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Electroweak Bosons y,W,Z in Heavy lons:

PHYSICS

The electroweak bosons can only interact with
gluons at one loop and beyond, thus enabling:

e Estimation of effective parton distribution
functions in collisions involving heavy ions

e Study of the binary scaling assumptions made in
modeling ion-ion collisions

 Tool for validation of centrality modeling

o Approximate calibration of initial jet energies in
boson-jet events



ATLAS Results for EW Bosons

Pb+Pb collisions:

W bosons in Pb+Pb, Eur. Phys. J. C75 (2015) 23, 1-30
« 7/ bosons in Pb+Pb, PRL 110 (2013) 022301
* Inclusive photons in Pb+Pb, PRC 93, 034914 (2016)

« y+jet momentum imbalance in Pb+Pb, ATLAS-
CONF-2012-121

o Z+jet momentum imbalance, ATLAS-CONF-2012-119

p+Pb collisions:

» Z bosons in p+Pb, PRC 92, 044915 (2015)
W bosons in p+Pb, ATLAS-CONF-2015-056



http://link.springer.com/article/10.1140/epjc/s10052-014-3231-6
http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.110.022301
http://journals.aps.org/prc/pdf/10.1103/PhysRevC.93.034914
https://cds.cern.ch/record/1473135/files/ATLAS-CONF-2012-121.pdf
https://cds.cern.ch/record/1472941/files/ATLAS-CONF-2012-119.pdf
http://journals.aps.org/prc/pdf/10.1103/PhysRevC.92.044915
http://cds.cern.ch/record/2055677/files/ATLAS-CONF-2015-056.pdf

W bosons in lead-lead collisions

Eur. Phys. J. C75 (2015) 23, 1-30
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« Combined signal from e'/e* and p*/p", measured with different A

systems.

* Isolation cuts.
» Analysis constrained by missing pr and transverse mass.



http://link.springer.com/article/10.1140/epjc/s10052-014-3231-6

Parton distribution functions:
W in lead-lead collisions

Eur. Phys. J. C75 (2015) 23, 1-30
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EPS09 corrections: (anti)shadowing, EMC, Fermi [
Within the existing uncertainties, no visible PDF modifications



http://dx.doi.org/10.1007/JHEP03(2011)071
http://dx.doi.org/10.1007/JHEP03(2011)071
http://dx.doi.org/10.1007/JHEP03(2011)071
http://link.springer.com/article/10.1140/epjc/s10052-014-3231-6

|
©
N

Lepton Charge Asymmetry A

Lepton Charge Asymmetry:
W in lead-lead collisions

Eur. Phys. J. C75 (2015) 23, 1-30
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The lepton charge asymmetry agrees
well with theoretical predictions using
QCD at NLO with CT10 PDF sets
with and without EPS09 nuclear
corrections

corrected + stat. + syst.
| W, | Woev,
W*— [*v 5870z 100 + 90 5760 + 150 = 90

W-— (v 5680+ 100 + 80 5650 + 150 + 110
W/ W- 1.03 +.03 +.02 1.02 + .04 + .01

b and e give consistent results

The basic asymmetry pattern in pp is understood based on

the nature of the interaction.
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Z boson in lead-lead collisions
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Combined signal from e/e* and p*/y-,
measured with different ATLAS systems.

Lineshape, distributions well reproduced
in simulation.


http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.110.022301

Parton distribution functions:
Z in lead-lead collisions

PRL 110 (2013) 022301 H. Paukkunen, C. Salgado JHEP03:071 (2011)
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Model: PYTHIA per-event yields using NNLO p+p calculations scaled by

<T sps>=<Ncoi>/0pp. Including p+n and n+n would increase the cross section by 3%.
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Parton distribution functions:
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Forward-central ratio
Direct photons in lead-lead collisions
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Reduction of several experimental uncertainties in this ratio.

Isospin effects visible, particularly for central events.



http://journals.aps.org/prc/pdf/10.1103/PhysRevC.93.034914

<Ncou> scaling in lead-lead collisions

Eur. Phys. J. C75 (2015) 23, 1-30

PRL 110 (2013) 022301

1 09 Nﬁducial

_I TTT | TTTT [ TTTT I TTTT | TTTT I TTTT I TTTT | TTTT I TT ) @ T T |
- SOl 5 F ATLAS A Z — ee .
- ANELE || PoePbysy=276TeV ez |
- _é % %% ~ g + Data 2011 L, =0.15nb" vZ - puu _
3 A s I S B AU AR SO A
; ER +¥‘.‘.'.'.!°§ ....... T T
: ‘o Z bosons t ]
= Ay = = .$.--.P.Z.<..‘.‘?9SY.+.?Y ............. i z¢ ....... +$i ......... j
- —- W POWHEG CT10 - 2  10<pZ<30GeV + “i —
- —- W § B + --------------- Ay Qy o ET 0 ------ ke oy
B —-W L
5__ ] - . i
. J Ldt 0.14-0.15nb"' Pb+Pb | Sy = 276 TeV : +§Yp __?{99_?}{_4_‘ --------------- AWV KUM"";‘M' .
|||||||| Lo o bov b b b Loyl L1 [T R L
O0 50 100 150 200 250 300 350 400 0 100 200 300 (N ;100
part
(N ?

Boson yields in PbPb scale with <N,,>

Direct photons show similarly consistent behavior.

1


http://link.springer.com/article/10.1140/epjc/s10052-014-3231-6
http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.110.022301

4 TeV 1.57 TeVIN

Z boson in p+Pb collisions — \

PRC 92, 044915 (2015) Yen=0-465
7T T T T T T LA 40; I T T | T T | —]
35 C ATLAS - = (a) ATLAS 3
- (a) p+Pb2013,L =29nb' 35 p+Pb 2013, L =29 nb' o
— 0F = 4 \Syy =502 TeV = ) = \[Syyy = 5.02 Te .
£, 25— T ool . — o F + ¢ 3
N - _+_i| m f """ T ><n' i " ]
) S % = =4 255 -------- e +E
= F - = 20~ Bt | =
T R - -
N F N 00202000 L= = T °F t = STio (o) E
= - — CT10 (NLO ] - — —-yy 3
S 10— — CT10+(EPsc)>9 (NLO) — Ug 10E= — CT10+EPS09 (NLO) Mmeee 7 3
- ---- MSTW2008 (NNLO) + - X E ---- MSTW2008 (NNLO) ~ XPp = ———— J
5F = 5F- SNN =
- ) ] ] ] - :. ] ] ] =
150 (b) | | — 15 |(b) | | =
10 e = 1 0:_0_ + .......... ;
~ Data/CT10 (NLO . = .
05F o |( ) . e el 0.5 | Data/CT10 (NLO) . T
i I R A =
ko) - ] - -
2 - _+_—+—;—¢— . —— —t i . S F 9 PR ¢ ]
% 1.0 - . B 1 0__ I +_4.*_
T — Data/CT10+EPS09 (NLO) ] © L =
0 o5 | | | = O 5[ | Data/ CT10+EPS09 (NLO) o T
1.5 __ I(d) I T I T I T | 1.5 __l (d) T T T T T LI I T T T T T LI I __
1.0 s —— —a _m_—_.#—+———: 1 Of——u-.. + LA L2 2 : : ) + f
" Data/MSTW2008 (NNLO ] - ]
05 __ | | ( | ) | | | _‘._l __ 05 __II |Data / IVlls-l-V\|I20|08| (NNITQ] ! ! Lol ! __
-2 0 2 v, 10° 10? 107 Xe

Some tension between current model descriptions and data
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Z boson in p+Pb collisions - pr dependence

PRC 92, 044915 (2015)
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Reasonable agreement between the experimental measurement

and the MC simulation shape.
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Z boson in p+Pb collisions - rapidity

PRC 92, 044915 (2015)
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Per-event yield is
generally independent
of centrality after all
corrections

Systematic shape
difference in lead-going
direction relative to
CT10 (NLO)
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Z boson in p+Pb collisions - centrality

PRC 92, 044915 (2015)
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Reasonable consistency with
binary scaling, after bias

correction, for three models.

Fairly good consistency with
charged particle multiplicity
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Anticipation of much better
precision for 5 TeV Pb+Pb EW

bosons!
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Conclusions

ATLAS measurements clearly support binary scaling in Pb
+PDb collisions.

Binary scaling is also supported in p+Pb collisions, but
with some questions remaining

Several hints of nuclear effects in p+Pb collisions,
especially in Pb-going direction, perhaps beyond EPS09

New use of Z yield to validate centrality estimations

With LHC Run 2 Pb+Pb data, we will approach
measurement precision for quantitative tests of nuclear
models with photons and with Z-bosons



Boson - Jet Correlations
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Clear centrality dependence measured with direct photons.

Proof of principle using Z-jet events (36 events).
ATLAS-CONF-2012-119
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The momentum balance and the production rates change with centrality
for direct photons; similar indication with Z — jet correlation. 24
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ATLAS at the CERN LHC
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Reminder: geometric considerations

Miller et al., Annu. Rev. Nucl.
Part. Sci. 2007. 57:205-43

A = B = 208Pb@LHC

TA (S) — / PA (S, ZA)dZA probability/area of nucleon at s

TAA(b) — /TA (S)TA(S _ b)dQS Density overlap as a function

of impact parameter b

NColl (b) ~ TAA (b) . O-NN Number of binary collisions as a

inel function of impact parameter b

Ncou can be estimated from experimental data via the “Glauber model”
Number of participants in the collision, Npart, ranges from 2 to 416. 2



Potential partonic in-medium effects

e Gluon saturation » Modified parton
e Gluon shadowing distributions and

e Partonic energy loss fragmentation functions

Example reference: “EPS09” -
Eskola, Paukkunen,

Salgado
- medium-modified PDFs

antishadowing Fermi-
motion

- NLO, constrained by DIS on
nuclei, Drell-Yan in p+A, and i :
inclusive pion production in d ol T T
+Au and p+p ‘ 10 10" 1

shadowing

sz(CE, QZ) — Rf(ax, Q2)fz-CTEQ6'1M(CB, Q2)
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http://arxiv.org/pdf/0902.4154v2.pdf

Kinematic requirements

Direct photons
« 22<p7<280 GeV
* |n|<1.37 (central) and 1.52<|n|<2.37 (forward)

Z bosons
* |nz|<2.5 and 66<mz<116 GeV

W bosons

* lepton pr>25 GeV, missing pr>25 GeV, mt>40
GeV and 0.1<|n|<2.5 (excluding 1.37<|ne|
<1.52)



