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- Heavy-ion collisions: hot, dense, deconfined and strongly interacting QCD medium
(the Quark-Gluon Plasma) is formed

- Jet quenching (strong evidence for QGP formation) can be investigated via:
~ Inclusive hadron and jet production m°
- di-jet energy imbalance |
- modification of jet fragmentation functions
o two-particle azimuthal correlations

I —--|

Results from RHIC to LHC ‘

NEAR SIDE

AWAY SIDE '. 3‘ (quenched) jet
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Physics motivation 2/3

- Two main observables:

. . 1 gnrair
© Azimuthal correlations: C = y =37~ J = C—B (flat or v, background )
Py . . . m . 1 You_ YCQ?_’ltTal
- Modification of the yield in the correlations: Y =~—[JdA@, Iaa = === orlcp = —ttzrtay
trig pp Ypb—Pb

PHENIX measurements ALICE di-hadron measurements
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Interesting to extend the result to low Pt region |

Phys. Rev. Lett. 108 (2012) 092301
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- Heavy-ion collisions: hot, dense, deconfined and strongly interacting QCD medium
(the Quark-Gluon Plasma) is formed

- Jet quenching (strong evidence for QGP formation) can be investigated via:
~ Inclusive hadron and jet production
- di-jet energy imbalance

Y decay

- modification of jet fragmentation functions n°
o pion-hadron correlations é Jet Viragmentation
o constraints on parton energy loss QGP
o provide a gauge for the background = —
in gamma-hadron correlations Nucleus A | Nj:.i?\ W \ucious B
Yorompt

ythermal
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ALICE

ITS (Inner Tracking System)

six cylindrical layers of silicon AN ITS+TPC: Tracking

detectors, .Inl< 0.9 | B e\ EMCal: Neutral pion

» localize the primary ana / g V0+ZDC: Centrality and event
secondary vertices.

o track and identify particles
down to p, ~100 MeV/c

IIIII

® TPC (Time Projection Chamber)
a cylindrical gas detector, Inl< 0.9
o charged particle momentum
(0.15 < p, <100 GeV/c)

o particle identification (dE/dx
resolution better than 10%)

® EMCal (Electro Magnetic Calorimeter)

a lead-scintillator sampling calorimeter,
2 2 2
Inl<0.7, ZE A* + + 7 (do/dE resolution better than 4% above 10 GeV/c)

Nucl.Instrum.Meth.A615:6-13,2010 data taken in the year 2011 ;
440K (5.2 M) events in pp (Pb-Pb) collision at \/syy = 2.76 TeV

o tﬂggercapabmnes
e high energy jets
o hlgh p. heutral mesons, photons and electrons
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Analysis strategy
LS .
H L I C E GRS e

o 1Y measurement

v'select ¥ candidate cluster with Shower Shape cut

v split cluster into two clusters, calculate the invariant mass

o charged particles are detected by the central tracking system ITS + TPC
o correlate n¥ with charged particles

O  corrections

o  packground subtraction
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Pion identification

A& = T 1
- (@)
D
= o.12- 270 Ty E 1
E— ALICE Performance %
E 23.00.2015 g NG
E- 0 _ g .
e . nt° cluster band 102 5 " s -
= T e v cluster high limit = - “ -
g 0
N - Ly -
T\
= =D~ 10° - l'
e T D -

2 | ALGE | e E-1000v n” decay photons start to merge for E> 6 GeV

= 5[ 0-10% Pb-Pb 5 MC - )

s [VSw=276 Tevﬂ$ i e Data . ® Select clusters with elongated 15 shower shape

£k f t 4 . ® A cluster is split in 2 sub-clusters, the seed are the 2 highest

L e +- —

BOF . + - - energy cells or local maxima. Select cells around

g + " - L .

S b . Ty E ® Select those with invariant mass at 3 sigma of the 7 mass
- - = .
N o e -
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Background subtraction

ALICE
:‘3 - pp V=276 TeV red, green: Correlated
P { 8.0<p. " <25.0 GeV/c blue: Un-correlated
g F 1.0 <p>*** < 5.0 GeV/c
2 350 '
T B Near-side correlated . 1 .
g | ® Per-trigger yield in two regions
Z qf | Away-side correlated
B Un-correlated v Near side: |1A@| < 0.7 rad
25 v’ Away side: |Ap — | < 1.1 rad

® Subtract the background with ZeroYieldAtMinimum

v Flat background (pp)
v v, background (Pb-Pb)
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J(Ap) = C(Ap) — by(1 + 2 Z < v,.t,,r Y >< pg5So¢ > cos(nAg))
n=2
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0-10% Pb-Pb 1/—SNN 2.76 TeV

LI I
—ALICE 0 10% Pb Pb \s _276 TeV

0.5< p$3‘°’°° <1.0GeV/c
Corr. sys. unc.: 6.2%

'Illlllllllllllllllr

I!I L LI R I |

-.---I.... -
L
L]
"u

1 X2
3

3:—
.

A

4
*

-

-

1/N,, dN?**°°/dA@ (rad”)

o 92 © o o o

20< p$33°° <4.0GeV/c
Corr. sys. unc.: 6.3%

—

1/N,;y AN***/dAg (rad™)

* Associated charged hadron: 0.5 < p7°?“ <6.0 GeV/c with several bins
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= L ALICE, 0-10% Pb-Pb, \Sy = 2.76 TeV -
ol 8 < ptT”g <16 GeV/c _ ) Yor, o
- Near side (JAg| < 0.7) 1 Y= [JdAp = Iap = v
- - tri
i ¢ -hadron (v_bkg) . ’ PP
1.8~ \ ¢ di-hadron (v, bkg) -
1.6 \ -
1.4:— \ —: Near-side enhancementat high py (Iaa~ 1.2),
- H 1. Iap~ 1.2to 1.8 atlow py
1.2F +H _ v Change of the fragmentation function?
- H : v Change of the quark vs gluon jet ratio?
1 v Bias on the parton p; spectrum?
_l L 1 | | 1 1 | | | 1 1 | | 1 1 1 1 | 1 1 1 | | 1 1 1 | | L1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 | l—

0 1 2 3 4 5 6 7 8 9
p?ss"c (GeV/c)

pion-hadron: PLB 763 (2016) 238-250
di-hadron: Phys. Rev. Lett. 108 (2012) 092301

* agreement at high pr
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modification factor /4 (Away side)

ALICE
é N | I I | [ | I | | I | I | I | I | | I \{
— [ ALICE, 0-10% Pb-Pb, {Syy=2.76 TeV
. 8 < p¥<16 GeV/c - V.. N reansoe
o * AwayTside - Y = : [JdAp = Iap = P;; Fb
B — rig
- ¢ n%-hadron (v_bkg) - L
4— AQ-Tt| < 1.1 I B .
- ¢ di-hadron (v, bkg) _ .
_ IAQ-Tt| < 0.7 _
3 H _
ol 1 Away-side suppressed at high pr (Ipp = 0.6)
_ Z v Energy loss in medium
1: # o | Enhancementup tol,, ~ 5 at low py
- & gl - v' k1 broadening? iet-medium
- B B H - v" medium-excitation? interaction
OOI | | l.lll |- Iél | | Iél | I4|.I | | Iél |- lél | 1 1 | | I I | I I | | | I I / fragments frOm radiated gluons?

7 8 9
p?SSOC (GeV/ce)

pion-hadron: PLB 763 (2016) 238-250
di-hadron: Phys. Rev. Lett. 108 (2012) 092301

* agreement at high pr
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AMPT: Phys. Rev. Lett. 106 (2011) 162301

< _I 1 | Fr | IR | IR | IR | IR | 1 | IR | Frd | L1 I_ < HERR | L | I | IR | 1 | IR | Fd | IR | Fr | e
\;‘5:_ . ALICE, 0-10% Pb-Pb, (5,5 =276 TeV 1/~ | ALICE, 0-10% Pb-Pb, (5, =276 Tey 4 "-OPQCD Pys Fev et 95 (2007) 212501
3L | 8 < ptTrlg <16 GeV/c | 8 < ptTrlg <16 GeV/c I} JEWEL: JHEP 03 (2013) 080
) ' Near side (JAg| < 0.7) 1 F Away side (Ao < 1.1) :
- # hadron (v_bkg) 1N 5 # hadron (v_bkg) -
250 4 {  AMPT model =l t AMPT model 5 |
- ' —= JEWEL model : A 17 @ Near-side
- J mode - - == JEWEL model 11 v Only AMPT model can qualitatively
2: H E . - —  NLO pQCD mode - describe the enhancement at low py
- - 1 3 N : — except the lowest pr bin
i e, E H 1 oL ‘ 1} v All can qualitatively describe the
1k ".,. _E 1 - ' - suppression at high py
: ~-___'.'a1’.’ SN - - \,i 11 v Only AMPT model can qualitatively
05 TRRRRRenmERRRtiie - i "'i,. - describe the enhancement at low py
E E B - '..W.!':-—-—-.’l.._.-,ﬁrﬂ'\" _
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III||IIII— _IIII|IIII|IIII|IIII|IIII|II.I.I.TTT-II|IIII|IIII IIII-
" 1 2 3 4 5 6 7.8 9 % 1 23 45 6 7.8 9
p?SS"C (GeV/e) p?SS"C (GeV/e)
PLB 763 (2016) 238-250 In AMPT the low-p7°°°¢ enhancement is attributed to the increase of soft particles as a result of the

jet-medium interactions




\ >~ | | PG Corfrerceon Hih Energy Pysics
. B h | 512 duly 2
WpHEP2017 T\ | J ly2017
Conclusion and Outlook W
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® 7°-hadron correlations as a function of azimuthal angle difference Ag at midrapidity in pp

and central Pb—Pb collisions at /syy = 2.76 TeV have been measured

® The per-trigger yield modification factor, I,5, has been measured for the near and away
side in 0—10% most central Pb—PDb collisions
v Extend the results to low p.., both near and away side show enhancement

v’ Measured I,, comparison to models, away-side suppression reproduced by JEWEL,
NLO and AMPT but enhancement on near and away side only qualitatively reproduced
by AMPT

Perspectives:

o Study this phenomenon further and in depth with different collision systems (p-Pb) and energies
o Ultimate goal: gamma-hadron correlations
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ALICE

systematic uncertainties

Source Y (A(p) pp Y (A(p) Pb-Pb | I AA (NS) Ian (AS)
Tracking efficiency 5.4% 6.5% 8.3% 8.3%
MC closure 1.0% 2.0% 1.2% 1.2%
TPC-only tracks 1.0% 3.5% 4.3% 3.8%
Track contamination 1.0% 0.9% 1.1% 1.1%
Shower shape (Ag) 1.2% 0.7% 3.4% 2.6%
Invariant mass window 1.3% 1.0% 3.5% 3.3%
Neutral pion purity 0.3% 1.1% 0.6% 0.5%
Pair pt resolution 1.0% 1.1% 0.3% 0.3%
Pedestal determination — —~ @ @
Uncertainty on v, —~ —~ 7.1% 5.1%
Total 6.7% 7.4% 12.6% 15.0%
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Details for model calculation

- AMPT:

- Parton and hadron cascades with elastic scattering
- String melting and parton recombination for hadronization
- Use a standard triggered jet technique which is a part of HIJING for Pb-Pb

- JEWEL:

- Parton-medium interactions with microscopic description of transport coefficient g hat
- Hard scatter from Glauber collision geometry
- Elastic and radiative energy loss implement by LPM interference effects

© Nuclear parton distribution functions for initial-state cold nuclear matter effects
- Phenomenological model for medium-modified fragmentation functions

- 3+1 dimensional ideal hydrodynamic model for the evolution of bulk medium




