Nuclear PDFs at the LHC
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What we have learned about Nuclear PDFs

at the LHC

PDFs can be proved by quarkonia, electroweak
bosons, jets, and Drell Yan production.

Experimental systems for studying these are pPb and
photon lead collisions.

Besides the nuclear PDFs there are other effects that
effect the data, eg radiative energy loss, Cronin effect,r

adiative or coherent energy loss and interaction with
comovers.

 Measure as many probes as possible over the widest possible

range of rapidity and pr.
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In addition ultra-peripheral collisions produce

photon — lead collisions with an energy range
Wy, =20 — 800 GeV



Kinematic Range of LHC
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In this talk | will
start at high Q2
and y=0 and
move to lower
Q2 and forward
rapidity.

Apologies for
missing
references and
CMS centric
talk.

Gluon density has to
saturate at low x



Coverage of LHC experiments
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pPb => Z at Vs, = 5.02 TeV
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=> /, forward/backward ratio

Reg (V)
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pPb => W at Vs, = 5.02 TeV
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pPb => dijets at s\ = 5.02 TeV
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oPb => dijets

at 5.02 TeV

PRL 114 (2015) 072302
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pPb => b jets at Vsyy = 5.02 TeV
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Y(1S) Rjpp, and Rgg at 5.02 TeV
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Y(1S) is also sensitive to CNM effects
Ropp Versus rapidity:
Suppression in forward region is smaller than for J/y
Central value in forward region close to that of J/y from b > CNM effects on b hadrons
Indication of enhancement in the backward region - could be attributed to anti-shadowing
Reg versus rapidity:
Ratio in agreement with predictions of E. loss + shadowing (EPSO9 NLO)
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Inclusive J/p from pPb at 5.02 TeV
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Ropp from J/yp and y(2s) at 5TeV
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J/y forward/backward, pPb at 5TeV
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Y (2s) forward/backward, pPb at 5TeV
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Ultra-peripheral PbPb
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UPC J/y for different breakup modes
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PbPb Ultra-peripheral J/y

CMS Preliminary
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Yp => J/p vs photon-p energy
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Yp => Upsilon vs photon-p energy
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First attempt to use UPCs in nPDFs
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* There now exists a wide range pPb and YPb
data covering a large x and Q? range

» So far EPS09 has been doing very well
describing data.

At low X and Q? ultra-peripheral data can
iImpose significant constraints on nPDFs.

* New data on forward Zs and Jets and
quarkonia and UPC jets should come soon.

* Looking for new ways to test PDFs, eg

correlated production, incoherent UPCs.
24
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pPb: Electrons from heavy flavor
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Y (2S) relative suppression wrt J/y:

O Relative suppression is calculated as:
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ALICE: JHEP 12 (2014) 073
PHENIX: Phys. Rev. Lett. 111 (2013), no. 20 (202301)

Intriguing stronger suppression of prompt @(2S) than that of prompt J/y
Similar suppression for @(2S) from b and J/y from b

- R compatible with 1 within large uncertainties
Results for inclusive y(2S) compatible with ALICE measurement
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