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Physics motivation

ALICE
In heavy-ion collisions high pt partons are produced

They propagate through the medium and lose energy
They hadronize into jets

Goal: study interaction of jets with medium ALICE event display with jet

Angular correlation measurements

Analysis done on a statistical basis

Subtraction of large fluctuating background possible
Lower pr measurements possible

Complementary tool to jet reconstruction
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Physics motivation

ALICE
In heavy-ion collisions high pt partons are produced

They propagate through the medium and lose energy

°
°

@ They hadronize into jets

@ Goal: study interaction of jets with medium ALICE event display with jet
°

Angular correlation measurements
Analysis done on a statistical basis
Subtraction of large fluctuating background possible

Lower pr measurements possible
Complementary tool to jet reconstruction

@ Interactions can change the jet fragmentation pattern

o The pr distribution of fragments
o Their angular distribution

@ Modification of the jet-peak has been seen by STAR
STAR Collaboration, Phys. Rev. C85 (2012) 014903
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Theoretical aspects

ALICE

@ Larger width in Az than in Ay
o Interaction with longitudinal flowing medium
Romatschke, Phys. Rev. C75 (2007) 014901

Armesto, Salgado, Wiedemann, Phys. Rev. C72 (2005) 064910
Armesto, Salgado, Wiedemann, PRL 93,242301 (2004)

Vacuum Static medium: Flowing medium:
(reference) Broadening Anisotropic shape

o Interaction with turbulent color fields
Majumder, Muller, Bass, Phys. Rev. Lett. 99 (2007) 042301

@ Double hump-shape in the energy distribution of the jet
Armesto, Salgado, Wiedemann — PRL 93,242301 (2004)
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Two-particle correlations — introduction

@ Pb-Pb and pp data

® /sNN = 2.76 TeV and 5.02 TeV
@ Trigger and associated particle
o Azimuthal (Ay) difference

@ Pseudorapidity (An) difference

-----------

Associated
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Two-particle correlations — definitions

ALICE

@ Per trigger yield:
1 d2Nassoc — S(AT]7A¢)
Nirig dAnd Ay M(An,Ap)
@ Acceptance correction by mixed event:
o M(An,Ay)
o Correlation histogram is calculated in both same and mixed event
@ Division of the two removes detector effects and inefficiencies

@ pr bins between 1 GeV/c and 8 GeV/c
@ All charged particles

Same

Mixed
Event 1 k /

\ Event 2 |
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Two-particle correlations — definitions

ALICE

@ Per trigger yield:
1 d2NQSSOC — S(AT]7A¢)
Nirig dAnd Ay M(An,Ap)
@ Acceptance correction by mixed event:
o M(An, Ap)
o Correlation histogram is calculated in both same and mixed event
@ Division of the two removes detector effects and inefficiencies
@ pr bins between 1 GeV/c and 8 GeV/c ALICE, Pb-Pb 3<p,, <4Gevi
. 2<p_ " <3GeVic
@ All charged particles

Same [ 1 ed

Event 1 A\
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Evolution of the near-side peak shape

ALICE

ALICE, pp 1< Priig < 2GeV/c ALICE, Pb-Pb 1< Py < 2 GeV/c
(5=276TeV 1< Py s < 2 GOVIC (Sau=276TeV 1< Prsgeee < 2 GEVIC

@ Histograms background subtracted for illustration
@ Shape is similar in pp and peripheral collisions

Two-particle angular correlations in Pb—Pb collisions from ALICE
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Evolution of the near-side peak shape

ALICE, pp 1< Pr i < 2GeV/c ALICE, Pb-Pb 1< P < 2 GeV/ic ALICE, Pb-Pb 1<Pp <2 GeVic ALICE
f5=276TeV 1< Prggeee < 2 GOVIC S = 276 TeV, 1S P < 2 GOV Sy = 276 TeV 1 Pr e < 2 GOV

%
g00.1 5901
J2 22
%3 %13
- —4F
0

@ Histograms background subtracted for illustration
@ Peak: broader and asymmetric in central collisions
Monika Varga-Kofarago
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Evolution of the near-side peak shape

ALICE, pp 1<p, <2CeVic

ALICE
; Sevie ALICE, Pb-Pb 1‘ <Prig< ZzGGeV(/C/ ALICE, Pb-Pb 1<p,,<2Gevic
f5=276Tev S Praseor < 2 GVIC [ = 2.76 TeV. < Prassor, < 2 GRVIC (=276 TeV, 1< Py g < 2 GOVIC
0-10%
’b, 0-10%
Pb—Pb, 0-10%
o B
g 8
g00.1 5901
J2 22
%3 ®I3
- | 25 1
0 0D
1 &
T T
4n -

@ Histograms background subtracted for illustration
@ Depletion around (Ap, An) = (0,0) in central collisions at low pp
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Evolution of the near-side peak shape
ALICE

ALICE, pp 1< Py <2Gevic ALICE, Pb-Pb 1<pyp,,<2GeVic ALICE, Pb-Pb 1<p . <2GeVic
(5=276TeV 1< Py s < 2 GOVIC (S = 2.76 TeV. 1< Prsgeee < 2 GEVIC (=276 TeV, 1< P e < 2 GOVIC
] 0-10%
[D 0,
Pb 0%
g ' 8
o 0.1 g0t
2ﬁ ‘g—_ 2ﬁ §_
%3 %3
= 4F
0 0>
e
4n - v 4n
ALICE, pp 3< P < 4 GeVic ALICE, Pb-Pb 3< Py < 4 GeV/c ALICE, Pb-Pb <Prig< 4 GeVic
[s=276Tev 2 <Py e < 3 GEVIC [ = 2.76 TeV, 2 <P e < 3 GEVIO (=276 TeV 2 < P oo < 3 GOVIO
50-80% 0-10%
) 5
£ o. g 0.
i3 15
z\5) Z|50
BB |80
I | 25

o Histograms background subtracted for illustration
@ Peak is narrower at high pr

-particle angular correlations in Pb—Pb collisions from ALICE
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Extraction of the near-side peak width

ALICE

@ The near-side is fitted to characterize its shape evolution
@ Fit function: background + Generalized Gaussian
e Background:

Lo=meee y =1.0 (Exp)
[ cerey=15
[ — —y=20(Gaus)

.5

N
G+ Y 2V, cos(nAgp)

n=2

Probabilitygensity function

o Generalized Gaussian: A
_)dl W’_’Ln‘”"
N x e Iw

wn —N=GC X Y Un
> aw (2 )r ()
~v = 1: Exponential ’ !
~ = 2: Gaussian
- ; : . 2 wT(3/7)
@ Characterize peak by variance of generalized Gaussian: o< = Fas)

@ No attempt to give physical meaning to parameters of the generalized Gaussian
@ Some bins around (Ap, An) = (0, 0) are excluded from the fit

Monika Varga-Kofarago Two-particle angular correlations in Pb—Pb collisions from ALICE



Fitting illustration

ALICE, Pb-Pb 23 < Pr,<4CGeVic N

Sy = 2.76 TeV < Prassoc < 3 GEVIO
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Fitting illustration

ALICE, Pb-Pb 23 <Prig< 43Gév\//cl ALICE
(S =2.76 TeV S Prasses <5 EVIE

-
g
oo 52
Bz
I3
.-‘25
o
An
[ ALICE, Pb-Pb (S = 2.76 TeV [ ALIGE, Po-Pb (S = 2.76 TeV
17]-0-10% 3<p,. <4GeVic [ 0-10% 3<p,. <4GeVic
A <1.6 2<p. " <3GeV/c b lAgl < w2 2<p. " <3GeVic
[ T,assoc L T,assoc
TD L
£ 16.5[ 49 scale * Data 8l [ 4%scale + Data
g uncertainty — Fit b 3 F uncertainty — Fit . .
B -Background| 3[° | --Backgownd| @ Small signal over background ratio
Z|°
o 16 . .
£ @ Fit describes the data very well
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Width of the peak at /syy = 2.76 TeV

ALICE

1~ 2<p_ <3:1<p ssoC<2GeV/(:_
= + 2<p'SOC<SGeV/c-

*
o8l ; 2<p % 23 Gev/c_]

— T,assoc
0.6 -

g (rad)

T
Q *E%
[eRR
O %
*
O %
ZOreN
!

02" & ¢ _

0 | | | | | | | | | | | |
0 20 40 60 80 pp
Centrality (%)

@ Ordering of the width according to pr

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 2.76 TeV

ALICE

1~ 2<p_ <3:1<p ssoC<2GeV/(:_
= + ' 2<p'SOC<SGeV/c-

*
o8l ; ' 2<p % 23 Gev/c_]

— T,assoc
0.6 -

g (rad)

T
Q *E%
[eRR
O %
*
O WX
ZOreN
!

02" & ¢ _

0 | | | | | | | | | | | |
0 20 40 60 80 pp
Centrality (%)

@ Ordering of the width according to pr
@ Width in Ay in 50-80% is equal to width in pp

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 2.76 TeV

ALICE

2<p_ <3:1<p sso‘:<2(3|eV/(;_
soC<3:GeV/c-

0.8

— T,assoc
0.6 -

g (rad)

X

- x
RS
*
O * %
ZOreN

0.2

| | | | | | | | | | |
20 40 60 80 pp
Centrality (%)

@ Ordering of the width according to pr
@ Width in Ay in 50-80% is equal to width in pp

@ Small increase at low pr in Ay with centrality

o T T T

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 2.76 TeV

i : + = ALICE
-Gy, (rad) O PSR S Pray S2 08V Lo ALICE |
i B Pryg <3 T <Py, < 20OV Pb-Pb Sy = 2.76 TeV ]
- + 2< P assos < 3GeVic + 1
B ¥Fip. CATi<p, <2GeVIE T pp Vs =2.76 TeV -
- T trig T,assoc -+ .
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@ Ordering of the width according to pr

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 2.76 TeV

- - 3 ALICE
L0, (rad) O TP 2T <Py, <2 GeVIC | Oan ALICE |
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i LRI By b <3GeVIic T PP Is=2.76 TeV 1
o ’ <3GeV/e,
0.8 T assoc - —
= L o 3 Py <4GeV/ic L 4
< e e e e o e e e e o g — o 1ASSOC_ - -
o B ¢ 4<p ; 1<p sso0 < 2GeVic T H 1
5 T ™ ™ gevie T Tt 1
0.6 T,assoc L . —
= R - asso0 < 4GeVic | - |
@ L o 4<p” <8GeVic | ¥ ¥ i
> ® e mimeo-- Tassoc __ _____ * *
L o 1 J
04 * . . i 5 -4 s |
© rx o= H T 8 ¥ % g 1
L 3 » * * 1 g * _
| o o] : M b % 4 ] o ° z é 4
0.2 5 0 — n
ol v v o e e e ]
0 20 40 60 80 pp 0 20 40 60 80 pp
Centrality (%) Centrality (%)

@ Ordering of the width according to pr

@ Width in Az in 50-80% is already larger than in pp Phys. Rev. Lett. 119, 102301 (2017)

Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 2.76 TeV

. = ALICE
LGy, (rad) O Py SRS Py <2 GeVIC Oan ALICE |
T B Py <30T < Py, < 2 GEVIC Pb-Pb |5y = 2.76 TeV
- + 2<pTasoc<SGeV/c T 1
i ¥ gp <Aty Do <20eVIE T PP Is=2.76 TeV 1
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@ Ordering of the width according to pr

@ Width in An in 50-80% is already larger than in pp

@ Very pronounced increase at low pr in An

Centrality (%)

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Width of the peak at /syy = 5.02 TeV

:GA(p (rad) © 3<p, <4:2<p <3CGeVic T On ALICE preliminary ]|
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Width of the peak at /syy = 5.02 TeV

0.8

0.6

o,, (rad)or o,

0.2

@ Peak width in peripheral Pb-Pb equals to width in pp collisions

:GA(p (rad) © 8<p, <4:2<p <3 GeVic T On ALICE preliminary |
L a 3<p, . <4GeVic— Pb-Pb |[syy = 5.02 TeV
L V4 '<';5Tjtr;g'<' 8:2< b-T,;s-so-c-; 3GeVic | pp Vs =5.02 TeV
- 3< P} assoc < 4GeVic T b
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Width of the peak at /syy = 5.02 TeV

= T — = ALICE
-GA(p (rad) o 3< pT,trig <4:2< Py assoc < 3 GeV/c T GAﬂ ALICE preliminary ]
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@ Peak width in peripheral Pb-Pb equals to width in pp collisions

@ Similar broadening towards central events as at /syy = 2.76 TeV
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Comparison to the STAR experiment

T,assoc

T,assoc

0.7 0.7 ALICE
[3<P, ALICE, Pb-Pb, |5 = 2.76 TeV [3<p,, <6GeVic ALIGE, Pb-Pb, sy =2.76 TeV
H ® 0-10% H ® 0-10%
06 O 50-80% osf- | O 50-80%
r STAR, Au-Au, |y, = 0.2 TeV r T STAR, Au-Au, |y, = 0.2 TeV
[ +0-12% [ + + 0 0-12%
595 T 40-80% 0.5~ T 40-80%
g | = |
~ <
g [ °r
0.4~ + 0.4~
L e [ il #
0.3 G% + 0.3 j‘
: ﬁ Ap : & An
L L ‘ L L ‘ L L L L L L L ‘ L L ‘ L L L L
1 2 25 3 1 2 25
p. (GeV/c) p. (GeV/ce)

@ Results agree within 20 in all bins

@ Values slightly higher at STAR in the
central bins in Ap

Two-particle angular correlations in Pb—Pb collisions from ALICE

@ STAR: \/syny = 200 GeV, Au—Au collisions
Taken from Phys.Rev. €85 (2012) 014903

@ ALICE: \/syny = 2.76 TeV, Pb—-Pb collisions
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Comparison to models

ALICE

AMPT (A Multi-Phase Transport model) [1]

@ Models non-equilibrium many-body dynamics
@ Has collective effects through:

o Partonic interactions
e Hadronic interactions

[1] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys.Rev. C72 (2005) 064901
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Comparison to models

ALICE

AMPT (A Multi-Phase Transport model) [1]

@ Models non-equilibrium many-body dynamics Initial stage @
@ Has collective effects through:
o Partonic interactions
e Hadronic interactions :
Settings: the?:g:;s
@ string melting off, hadronic rescattering on
@ string melting on, hadronic rescattering on Hadronization @

@ string melting on, hadronic rescattering off

Hadronic /\
interactions @

[1] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys.Rev. C72 (2005) 064901
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Comparison to models

ALICE

AMPT (A Multi-Phase Transport model) [1]
@ Models non-equilibrium many-body dynamics Initial stage

@ Has collective effects through:
o Partonic interactions

From HIJING
excited strings and minijet partons

>

. . . /\
e Hadronic interactions
. Partonic
Settings: interactions

@ string melting off, hadronic rescattering on

@ string melting on, hadronic rescattering on Hadronization @ e

@ string melting on, hadronic rescattering off
. Hadro_nic Hadronic rescattering
interactions (ART)

[1] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys.Rev. C72 (2005) 064901

Two-particle angular correlations in Pb—Pb collisions from ALICE
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Comparison to models

ALICE

AMPT (A Multi-Phase Transport model) [1]
@ Models non-equilibrium many-body dynamics Initial stage [excitedstr:;rg:al:glr’:iﬁijetpanons J

@ Has collective effects through:
o Partonic interactions

>

e Hadronic interactions :
into partons
. Partonic
Settings: interactions _ -
Partonic rescattering
@ string melting off, hadronic rescattering on (F0)
@ string melting on, hadronic rescattering on - Quark
g g g Hadronization coalescence
@ string melting on, hadronic rescattering off
. Hadro_nic Hadronic rescattering
interactions (ART)

[1] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys.Rev. C72 (2005) 064901

Two-particle angular correlations in Pb—Pb collisions from ALICE
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Comparison to models

ALICE

AMPT (A Multi-Phase Transport model) [1]

o . . Fi HIUJING
@ Models non-equilibrium many-body dynamics Initial stage @ [excitedstrir:g:andminijetpartons J
@ Has collective effects through:
o Partonic interactions
e Hadronic interactions :
. Partonic
Settings: interactions _ -
. . . B Partonic rescattering
@ string melting off, hadronic rescattering on (F0)
@ string melting on, hadronic rescattering on Hadronization @
@ string melting on, hadronic rescattering off
Hadronic
interactions

[1] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys.Rev. C72 (2005) 064901

Two-particle angular correlations in Pb—Pb collisions from ALICE
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Broadening of the near-side peak %

on,(0—10%) CP _ oan(0—10%) G583
@ Ratio of width in central over peripheral: UALP 75 (50-80%)" TAn = p,(50-80%)
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L o o
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T assoc

@ Moderate broadening in A
g (10 Phys. Rev. Lett. 119, 102301 (2017)

Phys. Rev. C 96, 034904 (2017)
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Broadening of the near-side peak

@ Ratio of width in central over peripheral: O'ASO

31~ ALICE Opg (0-10%)
[ o Pb-Pbys, =276Tev % = T,y (50-80%)
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F1-2 2-3 34 48 p, . (Gevic
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b |-
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Fo <]
o
[ ° o ¢ o <]
-
L o o
12 12 23 1-2 23 34 12 23 34 48
(GeV/c)

T assoc

@ Moderate broadening in Agp
@ Much larger broadening in An

O'Aw(oflo%) CP __ O'An(oflo%)
o2y (50—80%)" An = A, (50—80%)
3/ ALicE e O (0-10%)
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2.5
L An
12 23 3-4 48 p (Gevic
¥
i v
15— ¢
I 9
Lo o
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1— [e]
L °
12 12 23 1-2 23 34 12 23 34 48
(GeVic)

T assoc

ALICE

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Broadening of the near-side peak

@ Ratio of width in central over peripheral: O'ASO

31~ ALICE Opg (0-10%)
[ o Pb-Pbys, =276Tev % = T,y (50-80%)
=T A
F1-2 2-3 34 48 p, . (Gevic
oo 21—
03
b |-
15—
Fo <]
o
[ ° o ¢ o <]
-
L o o
12 12 23 1-2 23 34 12 23 34 48
(GeV/c)

T assoc

@ Moderate broadening in Agp
@ Much larger broadening in An

@ Broadening most significant at intermediate pr

O'Aw(oflo%) CP __ O'An(oflo%)
o2y (50—80%)" An = A, (50—80%)
3/ ALicE e O (0-10%)
[ o Pb-Pbys, =276Tev 1~ 0y, (50-80%)
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¥
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T assoc

ALICE

Phys. Rev. Lett. 119, 102301 (2017)
Phys. Rev. C 96, 034904 (2017)
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Broadening of the near-side peak

@ Ratio of width in central over peripheral: O'ASO
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Broadening of the near-side peak %

on,(0—10%) CP _ oan(0—10%) G508

@ Ratio of width in central over peripheral: UALP T (50-80%)" TAn = oar(50-50%)
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@ Small difference between models in Ay, An more constraining
) . . ! ) Phys. Rev. Lett. 119, 102301 (2017)
@ String melting off, hadronic rescattering on describes data best Phys. Rev. C 96, 034904 (2017)
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Broadening of the near-side peak

@ Ratio of width in central over peripheral: O'ASO
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(GeVic)

T,assoc

p.

@ String melting off, hadronic rescattering on describes data best

@ Note: none of AMPT settin

3

25

CP
GAT]
N

O'Aw(oflo%) O_CP _ O'An(oflo%)
O'AAP(50780%) ' Y An O’An(50780%)
[~ ALICE cp_ Oan (0-10%)
[ o Pb-Pbys,=276TeV M~ 6, (50-80%)
. AMPT
L String melting on, rescattering on
— + String melting on, rescattering off
[ e String melting off, rescattering on An
F -2 23 3-4 48 p, (GeVic)
7 §
L ; §
L é N
e ¢
[ + + + 9
r ) * A
[ ¢ + A
| + + @+ +
- ©

12 12 23 12 23 34
p. (GeV/c)

T,assoc

12 23 34 48

ALICE

s describe absolute width better than 10%

Phys. Rev. Lett. 119, 102301 (2017)
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Near-side depletion

Phys. Rev. Lett. 119, 102301 (2017) Naudd
Phys. Rev. C 96, 034904 (2017)

@ In central collisions at low pr: depletion around (Ayp, An) = (0, 0)
@ Per trigger yield is corrected for two-track inefficiencies

@ The area of the depletion is excluded from the fit

0.2 ALICE, Pb-Pb \Syn = 2.76 TeV - ALICE, Pb-Pb \Syn = 2.76 TeV
7 0-10% 1<p; vig < 2GeV/c L 0-10% 2¢ P iig € 3GeV/c
Ao| < m/2 1¢<p. '~ <2GeVic L Ag| < w2 1¢<p. ~<2GeVlc
L T,assoc T,assoc
0.47 m
. 4% scale - I 4% scale .
3 [ uncertainty, &| - uncertainty
2 3 = 3
0.1—
-2 —£o2
2 2 0
* Data + Data
| £ — Peak from fit — Peak from fit
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Near-side depletion

Phys. Rev. Lett. 119, 102301 (2017) Naud
Phys. Rev. C 96, 034904 (2017)

@ In central collisions at low pr: depletion around (Ayp, An) = (0, 0)
@ Per trigger yield is corrected for two-track inefficiencies
@ The area of the depletion is excluded from the fit

o Characterized by -tData_ i, o

Total yield
0.2 ALICE, Pb-Pb \Syn = 2.76 TeV - ALICE, Pb-Pb \Syn = 2.76 TeV
7 0-10% 1<p_ <2GeVic L 0-10% 2<p_._<3GeVlc
L T,trig T.trig
Ao| < m/2 1<p <2GeV/c L Ag| < w2 1<p <2GeV/c
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Near-side depletion

Phys. Rev. Lett. 119, 102301 (2017) g

. Phys. Rev. C 96, 034904 (2017)
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Near-side depletion

Phys. Rev. Lett. 119, 102301 (2017) g
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Phys. Rev. C 96, 034904 (2017)

in %

No depletion in higher pr, peripheral or pp
In AMPT almost independent of string melting
AMPT is in agreement with data at lowest pp

At higher pr no version shows depletion
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Near-side depletion

Phys. Rev. Lett. 119, 102301 (2017) g

. Phys. Rev. C 96, 034904 (2017)
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Summary of the comparison to AMPT

ALICE

AMPT settings String melting & String melting | Hadronic rescattering

Measurements hadronic rescattering

Evolution of width No No Yes
Absolute width 20 — 30%
Depletion Yes No Yes

@ With hadronic rescattering describes depletion and shape evolution
@ Absolute width is not described better than 10%
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Comparison to AMPT — explanation

ALICE
@ Are observed effects described by elliptic and/or radial flow?

@ 0-10% fitted with Blast-wave fit to extract expansion velocity
(m: 0.5 < pr <1GeV/c, K:0.2 < pr <15 GeV/c, p: 0.3 < pr < 2.0 GeV/c)
@ {2} was extracted with 0.2 < pr < 5 GeV/c

Sample ‘ Br v2{2}

AMPT string melting and hadronic rescattering 0.442 0.0412 4+ 0.0002
AMPT string melting 0.202 0.0389 =+ 0.0002
AMPT hadronic rescattering 0.540 0.0330 £ 0.0002
Data* 0.649 + 0.022 0.0364 + 0.0003

* From Phys. Rev. (88 (2013) 044910 and Phys. Rev. Lett. 105 (2010) 252302

o With string melting or with hadronic rescattering describes v»{2}

@ [ is lower for all AMPT cases than for data
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Comparison to AMPT — explanation

ALICE
@ Are observed effects described by elliptic and/or radial flow?

@ 0-10% fitted with Blast-wave fit to extract expansion velocity
(m: 0.5 < pr <1GeV/c, K:0.2 < pr <15 GeV/c, p: 0.3 < pr < 2.0 GeV/c)
@ {2} was extracted with 0.2 < pr < 5 GeV/c

Sample ‘ Br v2{2}

AMPT string melting and hadronic rescattering 0.442 0.0412 4+ 0.0002
AMPT string melting 0.202 0.0389 =+ 0.0002
AMPT hadronic rescattering 0.540 0.0330 £ 0.0002
Data* 0.649 + 0.022 0.0364 + 0.0003

* From Phys. Rev. (88 (2013) 044910 and Phys. Rev. Lett. 105 (2010) 252302

Closest v,{2} to data
@ Only version with hadronic rescattering

o has depletion
o follows the centrality and pr evolution of relative width
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Comparison to AMPT — explanation

ALICE
@ Are observed effects described by elliptic and/or radial flow?

@ 0-10% fitted with Blast-wave fit to extract expansion velocity
(m: 0.5 < pr <1GeV/c, K:0.2 < pr <15 GeV/c, p: 0.3 < pr < 2.0 GeV/c)
@ {2} was extracted with 0.2 < pr < 5 GeV/c

Sample ‘ Br v2{2}

AMPT string melting and hadronic rescattering 0.442 0.0412 4+ 0.0002
AMPT string melting 0.202 0.0389 =+ 0.0002
AMPT hadronic rescattering 0.540 0.0330 £ 0.0002
Data* 0.649 + 0.022 0.0364 + 0.0003

* From Phys. Rev. (88 (2013) 044910 and Phys. Rev. Lett. 105 (2010) 252302

Closest 1 to data
@ Has depletion

@ Follows the centrality and pr evolution of relative width
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Comparison to AMPT — explanation

ALICE
@ Are observed effects described by elliptic and/or radial flow?

@ 0-10% fitted with Blast-wave fit to extract expansion velocity
(m: 0.5 < pr <1GeV/c, K:0.2 < pr <15 GeV/c, p: 0.3 < pr < 2.0 GeV/c)
@ {2} was extracted with 0.2 < pr < 5 GeV/c

Sample ‘ Br v2{2}
AMPT string melting and hadronic rescattering 0.442 0.0412 4+ 0.0002
AMPT string melting 0.202 0.0389 =+ 0.0002
AMPT hadronic rescattering 0.540 0.0330 £ 0.0002
Data* 0.649 + 0.022 0.0364 + 0.0003
* From Phys. Rev. C88 (2013) 044910 and Phys. Rev. Lett. 105 (2010) 252302

4

@ Large Bt is needed to describe depletion and evolution

@ Likely cause of the effects is radial flow
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Summary

ALICE, Pb-Pb

VS = 2.76 TeV

Evolution of near-side peak shape towards low pr and central
collisions:

3< Pr i < 4 GeVic
2<p, ;sjoc <3 GeV/c

0-10%

o Small broadening in Ap
o Significant broadening in An
o Depletion around (Ayp, An) = (0,0)

1SSOC. L
=7y (rad™)

Comparison to AMPT:

o None of the AMPT settings describe the absolute width
o With only hadronic rescattering describes the evolution of the peak
o With hadronic rescattering describes depletion, independent of string melting
@ Interpretation:

o Strong longitudinal flow = longitudinal broadening
@ Driving factor for depletion and broadening is radial flow

o Depletion and broadening caused by interplay of jets and collective medium
Monika Varga-Kofarago
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Further details of the analysis

ALICE

39M Pb-Pb events at /syy = 2.76 TeV

50M Pb—Pb events at /syy = 5.02 TeV

30M pp events at /s = 2.76 TeV

In| <0.8

|zvtx| < 7 cm

Selection criteria on decay products: pair excluded if
® Miny, < 4 MeV/c?
o |miy, — m(A)] < 5 MeV/c?
o My, — m(K?)| < 5 MeV/c?

@ Selection criteria to remove two-track inefficiencies: |An| > 0.02 and |Ap*| > 0.02 rad

Correction done to remove distortion arising from a dependence on 7
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AMPT settings

ALICE

@ With string melting and with hadronic rescattering
e Version v2.25t3
o Parameter isoft = 4
o Parameter ntmax = 150

@ With string melting and without hadronic rescattering
o Version v2.25t3
o Parameter isoft = 4
o Parameter ntmax = 3

@ Without string melting and with hadronic rescattering
o Version v1.25t3
o Parameter isoft = 1
o Parameter ntmax = 150
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AMPT settings

From HIJING
excited strings and minijet partons

S

Initial stage

Settings:

Strings fragment
into partons

@ string melting off,

hadronic rescattering on Partonic

interactions . -
Partonic rescattering

(ZPC)

Quark Lund string
coalescence fragmentation

Hadronic rescattering
(ART)

@ string melting on,
hadronic rescattering on

@ string melting on,

hadronic rescattering off bladionganol

Hadronic
interactions

& =S >

Two-particle angular correlations in Pb—Pb collisions from ALICE
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Comparison to MC — absolute width in peripheral

oap(Data)  oay(Data) ALICE

UAw(MC) ! O'An(Mc)

@ Absolute width described by

22 [ ALICE Pb-Pb |5, = 2.76 TeV 22 [ ALICE Pb-Pb |5 = 2.76 TeV
’ C AMPT, string melting on, rescattering on 50-80% ' C AMPT, string melting on, rescattering on 50-80%
L pp Vs =2.76 TeV| L pp Vs =2.76 TeV|
o * AMPT, string melting on, rescattering off o+ AMPT, string melting on, rescattering off
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@ None of the AMPT settings describe all pr bins
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Comparison to MC — absolute width in central

oap(Data)  oay(Data) ALICE

UAw(MC) ! O'An(Mc)

@ Absolute width described by

22 [ ALICE Pb-Pb |5, = 2.76 TeV 22 [ ALICE Pb-Pb |5 = 2.76 TeV
’ C AMPT, string melting on, rescattering on 0-10%| ' C AMPT, string melting on, rescattering on 0-10%|
L pp Vs =2.76 TeV| L pp Vs =2.76 TeV|
o * AMPT, string melting on, rescattering off o+ AMPT, string melting on, rescattering off
F ¢ AMPT, string melting off, rescattering on F ¢ AMPT, string melting off, rescattering on
1.8~ Pythia 8.1 Monash A(,O 1.8 Pythia 8.1 Monash An
g L g L
216 216
e 12 23 34 48  p.__ (GeV/d) = Fi2 23 34 48  p.  (GeV/d)
o Tig o Tig
§1-4jString melting, hadronic rescattering e i +
© r © r
8 r String meltin a._.r 4
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©  Hadronic réscattering o ) :
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P assos (GeVic) P assos (GeVic)

@ None of the AMPT settings describe all pr bins
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Near-side depletion in AMPT

— 03 amPT Ag| < /2
o [ String melting: on |An| < 1.6
g I Rescattering: on
dg 02-
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. g ot
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0
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@ Generator level

— L AMPT
o L String melting: off
£ (.ol Rescattering: on
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3 L
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T e = An proj.
3 — Ag fit
. --- An fit

Ag| < w2
An| < 1.6

0
A¢ (rad) or An

« A¢ proj.
o An proj.
— Ao fit
--- An fit

ALICE
0.41- AMPT g < /2
"’| String melting: on |Anl < 1.6
[ Rescattering: off

0
A¢ (rad) or An

@ AMPT with hadronic rescattering on shows depletion independent of string melting
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