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Pb+Pb Data Samples
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Pb+Pb Collision Centrality

Characterize centrality by percentiles of the total cross-section
using forward calorimeter (FCal) 2Et (3.2<|n|<4.9)
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Energy sum in FCal compared with Glauber MC ® 2.76 TeV p+p data Tie barrel Tie extended barrel
Sampling fraction f = 98 + 2% of total inelastic cross-section

Centrality parameters <Npart>, <Ncoi> calculated from Glauber MC p ' '/
(binning in the simulated FCal ZEr) LAr hadronic
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Multiplicity |

hys.Lett. B710 (2012) 363-382
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(30-80% centrality class)
Up to 8,000 charged particles in

ATLAS tracking @ /s\,=2.76 TeV

Twice more particles per participant
pair compared to p+p
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Event: 1914004
Date: 2010-11-12
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PRL 105,

|Hd Selected for a Viewpoint in Physics

252303 (2010) PHYSICAL REVIEW LETTERS 17
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Observation of a Centrality-Dependent Dijet Asymmetry in Lead-Lead

Collisions at . /sy = 2.76 TeV with the ATLAS Detector at the LHC
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Jet Rep

Asymmetry alone cannot provide information about the details of parton energy loss
for radiative energy loss, jet energies can be reduced by greater “out of cone” radiation
depending on the jet radii, according theoretical calculations (e.g., Y. He et al. arXiv:1105.2566).

Single inclusive jet spectra and central to peripheral ratio Rep:

1 1 dN
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First LHC result on jet suppression (submitted to PLB arXiv:1208.1967)
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use anti-k: algorithm with R=0.2, 0.3, 0.4 and 0.5;
result using SVD unfolding to remove detector effects;
~ 50 million events from 2010 PbPb data.

Suppression by a factor of 2 in central comparing to peripheral collisions.
Rcp for all centralities and for both radii show weak variation with pT.
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Jet fragmentation

Asymmetry alone cannot provide information about the details of parton energy loss
A modification of jet internal structure was predicted by different theoretical models N.Armesto et al.,

JHEPO802 (2008) 048. R O 4
S 10k ATLAS Preliminary Si0?o . ATLAS Preliminary -
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10! S 107\ "o+ e .’ | ATLAS-CONF-2012-115
| < 9 V% e
© ©0-10% x 2° TR - ©0-10% x 2° R
L © 10-20% x 2° N 102 © 10-20%x 2° AN\
20-30% x 2° N h ”l 5 20-30% x 2° AMY o]
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| ; w e 0 =}
- 60-80% P > 100 GeV ; [N Presd00ite
2 10 -
10 10" ; 10 10°
Z p, [GeV]

SVD unfolding was used to correct detector effects and to reduce the effect of statistical fluctuations:
D(z) unfolding accounts for track momentum and jet energy resolution;
D(pT) for track momentum resolution.

D(z) and D(pT) distributions have similar shape in all centrality bins.
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ATLAS-CONF-2012-115 D(z) centrality dependence

) . o D(z)lcent
Ratios are needed to study centrality dependence Rp(z) =

D(z)|60—80%
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~15% suppression at intermediate z (~0.1) and 25% enhancement at very low z (~0.02)
no strong modification at large z in central collisions with respect to peripheral ones
similar results found for R=0.2 and 0.3 jets
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Z boson distributions

(submitted to PRL, arXiv: 1210.6486)
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(submitted to PRL, arXiv: 1210.6486)
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Photon per-event yields

—_—
Q
R

ATLAS-CONF-2012-051

no centrality dependence in any of the measured
intervals

photon yields in HI collisions scale linearly with
<Taa> or equivalently with <Ncoi>

photon production rates are not affected by QGP

Isolated direct photons seem to be a perfect probe
to help in understanding of the jet quenching

phenomenon
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Z boson per-event yields

integrated yields show a clear scaling with
number of binary collisions

same dependence observed for three
momentum ranges (<10, 10-30, >30 GeV)

(submitted to PRL, arXiv: 1210.6486)
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ATLAS-CONF-2012-121
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Shape and integral compatible with PYTHIA for peripheral collisions.
With increasing centrality shift towards smaller xJy and reduction of the integral.
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ATLAS-CONF-2012-121
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Photon- jet A® distributions
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Centrality evolution |

ATLAS-CONF-2012-119 R=0.2 R=0.3 R=04
’ [ ) P :l | S| l | B B G I | B T | l | O G | 1 | LS I B T T | ] | 5l 6 B | ] T 1 T__l | B ] | BN 5 A | I 1200710 ] | L L
S-l ets g k3 T ATLAS Preliminary ]
— : pZ>60GeV — PYTHIA 1 Pb+Pb \s,, =276 TeV 3
o '_0.9:— p*' 5 25 GeV + ® Data + Data 2011 3
. . - ' t De ity) I L. =0.15nb"
Fxtracted <pPT Jet/pTZ>reIat|ve to 3— 3 p}., pZ5 2560 @ Data (All Centrality) i =015 nb" ;

MC simulations with no energy 0.8k in EM
loss (PYTHIA: Z+jet events). ; g :

0.7 F | + m
Stronger suppression for more ? Hm ; H 3

central collisions. : o 1 1
06; Anti-k, Jet R=0.2 ?:_ Anti-k, Jet R=0.3 '5:' Anti-k, Jet R=0.4

L + -+ 4
O A S VY [0 VR0 O TR A [ 0 W U T (7 1Y WA T 2 O T N 00 SiF T U RN TN VO PO F [N TSR W 1. 0 VO O A P OO 00 U (B¢ T IR U3 MY S 0O B A

—

-4

The blue points refer to 0-80% 100 200 300 100 200 300 100 200 300
. N_ ) (N N_ )
centrality, and therefore are not Noar pan? Noar
Independent relative to the R=0.2 R=0.3
' N . LT LT, I | X3 Jd ‘ S LR LT3 L) | |55 L]
¢ o o 0© = . @
o ®
»
ATLAS-CONF-2012-121
° 0.5 - 0.5 —
Photons-jets i | i
O R=0.2 PYTHIA+Data | [0 R=0.3 PYTHIA+Data
. ATLAS Preliminary ATLAS Preliminary
Downward shift of <Xjy > Pb+Pb L _=0.13nb" Pb+Pb L =0.13 nb"
(jets more quenched). i | | i o g
00 l 11COL 1 200 - 3001 1400 C.0 - 1100 - 2001 1SOOL 1 400
Npart Npart

Monday, December 10, 12

20



Centrality evolution |l
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Azimuthal anisotropy

Spatial deformations in the initial overlap region are
transformed into the final state momentum anisotropy

studied via Fourier decomposition of the azimuthal angle

distribution measured relative to the initial symmetry plane ®n
A.M. Poskanzer, S. A. Voloshin, Phys. Rev. C58, 1671 (1998) :

BN 1 dN
dp®  2mpr dprdn

E (1 + 2 i Un(pT3 77)003[”(¢ - (I)n)])

=1

phase of vq accumulated over many events;

this event-averaged v mostly reflects the
hydrodynamic response of the created matter to the
average collision geometry in the initial state.

vn = (cos[n(p — @,)])

Event plane is measured based on energy deposition in the first sampling layer of FCal
Fourier harmonics are reconstructed in inner detector from charged particle tracks:

pr > 0.5 GeV o

n|<2.5 1 ZEth Tw; sin(nag;)
) —il o

Reaction plane (YP) is approximated by~ ¥n™ = - tan S~ Blouer; cos(nd)

event plane (Ynt°) measured in FCal: o M -
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v2-v6 from the event plane method

PHYSICAL REVIEW C 86, 014907 (2012)

S

Measurement of the azimuthal anisotropy for charged particle production in /syy = 2.76 TeV
lead-lead collisions with the ATLAS detector
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aasconrzoiz114 - EVENt-by-event flow harmonics

New technique — direct measure of flow harmonics fluctuations!
Event-by-event unfolded vn distributions normalized to unit, for n=2 — 4

P(v2) P(v3) | P(v4)
T T T T ‘5 T T T M| 1 T . é y | 10° 2 T T T b T T T | T LA | g
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U3 ¢ o X A 8
. O &l OQ. — — \ 8
3(“4 ! ‘ - On. 2:") \ a’t \ ““
o N ) L a \ a 4 a 3
¢ % . J \ »
P . 5 " b 1
10 \ , o -0-1% E-0-0-1% \\ X
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Quantities calculated directly from these
» distributions:
mean {Vn),
width ovn ,
ratio avn /{Vn)
RMS value: /(v2n)

2 [92
n —_— — 202 ] — - n
P(v,) = e o 7r(v )

Lines represent radial projections of 2D

(Gaussians, rescaled to <vp>

for vo only in the 0-2% of most central collisions \/(<Vn>2 + 02 )

for vz and v4 over all centralities
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ATLAS-CONF-2012-114 {V;)
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Event plane correlations

The resolution corrected correlations between EP of different
orders: (®n,®m), (dn,dm,Pk)
Study non-linear response of the medium to initial fluctuations.
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Summary

X Jet yields suppressed by a factor of 2 in central collisions.
X Jet suppression depends on the jet size in central collisions.

* Jet fragmentation function shows no modification at high z, but significant
suppression with centrality at z=0.1 and enhancement at very low z is
observed.

X Jet quenching also studied with Z,y - jet correlations.
X Z and y production consistent with Ncoll scaling.

X ATLAS measured significant flow harmonics of charged particles in Pb+Pb
collisions at y/snn = 2.76 TeV.

X New results on flow harmonics fluctuations.

X Mixed reaction plane correlations were obtained.

Thank you!
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Additional Slides
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A Jet axis

Jet fragmentation

S — D)) = 7 () =
1 1 (ANch(pT,p’;t) ANg,* (pT,pJ;t))
L A
e D) = g P8 =
1 1 (ANg(z,p05) ANYE(z,py)
Niet (Pr") e(pT,n)( Az Az )

z = pr/pst cos AR
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ATLAS-CONF-2012-115

Ratios are needed to study centrality dependence
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Event selection and triggers
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Photons and electrons
based on EM calorimeter

efficiency > 98% for Er > 20 GeV

Muons
L1 p trigger with pr > 4 GeV, HLT (MS OR
MS + ID), additional ptr > 10 GeV p scan
efficiency > 90% above 10 GeV
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atLas-conr-2012051  Dijrect Photon Reconstruction

Tile barrel Tile extended barrel adxan = 0,0245x0.05
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Trigger: EM cluster with Er >16 GeV at L1
100% efficient for photons with Et > 20 GeV

Underlying-event background (UE) is

subtracted event-by-event o o | |
— — Photon reconstruction with a sliding window algorithm

k- -1 ATLAS Preliminary
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z 3 AR AT T g Photon conversions are not reconstructed in the HI
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1 Nine shower-shape variables used to choose high-
(o7 i quality photons (tight photons).
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ATLAS-CONF-2012-051

Direct Photon Reconstruction

6435 tight photon candidates with p>45 GeV and |n|<1.3 before applying the isolation requirement
|solation criterion optimized for HI photons: ET(Riso=0.3) — transverse energy in a cone of Riso around the

photon axis

Enhancement of data for ET(Riso=0.3)>0 due to two components: UE energy fluctuations and di-jet

background

Width of ET(Riso=0.3) in 0-10% photon+jet events is 6 GeV
Isolation requirement: ET(Riso=0.3) < 6 GeV
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Double side banded method

used for background subtraction. All photon candidates
classified to one of four regions:

A: Primary signal region

B

J

Non-tight
B: Photons which happen to be in the
vicinity of a jet or an UE fluctuation
C:lsolated jet fragments or photons which have shower
shape fluctuations which fail the cuts
D:Primary background region et
0
Leak of the signal to other regions is
evaluated using MC
st'g _ pyobs
Leakage factors ¢ j = Nsig; / Nsiga A A

cirange from 0.005-0.06, no dependence on centrality

— (

obs

B —cBN

819
A

10 15 20

)

E(R_=0.3) [GeV]

(N&° — coN5®)

(Ngb* — cpN39)

Monday, December 10, 12

34



ATLAS-CONF-2012-051

Photon purity and efficiency

Efficiencies extracted from MC and normalized to all PYTHIA

isolated photons with ET(Riso=0.3)<6GeV (the isolation
removes 1.5% photons)

Purity is determined by double side band method: fraction of
di-jet background in photon sample: 20-30% in low pr bins
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L - jet
correlations

Z — JUTY + jet event candidate

CATLAS

KEXPERIMENT

QATLAS

\EEXPERIMENT




Z boson efficiencies
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Z - jet correlations 0-80% centrality
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Ratio of jet and Z boson transverse momenta.

Normalized per Z boson.

Inset A¢ distribution, normalized to unity
Low statistics but data distributions in the momentum

ratio are

different from PYTHIA null hypothesis
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Z production — e, U selection and efficiencies

electrons: muons:
identified at L1 as a cluster of cells in the selected using all three trigger levels;
electromagnetic calorimeter, formed into combination of MS and/or ID:
(ApxAn) = 0.1 x 0.1 trigger towers; “ high quality” MS & ID, combined: pT > 10
In|< 2.5, excluding the transition region GeV required for both,
between calorimeter sections (1.37 < |n|< 1.52) “low quality”, pT > 20 GeV required for both
Er > 14 GeV.

weak centrality dependence:

S | Z-ee ATLAS Preliminary S | Zoup ATLAS Preliminary
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Photon- jet correlations

Jet quenching physics: Correlation between the photon and the

opening angle between leading jet and photon, Ag:; leading jet with:
transverse momentum ratio, Xjy=p1eYp7Y; priet > 25 GeV, |nief<2.1;
Riy = (1/Ny)dNy/dxjy, fraction of photon events that 60 < p1Y¥ < 90 GeV, |nY|<1.3;

have a jet. (For xjy and Rjy ) A >7/8m, and xj,>25/60.

Raw nydlstnbutlons

Background subtraction S — g oo P s arians 2
“double sideband” method to find the background. s 'oF DS o i R igatp
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Z - jet correlations
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Jets reconstructed using standard
iterative background subtraction.

Above 50-60 GeV jet and Z are
emitted back to back.

Fake rejection (based on track jet or
EM cluster within jet), removes
uncorrelated jets (esp. in R=0.3).
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Similar to photon

L ower statistics
Higher purity
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— Jet analysis

Correlation between Z boson and leading jet with:
priet > 25 GeV, |niet|<2. 1

012 > 60 GeV

Awp>1/21, and xjz>25/60
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The result: 2PC compared to EP

PHYSICAL REVIEW C 86, 014907 (2012)

S

Measurement of the azimuthal anisotropy for charged particle production in /syy = 2.76 TeV
lead-lead collisions with the ATLAS detector
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EP method in general is known to measure a vn value between the simple average and
the RMS of the true vn: {vn) < VaEP </ {V2,) Phys.Rev.C77,014906(2008).
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for v3 e v4 the values of voEP are almost identical to RMS v2,) :
for v2 the values of vaEP are in between <{vn) and+ {v2, ) :they are closer to (vn) in mid-central
collisions where the EP resolution factor is close to one, and approach +/ {v2.) in peripheral collisions
where the resolution factor is small.
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