourier decomposition bt

An Slices - Fourier Decomposition Fits

6
F(Ip)=tp+2 ) by(n! ¢

Fourier harmonics:

bn,
Cn{RQ} - bo + 1

Cn{ApTApT} — bn
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Prediction for Flow iIn Momentum correlation

Can we test factorization for AprApr ?

Hypothesis: the correlations in particles production are only due to 3ow

Pa1g.p, W, }) = P(n,pu(l ; 2Evn<n,pucos(n(¢—%)))

Sharma and Pruneau, Phys Rev C,
79, 024905, 2009, arXiv:0810.0716

Prediction for (Ap; 1 Ap;.2)

22( p(nl pt (771 )v (nl))(vlf(TIZ)_<pt>(Tl2 )Vn(nl))COS(nA(Z))
<APZAPI >(771 1, >A¢) = 1+ 22\/” (771 )Vn (ﬂl)COS(nA¢)

v ()= P( ) f (n,p,)v,(n)dp, Regular Flow Coefbcients

vi(n) = m [P@,p,)v,(n)p, dp, pr weighted Flow Coefpcients

Consequence: FDC ¢fAp;, 1Ap;2) atlargkn  should scale with Row coefpcients
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Factorization

¥?2-particle correlation -- Fourier decomposition (FDC)

dN
dA¢

pairs

oc 1+ ZEVHA(pI,pZ)COS(n(% -9,))

ALICE w2}
PRL 107 032301 (2011)

¥Factorization expected when correlations driven by geometry only
VnA — Un (pl) Un (pZ)

¥Factorization expected to break down when jet and geometry have similar contributions

0.02

4\

0.015—

0.01
S
>
0.005 —

00—

Pb Pb 2.76 TeV
0-10%

Physics Letters B 708 (2012) 249-264

M-it supports factorization at low
= suggests [3ow correlations.

| 2 + + N 5 ¥-it deviates in jet-dominated highk?pegion
g ﬁé 00 000000000000 000000s = ° i - . i M+++#++ mi = collective description less appropriate
R R R R R R AR R AR R -
0.5 1 15 2 2.5 3 6 15
p p [GeV/c]
OGeometrical fow modelO
Sharma and Pruneau, Phys Rev
L C, 79, 024905, 2009, arXiv:
’? ) ) ) )
Can we test factorization forApr Apr” 0810 0716
Consequence: FDC @f\p;,1Ap;,2) atlargdy  should scale with Row coefpcients
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