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% Outline

ALICE

* Motivation
 ALICE detector

 Di-hadron correlations

— Study near-side (NS) and away-side (AS) peaks,
and compare Pb-Pb to pp

* h+jet coincidence measurement

— New method to subtract the background jets



Correlation vs inclusive measurements

ALICE * Hard scattered partons generated in the early stage
lose energy when travel through the medium (“jet

. ”
quenching”).
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e Correlation studies can help to further quantify
the modification of jet fragmentation in medium
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Hadron trigger bias
ALICE
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T.Renk, private com. (T.Renk, Phys.Rev .C85 064908)

* Hadron trigger -> strong surface bias -> maximize the recoil path
length

e Jet trigger -> smeared and averaged by the background
fluctuations -> less surface bias
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Di-hadron correlations



% Correlation functions

ALICE
* Angular correlations in A@ (azimuth) and An

(pseudo-rapidity) between a trigger particle and
all the associated particles.

— Cuton P trig and P1,assoc
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e Correlations can be quantified via per trigger
associated particle yield or the width of the peaks
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Correlation at low p
ALICE

* Tracks: [n]<0.9
* Signal extraction: n-gap subtraction 1<|An|<1.6
— An independent (long range) correlations
— Flow + uncorrelated background
* Jet-like NS peak (Ap=0, An =0)

NS jet-like peak .
4< Prrig < 8 GeV/c, 1 < Pr4e0c < 2 GeV/c, 0-10% J P
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ALICE
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Quantify the NS peak with width

ALICE,

o, (fit) (rad.)
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Broadening in n direction

-> longitudinal flow?

Predicted in PRL 93,242301 (2004)
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AMPT Comparison

ALICE
 AMPT (A MultiPhase Transport Code) describes collective

effects (e.g. v,, v;, v,) at the LHC
— Here version with string melting (2.25) is shown
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* Agree with data for the near-side peak width
— Interplay of jet and flow in AMPT via parton and hadron scattering
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. Correlation at high p;. 8 < p;'8 < 15 GeV/c

HLICE

High p; tracks are used to enhance
the signal to background ratio ->
reliable extraction of signal

* Tracks: |n|<1.0
* Correlation in azimuth: Ag

* Background subtraction:

 ZYAM: fit a constant value in
the region |A¢p-1t/2|<0.4

 ZYAM + v2 background

* n-gap method: all the flow
components are subtracted
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Ratio of hadron yield in Pb-Pb to pp

ALICE Near side (NS)

<
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| Away5|de (AS) | PIRL 108, 092302 (2012)
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Enhancement of NS yield
e Softening of fragmentation function in

medium

t,assoc

e Suppression of AS yield

* Harder parton distribution in central collisions

* Relative abundance of gluon vs quark jets

STAR at RHIC: /,, is consistent with 1 (PRL 97, 162301)

Weak dependence on

pT,assoc

Less suppressed than
PHENIX m®-h
measurement at RHIC

(PRL 104, 252301)
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ALICE

Compare to RAA IAA > RAA

PRL 108, 092302 (2012)
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 The away-side hadrons are expected to experience larger in-
medium path

* Away-side spectrum is less steeply falling
* Important for models to get both R,, and /,, right.

10/22/12
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ALICE

h+jet coincidence measurement



ALICE

h+jet coincidence measurement

* Goal: precise measurements of jet structure -> minimal
fragmentation bias

* Observable: hadron-triggered semi-inclusive recoil jet

distribution

— Trigger hadron: leading charged particle in the event
— Recoil jet: count the jet rate in the away side per trigger
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h
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Analysis setup

ALICE

Hadron trigger: p; large enough to be “rare” per
central Pb-Pb event (0-20%) -> high probability that
the hard recoil jet is from the same hard scattering

Track p; > 0.15 GeV/c
Charged jets: anti-k; with R=0.2 and 0.4, |1, |<0.5

— Correct event-wise for background: p;., = p;%° — pxA

pp reference: PYTHIAG6 (Perugia-2010)
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Combinatorial jet distribution

ALICE * Conjecture: combinatorial jet distribution is independent

of trigger p; arXiv:1208.1518

— Caveats: reaction plane and centrality biases are minimized for
high p; triggers

10"

g trig
> ® p, :10-15 GeV
8 e p;9:15-20 GeV
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Z|6
ol a
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% .
Dominated by - % *% - Dominated
uncorrelated /é %Pb \s, = 2.76 TeV 0-20% aptll | : by trL:|e
combinatorial L T nti-k; R=0.4 A>0.4 5015 GeV | hard jets
jets ; | I T. by Py by by T | L IT. P

pe"

T,Jet=prTe°°-p A (GeV/c)

* Remove the combinatorial jets via DIFFERENCE of triggered
distributions: A

recoil
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ch Remove combinatorial jets

A ()= 1 dN(p; Jet,p;m“,p?‘a" 1 dN(pr ]et,p%‘“fef,p}“i’éﬂ
recoil T ,jet
N trig dp T, jet N trig ,ref dp T, jet
T’g 10_1? s Signal: 20<p,'"€<50 GeV/c
@ - \' n '.. Ref: 15<p,"8<20 GeV/c
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T8 R R e | recoll CONEAINS 0Ny
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* Resulting A .., is smeared by the background fluctuation

+detector effects-> unfolding
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:‘/\
ALICE

* Observable: the recoil jet yield (A
compared to pp

AI B <YA%250 . YAlj—ZO > y - 1 dN;leS:OC
an =

Ratio of recoil jet yield: Al ,,
) in Pb-Pb

recoi

N trig dp T, jet

Y20—50 . Y15—20

pp pp

Finite statistics -> average over broad p;'8 bins -> reference is
reweighted using trigger hadron spectrum in Pb-Pb to

minimize the influence of large p;*"8 bin
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R=0.4: recoil jet yield Al,,F'™MA =0.75, approx. constant with jet p;
R=0.2: similar Al,,PY™A as R=0.4

Systematic uncertainties are too large to make more conclusive
statements about out-of-cone radiation
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Compare to models

ALICE L 16
=8 anti-k;, R=0.4, p§°”st >0.15GeV/c  Pb-Pb 0-20% |/s,, = 2.76 TeV
= —&— ALICE A EYTHA(20-50)-(15-20)
ggld = YAJEM IFHA(20.50) 0-10%
g (=] JEWEL A [}™"(20-50)-(15-20)
1.2

Pythia
AA

Al
|||||||I|IIITIII|III|III
)

0.8 - 'I_—i— ._i 1 ® ?
i Z{'_-j !
- "
CEALICE, :
o | YaJEM: PRC 78 (2008) 034908
0 10 20 30 40 50 60 . 70 JEWEL: EPJ C60 (2009) 617
pT!J,et (GeV/c)
* Left: JEWEL describes the ALICE charged jet R,, right, but undershoots
the /,,
* Right: YaJEM describes asymmetry A;, and predicts an /,, in agreement
with data.

* New constraint on models (energy loss, geometry, path length
depenendence, etc)
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% Summary

ALICE
 Di-hadron correlations:

— Low p;. p'"8 < 8, p;355°¢ < 3 GeV/c

* In central Pb-Pb events, significant broadening of near-side peak in An, but
not in A@: interplay between longitudinal flow and jet shape?

— High p;: 8 < p;'"& < 15 GeV/c (dominated by jet signal)

* Constraint for models: enhancement in near-side yield, but suppression at
away-side.

* h+jet coincidence measurement: new method to suppress

background contribution

* Minimal fragmentation bias; infrared and collinear safe
e Consistent results for different radii (0.2, 0.4) within large uncertainty
* Next: evolution of recoil jet spectrum by changing trigger p; range

* Itis important for models to describe both R,, and /,, for

both single hadrons and jets.
10/22/12 Rongrong Ma, 8t high p; workshop, Wuhan, China 25
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% Event and Track Selection
ALICE
* Data sets

— Pb-Pb at Vs,,=2.76 TeV: 15M events from 2010 data taking period
in 0-90% centrality class

— pp reference: 55M events from 2011 low energy run
e Centrality selection: VZERO (2.8 < n< 5.1 and -3.7 < n<-1.7)

* Tracking

— TPC tracks constrained to the primary vertex
* Optimal azimuth (¢) acceptance = uniformity for angular correlations
* Minimize two-track cluster merging effects in the TPC

* Two step correction procedure
— 2-track acceptance correction using mixed events => shape
— Single particle efficiency and contamination correction => yield
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. Two-track acceptance correction

ALICE —~ Same event
e > Event Mixing: performed in bins of

4504 ALICE -

4.."PERFORMANCE ™
400 RS2

.:%;ggg; ? | — Long.vertex position (z, Az=2cm)
g ?_:E '\\N"\”' §§§§W§§\‘*"\'\'\'\\\\“\‘*?\\\\3\\\\11‘ — Centrality: 1% steps from 0-5%;
5 10 ‘i\\;\\\\f“\\ \&&\xg\&\‘“‘ xx}‘&\g\“\“\@}\}\&\f‘ then 5- 10% followed by 10% steps.
BEh f o — For each z-bin calculate the ratio:
DN ) d*N'"™ (Ap.An.7 = —] N (Ap,AN,z)
dA@dAN N,.(2) Noi*(Ap,An,z)

()-M

ixed event

3 a0of, ALICE L™ — B chosen such that correction
£ 0l - interpolated to A@=An=0is 1.
£ 250 : \“\;\\\\\.\“\\\i\\“\\{\t\\\ .
el I B \\\\\§§\“\ — Calculate weighted average of
iy - % ratios N
T . D N, (@)————(Ap,An,2)
s \ N (Ap.An) = dApdAn
Gn  dAgdAn D> N, (@)
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Single particle corrections

I

|

4\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\H\H\‘\\\‘\\\

I

HIJING Pb-Pb 2.76 TeV
Il <0.9

|

|

*j%—*}:%ﬁg'f B
I f”f e
T

Tracking Efficiency

— 0-10%

o
20-40%

 a0-60% ALICE

PERFORMANCE
60-100% 09.05.12

|
1

2 3 4 5 6 7 8 9

10
P, (GeV/c)

Ncorrected (An’A(p9PT LIrig ’pt,assoc ’C) = N

pair

raw
pair

[ L
2114 HIJING Pb-Pb 2.76 TeV
_g N Il < 0.9
g1 12—
s C
1108
o FT—
1.08— .
C T
1.06— +++
1.04 . .
- Contamination
102 (secondaries)
1.00
C ALICE
0.98— PERFORMANCE
- 09.05.12
0.96;\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

-

2 3 4 5 6 7 8 9 10
pT(GeV/c)

(An’A(p’pT Jrig ’pT ,assoc ’C) X Ctrkeﬁ‘ (pT,assoc ’C)

XCtrkeﬁ‘ (pT,trig ’C) X Ccont (pT,assoc) X Ccorrelatedcont (An’A(p’pT,m’g ’pt,assoc)

ted
tf’lO(g’;reC ’ (pT LITig ’C) Nt’:ll;} (pT,trig ’C) X Ctrkeﬁ‘ (pT,trig) X Ccont (pT,trig)
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% Systematic Uncertainties
ALICE

* Sources
— n range of flow subtraction
— Track selection
— Vertex range
— Influence of resonances and conversions
— Two-track effect
— Wing (increase at large An) correction
— Two different fit procedures
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e
)

Pb-Pb |5, = 2. 2< Pt <3 1< Pra <2 GeV/C
ppis=276Tev 4 < Pr¢ < 8 2« Pra < 3 GeV/c

PRELIMINARY

~

o
~

e
o

15 900 L9005 5 0 O OO OO0 0O IO U At o

airee Peak deformation

G,
— An

o, (fit) (rad.) , 5, (fit)

. o o . 0.5 Orp
* Significant increase of G,, ) >q\
towards central events
— Ouy > Oy leccentricity ~ 0.2) 0'35 — e S I B
e Armesto, Salgado, Wiedemann LI .
suggested that longitudinal flow
. . 0.9 [
can deform the conical jet shape L Anrms
(PRL 93,242301 (2004)) |
Vacuum Static medium: Flowing medium: o + ’ T
(reference) Broadening Anisotropic shape R

.I.‘II:— % \ l‘ll - "’,"I
%ﬁ? gﬁ,ﬁ o2 A Neargo
/ 01 b AP rms
:,.f W : ® Near g,
0 566500 300400 560 600" 700
. . dN.,/dn
e |nterplay of flow with the jet? PRL 93,242301 (2004)
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% Compare to RHIC: Vs, = 200 GeV

ALICE

* STAR: NS /,, is consistent with 1

e \Very different kinematics: 8 <
p; "€ < 15 GeV/c is almost the

highest hadron trigger accessible

at RHIC

PHENIX Away-5|de 0 20%

Assoc. yield per trigger

7-9 GeVIc
] “Ah" r”

. LOWW y=
wim ACHNS, K

‘rh

g

> 5 GoVie
160 GoVilm

=41: 08

h

| P L & S

)

9-1 2 GeVIc

6% scale uncertainty
~@—~ away {INg - nl
—— head (A0 -n

L ]

<n2)
| < =6)

0 1 2 3 4 5

10/22/12

6 70 1
partner p_(GeVic)

Rongrong Ma, 8t high p; worksho%%%an, China

2

3

e
-t

2.01

STAR Near-side

Near side, A0l < 0.63
Ll l L] Ll Ll L ' Ll Ll Ll L]

T T L L] L] T L] L] L

3 < p,(assoc) <4 (x1.5)
4 <p,/{assoc) <86
A p.(assoc) > 6§ GeVic

I
T FE 20T
- - - -
:c ' T -

! I & I
J s 3+ 1 3 3+ 3+ 0 4 3 3
0 100 200 300

PHENIX: nt%h
measurement

More suppressed
Increase of /,, below 2
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The Response Matrix:
background fluctuation & detector effects
e Background response: using random cones (ALIcg, JHEP 03 (2012) 053)
* 0=9.74 GeV for 0-20% central and p;*°"'>0.15 GeV/c
* Detector response: dominated by tracking efficiency
* Based on PYTHIA fragmentation
* Combined matrix: R =Ry, Ry,

e Detector and background

T’G : X Ay ((2050)-(15-20)) particle-level PYTHIA
3 fhade, I effects go in opposite
ZA% E‘- = Folded Combined effects d i re Cti O n S
0 % 10°
+  Spectrum is almost
1 ; exponential
§ PbPb ﬁm = 2.76 TeV 0-20%
| AlIcE e Reduced combined effect
PERFORMANCE anti-k; R=04 A>04 p 5015 GeV
10 12012/08/13
Coovovo v by v b b by

1 1 1 1
20 30 40 50 60 70 80
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Unfolding stability

ALICE

* Two systematically different techniques
* Bayesian unfolding (G.p’agostini, NiM A362 (1995)487)
* %? minimization of refolded and measured

A ocon x> unfolded unfolded A,_,;: x° / Bayesian

- ~ 16[
) L (o) C
> —
> Ry » R=0.4
8 1 — Raw ~ C
= 102 | Unfolded g 1o = R=0.2
P — Unfolde o
se [ —— ) | B
Q — Statistical error -
2o [ — — { 1
2 = L
2 | — 2 b
~ I 9 -
< B [ < -
I §®) -
S 00| 2 v
< - 2wl 2
L Arecoif((20-50)-(15-20)) 5 T N
B ALICE PbPb |s = 2.76 TeV 0-20% S o2k PbPb sy, = 2.76 TeV 0-20%
PERFORMANCE — '_k const. 1 V
- 201 2'4((;8/1 3 anti-k_ R=0.4 p$°"s'>0.15 GeV a s anti-ky pr>0-15 Ge
1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 >‘ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
20 30 40 50 60 70 B % 30 40 50 60 70
pc" (GeV/c) S pS" (GeV/c)
T,jet b T,jet
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. PYTHIA
N Recoil Jet Al ,

pp reference: PYTHIA (Perugia 2010)

«_1.6 =
;E_‘ § : |(p:‘rig- (Plrec:oil-7t|<0'6
4" | . . . trig
A Signal trigger hadron: 20 50 GeV/c
f;?_g1.4__ g gg =Pr tr:; o R:O 4
£ 8 C Reference trigger hadron: 15 < p; < 20 GeV/c .
< L
12— .
gL * Constituents:
a< -
SO | e SRRRAREEE - -~ TERLEE R R LTI e Eoech const
- P e p;°™st > 0.15 GeV/c
08— ~1 | ® .
: 3 1T + * No fragmentation
- | ..
06— 1 bias imposed on
0.4 % Pb-Pb 0-20% |'s,,, = 2.76 TeV recoil jet
- anti-k., R=0.4, p§°"5‘ > 0.15 GeV/c .
0.2 ALICE —e—— Diagonal element of covariance matrix pO p u I ation
B Shape uncertainty
- PRELIMINARY [ Correlated uncertainty
0 __ No reweighting of reference
oo b v v v v b v b vy T v b by gy
0 10 20 30 40 50 60

.70
ps"  (GeV/c)

T,jet
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alLice Recoil Jet Al,,"Y™MA: cut on constituent p;

Pythia _, Pb-Pb, , Pythia
AA T Arecoil /Arecml

Al

p; > 0.15 GeV/c

1 6 je
: |(p:lrig- (Pjretcoil-nl<0'6_
14 r Signal trigger hadron: 20 < p'Trlg <50 GeV/c
' r Reference trigger hadron: 15 < ptTrlg <20 GeV/c
1.2
L] PRRITCCLL (TP ERRTERELLLUPRPRPYYIREEPPPPPPPPPYRRIELPPrey RUTE
0.8 ¢ i f
- )
- 4 ]
0.6 —
0.4— % Pb-Pb 0-20% |s,,, = 2.76 TeV
C anti-k;, R=0.4, p°"*' > 0.15 GeV/c
0.2— ﬂ |_ IC E —<— Diagonal element of covariance matrix
C PRELIMINARY Shape uncertainty
o [ correlated uncertainty
Coovv v v v v b v v bv v v b v v b v v b v g by oy
0 10 30 40 50 60 o 19
Pl et (GeV/c)
[ )

Pythia
il Arecml

Pb-Pb
recoil

Pythia
AA

Al

p;>2 GeV/c

1 6 jet
: I(p:'ig- q):'ez:c»il-ﬂl<0'6
1al- Signal trigger hadron: 20 < p'Trlg <50 GeV/c
' : Reference trigger hadron: 15 < p‘Trlg <20 GeV/c
L ALICE
1—---PRELIMINARY e
0.8 i
: )
- p
0.6 — | 3 | o | [
0.4/— Pb-Pb 0-20% |s,,, = 2.76 TeV
- anti-k;, R=0.4, p?"s’ >2 GeV/c
0.2— —+— Diagonal element of covariance matrix
C Shape uncertainty
o [ correlated uncertainty
ISR R T U AN S N M TS S AN T TS (NSNS SN N ST U HN S ST W
0 10 30 40 50 60 70
pijet (GeVlc)

No indication of large variation of fragmentation pattern
compared to PYTHIA
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