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Electroweak Bosons in HI: Standard Candles

Electroweak bosons (photons, W/Z) may be used as benchmarks for in-medium effects (“jet-quenching”)

Can also be used to check understanding of collision geometry (i.e. Glauber)

’u \\f//Unmodlfled near-side jet ‘)
3

Away-side jet loses energy in medium
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Electroweak Bosons in HI: Nuclear PDFs

Nuclear effects: difference between cross-sections in collisions involving heavy ion and those involving free
nucleons (EPS09)
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The ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

e Comprised of 3 sub-systems
* |Inner Detector
e Calorimeter
* Muon Spectrometer

N ‘vi » |
/ l \ \
/ [ '

Toroid Magnets Solenoid Magnet SCT Trocker Pixel Detector TRT Tracker
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The ATLAS Detector: Inner Detector

rR=1oezmm

Tracking
» Precision tracking and vertexing
 Coverage: [n|< 2.5

TRT <

’ TRT )
LR:W"“; LA . B(solenmd) =2T
(R=514mm [ 29 * Pixel Detector

» Three layers of silicon pixel detectors

v s

SCT

» Semi-Conductor Tracker (SCT)
 Silicon strip detectors in back-to-back wafers
* Four layers in barrel, nine layers in end-caps
« Transition Radiation Tracker (TRT)
* 4mm diameter straw drift tubes

R =371 mm

R =443 mm k"‘-

LR =299 mm

R =50.5mm
R=0mm1

R=122.5 mm
Pixels { R =88.5 mm
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The ATLAS Detector: Calorimeters

Tile barrel Tile extended barrel

EM Calorimeter

* PDb/LAr detectors
« Three active layers |n|< 2.5 LAr hadronic
« Two active layers 2.5 < |n|< 4.9 snerap (D
* Pre-samplersat0<|n|< 1.8

LAr electromagnetic

 ely identification and triggering end-cap (EMEC) :
Hadronic Calorimeter
- Scintillator tiles and steel as absorber medium N

« Tile calorimeter 0 < |n|< 1.7
« CU/LArHEC 1.5<n|< 3.2
 Cu/W-LAr FCal 3.2<|n|< 4.9 LAr electromagnetic e S R
. . . barrel . o
« Hadron, jet, and missing transverse energy S . LAr forward (FCal)
identification N
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The ATLAS Detector: Muon Spectrometer

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)

7 Muon Spectrometer
— * Muon coverage up to |n|< 2.7
3 : » Air-core toroid B-field on average 0.5 T
0 « Monitored Drift Tubes (MDT) and Cathode
i Strip Chambers (CSC) measure position in
B bending plane
* Resistive Plate Chambers (RPC) and Thin Gap
Chambers (TGC) provide muon triggering up to
Inl< 2.4 and position in the non-bending plane

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)




Heavy lons in ATLAS

Pb+Pb runs at Vs, = 2.76 TeV in Nov-Dec 2010 (8 ubt) and Nov-Dec 2011 (0.158 nb1)

. ATLAS Online Luminosity Ve=7Tev*2Z
14-_ [ LHE Delivered Al

12~ [JLHC Detvered Stable
- ATLAS Ready Recorded
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D | I’e Ct P h OtO ﬂ S peCtra Agreement in Pb+Pb and pp cross-section from

JETPHOX (R,, equivalent)
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Photon-jet yield (normalized per photon) as a function of momentum fraction
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Agreement with PYTHIA prediction decreases when moving to more central collisions, indicative of

large jet energy-loss relative to photons
https://cds.cern.ch/record/1451913




HP 2013 Thomas Balestri 7 November 2013

Z_)” CorreCted Y|e|dS Phys. Rev. Lett 110, 022301 (2013)
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sz+Jet
jet

d(p/p
T

1
N,

Jets and Z bosons produced back-to-back in azimuth

ATLAS Preliminary 1 _
Pb+Pb \fsNN:E_.TB TeV,Hm:D_1§ nb —
Antik . Jet R=0.4, p"'>25, pZ>60 GeV, p /pZ>25/60 |
B PYTHIA: Mean=0.84+0.01 ]

® Pb+Pb: Mean=0.82+0.07+0.08
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= [
50.&_
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04

jet, 7
PPt

Number of Z+jet events (fully unfolded and normalized per Z boson) as function of momentum fraction

Agreement with the PYTHIA prediction decreases when moving to more central events,

however low statistical precision https://cdsweb.cern.ch/record/1472941



Boson+jet
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Product

ion ratios
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» Measured via W—pv channel

ATLAS-CONF-2013-106
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« Cannot directly detect neutrino
« Use track-based p;™ss variable
as a proxy
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W: Background Sources
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W: Corrected Yields

5487 +96(stat.) £86(syst) W* candidates 5262 +95(stat.) £83(syst) W- candldates
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W bosons per binary collision in each |n | interval

LO prediction tends to undershoot data, whereas NLO is in much better agreement



W*/ W-Charge Ratio

» Integrated ratio: 1.04 +0.03(stat.) £0.2(syst)
« Consistent with unity in each centrality
class

« LO* and NLO predictions both accurately
represent the data

« Conclusion: NLO K-factor is independent of
charge and cancels in ratio
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W: Muon Charge Asymmetry
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Electroweak Boson Binary Scaling

Boson yields show clear scaling with the number of binary collisions
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Summary

« Presented boson (W=, Z, y) measurements in HI collected with ATLAS
in 2011

* Presented W production rates as a function of (Npart) and |n|

« NLO predictions with represent the data well, whereas LO* tends to
underestimate yields

Presented the fiducial W+/W- as a function of (Np,y¢)

« Consistent with unity in each centrality class considered

Presented the W—pv charge asymmetry as a function of |n|

« Both NLO and LO* prediction (without any nuclear modifications) describes the
data well

All bosons scale with the number of binary collisions

« Confirms an understanding of collision geometry (Glauber)

* Provides standard candle for colour-charge interactions in a QCD medium

« Exemplified by photon-jet and Z-jet measurements

« Sets the stage for exciting new results in future Pb+Pb and p+Pb EW
boson measurements




Thank you for your attention!
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W: Reconstruction-Level Kinematics (p+)

Show for both p* and p signal candidates

Background normalized to expected fraction

Signal MC normalized to background-subtracted
counts in data
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W: Reconstruction-Level Kinematics (p™ss)

7 November 2013

Show for both p* and p signal candidates

Background normalized to expected fraction

Signal MC normalized to background-subtracted

counts in data

ATLAS Preliminary Pb+Pb |s,,72.76 TeV
u, 0-80% 0.1<n|<2.4

J Ldt = 0.14 nb™

¢ Data 2011
CJW—uv
EW-—1tv
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prT"‘SS[GeV]
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Z B OSO n S i n P b + P b Phys. Rev. Lett 110, 022301 (2013)

Invariant mass distributions integrated over momentum, rapidity, and centrality
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Direct Photon Measurement In Pb+Pb

UE subtraction from each event

* |solated photons
* Reject clusters arising from hadronic jet-
fragments

« Shower shape cuts in multiple layers of EM and hadronic
calo
* Reject jets and hadrons

« Signal extraction with “double side-band” method
* Region A: Primary signal region
 Region B: Photons near a jet or UE fluctuation
 Region C: Isolated jet-fragments + non-tight photons
* Region D: Primary background region

obs
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Nobs
Correct for signal “leakage” l D
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Centrality Definition
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Muon and Electron Triggers
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Photon Efficiency and Purity
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