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Measurement of the centrality dependence of J/1 yields L A S
and observation of Z production in lead-lead collisions
with the ATLAS detector at the LHC R | M E NT

G. Aad et al. (The ATLAS Collaboration),

Abstract

Using the ATLAS detector, a centrality-dependent suppression has been ob-
served in the yield of J/¥ mesons produced in the collisions of lead ions at
the Large Hadron Collider. In a sample of minimum-bias lead-lead collisions
at a nucleon-nucleon centre of mass energy /syny = 2.76 TeV, corresponding
to an integrated luminosity of about 6.7 ub™!, .J/¢ mesons are reconstructed

- via their decays to u™u~ pairs. The measured J/v yield, normalized to the
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Atlas luminosity, data-taking
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Luminosity weighted relative detector uptime and good quality data delivery during 2010 stable beams in PbPb
collisions at Vsy,=2.76 TeV between November 8th and 17" (in %).
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rigger, centrality

e Triggers:
e minimum bias scintillator triggers
e Zero Degree Calorimeters (ZDC) C 1062 Pb+Pb @:2%%4:\/;
e Centrality § 105; _
e characterised by percentage of total cross- 104% —
section using the forward calorimeter FCal 35 -
2ET (8.2 <|n|<4.9) 10 = E
e four centrality bins: 0-10%, 10-20%, i E
20-40%, 40-80% i )

0 05 1 15 2 25 3 835 4

e range between 80-100% excluded due to FCal 2 Er (3.2<inl<4.9) [TeV]

larger systematics in determining Rcoi

Peripheral Central
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_Muon reconstruction in ATLAS
- Two independent measurements:
Inner detector (ID)
! Muon system (MS)
- Combined using a global refit

\
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—xtracting the J/y signal from the data

L S s B S S S B A
80j B

. E [ e Pb+Pb\sy =276 TeV ATLAS E o Pb+Pb\[Sy, = 2.76 TeV ATLAS
® Event SeleCt|On: § 30:_ —— Signal+Background 40-80% § 6oi —— Signak+Background 20-40% -
= - ----- Background .y - ..... Background -
e 2 combined muons with opposite sign & g
e pt > 3 GeV at 7
=35 3 G5 4 OG————%5 3 35 4
w' w invariant mass [GeV] u* w invariant mass [GeV]
eInl<25 ~ ~
E I o Pb+Pb\[5y, =276 TeV ATLAS E L & Pb+Pb\[5y, =276 TeV ATLAS
" " " Yo} 60_ ) ] 0 80j ' _,
* Use sideband subtraction technique to § | — s 10-20% S soramseoous 0-10%
= | .---- Background = 60 ----- Background
extract the J/Y counts g 4op g |
g @
- 200 |t
* Mass windows At HW% jf i

R B B A I R R R
2 2.5 3 3.5 4 2 2.5 3 3.5 4

o S|gna| [295, 325] Gev W invariant mass [GeV] w" w invariant mass [GeV]
e sidebands [2.4, 2.8], [3.4, 3.8] GeV
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Determining the J/Y reconstruction efficiency
as a function of centrality

N»r-=p»

¢ J/\p reconstruction efficiency as a function of centrality extracted from Monte Carlo

® no data-driven methods available at low pr

¢ centrality dependence parametrized as a function of the total number of hits in the first
pixel layer

e Overall reconstruction efficiency was found to drop by 8% for the most central
collisions compared to the most peripheral collisions

e Monte Carlo samples:
e PYTHIA J/Y and Z events superimposed onto lead-lead events generated with HIJING
e HIJING was run with effects of jet quenching disabled

e clliptic flow imposed subsequent to generation tuned with RHIC data

e detector response simulated with GEANT4
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Systematics

= 4

SOources: &
!- Reconstruction efficiency {
e Signal extraction

\

A

donderdag 17 februari 2011



Systematics:
Monte Carlo driven efficiency determination

N»r-=p»

e Most of the efficiency dependence from

centrality is coming from ID s 0——————
. . c B ATLAS —— MC 40-80 %

e occupancy effects causing good tracksto faill > } A MC 0-10 %
our track selection cuts Sos | e
¢ Estimate systematics by comparing differences i ]
between data and MC on the selection 0.4/~ n
threshold i ]
e Studied as a function of centrality 02 L -
e maximum deviation of 3% found in the most ol L T

central bins 0 2 4 6 8

: , Pixel Hits on Track
¢ 2 muons — 6% maximum total systematics

10
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Systematics:

Signal extraction

N»r-=p»

e Cross-check yields using a maximum likelihood fit with the mass resolution left as

free parameter

¢ Two different background models were used: first and second order polynomial

e Maximum deviation of the fitted yield compared to the sideband subtraction method

taken as systematic error
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ne J/P result:
-inal numbers
Centrality | N™(J /) | e(J/v)./ Systematic Uncertainty

€(J/1)a0-s0 | Reco. eff. | Sig. extr. | Total
0-10% 190 &= 20 | 0.93 = 0.01 6.8 % 5.2 % 8.6 %
10-20% 152 £ 16 | 0.91 = 0.02 5.3 % 6.5 % 8.4 %
20-40% 180 =16 | 0.97 £ 0.01 3.3 % 6.8 % 7.5 %
40-80% 91 £+ 10 1 2.3 % 5.6 % 6.1 %

e Correct for “average” J/P efficiency RATIOs vs centrality from MC

¢ Relative yield: everything normalised to most peripheral bin

—

—

This measurement must be interpreted as a relative

pt >3 GeV and |n[>2.5

yield within experimental acceptance: 2 muons with

80% of the reconstructed J/P’s have a pr > 6.5 GeV

12
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he J/\ result:
Normalised yields

N»r-=p»

9 | [ | [ [ [
. . D ATLAS
" > -
e Normalising yields: 2 201 Pb+Pb\ 5= 276 Tev
° corrgct for dlﬁ_ereqce !n relative cross-section due 3 - Expected yield from R__
to differences in bin sizes = I o0
o . = 19 —— uny yield -
e Note: the uncertainties in the 40-80% bin are c |

not propagated into the ratio for the more

T

central bins
e Compare to: mean number of binary collisions
calculated using a Glauber Monte Carlo (Rcon) 5:_ o ]
¢ uncertainty estimated by varying the input - ;
parameters of the Glauber MC by 1 o o
| | | | 0O 20 40 60 80  10C
e impact of trigger bias was estimated to be very 1-Centrality %

small. Accounted by a 2% systematic error.

Centrality | R..; | Uncertainty
0-10% 19.5 5.3 %

* The result including statistical and systematical

errors | 4
10-20% 11.9 4.7 %
20-40% D.7 3.2 %
40-80% 1.0 -

13
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he J/\ result:
Normalised yields (2)

Ne»r->»

¢ Finally: yield normalised to mean number of
binary collisions in each centrality bin

e Uncertainties on Rcon included as systematical
errors on the points

¢ \\We observe a centrality dependent
suppression of the J/y vyield

¢ probability that the data points are consistent
with their average

® P(y2,ndof) =0.11%
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he J/\ result:
ATLAS vs

PHENIX

N»r->»

Rep(J/y)

0.5

——e—— PHENIXAutAup, >0 GeV Iy, 1<0.35 /(40-93%)
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e PHENIX result: obtained by integrating previously shown result over pr

e Similar trend observed as in ATLAS data

e momentum ranges very different

100
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/ production in lead-lead collisions:
event selection

Ne»r-=p»

e Event selection: S 30 atas
< | Pb+Pb\[s=276TeV
e two combined muon with opposite charge % - é“a‘a
= i MC
S 20 .
e pt> 20 GeV ! J[ ]
eInl<25 i |
10 .
* |[n1 + n2| > 0.01 (cosmic rejection) | I j
* mass window [66, 116] GeV o Mﬂﬁ S
40 100 120 140
¢ 38 Z candidates observed u u invariant mass [GeV]

¢ Relative yield calculation
e same method applied as for the J/Y

¢ systematics have been assumed to be the same as for the
J/P (conservative estimate)

17
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/ production in lead-lead collisions:
centrality dependence

Ne>r-=>»

¢ Relative Z boson yield found to be compatible with a linear scaling with the number
of binary collisions

¢ | ow statistics precludes any definite conclusions

N
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| ATLAS
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0 20 40 60 80 100

1-Centrality %
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Conclusions

N»r-=p»

e First results on the J/P and the Z relative yields in lead-lead collisions obtained with

the ATLAS detector

¢ \We observe a centrality dependent suppression in the normalised J/Y yield
* The relative yield of the 38 observed Z candidates as a function of centrality is

presented

¢ no definite conclusions for the Z bosons can be inferred given the current statistics

¢ the distribution is compatible with a flat distribution
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