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Motivational Questions

* How are free nucleon parton distribution functions
(PDFs) modified in heavy nuclear systems (i.e.
nuclear effects)?

* Can we confirm our understanding of the collision
geometry in Pb+Pb?

* Do we understand the geometry and centrality in a
p+Pb system?



Q\\\‘ What has been observed so far in Pb+Pb
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Q\\\‘ What has been observed so far in Pb+Pb
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W boson yields scale with number of binary collisions
* Lepton charge asymmetry in pseudorapidity space cannot distinguish between PDFs
that incorporate nuclear effects and those that do not .



Q\\\‘ What has been observed so far in Pb+Pb

(Z bosons)
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e Cannot reject model without nuclear effects (i.e. CTIONLO only isospin)



Q' p+Pbsystem is more sensitive to nuclear

Measuring the Z cross-
section provides
information on how free
nucleon PDFs are
modified

arXiv:1010.5392v2
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0+Pb system configuration

1.57 TeV/n
4.00 TeV/n —G
Yeom = 0.465
- y + y

e Center of mass (CoM) shifted by 0.465 units

* Zbosons measured as a function of p#, CoM rapidity (y; =

y:*P — 0.465) and mean number of participants (centrality)
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Z boson differential cross section: y,,

data at backward rapidity

* Ignoring scale, asymmetric
behavior is best described by the
model that incorporates nuclear
effects (i.e. EPS09)

Data / CT10 (NLO)

CERN-PH-EP-2015-146 *E  ATeS iy

* Data is asymmetric about the CoM 5 ZZ: # T ‘ E
* Comparison to three models: CT10, 520_ s T E
CT10EPS09, MSTW2008) G == R — E

* Models slightly underestimate 8 102— gL Gt . _
5/ =

]
:

S .

Data / CT10+EPS09 (NLO) +
. | . | . | .

— O
oo

Data/Model
o
II L 11

CT10+EPS09 0.79 by, -
CT10 0.07 T Data/MSTW2008 (NNLO) ]

05 | . | . | R
MSTW2008 0.01 ) 0 > y 8

N



A

Mze_yZ
Xpp =

* Probing large xp; at backward y,
e Same conclusions as those
observed in y, distribution, but
observed in momentum-fraction
space
e CT10EPSO9 best models the
overall shape, but scale is
slightly high at backward y,
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Z boson dlfferentlal Cross sectlon pT
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* Shape of the measured differential xsec in p# space is well represented by CT10 without nuclear
effects
e suggests transverse momenta of Z bosons appear to be insensitive to nuclear modifications
» Shapes of distributions do not change at forward and backward rapidity (only scale does)
* Datais slightly underestimated by the model at backward rapidities 10
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| Centrality in p+Pb collisions

* Measure transverse energy Z E7Bb
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Q' Back to our question: Do we understand the
0+PDb collision geometry?
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G Before we get to Z bosons: Centrality Bias

e Hard scattering processes are accompanied by a

Model Calculation, GGCF w,=0.2

larger magnitude of transverse energy or charged 1.3 ATLAS Preliminary —

particle multiplicity in the UE with respect to - p+Pb 2013, L =29 nb” ]

events without a hard process 12 \Sw=502TeV —
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* ratios with and without subtraction = bias

13
factor



A

Z boson yields in centrality classes
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Centrality dependence of y;,

* 0-10% class has a slope of -0.11+0.04
* 10-40% has slope of -0.05+0.03
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Summary and Outlook

Presented highlights of past electroweak boson results in Pb+Pb and Z boson results in
p+Pb
Z cross section presented in p#%, y5 and xp;, space
 Measured cross section slightly higher than model predictions
* The rapidity distribution is best described by model that incorporates nuclear
effects (EPS09)
Hints of spatially-dependent nuclear PDFs in centrality-selected y; distributions
Showed that Z boson yields in different centrality classes may be used to differentiate
between various models that describe the p+Pb collision geometry (standard Glauber,
GGCF)
* A priori expectation of electroweak binary scaling in p+Pb favors standard Glauber
more than GGCF models as valid description of collision geometry
* But can we do better? Centrality bias corrections and extent of GGCF fluctuations
still unclear
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Comparison of Zbosons with charged particles

B ATLAS Preliminary
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* Without centrality bias correction, ratio is similar this expectation
* With centrality bias correction, within standard Glauber, observe deviation in most central events
» Standard Glauber is most correct geometric description, or can we find a more accurate description within the GGCF
framework by using Z bosons to constrain w and the centrality bias? 18
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Q\\\N What has been observed so far in Pb+Pb

(Z bosons)
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* Rapidity distribution is consistent with NLO predictions without nuclear modifications to
PDF
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Q' Back to our question: Do we understand the
0+Pb collision geometry?
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H\\\‘ What has been observed so far in Pb+Pb
(photons)
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