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Hard probes of p(c{)+A
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n-dependence of CGC vs. nPDF predictions

 Hard probes access the partonic structure of the nucleus
* Jets allow us to explore this over a large kinematic range

* Can probe b-dependent NnPDFs, initial state energy loss, saturation

phenomena (at very low pr, large y*), etc.
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Hard probes of p(d)+A @ RHIC

di-hadron Jua jet Raau H <
- —d+Au, s, = 200 GeV Q
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‘ oty MG
d+Au 60-88 pi d+Au 0-20 p™ 0-200/0 0.8—1tI| HH i I H\ S
107 £ O 05-0.75 GeVie ® 0.5-0.75 GeV/c — N =
- 0 0.75-1.0 GeV/e B (.75-1.0 GeV/c 0.6 —0=0.3 Gaussian filter jet, 60-88% PH cENIX o)
- A 1015GeVie A 1.0-15GeVic 04_q=|013| ¢qqs§|an filten jH 0-20%, Pfﬂ“rﬂ PfM S
o3 Xfrag 02 10 20 30 =
Au Py (GeV/c) =
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?

= ATLAS can explore the kinematic range in the middle
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p+Pb collisions & centrality

e 28 nb! of p+Pb/Pb+p data @ 5.02 TeV

|+ Centrality determined using 2Er in Pb-going
1<P FCal, -4.9 < n < -3.2, default Glauber

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

e Reasonable behavior in soft & hard observables

Neoli-scaling of Z production in p+Pb
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Jet Aopob

jet yield in p+Pb

(1/Nevt) d2N/dprdy”

FT)pr —

< loa> d2o/dprdy”

Pb nucleon flux 2013 pp data @ 2.76 TeV

seen by proton

(xT-scaled to 5.02 TeV)

* Rppp for 0-90% events

e =5 units of rapidity, 50-1000 GeV

e 5-10% enhancement

* weak pr dependence?

e consistent with EPS09 prediction
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y'>0is proton—going‘
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y'>0 is proton-going

Rcp =~ 0.2 herel

Increasing
suppression
at more
forward
rapidities
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y'>0 is proton-going
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y'>0 is proton-going

Moditication
pattern over
6.5 units of
rapidity, from
25-800 GeV!

How does this

make sense
with the Rpr?
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* 0-10% Hppo Suppressed
¢ 60-90% Rpprb enhanced(!)

* Larger modifications at high-pr

and forward rapidities

= Backwards & at low pr, we
recover geometric scaling
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‘y*>0 IS proton-going \
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Scaling in the Rep vs. p

» Replot the Rep at all rapidities vs. p = pr cosh(y’)

* —€.0.
SUEATAS | frasoram AF o o R
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Lok R p+Pb \syy =502 TeV Jiigee  + T |l
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o Vgl e -k Y
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follow a single trend! v* < 0 data do not...

Rer(or, y*) = Rer(p)
What is this telling us about the suppression mechanism?
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0.4F

Scalmg in the E’ppb VS. ,0

1.0 -~ L

= [ Ldt=27.8nb"
= p+Pb |5, = 5.02 TeV
= anti-k, R 04

CENTRAL =S ATLAS Preliminary TH‘

: 60-90% @_ ﬁ -
5i..:ﬂ-:ﬂ:'?é.— it

i T PERIPHERAL| -

;;— ‘I‘ +2.1 <y*<+2.8 + +0.8 <y* < +1.2

ff_ * +1.2<y* < +2.1 + +0.3 <y* < +0.8 _f

40 1 OO

— 40 100 1000
(pT x cosh(<y*>) [GeVD

e At high pr, central and peripheral Ropp scale with p separately!
« Events with a forward jet with energy p typically have x, = p/ (\/s/2)
* are we learning something about the profon wavetfunction?
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Conclusion

 ATLAS has measured inclusive jets in p+Pb collisions
* Ropp for > 50 GeV, -2.1 < y* < +2.8
e Rcp for > 30 GeV (at forward rapidities), -2.1 < y* < +4.4
 The jetrate in 0-90% p+Pb collisions is mildly enhanced
e consistent with nPDF expectations
e Strong, centrality dependent effects in the Rcp & Ropo
e geometric scaling at low pr
e at high pr suppression/enhancement in central/peripheral Rppp
e |arge changes in the number of partons available for hard scattering?
e Or strong correlation between scattering kinematics and soft interactions”?
e challenging for factorization pictures of hard processes in nuclei
e The modifications exhibit a continuous y* dependence that can be described

in terms of simple kinematics alone

16



Conclusion

* The modifications exhibit a continuous y* dependence that can be
described in terms of simple kinematics alone
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40 100 1000 40 100 1000
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ATLAS-CONF-2014-033

= https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults <
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Backup: pp reference
ATLAS CONF- 2014 025

ATLAS, hep-ph/1304.4739
oF e ATLAS Prellmlnary ) )
10 .
. ha g - anti-k, R=0.4, {s =2.76 TeV
10 T, 2013 pp data, L, = 4.0 pb” F 2Fwi<os ' J F SFzicy<es ' E ATLAS
8 .::::_: - R, . int b ] X C
10 - . EN ] 3 oF 3 ) Ldt=020pb’
. ., S, - —— 4T ] = . G2 76TeV
e, . ha NSNS SSS I 1 pofemmyle
» . x.(%! __'_‘ i - ] 7T \Y 7T \Y
10° . . M%. 1= ) ] C , = : %
e . - ", . 2.5F 55-1y1<08 ' B 3 ' 28<lyi<zs | anti-kiR=04
. Q e 5 E 3 3F - Data with
10* gy ‘ - .., 15 3 o E E E —e— statistical
wE - $... . . %, . 1 ;ﬁ‘—'_—iﬁﬂ E 2 e N E uncertainty
N *e,, . N - 0 5:_ 3 3 E ] Systemf':ltlf:
102 S . . R 1515 : E : : uncertainties
i’ e . . 2 __ 08slyl<1.2 E N3 86slyl<44 3 NLO pQCD ®
.. - — . : E non-pert. corr.
1 ek, e . ¢ 1.5 ;@ e S T 2F E (CT10, u=p™™)
g, i, ST NN i [ h C 3
10" olyl<2.1 (x10%) ¥, . _._;,4 # ] 1_—"‘—_'_*_ E
- 6 S, = + = E s
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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
18



Backup jet performance
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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
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
the Acp and Rppp ratios anyway



X Pq(XlNﬂ)

Backup: x, dependence?

|dea: (anti-)correlation between proton wave
function with large transverse extent and high x?
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Bias Factor Correction

- Backup: centrality "bias™?
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Much discussion of a centrality “bias”: event activity retlecting the
presence of a hard process in additional to just the collision geometry

1. All result in increases/decreases in central/peripheral events
2. All show a weaker “bias” farther from the centrality-determining detector
= the ATLAS data show the opposite effects

The ATLAS data show an entirely different phenomenon
21



p(y, x)

Backup: dominant systematics
ATLAS-CONF-2013-096

ATLAS, hep-ph/1304.4739  ~ w,
£ - ATLAS Simulation Preliminary
o L
oFrieos - 177 - 7 ATLAS = o5 p+Pb, |5\ =5.02 TeV
1'5;4'_'_%% _: é _; fl-dt=0-20 pzt.);:sTev ~ B Lint = 1 Mb-1
ETEe IS 1 ey g - f
2-51;_0A35|yl<o.8 : EE—; ; anti-k, R =0.4 g 20 —_ * l
' - # !
.1_ _E uncertain'fy 15 __
| o : o
<44 3 NLO pQCD ® B ?
non-pert. c"?arxr. I YQ;
(CT10, u=p7 ) 10 | Y .
- % véi
- Y‘ i v Glauber
5 ¢ Glauber-Gribov Q = 0.55
V04 A Glauber-Gribov Q = 1.01
x10” . 0 | | | | | | | | |

60‘90%40“60%30‘40%20"30% 70‘20% - 70°/o LS% 0-7 % 0\900/0
centrality
e Systematics on the ratios of p+Pb/pp spectra are small

* same detector, same running period, same analysis procedure

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

* For Rcp, dominant systematics are actually from Reoll
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ATLAS-CONF-2014-025

A. Angerami,
Tuesday 10:00

Backup: implications for quenching in

°b+Pb?
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CMS *PRELIMINARY PbPb\s,, =2.76

mageen *7Z (0-100%) lyl < 2

cog W (0-100%) pi > 25 GeV/c, In'l < 2.1
— ¥ Isolated photon (0-10%) Inl < 1.
e — Charged particles (0-5%) Inl <1

e B — J/y (0-100%) Inl <2.4
E—4&— “‘*Inclusive jet (0-5%) Inl <2
Cm “*b-jet (0-10%) Inl <2

TeV f L dt=7-150ub™"
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https://twiki.cern.ch/twiki/pub/CMSPublic/HIRaaCompilation

p, (m) [GeV]
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