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Hard probes of p+Pb
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 Hard probes access the partonic structure of the nucleus

e Can probe b-dependent nPDFs, initial state energy loss, saturation
phenomena, etc.

 Provide a crucial baseline within which to interpret the strong suppression

observed in Pb+Pb collisions
2

Gc0-710¢-ANOO-5V 1LV



Hard probes of d+Au @ RHIC
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e At forward rapidity, large centrality « At mid-rapidity, anomalous centrality
dependent suppression dependence
e single- and di-hadrons * for high-pr jets
« attributed to shadowing / saturation ~ * central suppression
/ CGC phenomena « enhanced peripheral (1?)

 What happens in central & peripheral collisions in between?

= full jets in ATLAS can explore the wide kinematic range in the middle
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p+Pb collisions & centrality
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ATLAS-CONF-2013-096

ATLAS-CONF-2014-020

¢ 28 nb! of p+Pb/Pb+p data @ 5.02 TeV, shift of Ay = -0.465 w.r.t. lab frame
» Centrality determined using 2£7 in Pb-going FCal, -4.9 <n < -3.2

* pest sensitivity to collision geometry
« allows measurements of very forward jets

o Centrality method results in reasonable behavior in soft & hard observables

e e.g. Neor-scaling of Z production in p+Pb (right plot)
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HIgN-pr charged particles in p+Pb
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other corrections for: “fake” tracks
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Charged parhc\e spectra
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Charged particle E’ppb
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C
vield in p+Pb
(1/Newt) d2N/dprdy* | 4 gt
Rpr — N T
< Tpa> d20/dprdy 6
Pb nucleon flux log(+/s)-interpolated

seen by proton 2.76 TeV and 7 TeV pp data 1.4

* Ropp for 0-90% events
* |y*| < 1,5-200 GeV
* At low pr, geometric scaling

e At high pr, systematic enhancement

e with a non-trivial pr dependence

* reaching a 40% eftect at =60 GeV

e challenging for nPDF pictures!
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Ropb VS. N and centrality
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Jets in p+Pb



Jet spectra ATLAS-CONF-2014-024
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‘y*>0 IS proton-going \
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Jets vs. particles?
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* Naively, one may expect that these should give the same Rypy
e but jets and hadrons are different QCD objects

e we observe the expected number of jets but a change in the number of
fragments

 How can we understand these results together?
* measurement of the fragmentation function? (inclusive, y-jet)

e hard probes which access a different combination of initial state quarks and
gluons?
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ATLAS-CONF-2014-024

geometric expectation

Jet Ropy VvS. centrality g peievgpe sy <z
pPb Ber pgE® 1T §
1_0.3.%1@.@@.@:@* ............ - ggﬁ@ Lann, ,.,

* Centrality-selected Rpypy b T R I ]
- - : B k- 4 <= 60-90% .

* at intermediate pr, jets show Y VTP R B TP M A
geometric scaling T ]

e At high pr, strong deviations from "l : "'

* suppression in central events

* enhancement(?) in peripheral
events

T S
|||.|Ir||||

o4l ATLAS +

- Prellmlnary

12<y<08

1.6

I— T 1 11

1.0} . R AFER

' mﬁ.

f 1 PPPgt = 27.8 nb1

1T 8T T T 1

Illlrllll::

:||||r||||;:

0.4F-p+Pb \'s,, =5.02 TeV _
40 100 1000 40 100 1000

15 ‘y*>O IS proton—gomg‘ b [GeV]




Jet A p, vS. centrality
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*
* Centrality-selected Rypp CCD
e at intermediate pr, jets show 'g
geometric scaling C'l
e At high pr, strong deviations from e
geometric expectation I~
* suppression in central events %
* enhancement(?) in peripheral qq_)
events O
* Modifications are stronger and =
begin at lower pr at more forward
rapidities
Large, b-dependent changes
in the nPDFs?
e.g. initial state nuclear effect? o
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Scaling in the Rep vs. p

» Replot the Rep at all rapidities vs. p = pr cosh(y’)
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follow a single trend! y* < 0 data do not...

Rer(or, y*) = Rer(p)

What is this telling us about the suppression mechanism?
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Scahng in the E’ppb VS. p
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e At high p, central and peripheral Rypp scale with p separately!
e albeit with larger systematics from the introduction of the pp reference
 Events with a forward jet with energy p typically have x, = p/ (\/s/2)

e this implies the phenomenon is an initial state proton effect, and one that
depends on parton kinematics

e we are learning something about the proton wavetunction!
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Conclusion

 ATLAS has measured inclusive jets and charged particles in p+Pb collisions
= for particles, Ropp Up to 200 GeV, -2 <y* < +1.5
= for jets, Rppp fOor > 50 GeV, -2.1 < y* < +2.8 (larger y*, pr range for Rcp)

e Enhancement in the rate of charged particles with pr > 20 GeV in minimum
bias p+Pb collisions

= the Jet rate is mildly enhanced, in a way consistent with nPDF expectations

= current challenge to experiment (and theory) is to understand how these
data can be consistent

e Large, centrality dependent modifications in the jet Rcp & Ropp at high-pr & at
forward rapidities

= suppression/enhancement pattern in central/peripheral jet rate

= Indication of an initial state effect in the proton which depend on the
underlying parton kinematics

= challenging for factorization pictures of hard processes & soft particle
production in p(d)+A collisions

= https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults <
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Systematic Uncertainties
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e Systematic uncertainty breakdown for the p+Pb charged particle

yields

 Dependence of the 5.02 TeV pp reterence on choice of interpolation

scheme

* and systematic uncertainty envelope
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Backup: 5.02 TeV pp |et reterence
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ATLAS, hep-ph/1304.4739
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* pp |et cross-section, high-statistics February 2013 running

* same reconstruction procedure & corrections as in p+Pb data

e consistent with 2.76 TeV pp jet cross-section from 2011 running & NLO calculations
* ATLAS measurement of xr scaling between 2.76 and 7 TeV

* full treatment of correlations in systematic uncertainties

* we interpolate to 5.02 TeV between two ATLAS data measurements
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Jet Energy Scale Closure (<preco/priuth - 1>) always better than 2%

e typically 1%, with small centrality-dependent ditferences at low pr

the Acp and Rppp ratios anyway

Jet Energy Resolution o(preco/priuth - 1)) 7-20%, pr and y* dependent
Bin-by-bin correction factors typically 10-30%, but largely cancel in
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Backup: x, dependence?

|dea: (anti-)correlation between proton wave
function with large transverse extent and high x?
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Backup: studies of centrality b|as
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Detailed studies of this effect by ALICE and PHENIX

1. All result in an increased (decreased) Ropp In central (peripheral) events

2. All show a weaker “bias” tarther from the centrality-determining detector
¢ ~10-20% eftect, depending on centrality cuts & centrality detector

= the high-pr LHC data show the opposite effects!
260
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Backup: dominant systematics
on the jet Rp, and Aep

ATLAS-CONF-2013-096

ATLAS, hep-ph/1304.4739 .
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e Systematics on the ratios of p+Pb/pp spectra are small

* same detector, same running period, same analysis procedure

* For Rppp, dominant systematics are from the xr interpolation (6-15%)
aﬂd TpA

* For Rcp, dominant systematics are actually from Reol 27



Backup: centrality in p+Pb collisions
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e Centrality determined using 2E7 in Pb-going FCal, +3.2 < n < +4.9
 WN model of soft particle production, with modest modifications
« default Glauber model gives reasonable fits to data

o ATLAS has also explored Glauber-Gribov variants (not relevant

for this talk) -
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Backup: / yields vs. dN/dn
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hadrons at the LHC

Backup: high-p; charged
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