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‘% Introduction

*The goal is to study the modified fragmentation of jets originating from
partons passing through the hot and dense medium in Pb+Pb collisions.

*Tools: full jets measured in the calorimeter + charged particles measured
In the inner detector.

v = L L
200 = ATLAS Online Luminosity  \[s, =2.76 TeV

- [ LHC Delivered (Pb+Pb)
[ ] ATLAS Recorded

* UE corrected anti-ky jets with
R=0.4, R=0.3, and R=0.2
with pr>100, 92, and 85 GeV,
respectively, within |n|<2.1.

180
160
140

Total Delivered: 166 ub™
Total Recorded: 158 ub™

Total Integrated Luminosity [ub

*Data: 2011 Pb+Pb run of 140 pb*, 3 75
events triggered using high-level sob-
trigger. In total, 60M events 600
analyzed. s0F
«MC: PYTHIA jets embedded S R
to minimum-bias Pb+Pb Data. 10/11 17/11 24/11 01/12 08/12
Day in 2011
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Jet performance
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* Jet performance in terms of jet energy scale, jet energy resolution,
and jet reconstruction efficiency.

* Different jet radii exhibit different level of influence by the sizable UE => measurement
using different jet radii serves as a baseline cross-check of results.
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* Tracks match to jets using

AR = 0.4 for all three radii.

R N B V1 I LR R 25 * Track selection based on

ATLAS Preliminary
Pb+Pby\[s,=2.76 TeV, 0.14 nb’!
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number of hits in Silicon
tracker and Pixel detector
and significance of
pointing to the vertex.

» Tracks with p,>2 GeV and

In|<2.5 used
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@ Jet fragmentation observables

* Measured quantity #1: Distribution of momentum of fragments
inside jets, D(p.).

D(p)(pi") = LAy (p1") =
Njer € dpr T
B l | (ANa(pr.py)  ANYE(pr. pr")
C Niu(ply €(pram) ( Apt ) Aprt )
Tracking efficiency Underlying event
correction subtraction

- Further, the central-to-peripheral ratio of the D(p,) distribution,
Rppmn, IS evaluated.
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@ Jet fragmentation observables

* Measured quantity #2: Distribution of longitudinal momentum fraction of
fragments with respect to jet, D(z).

D(z)(pih) L LAN ety
z)(p: = — I ) =
IT Nﬁ:r € dZ’. }’T
_ 1 1 (AN{-;,(z, pr)  ANGEG, p}"”’))
N jer( p%‘f’f ) €(pT,17) Az Az
<--om->
| H It
7 = pT/prOSR : A
| .z
* Further, the central-to-peripheral ratio of v

the D(z) distribution, Rp(), is evaluated.
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@ Important experimental
corrections

* Contribution from UE to the measured
distributions:

— subtracted jet-by-jet

— evaluated in each event using
a grid of cones

— each particle in the cone
corrected for elliptic flow and
difference in eta position

* Tracking efficiency correction:

— as a function of: centrality,
track pr, and pseudorapidity

-

Pb+Pby/s,,=2.76 TeV
PYTHIA + Data
m|<1.0
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* Correction of the jet pr to reduce

Example of tracking

ATLAS Preliminary Simulation

0% parameterization

50% parameterization

the effect of the jet up-feeding efficiency for barrel T
due to jet energy resolution. and end-cap region
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¥ Unfolding

* Correction from the reconstructed g F TATLAS Preliminary
level to the truth level. o e g Pb+Pby\[S,y=2.76 TeV
3 "
. . - LA
* Corrects mainly for jet energy and - o,
track momentum resolution. 5 Bna n e
: . C B e
* Singular value decomposition 10 014 np! ) A 0o
technique implemented in ":_anu-kTR:o.4 e . .
RooUnfold package used. = ® 0-10% Rawx 10 a A
B 0-10% Unfolded = 10
mJE
10°

F
O 60-80% Raw
A

60-80% Unfolded
1 I T T I I |

M P2

Example of the 7
performance of
unfolding for D(z)
distributions
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D(z) and D(pt) distributions
for R=0.4 |ets
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D(z) and D(pt) distributions
for R=0. 4jets
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D(z) and D(pt) distributions
for R=0. 4jets
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RD(Z) and R

D(pt)
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@ Rpe and Ry

RD( = D(Z)|cent RD( )= D(pT)|Cent
z) — pT)
D(2)]60—80% D(p7)l60—80%
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05/20/14 ouarkviauter 2014, Darmstadt 13




Full set of RD(Z) for R=0.4 jets

D(z)
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Full set of R

D(pt)

for R=0.4 jets

-‘—‘-'_ T T T T TTT | T T T LI I| -‘"-'_ [ T T 1T TT I| T T T LI I| -‘"-'_ T T LI I| T T T T T TTT |
=1 gf. ATLAS Preliminary =160 ATLAS Preliminary =16 ATLAS Preliminary
d Pb+Pbys,,=2.76 TeV &Y TF Pb+Pbyfs,,=2.76 TeV ad Pb+Pby\/5,,,=2.76 TeV
13 014 nb | 15E 0.14nb” 5E 0.14 b
1.4 ﬂ_ml_kT R=0.4 1.4 & Data 14
13 | I EJ;;BLGI[;[]G:;’W 13 i [ Systematic Uncertainty 13
12F ° ° | 1_22_ i 10-20%/60-80% 124§ 20-30%/60-80%
/S | TE I TE g | |
¥ I |!I b ' |*|I o 1 S
: 3 E ] - i
0.9F bt 3 o9f bt 1 o9 Fat
DE: 1 1 11111 I 1 1 1 1 11 11 II 1 1 1 11 11
10 . : : 10
d A clear evolution with centrality p, [GeV
= T T TTTT ! T TrrrTT ! rorrTTTT
1 ATLAS Preliminary &1 ATLAS Preliminary 516 LAS Preliminary
A Pb+Pby[s,,=2.76 TeV X Pb+Pby[s,,=2.76 TeV & " F Pb+Pb\S,=2.76 TeV
15F 014 np? °F 0.14 nb” 9E 0.14 b
14 1.4 14
13 1.3 1.3
12 § , 30-40%/60-80% | ‘ 12 40-50%/60-80% 12 50-60%/60-80%
: 4 i
1.7 I 1. 1.1
: : ' l I . : ' 1:' l ll e 1
: } Pt E E E FEER E
0.9F Pt 4 09F 0.9 i f ! =
0.at Lol 1 L1 ||||||: GE: ' 1 Lo el GE: [ | 1 L ||||||:
10 10° 10 10° 10 10°
p, [GeV] p, [GeV] p, [GeV]
05/20/14 Quark Matter 2014, Darmstadt 15



Fragmentation for different jet radi
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@ Quantifying the difference using
AD(2)=D(2)| .o — P(@)lg0.50

soF .. ATLAS Preliminary -
: Pb+Pb\/s,,=2.76 TeV
N * 0.14 nb"!

A D(z)

20F anti-k; R=0.3 .
15F Ff'Te‘>92 GeV E
X * 0-10% - 60-80% 1
10;_ e Data E
- [ ]Systematic .
5F Uncertaint
- y
OF +++ R 000000 0o
- ¢ .
_5- ] L 3 gl ] "I BB B
107 10 1
Z
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1

AD(@)=D(2)|, 0 D@leg.c0

Quantifying the difference using

Excess carried
by less than
one particle

a_nti-kT R=0.3

= 30F " 'ATLAS Preliminary -
: Pb+Pb\/s,,=2.76 TeV
25; * 0.14 nb’

Suppression

carried by

~one particle
(14% of jet py)

No significant
change in the

number of
high-py
particles

A A
a N
. 2 =0.02 -0.04 2=0.04-0.2 2=04-10
centrality
JAD(z)dz | [zAD(z)dz | [AD(z)dz | [zAD(z)dz | [ AD(z)d> | [zAD(z)d=
0-10% 0.657038 | 0.01775-058 —L7Te | —0.14%982 1 0077002 | 0.03715:939
10-20% | 0.607g78 | 0.0167000% | —1.6707 | —0.12F58 | 0.03%587 | 0.0467503
20-30% || 0.487F15 | 0.013%900% | —1.670% | 0137005 | 00470 | 0.0267505
30-40% 0447072 | 0.011F000% | —1.470% | —0.117902 | 0.07F00r | 0.044F0-0%
40-50% 0.33709% | 0.00015003 ~1.079% | —0.09%00% | —0.03T00% | —0.01110050
50-60% 0277012 | 0.00715 003 ~1.0798 | —0.071008 0047002 | 0.02775023
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ool e T ] S’ ATLAS Préliminary
o M, S E & 18 Pb+Pb\/s=2.76 TeV
. e v : | 0.14 nb” ;
105— T T ] E tio 1.6 + ahti-kT R=0.3 .
anti-k; R=0.3 "o ra [ pjft>92 GeV -
1= p-92 Gev DN — ey 0-10%/60-80% [
E 00-10% v 60-80% x 2 o ] - ++ |
oL ATLAS Preliminary o ] + * | |

= Pb+Pb\[s,,=2.76 TeV 7 1 T -

[ 0.14 nb! °1 ' ¢4 '

> L1 |||||_1 1 1 I . ' 0.8_2 A L1 1 11 ; 1 1 L1 IIII_
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z Z

“Extended” D(z) distributions
below z=0.02, that is a cut-off
corresponding to track pr of 2 GeV
if reconstructed in a jet with
pr=100 GeV.

Corresponding ratio continues
growing rapidly below z=0.02.
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@ D(z) recalculated to D(¢)

D(z) recalculated to
D(&) that was
previously
measured by CMS.

1,

R

AR AL UL UL UL RS RARRE AR

.:,:D‘I.B ATLAS Eehmrnafy
Pb+Pby/s,,=2.76 TeV

1.5

0.14 nb™
1.4 anti-kT R=0.4

pif‘}mn GeV

Direct quantitative
comparison with
CMS not possible

due to different
kinematic cuts and
acceptance

0-10%/60-80% *
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“’% Summary and conclusion

* Jet fragmentation has been evaluated in terms of D(z) and D(p+) distributions

and their central-to-peripheral ratio for three different jet radii, six different
centrality bins.

* A modest but significant modification of fragmentation seen:
an enhancement in fragment yield in central collisions for z < 0.04, a reduction
In fragment yield for 0.04 < z < 0.25 and an enhancement in the fragment yield
for z > 0.25.

* Similar set of modifications seen also in D(pt) distributions.
* The modification decreases monotonically with decreasing centrality.
* Modifications observed for all three jet radii.

* Presented measurements put direct constrains on modeling of the jet
response to the QCD medium. They should further stimulate the development
of MC generators needed to reduce the systematic uncertainties and to
Improve Run Il measurements of jets in HI collisions.
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Unfolding performance for D(z)

Raw/Unfolded
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Y Unfolding

* Correction from the reconstructed
level to the truth level.

* Corrects mainly for jet energy and
track momentum resolution.

* Singular value decomposition
technique implemented in
RooUnfold package used.

unfolding for Row
distributions
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D(z) and D(pt) for R=0.2
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RD(pt) for R=0.2
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