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Heavy lons at the LHC

Two runs in 2010-11 with lead-lead data from the LHC collected on tape,
Excellent performance of the LHC machine,
Excellent performance of the detectors,

Huge energy jump from RHIC

factor of 14 in the center-of-mass energy!

SPS RHIC LHC

PbPb AuAu s PbPb
VSN 17.3 GeV 200 GeV 2760 GeV
Highest temperatures ever achieved in the laboratory,

Access to new probes and processes,

In this talk we discuss:
Di-jets and inclusive jets
Charged-particle spectra
Di-muon production: J/ % and Z
W production.

Hard Probes in ATLAS, March 10-17th, 2012




Measurements 71 coverage

Inner Tracker (-2.5, 2.5)

Three main components: Inner tracker, electromagnetic (EM) and

Muon Spectrometer (-2.7, 2.7)
hadronic (HAD) calorimeters, and muon system

EM Calorimeter (-3.2, 3.2)

— — HAD Calorimeter (-4.9, 4.9)

25m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

. Hard Probes in ATLAS, March 10-17th, 2012
Full azimuthal acceptance



=
°o
>
3
=
w
o
k=
£
=
|
e
[
2
o
o
g
=
<
5
'_

Total Integrated Luminosity [ub ]

12

10

220
200
180
160
140
120
100
80
60
40
20

Jllllllll\\llllllll‘\llll_l

— T T
ATLAS Online Luminosity \fs, =276 TeVv
[ LHC Delivered (Pb+Pb)
[ ATLAS Recorded

Total Delivered: 9.69 ub™
Total Recorded: 9.17 ub™

N
o
o

0
02/11 09/11 16/11 23/11 30/11 07/12

Day in 2010

TITT T[T T TI T I [TT T[T T[T TT[TT T TTIT[TTT
RN R R LR RN RN LN RN RN

LA e s B B B B

ATLAS Online Luminosity  \/s., =276 TeV
[l LHC Delivered (Pb+Pb)
] ATLAS Recorded

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

2011

0
05/11 12/11 19/11 26/11 03/12 10/12

Day in 2011

He
O

Inner Tracking

Pixel

avy-ion runs at  4/S,y =2.76TeV

Nov 4t-Dec 6™, 2010 and Nov 12%-Dec 71h,
2011

In 2010 ATLAS recorded 9.2 [/ b of PbPb dataq,
= With 1 (£ b”" magnetic field-off datq,
®  Minimum bias triggers only,

m  Physics results based on this data set will be shown,

In 2011 ATLAS recorded 158 /b of PbPb
data,

®  Various High Level Triggers used,
Data recording efficiency > 95%,
Fraction of data passing data-quality criteria

> 99%.

e Calorimeters Muon Detectors

LAr LAr LAr .
SCT | TRT eM | HAD | FwD Tile | MDT | RPC CSC TGC

995/,

100 | 100 | 99.2 | 100 | 100 | 100 | 100 | 99.6 100 100

Luminesity weighted relative detector uptime and good guality data delivery during 2010 stable beams in PbPb
collisions at Vs,,,=2.76 TeV between November 8th and 17" (in %).
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Centrality

. . . s
Characterize centrality by percentiles of °
the total cross-section using forward S
calorimeter (FCal) 2Er (3.2 < |n| < 4.9) <

w
Peripheral Mid-central Central W
collisions collisions collisions
b @) @
- I LA B LI B IRRBBRLRE
> ATLAS
= Pb+Pb \[s,=2.76 TeV
wi
k)
P
©

(20-40)%
(10-20)%

(0-10)%

L - o0
L ege ¥

“i5 2z 25 3 385 4
FCal Eq (3.2<hi<4.9) [TeV]
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Jets in ATLAS

| E; [GeV]

Calorimeter
Towers

Hard Probes in ATLAS, March 10-17th, 2012

ATLA

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

P, [GeV)

Pue 3.3 5.3 8.3




Di-jet asymmetry o AlGH

Céntrélity 0-10% ' &)e'ntr'ali'ty'10'-26% ‘ be'ntFaIi'tyIQO'-3'0°/'o_:

=y ATLAS Prelimi
0 Anti-ky jef reconstruction with two jet sizes  Sastoy pyls 2276 Te Er,> 100 GeV [JHuINGPYTHIA]
0.2 and 0‘4l Z},% ® L,=7upnb ET2§5 GeV e PbiPbData
=25 : -
® calibrated using energy density cell 2

weighting, 15

m underlying event (UE) estimated and 05
subtracted for each longitudinal layer
and for 100 slices of An = 0.1,

0%

o Di-jet asymmetry A, measured for back-to-
back jets,

7 A broadens with centrality, the mean shifts
to higher values and excess of events with
large asymmetries at higher centralities for

both jet sizes (0.2 and 0.4),

E . -E
7 The A ¢ distribution predominantly is still A . = —L T2
back-to-back at higher centrality values, / ET1 + ET )
1 Caveat: A, is less sensitive to events where
each jet in a di-jet pair loses a
comparable amount of energy. i
Hard Probes in ATLAS, March 10-17th, 2012 e -



R, for jets "

WicksA G H

Prediction by Vitev, Zhang,

1.8 T T T T I

1 Observable which is sensitive to the “inclusive” jet 16F  orme o borEe3300 GeV ]

i i i i s 14F OR™=07 R

quenching in the spectrum of single jets, F I Ao 1

o e . . . N E_ "¢ AR™ =02 ]

o1 Prediction of the impact of medium-induced radiative 2 10f '
energy loss on the jet yield due to the radiation falling o8l
outside the reconstructed jet cone, % ol
. . . . . E 0'4—
o ATLAS data inconsistent with this expectation 0ol

. . . . [ | X I X X 1

R, similar for two jet sizes 0.2 and 0.4. 0.05 = 5 5 500

E, (GeV)
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Jet fragmentation "

o 0 5 102?9 ET,jet=75'100 GeV
Another observable sensitive to the 2 % o R=020-10%,p>2 GeV
- . . . 2 - % o R=0.2 40-80%, p >2 GeV
inclusive” jet quenching is the charged 2 1o ..
fragmentation spectrum: - .,
ppart - +=9=
. . T E
Longitudinal: z= i CosAR - *
T n —0—
-1 —
Transverse: Jr = pP sinAR 197 ATLAS Preliminary —
Pb+Pb\[Sy= 2.76 TeV
Radiative quenching is expected to g2 =7 1
re-distribute the energy among the 0047027037 04705708 0.7 0870 ;
final-state hadrons and suppress S e Eyj=75-100 GeV
. . > 10 . o R =0.2, 0-10%, pT>2 GeV
those with a large jet momentum S E %, s R=024080%p>2GeV
. - B )
fraction, S e %,
X %
ATLAS observes no substantial = ok kX
z g | B
change between central and = F -
. . . 102 - -+
peripheral jets despite the large = ATLASPreliminary ——
. . [ Pb+Pb\/sy\= 2.76 TeV
change in the yield. 10° J-.m—mb‘l‘ ——

O_III
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Charged particle spectra "

01 Global look at hard probes via inclusive spectra at large py,
o1 Tracks reconstructed in Pixel+SCT in | 7 | <2.5,
o1 ATLAS measurement agrees with ALICE result for | 7 | <0.8,

7 Medium modification explored via R

cp!
Minima around 7 GeV then rise, no ) dependence T Ry ©ATLAS F',;e'"'rLinary'
[
o 10° \
C P 2 C —"_ pb+Pb\ SNN=2'76 TeV
o ~
R _ NCOll Nth d N /dnde % 10 I—in|=7 llb 1
cpP — P C 2a7P ks
N,, N,, d° N /ldndp, 5
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J/W,Z and W in ATLAS "

CATLAS
A EXPERIMENT

Run 169045, Event 728772
Time 2010-11-12 ©01:52:11 CET

Heavy lon
Collision with
aZ—pp
Candidate




‘ J/w prodUCﬁOn

Quarkonia dissociation due to color screening is

considered as a promising signature of quark- T
. T<T T=12T, T= 3T,
gluon plasma (QGP) formation I I cI I T cI I I i
* Various quarkonia states are expected to L1 e IR S
111 7 ) \Vx,,‘lf’ Y th xh ‘I’ Y th Y
melt” at different temperatures,
* This was seen by SPS and RHIC experiments
— - o et
% L 4
S ool o Pb+Pb\s,, =276 TeV ATLAS -
8 | —— Signal+Background 0-10% ]
o i i
= Background —
> ]
c
: !
>
L -
<>l
Ea
s 1 " | | . L L ]
% 25 3 35 4

[TATh invarignt mass [GeV]

signal
<>« gt
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R o J/ Y suppression

1-5 —_~
.g ATLAS < 1 | | —
o> )
> Pb+Pb\ 5,,, = 2.76 TeV = - i
S 1 o i |
8 - | |
5 : . ~ | |
3 | |
g | | -+
z e 4+ . 0.5 AF
0.5 4 i i
| e ATLASPb+Pb p,, >3 GeV In,|<2.5 /(40-80%) ]
EbN Pb ] - e PHENIXAu+Auplw>0GeVIwa<0‘35/(40-93%) -
| T RS B
20 30 80 B0 100 040 60 80 100
1-Centrality % 1-Centrality %
. . . 0 . °\o 1'2_
- J/ ¥ yield is normalized to the 80-40% peripheral 3 [
. o =
bin, ¥ 1: %
- ATLAS observes a centrality-dependent suppression B o
of the J/ U vyield, E | _Ff
. . . = 0.6'_ = [
- Consistent with the PHENIX result over p; despite % F il
o 2 - '—%—
different momentum ranges, 041~ pp-pb\ s, =276 TeV
- ALICE shows the weaker suppression than ATLAS 5 ALEGEDaydd, ppd (retiminay)
02— o ALICE, |yl<0.8, p >0 (preliminary)
but at much larger | 77 | and lower p;. [ o ATLAS, [yl<25, p 6.5 GeVic (arXiv:1012.5419)

Hard Probes in ATLAS, March 10-1 0 40-80% 20-40% 11 0_200/0l 0-10%
centrality



Ve Nt 1
Y Z production
3 AGH

22-5_‘ L L L T T T 1T
0_>" . ATLAS
N [ Pb+Pb\ sy, =2.76 TeV
° 2F .
q) -
N -
R
51.51 —
Z L
i
0.5 .
O > L AL B B BB
0 20 40 60 80 100 © 30" ATLAS 7
1-Centrality % (3 | Pb+Pb\ 5, =276 TeV )
v First published observation of the Z boson peak in £t [Imc ]
o o < 2 — ]
PbPb collisions at the LHC, w20 ]
v’ 38 candidates are selected in the mass window of
66 to 116 GeYV, 10- i
v No conclusion can be inferred about the Z yield i ]
scaling with a number of binary collisions because of i + 1
[+ L Lt

limited statistics. Hard Probes in ATLAS, March 10-17th, 2 40 60 80 100 120 140

u" w invariant mass [GeV]



W production "

AGH
° ° >1OSE'I‘IIII']IIIIIIII 1]]‘][ ]1]]]] llll]l ]]II"E
Theory predicts an order of magnitude o .
) ' ATLAS Prelimina L=5pub’
more W than Z produced at 2.76 TeV, B 40t Y =OHD
c 3 |
Measurement of W — U4 V requires ‘23 E e Syn=2.76 TeV
mis.sing. energy term to be recons’rrl‘Jc’red, 103? . Data 2010
which is unreliable in a Pb+Pb environment, i [ W—spv
10%F 3
Therefore, we try to rely only on a p; T Background 3
distribution of muons 10L t,, — Fit _
Muons from W are on average more ",
energetic than muons from QCD processes, 1 ' R
At high p; two dominating sources of single - TTLs ]
muons are b-quark decays and W decays, 107590 20 30 40 50 60 70 80 90
Veto .di-muons withm , ,>66 GeV (Z/DY P! [GeV]
candidates),
Find the best estimate of number of W by Divide Pb+Pb dataset in subsets
fitting signal and background to data of charge, pseudorapidity (77)
Template method. and centrality and fit each subset

independently.

Hard Probes in ATLAS, March 10-17th, 2012



W vyields and charge asymmetry ”G
A

H
R R R R LR LR LR LR LA
« ;g;:ig;g"mi”afy ; No suppression hypothesis (flat line) is fitted to
2:—|:]Tota| uncertainty —_ fhe dqfq W“'h X 2/d0f :5.72/3 (p:O.] 3).
1.5;JL=5ub" Su=2.76 TeV _ Result is consistent with no suppression of W
[ S ] bosons,
| ' | ol Statistical uncertainty dominates, systematics come
050 E from a number of binary collisions and template
: . fits,
Olews Lo bbbl
020304 0506070809 1 . _
| Ratio Rw/z= 10.5+2.3 for 5 U b
1-centrality
S o6 ot Good agreement with Standard Model prediction!
F = Data2010,\s,=2.76 TeV .
S 04l %3:3' UNCAINty Precision test of W charge asymmetry provides
S eory . . .
i 0.2F information on PDFs,
> 0 % 7 Nuclear effects may give modifications to PDFs,
o} ——
g-o.z_ . Statistical uncertainty is still limiting but with
S u ] higher accumulated statistics a detailed
g - | L=5ub"  ATLAS Preliminary ] measurement of the charge asymmetry as a
0'0‘60 T R I i/ function of centrality will be feasible.

05 1 15 2 25
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Summary MJ

ATLAS has released results on a variety of hard probes produced in heavy-
ion collisions at sqrt(sy)=2.76 TeV

Di-jets, inclusive jets, charged hadrons with high p;, J/psi, weak bosons,
Measurements based on statistics from 2010 dataq,

We have O(15) times more statistics from 2011 dataq,
First confirmation of jet quenching reported in Dec 2010 and confirmed in
more advanced studies

Various jet sizes, di-jet asymmetry, R_, and fragmentation functions,
Observation of suppression of J/ 7 in deconfined matter which is consistent
with results from earlier lower-energy experiments,

But details are not yet understood,

Observation of no suppression for W/Z bosons — their yields follow a

binary scaling with centrality.
Hard Probes in ATLAS, March 10-17th, 2012



Back-up slides
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Dijet asymmetry for 0.4 jets

~ Centrality 10-20%
E;,>100 GeV

Er,>25GeV +0
R=0.4

Centrality 0-10%
ATLAS Preliminary
2 3% Pb+Pb \[5y, = 2.76 Te

3 350 %

<<
3 4
P
©

1.5§
1 i L J
8
0.5 OO

4 Centrality 30-40%
ﬁ'.. P ¢D

* Centrality 20-30%
CJHUING+PYTHIA]

® Pb+Pb Data

O p+p Data

Centrality 40-60% +Centrality 60-80% 4
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rediction for inclusive jets

Prediction by Vitev, Zhang, Wicks

— —
*R™ =20 Pb+Pb@5500 GeV ]

—
(22}
T

L OR™ =10 b=3fm
s 14 OR™=07 .
[ [ OR™=04 1

min
-h
N

I

Impact of medium-induced radiative energy loss
on the jet yield due to the radiation falling
outside the angular coverage of the jet
measurement

Raa ,
© o o o =
N A o ™ O
T T T 1"
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Trigger Strategy in 2010-11 "

AGH

In 2010: Peak luminosity 3x10%°cm2s"! which gives

350 Hz of min bias rate af L1 '_.Heavy ions 2011, EF rates breakdown [ ATLAS Trigger Operation ]
. . N :
Record all min bias events to tape, I EF output

In 2011: Peak luminosity 5.1x1026cm2s"" which gives €107 L Mingise
6 kHz of min bias rate at L1, o

High Level Trigger (HLT) essential to bring an output

rate down to 200 Hz, 10

Two approaches used:

Full scan reconstruction at HLT on all minimum bias
events triggered by L1 (jets, muons),

Region-Of-Interest (Rol)-based reconstruction seeded of
the lowest-p; threshold at L1 (muons, photons, electrons),

1 | : 4 :
In addition to min bias data high-p; jets, muons, 10 23:00 01:00 03:00 05:00
electrons, photons and UPC were enhanced Time/Nov. 18/19
Signature Trigger Stream Events Taken Reco
CPU/evt
Jets single jet p;> 20 GeV [s]
Muons single muon p;>4 GeV . o
di-muon p>2 GeV Min Bias 60M 70
Egamma single egamma p;>14 GeV Hard S4M 140
di-egamma p;>5 GeV Probes

UPC low tquéﬁrlguﬁfﬁ%lﬁgﬁ)incﬁTLAS' i rch 10- e 2012 6.6M 30




= J/ suppression in Hl

collisions as a function of
centrality already
observed in past
experiments

71 Various experiments
roughly consistent with
each other

11 Possible dependence on
rapidity and also

nglear modiﬁcatiqn .fact_o_r |

"lllllllllllIllllllllllllllllIlIllllIllll

® PHENIX, Au+Au, |yle[1.2,2.2), + 7% syst.
O PHENIX, Au+Au, |y|<0.35, + 12% syst
& NAso Pb+Pb, 0<y<1 % 11% syst

O NA38 S+U 0<y<1 * 11% syst
} }] i {>
AUl

fransverse momentum. 06 50 100 150 200 250 300 350 400
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& MC control plots
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= MC samples with
superimposed J/ U events

from pp at sqrt(s)=2.76TeV
from PYTHIA onto PbPb
events from HIJING,
= MC used for reconstruction
efficiency determination,
—> For comparisons tracks
selected with p;>500 MeV,
- Two centrality bins
explored: 0-10% and
40-80%,
v" MC describes data very
well
v' Also centrality
dependence
reproduced.




Systematic uncertainties for J /1 @Jﬂ

H

Reconstruction efficiency

Variation of the reconstruction efficiency with centrality due to the larger
occupancy in the Inner Tracker,

Stringent track quality requirements are made w.r.t. the pp ones,

Extraction of a number of signal events

Use un-binned maximum likelihood fit with mass resolution as a free
parameter,

Explore two different background parameterizations with a first or
second order polynomial.

Contral events @ 0-10% 6.8 5.2 8.6
T 10-20% 5.3 6.5 8.4
20-40% 3.3 6.8 7.5

Peripheral even'r 40-80% 2.3 5.6 6.1




come soon lllmm

AGH

ATLAS published results on J/
¥ > u u studies in PbPb collisions

10t s ATLAS Preliminary _ so far,

TR e it N 1 o Aim for using pp data at sqri(s)
— 10°E . E — S
> - ", - =2.76TeV for normalization,
S b ~, :
z 10°F Pb+Pb data 2011 N, 3 0 In 2011 we increased our
N R AT " 4 | statistics by a factor of 15,

Ldt ~ 41ub” by 3

- J | A Access to prompt and non-

1L Pt .pi>3 GeV : w

=TT WH “HE prompt components of J/ ¢,

1 10 10°

m,, [GeV] Access to other resonances,

Further PbPb results will be
reported soon.

Hard Probes in ATLAS, March 10-17th, 2012



HLT Selection

At HLT only a simple selection on a time difference between two MBTS sides is
applied

No requirement on physics objects as jets, electrons, muons, etc.

D — Ll I LA A l T T [ Ll L T T T ] T T T T T L 1_‘
< 107 P -
2 ATLAS Preliminary Minimum Bias |
- Pb+Pb =
o \/S,=2.76 TeV

10° —— Jet E;>100 GeV =
10° =
104 =

10°°

s l L ] 'S l A | — [ i ' l | A1 J

PR PN S S T PR
-20 -15 -10 -5 0 5 10 15 20
MBTS time A - C [ns]
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J/ Y suppression

AGH

‘51.;:_ 0-20:’/osysl;lobaj=il10% | - 20-I40% Sylstgk)baI:Ii10%I : |:| J/w SuppreSSion in HI COIIiSionS
1.6 . °
as a function of centrality

O lyl<0.35
1.2 ® lyle[1.2,2.2]

| I |
| I T |

st I[,LJ """" ] already observed in past
0.6[~ Tr m ( _ .
F - T ]
s o 8 @ #0 ] experiments
2t —t—t+— .
8 gt oo ||| foosrno o] o PHENIX measurement in Au-Au

1.4

o -
® o N
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H
P 1
i
Sl
H
H
1
H
H
H
i
H
H
H
H
i
i
i
H
H
H
H
H
H
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H
H
H
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H
H
i
'EE =~
v
TP U TP SO I AU NP A A
——t t

:__ ______________________ L] collisions @ VS, ;=200 GeV

-
ot
-

dzN?;‘(/, /dprdy

Ncolldsz/p,/,/ded}" ’

e B S W Rpaa =

4 4
P; (GeV/c) P; (GeV/c)

FIG. 3 (color online). J/i Ry, versus py for several centrality
bins in Au + Au collisions. Mid (forward) rapidity data are
shown with open (solid) circles. See text for description of the
errors and Ref. [21] for data tables.
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1 Cross-section and non-prompt / prompt yields

measured by ATLAS

w'w)do/dp_dy [nb/GeV]
EE-

r(J/
o

L tT ]
? Inclusive cross-section E
C v ATLAS |y /w|<0.75 .
=¥ o CMS |yJ/W|<1 2 -
= Yy Spin-alignment envelope =
C v v i
E E
C . 7
E - v 3
- v ]
E ATLAS . 3
L \s=7TeV ]
= |Ldt=22pb" v 3
C 1 1 1 | L 1 1 L 1
78910 20 30 49 50
\J
py " [GeV]

/y production fraction

S 0.5

A ‘; J/P in pp in ATLAS

O —
\———

>
(=)
I

L

e ATLAS\'s=7TeV, |yJ/w|<0.75
o CMS\'s=7TeV, |yJ/w|<1 2
o CDF \'s=1.96 TeV, |yJ/w|<0.6

Spin-alignment envelope

L

|
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§_ ATLAS ++ _§
= | Ldt~23pb" gﬁf =
e
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Muons in 201 1data
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Inclusive muon spectrum $ window in the muon channel
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Glauber fits for ATLAS

e We are using FCal energy sum, as before

¢ Use standard Glauber MC (http://arXiv.org/abs/arXiv:0805.4411)
e R=6.62 fm, a=0.546 fm (skin depth)

e Assume both participants and collisions contribute
* “Two component model”, controlled by parameter “x”

N, ar
ZET.\FCGI - ET,PP ((1 - 1’) par? + choll)

2
e x=0.13+0.01(stat)+0.05(syst) found to describe RHIC data

e Incorporate FCal energy resolution and noise
e | et detector noise be a free parameter (sum of cells)

e Resolution assumed to be 100%//(E(GeV))

e Input data distribution is FCal Et from mbSpTrk selection
e Cuts requiring good vertex (>1 track), MBTS (DeltaT<3ns), ZDC (AND)
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