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What have we been up to since QM11?

ALICE

Identified particle correlations...
Jet fragmentation vs. bulk physics

Near-side jet studies...
Shape & yield modification in Pb-Pb vs. pp

Single-event anisotropy...
Flow and fluctuations

3-particle correlations...
Can nonflow signals be extracted?

Transverse momentum correlations...
Harmonic analysis, flow comparisons

Charge balance studies...
Angular dependence of balance functions

Femtoscopy with identified particles...

Space-momentum and baryon-antibaryon (BB) correlations
A. Adare (ALICE) 2



Identified particle correlations

Baryon enhancement, first observed at RHIC, also found at LHC.

Is there a jet contribution?
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Identified particle correlations

(5

- in “peak” region (A@,An near 0,0)
- in “bulk” regions (An > 0.6 on near side)
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Baryon enhancement, first observed at RHIC, also found at LHC.
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Conditional pion and proton spectra %

ALICE

Associated pion yields enhanced in peak vs. bulk regions.

Pb-Pb, \'s,, = 2.76TeV, 0-10% central
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Conditional pion and proton spectra %

ALICE
Associated pion yields enhanced in peak vs. bulk regions.
Similar effect for protons, but weakaer.
Pb-Pb, \'s,, = 2.76TeV, 0-10% central Pb-Pb, \'s, = 2.76TeV, 0-10% central
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What are the p/mt ratios?
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p/mt ratio vs. associated pr
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Near-side peak:

- p/mt ratio similar to pp
(pythia).

In “bulk” region:

- p/mt ratio strongly
enhanced

Implications:

No medium-induced
modification of jet particle
ratios.

Baryon enhancement is
from bulk, not jets.



Near-side peak shape analysis

ALICE

Multiple observables suggest medium-

induced energy loss (Raa, laa, Aj)
Reconstructed-jet analyses: large-angle soft
radiation, with weakly modified remnant jets.

Check with dihadron correlations
Study modification in width & changes in
eccentricity

Isolate near-side jet
Use long-range (i.e. in An) correlations as
proxy for background

Away-side uniform in An, vanishes after
subtraction

A. Adare (ALICE)

a) Correlation

2ssoc /dANdAQ (1/rad.)

trig

1/N . dN

4 GeV/c < pTtrig <8 GeVic
1GeVic < P <2 GeVic

888888

Pb-Pb 2.76 TeV 0-10%
nl <0.9

4
3 ad)
ﬁQ \\'a
1.5 1 0
b) n-gap subtracted
1.6 | ALICE
1.4 """"""
1_0 Ny
0,84
0.65 -
0.23j"
-0.034
-0.23- 1%
-0.43=
e
I, 1. S
7705
0.




Near-side shape evolution

Distinct broadening with increasing centrality
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Near-side shape evolution

Distinct broadening with increasing centrality
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2GeV/ic < Pririg < 3 GeV/c
1 GeV/lc < P asoc < 2 GeV/c

2GeV/ic < Pririg < 3 GeV/c
1 GeV/lc < P asoc < 2 GeV/c

60-70%

ALICE op 2.76 TeV  ALICE Pb-Pb 2.76 TeV 60-70%
§ g 0_55....,__,?RELIMINRRY Inlj 0.9 g 0.5*;...._.UPRELIMINFfjl......,...,..“..,..A,,.
O S I s 047
S A O ' ‘ \\ - 2 014 a /N‘ “\‘\
QA g 0.1 e ’ ‘\“\\\ £ v‘/’/'“‘ \\\&
T2 7 ALY 3 oo BN
- & @ g 1.5 X § 1.5
4;)1-00.5 4,)1.0
1.5\ 1_5\
-\ a0-
1.5 4510 1.5 4 5-1-0
4 GeV/c < Pririg < 8 GeV/c 4 GeV/c < Pririg < 8 GeV/c
% T 2 GeV/c < P assoc < 3 GeV/c % / 2 GeV/c < P assoc < 3 GeV/c
ALICE PP 2.76 TeV ALICE Pb-Pb 2.76 TeV 60-70%
oy [N PRELIMINARY-~" =
§ £ o8l ™ g
&) = — =
< O & 1 &
% (0] %: 0.6: %:
v oo N 2 2
O ! O S 0.2 F
c ¥ 8 ) ] ©
O O 2 0.044 o
L= T m 1
I s ® < 15 Z
,1.
7

ALICE

2GeV/lc < Priig < 3 GeV/c

+1GeV/c < P assoc < 2 GeV/c

Pb-Pb 2.76 TeV 0-10%

g “-Il.nl <09 .,
3 0.0 ORI
% 0.004 Sy \"1\\\\“‘}‘\\\\1
= oos TR
£.0.104 ‘{‘,"“Q[‘b“‘\“} "A\v?“ )
€ s AT AN

4,10 ,

s o 1.0 12
1.0 05 0.0 7 po e
'1 .5 1.5 '1 0

1/Nlrig dN,¢sc/dAndAg (1/rad.)

ALICE

4 GeV/c < Pr1rig < 8 GeV/c
2GeV/ic < P accoc < 3 GeV/c

Pb-Pb 2.76 TeV 0-10%
Inl <0.9

|

A
5

)

\




Near-side jet peak width in A and An
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Near-side jet peak width in A and An

OAn > OAg
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Longitudinal broadening %

ALICE

Armesto, Salgado, Wiedemann (2004)

Longitudinal flow deforms initially conical jet
PRL 93,242301 (2004)
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Supports jet-flow interaction picture
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Comparison to AMPT

ALICE

AMPT 2.25 includes jets (string melting) and flow
Approximately reproduces oa, (below) and oae (not shown)
“Peakedness” (i.e. excess kurtosis = ps/o* - 3) also similar to data
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Agreement supports jet-flow interaction interpretation.
How are near-side yields modified?
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Extending laa to lower py2sso°

Initial near-side Iaan measurement
QM 2011, PRL 108, 092301 (2012):

First observation of near-side yield enhancement in
central Pb-Pb

Iaa only for p? > 3 GeV/c, where jet signal becomes
dominant

Now: alternative subtraction approach
Subtract conditional yields in “B” from peak
region “S”

Avoid flow modulation by using same A
range for both signal and background

A. Adare (ALICE)

<
<
~

2.0

1.0 |

0.5

0.0 L

1.5

PRL 108, 092301 (2012)
i | I I I | I I I | I I I | I I I | 1
- Near-side 8 GeV/c <Pig < 15 GeV/e +
[ \[Sy =276 TeV P asso0 <P t1ig m<10 |
n n _
& G i
SRR A T SR S
| 0-5% Pb-Pb/pp  60-90% Pb-Pb/pp
[ [ Flat bkg B Flat bkg N
L O v, bkg ¢ v, Dbkg
[ O mgap ® M-9ap
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I T
2 4 6 8 10
pt,assoc (GeV/C)

B=

|
)

S =signal region (R=0.2)

e

bg. region (Ang,, = 1.1)

._1. .

An

.O...

.1..

11



Near-side laa

20-50% enhancement in central Pb-Pb, compared to pp

Pb-Pb events at \ sy =2.76 TeV]
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Near-side laa vs. An

Iaa decreases as the pair An increases

Effect diminishes in more peripheral collisions

Consistent with near-side peak narrowing

LA (|AT])

LA (|AT])

\Filip Krizek (4B) '

Pb-Pb events at \/sNN =2.76 TeV
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Near-side laa vs. An

Iaa decreases as the pair An increases

Effect diminishes in more peripheral collisions

Consistent with near-side peak narrowing

Pb-Pb events at \/sNN =2.76 TeV
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Near-side laa vs. An

Iaa decreases as the pair An increases

Effect diminishes in more peripheral collisions
Consistent with near-side peak narrowing

Pb-Pb events at \/sNN =2.76 TeV
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Event-by-event v, fluctuations

Va2a and Via measured in single events
Large fluctuations observed even within a
1%-wide centrality bin

Dashed: Expectation from bkg. fluctuations
Excess anisotropy suggests flow fluctuations are

large
Pb-Pb \/s,, = 2.76 TeV, centrality 4-5%
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Event-by-event v, fluctuations

ALICE

Pb-Pb \'s,, = 2.76 TeV, 4-5% central

Va2a and Via measured in single events
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Event-by-event v, fluctuations

Va2a and Via measured in single events
Large fluctuations observed even within a

1%-wide centrality bin

Dashed: Expectation from bkg. fluctuations
Excess anisotropy suggests flow fluctuations are

Pb-Pb \'s,, = 2.76 TeV, 4-5% central
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Vaa and Via distributions

Measures the Q-vector distribution dNet/dQn?

Qn =M + M(M — 1){cos[n(¢i — ¢;)])

- Distribution broadened by flow fluctuations and nonflow
- Functional fit to Bessel-Gaussian can provide flow measurement

Number of events

Pb-Pb \ s, =2.76 TeV, 0-10% central

- Uncorrected data
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3-particle correlations %

ALICE
0-5% Pb-Pb (no bkg. subtraction)
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Three-particle angular distributions %

ALICE

Full correlation (no background subtraction) Two-particle harmonics

Phys Lett B 708 (2012) 249-264
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0-2% most central Pb-Pb: 3rd harmonic dominates
Distinct off-diagonal peaks
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Three-particle angular distributions

ALICE

Full correlation (no background subtraction)

0-2% most central
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Three-particle angular distributions

ALICE

Full correlation (no background subtraction)

0-2% most central pp @ 900 GeV
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Charge-dependent correlations %

ALICE

Number density correlations
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Charge-dependent correlations %

ALICE

Number density correlations Extract Fourier coefficients

R, ¢ 1,.0,) = 2Pl @y) an from fits
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ApTt-ApT correlations
P2 Apt,1Apt,2 dp¢,1dpy 2 _ ]
= From an, compute single-particle
/ P2 dpe,1dpe.» Vi values:

a,|

Un {RQ or ApTApT} — Sign(an) T

<Ap.Ap>(An,AQ)

A. Adare (ALICE) ‘C. Pruneau (poster 418)' 18



Other harmonics: vi-v4

Centrality dependence

-~ 0.2
o 1.27<|An|<1.59
= . (1)
m (+,7) ALICE
015f PRELIMINARY
vo(-) PoPb
v,{EP, |An|>2}
e o7
«
0.05—
[ 44
-
G0 20 40 60 80

Centrality (%)

v2-V4 have similar features:
- independent of charge

- independent of An

- Agree with EP method:
harmonics factorize

‘C. Pruneau (poster 418) '
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& ’!Y " N
L
@& I

ALICE

PRELIMINARY

Pb-Pb
\Sun=2.76 TeV

20 40
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19



Other harmonics: vi-vs

Centrality dependence

-~ 0.2
o 1.27<|An|<1.59
= . (1)
o (+,7) ALICE
015f PRELIMINARY
v (-7) PoPb
v,{EP, |An|>2}
e o7
«
0.05— -
-
00 20 40 60 80

Centrality (%)

v2-V4 have similar features:
- independent of charge

- independent of An

- Agree with EP method:
harmonics factorize

V1.
- charge-dependent for Rz
- charge-independent for ApT-ApT

‘C. Pruneau (poster 418) '

v;{R}

1.27<|An|<1.59

. (1)
5 (+7) Lulid
v (-7) L

v,{EP, |An|>2}

e & ud L { ﬁ* ill
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Other harmonics: vi-vs

Centrality dependence

-~ 0.2
o 1.27<|An|<1.59
= . (1)
o (+,7) ALICE
015f PRELIMINARY
v (-7) PoPb
v,{EP, |An|>2}
e o7
-«
0.05— -
-
00 20 40 60 80

Centrality (%)

v2-V4 have similar features:
- independent of charge

- independent of An

- Agree with EP method:
harmonics factorize

V1.
- charge-dependent for Rz
- charge-independent for ApT-ApT

‘C. Pruneau (poster 418) '

v;{R}

A. Adare (ALICE)
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Correlation of balancing charges

Charge balance function in An (or Ag)

B(Ay) = L Ne-Am=N..(A)  N.(Am-N_(Am [
2 N, N = I |
Bass, Danielewicz, Pratt, PRL 85, 2689 (2000). ﬁ (a) Centrality 0'5°/°

a8

Pb-Pb |'s,, = 2.76 TeV

-@— ALICE data

-©— ALICE shuffled data
- ALICE event mixing data

Sensitive to

Collective motion

Charge separation at freeze-out
Hadronization time

Reference data

Shuffled events:
No charge-momentum correlations

Mixed events:
No momentum correlations
Subtracted from data as acceptance correction

M A. Adare (ALICE) An 20



B(An) and B(Ay)

Trends:
B falls to zero with increasing
pair separation

B becomes narrower in more
central data

“Focusing” observed In

central data

Consistent with

- Large radial flow

- Long QGP lifetime, delayed
creation of charges

‘ M. Weber (2C) '

=
d
o0

0-5%

I (a) Centrality 0-5%

1 | A

© —@— ALICE data
[l —©— ALICE shuffled data

== ALICE event mixing data

x107°

T T T
@
© (a) Centrality 0-5%

A. Adare (ALICE)

ALICE
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B(An) and B(Ay)

Trends:
B falls to zero with increasing
pair separation

B becomes narrower in more
central data

“Focusing” observed In

central data

Consistent with

- Large radial flow

- Long QGP lifetime, delayed
creation of charges

‘ M. Weber (2C) '

=
d
o0

0-5%

1 (a) Centrality 0-5%

=@— ALICE data

=©— ALICE shuffled data
== ALICE event mixing data

|
’°‘.

30-40%

(b)

|
Centrality 30-40%

ALICE

PRELIMINARY =

0 0.5 1 15 0 0.5 1 1.5
x10° x10°
T T T | | | |
@
'@ (a) Centrality 0-5% (b) Centrality 30-40%
°
;
Y/ LY
5F % ? ALICE -
u % PRELIMINARY
...

(@)
(&)
(@)
—
o
o
—
(&)
o

A. Adare (ALICE)
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B(An) and B(Ay)

Trends:

B falls to zero with increasing
pair separation

B becomes narrower in more
central data

“Focusing” observed In

central data

Consistent with

- Large radial flow

- Long QGP lifetime, delayed
creation of charges

‘ M. Weber (2C) '

=
d
o0

PRELIMINARY ==

ALICE
0-5% 30-40% 70-80%
T T T | I T 11 I | I
T (a) Centrality 0-5% T (b) Centrality 30-40% T (c) Centrality 70-80% i
Pb-Pb|s,, = 2.76 TeV
(o) =@~ ALICE data
i =©— ALICE shuffled data
% == ALICE event mixing data
%
ALICE

] ] ] L 11 ] ] L1l ] | |
0 0.5 1 15 0 0.5 1 150 0.5 1 1.5
- An
x10° 107 x10°
! 1 I | | | | | | | |
f
@ (a) Centrality 0-5% (b) Centrality 30-40% (c) Centrality 70-80%
o Pb-Pb|s,, = 2.76 TeV
o , % —@— ALICE data
° a —~©— ALICE shuffled d
.\ o ‘ shuffled data
5F ® | ALICE + = ALICE event mixing data
~. . % PRELIMINARY
° J

o
o)
o
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Space-momentum correlations %

ALICE

Collective flow induces strong x-p correlations.
For flow-induced correlations, a common approximate mt scaling of
femtoscopic radii expected for particles of different mass.

HE - & 0-10% 10-30% 30-50%
o /T 5 Pp.PP. PP e o o
ALICE measured o) - * Ks K3, K"K a A A
radii for i, K,pvs. o OF LA Ttk * *
mt and centrality é S L
v 5 N ,}, AEv
_ = I T
Approximate X % i A
scaling - 4r . % + ) A
observed for 1D Rinv - M A + o |
radius scaled by 3r ALICE * i :
kinematic factor E PRELIMINARY * A o
2 ] |P.b._F.)t|) VS.N.N|=. 27|6 TeV|

R R R B
02 04 06 08 1 1.2 14 16
mT(GeV/c)

M. Szymanski (1C
M A. Adare (ALICE) 22




Annihilation seen in BB correlations

Pb-Pb |syy = 2.76 TeV

10 * ( kT> =0.9 GeV/c

® ppo0-10%
®  pp10-30%
11k £ A pp30-50%

_\ 2 2
* G = csstat + cssyst

:\
e
~—
@

C(qinv)

PRELIMINARY 0.8k

1 m 0-10% centrality
06 Il A 10-40% centrality

Il ALICE

e 40-60% centrality PRELIMINARY

0 005 01 015 02 025 03 0'40' | '012' | '014' | IO[GI | |018| — '1

k* (GeV/c) g (GeV/c)

inv

Final state rescattering proposed as explanation for low p yield
If true, should be reflected in BB femtoscopic correlations

ALICE observes significant annihilation in various BB channels
Beginnings of precise interaction cross-section measurements for many
rare BB pair types

M. Szymanski (1C
M A. Adare (ALICE) 23




Summary

ALICE

Identified particles
p/Tt enhancement comes from bulk, not jet fragmentation.
BB femtoscopic correlations indicate pp annihilation in final state

Flow dominance at low to intermediate pr

3-particle correlations: Inclusive distributions consistent with flow-only simulations
Remaining signal small, but possibly nonzero

Transverse momentum and number density correlations:

Agree with v, obtained by event-plane methods

Fourier analysis supports long-range factorization for vz-v4

Broadening & enhanced yield of near-side jet peak
Significant longitudinal broadening in more central collisions, compared to pp
Yield enhanced at all associated pr, compared to pp

Charge dependence
Charge balance function “focused” in An by strong radial flow + long QGP lifetime
Fourier harmonics: v1 sensitive to charge combination and An; v2 and higher are not

A. Adare (ALICE) 24
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Comparison to published I1AA

l,a (R<0.2)

3_ T T [ T Tt T 1 T T T T T T T —]
_ Pb-Pb|'s,, =2.76 TeV, 0-10% Y
- i ALICE PRL 0-5% JALICE
- 8.0<p_ <15.0GeV/c
i T,trigg -
oL T,assoc< pT,trigg —
Qe _
B »—O—« _
- k@ G— -
| - = . S
| L | |
D2 4 6 8
GeV/c
pT,assoc [ ]

A. Adare (ALICE)
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PID method ®

ALICE

Pb-Pb, \e“sNN = 2.76TeV, 0-10% central

2.5<p_<3.0GeVlc, [n| <0.8
ALICE

Correlate dE/dx from TPC and flight time from 25<p, <300
To F d ete Cto r. "'P::Z::’j::’:z -0.30 < dE/dx - <dE/dx>, < 0.25 (a.u.)

mgn - n - % i —— Data
Quantities relative to pion assumption S gool ?ﬁ .
I A * —— Fit Result
Pb-Pb, \.r"sNN = 2.76TeV, 0-10% central eoo} + ii
2.5<p_<3.0GeVic, | <0.8 E &
PERFORMANCE Data T 4
May 21%, 2012 I s 4
200 A 1&
) - - L ¢
a 1400 . A
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L 1 200 - - -400-200 0 200 400 600 8(?[0 190011 2001400
2 i . . ror ~ <tz (PS)
Y 1000F I
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4..'9 8001 =1 02 2.5 < pT\: 3.0 GeV/ce, | <0.8 e
- . i Final Fit Result

. AV EL 220 < tygp - <trop>, < 20 PS

600~ g K £ 900F
- 3 - -4 Data
g O 800F
400 =& - —a Fit Result j&
X 7001 A
n F A
200 ___': 600 !
- 500} 4
B +I. C
O F 400f %
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200 i L R  szeii - : : A
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v2 from R2 and Apr-Apr correlations

v2 from number density

correlations

- colors: An ranges
v2 decreases with An in
peripheral collisions

- panels: charge comb.
v2 indep of charge

v2 from Apt-ApT
correlations

- v2 indep. of An at all
centralities

- As for Rz, no charge
dependence

Both techniques

consistent with v{EP}
Flow dominates
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The first harmonic

v,{R }
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Three-particle angular distributions

(5

ALICE

Full correlation (no background subtraction) - centrality evolution:

0-5% most central

0-5%, 3<p <4 & 1<p’**** <2 GeVic, Pb+Pb@)s, =2.76TeV

A¢ (radians)

Ao (radians)
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Three-particle angular distributions

(5

ALICE

Full correlation (no background subtraction) - centrality evolution:

0-5% most central

0-5%, 3<p <4 & 1<p’**** <2 GeVic, Pb+Pb@)s, =2.76TeV

5-10%, 3<p. °<4 & 1<p’**** <2 GeVlc, Pb+Pb@|s,, =2.76TeV
pa
4500 |

A¢ (radians)

Ao (radians)

Ao (radians)

A. Adare (ALICE)
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(5

Three-particle angular distributions

ALICE
Full correlation (no background subtraction) - centrality evolution:
0-5% most central

0-5%, 3<p <4 & 1<p’**** <2 GeVic, Pb+Pb@)s, =2.76TeV 5-10%, 3<p:"“ <4 & 1<p”*=**° <2 GeVic, Pb+Pb@ys, =2.76TeV 10-20%, 3-=p:"“ <4 & 1<p”***° <2 GeV/c, Pb+Pb@ys, =2.76TeV
= 4500 | ~ 5 A

c & @ 270
% % 48 ;_'ﬁ
g g 2600 B2

= < 3
= = 2500

2400

2300

4 5  earomemnc
A¢ (radians)

Ao (radians) ‘ Ao (radians)
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Three-particle angular distributions

(5

ALICE

Full correlation (no background subtraction) - centrality evolution:

0-5%, 3<p"?<4 & 1<p***** <2 GeV/c, Pb+Pb

A¢ (radians)

0-5% most central

Sw=2-76TeV  5-10%, 3<p <4 & 1<p’**** <2 GeV/c, Pb+Pb@ys, =2.76TeV

-1 1 2 3 4 5  cenommnnce
Ao (radians) Ao (radians)

A¢ (radians)

20-30%, 3<p""<4 & 1<p’*** <2 GeV/c, Pb+Pb@\[s, =2.76TeV

Ao (radians)
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1100
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Three-particle angular distributions

ALICE

Full correlation (no background subtraction) - centrality evolution:

0-5%, 3<p"?<4 & 1<p***** <2 GeV/c, Pb+Pb

A¢ (radians)

0-5% most central

Sw=2-76TeV  5-10%, 3<p <4 & 1<p’**** <2 GeV/c, Pb+Pb@ys, =2.76TeV
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Three-particle angular distributions

ALICE

Full correlation (no background subtraction) - centrality evolution:

0-5% most central

Sw=2-76TeV  5-10%, 3<p <4 & 1<p’**** <2 GeV/c, Pb+Pb@ys, =2.76TeV

0-5%, 3<p"?<4 & 1<p***** <2 GeV/c, Pb+Pb
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3-particle correlations - flow simulation %

ALICE

Details:
Event by event v2,v3,v4,v5,psi2,psi3,psi4, and psi5 from Glauber model.
Using 3x the v2,v3,v4, and v5 as these are low-pt flow values.
Generate a Poisson number of triggers and associated particles with the flow correlations wrt the
corresponding reaction plane. This gives realistic flow fluctuations and correlations between the

reaction planes.
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Isolating non-flow signals? %

ALICE

Under the (strong) assumptions:
- Flow and non-flow sources combine additively & are independent

- Nonflow signal is positive definite (zero yield at minimum)
- 3-particle background fully described by combinations of vz, v3, and v4

A nonzero structure remains:
0-5% 20-30% i 40-50%

2

7 n 3<pmrig<4 GeV/c 7 n 3<pmrig<4 GeV/c n 3<pT,mg<4 GeV/c
C 1<pT <2 GeV/c % 5 :_ 1<p1_,assoc <2 GeV/c % 5 :_ 1<p_r ssssss <2 GeV/c %
C  0-5% Pb-Pb |s,,=2.76TeV [  20-30% Pb-Pb |'s,,=2.76TeV C  40-50% Pb-Pb |s,,=2.76TeV
ALICE - NN ALICE - NN ALICE
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. . 2 -15 -1 -0 0. 1 5 2 - 5 -
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0-5%, 3<pT,mg<4 & 1<p‘|’,assoc<2 GeV/c, Pb-Pb \s,=2.76TeV
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