* Heavy 10on physics at the LHC
« ATLAS and CMS results in pPb collisions
> Charged particle multiplicity and spectra
> Anisotropic flow
> Dihadron angular correlations
> High transverse momentum hadrons
> Jets (inclusive jets, photon+jet, b-jets)
> B-mesons
> Quarkonia
> Electroweak probes (Z and W bosons)
e Summary and outlook
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Heavy 10n physics at the LHC

2010, 2011: PbPb (Vs = 2.76 TeV);

2012/2013: pPb (Vs = 5.02 TeV); >2015: PbPb (Vs = 5.1 or 5.02 TeV);...

New regime of heavy ion physics with the important role of hard probes
complementary measurements from ALICE & CMS/ATLAS
(LHCD also has taken some pPb data)

ALICE (low-p, charged particle
tracking, hadron ID, central e,

forward u (J/y, Y), y multiplicity,...)
soft probes + selected hard probes

CMS/ATLAS (high-p, charged particle tracking,

central y (J/y, Y, Z, W), hard y, calorimetric jets...)
hard probes + selected soft probes
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ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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CMS Detector
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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Messages from PbPb & motivation for pPb

PbPb collisions

Hydrodynamical (collective) properties of multi-particle system
e Anisotropic flow

e Two-particle azimuthal correlations (“ridge”)

Medium-induced energy loss of hard quarks and gluons (“jet quenching”)
e Transverse momentum imbalance in jet+jet, y+jet, Z+jet production
e Suppression of hard hadron and jet yields
e Modification of internal jet structure

Debye screening of colour charge and thermal charmonium production
e Specific pattern of quarkonium suppression (J/y, Y)
e Regeneration and anisotropic flow of J/y mesons

pPb collisions

Provide baseline measurement for the PbPb program. Offer unique possibility
for specific investigations in new QCD domain by getting the information
about nuclear PDF's and initial/final state cold nuclear matter effects.
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LHC proton-lead run 2013

Final integrated luminosity i1s 28 nb-! for ATLAS and 35 nb! for CMS

Injectors: average number of 1ons per bunch was ~1.4x10° at start of stable

beams, 1.e. around twice the nominal intensity
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Proton-lead event centrality determination
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Like PbPb collisions, events are classified according to the percentile of the pPb inelastic
cross section based on total deposited energy in the forward calorimeters or charged
particle multiplicity (Pb-going side measurements are used). However correlation between
event activity and event geometry in pPb is much broader than in PbPb. Moreover, it may be
biased by hard production processes when hard probes vs. centrality being measured.
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Charged particle multiplicity and spectra
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» Rapidity dependence varies strongly with event activity, with an increasing p, [GeV]

asymmetry between p-going & Pb-going directions as the collisions become more central

» Transverse momentum dependence at high p_1s reproduced by simple Glauber NN scaling
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Pion, kaon and proton spectra
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 Spectra are generally flatter than predicted by models
* Mean transverse momentum rises with multiplicity at low multiplicities (harder single NN

scatterings like pp) & saturates at high multiplicities (multiple NN scatterings like PbPb)
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Anisotropic flow
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Dihadron angular correlations

p+p 7 TeV p+Pb 5.02 TeV Pb+Pb 2.76 A TeV, 0-5%
JHEP 09 (2010) 091 PLB 718 (2013) 795 JHEP 07 (2011) 076
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“Ridge” (long-range azimuthal correlations) 1s observed
in high multiplicity pp and pPb as well as in central and semi-central PbPb collisions
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Nuclear modifications factor (hadrons)
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» Modification factor ~1 at p_~2-20 GeV/c = no hadron suppression from jet quenching seen

- Enhancement at p >20 GeV/c = too large for anti-shadowing? due to more quark-jets in pPb?
But ALICE does not confirm! (different pp interpolation to 5.02 TeV) = need pp data!
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Asymmetry of dijet energy
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Jet fragmentation function
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Photon+jet correlation

CMS-PAS-HIN-13-006
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No reducing the fraction of isolated photons with associated partner jet in pPb collisions
as compared with pp and MC simulations =
jet energy seems unmodified
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Nuclear modifications factor for B-jets

CMS-PAS-HIN-14-007
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R =1/AN /N B-jets show no suppression in pPb =
pA pdpp no b-jet quenching seen
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34.6 nb’ (pPb 5.02 TeV)
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|:|Syst pPb data
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arXiv:1508.06678
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B decays show no suppression in pPb =
no b-quark quenching seen

Nuclear modifications factor for B-mesons
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J/Wp differential cross sections
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.

Fraction of non-prompt J/y to inclusive J/y increases with p_(~50% at highest measured p_)
without significant rapidity dependence = consistent with pp data
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J/@ forward-backward asymmetry
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Clear forward-backward asymmetry for prompt & non-prompt J/y (more pronounced at
lower p_, larger |y, and in higher event activity) = hint of cold nuclear matter effects?
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Nuclear modification factor for J/y & p(25)

ATLAS-CONF-2015-023
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Enhancement for prompt J/y, non-prompt J/y and y(2S) for all measured kinematics =
hint of cold nuclear matter effects?
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Double @(2S)/J/yp ratio
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ATLAS-CONF-2015-023
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Double ratio of prompt W(2S)/J/p enhanced at low centrality =
initial or final state effect? (ALICE sees the suppression but at low p. )
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Y(2S,35)/Y(1S) suppression
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* Moderate Y(nS)/Y(1S) suppression (much lesser than in PbPb) = final state effect?
*Y(nS)/Y(1S) decreases with event multiplicity for all systems. pp, pPb, PbPb
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/. and W production

ap S PrEtmnay BP0 o 02TV L T o050 .. CMS-PAS-HIN-15-002 CMS Preliminary pPb \/_ 5.02TeV L = 34.6 nb”

NP r=is

T T [ T T T T T T T o [ T T T T [ T T T 10

E C ] i E 3 1.6 LI LI R B
- F N o = - 3 T r b
= C * . @ . ] = F = ] ’ E [ ]
B 25 £l = [xbs [ CMS Preliminary - ] 2 1 41 o (pr.y > 0)/dprdy ]
r - = S - pebyaa =50z Tev - = x Tt Rep(pr.y) = — 7 .
B — = E i = 5- E 5 C d?o(pr,y < 0)/dprdy ]
20— [ b <=, F —+— Datay c(-2.5, 1.5) - 3 @ F .
C ] o [ —— 208 x (Powheg+Pythia pp—Z—up) 7 i-i 12 -
Eate 7 B 40T : ‘ . 5 = | > L i
15 — [} ES b o 3 E o [ 4’ r 7
r ] = Fé pra E + 3 T e L :t:u ]
10 :— —e—Data _: i :i ‘e * 7 i g L 5‘:='='E*?=‘:L'=‘:.:;_;.; ":I:"-;“"'-"+'="'-" L e ]
r —— 208 x MCFM+MSTWOSNLO ] 10° =8 s -*-?-F 3 F = w 08— ]
r ----208 x MCFM+MSTWOSNLO+EPS09 7 = :E — 7 L _
5~ - 208 x MCFM+MSTWOSNLO+DSSZ . C E E 7 0.6 C h
r b 10° B w6 0 g | L —+— Data -
C ] E p, [Gevic] El = i
ol v Lo v L L Lo E vl MR | R R 04- — MCFM+MSTWO8NLO a
g‘ 1-4 ;7 T T T ‘ T T T T ‘ T T T T ‘ T T T T | T T T T 7; g‘ 15 ;_ T T T TTTT ‘¢ T T L || T T T T T1rr || _; 0 L --.MCFM+MSTWO8NLO+EPSOQ H
@ E 3 145 3 r 1
12 * E Z 1z- 3 oo T MCFM+MSTWOBNLO+DSSZ N
£ 0s S osb = *ﬁﬁ'ﬁ|$+$‘i : -
’ -E_u‘ 0.6 ; é 0_ | | 1 | 1 1 | ‘ 1 1 1 1 ‘ | | 1 B
06 T T T T T o 04E | 10l Ll Ll = 0 05 1 15 2
- - 2 1 10 10?
Yom ATLAS-CONF-2014-020 p, [GeV/c] ly, .|
35— T = i SEEase ; e e i -1
E ATLAS . 3 & — Pb 34. Ysyy =5.02 TeV
30— PHED 2:1)32'-:?'"\,: 29nb S > 12 :;{-:25013! L ,=29 b’ —_ 1 8 p T b| 3| \6 nb\ | — T T 71 T ?NI 5\ 0\ T e\
= E —+—_+_+ Nz >te e 3 8 | iR \ Sy = 5.02 TeV g VL ‘ ‘ ‘ ]
o ==y = = - = = e o 7 = 1 73_ Wolsvw CMS E
2 20 = S b E L IE pl > 25 GeV/ic ]
é\ = | NQ_'_ L)) = Z C T _
1 15 = kel 10 L 2] :"‘_'-\ 1 -6 E ]
N = . g?l'aao S L T 3 ;\ | —e— Data, -2<y"z<0 (x10) -‘% E = ]
8 10 :CT10+(EPnge (NLO) = 1 - — CT10 (NLO), -2<y" <0 (x10) = 15F arXiv:1503.05825 {
E --- MSTW2008 (NNLO) + N . 4 i + r m
5E — ‘610 — —5— Data, 0<y 2 — F
i E # J‘ : j ,\z_’_ = CT10 (NLO), 0cy* <2 Z2 1 .45_ « Data E
i e "ok s 1.3 —CT10 {
- ey A, —— - = e ——— =ttt { E 44 CT10+EPS09 .
E Data/CT10 (NLO) 3J =T ] = —
05 - i 1 1 | _+_ = - Sl 1 .2 : :
T15E ‘ ! J == 3 L ] L A ]
B F E =" ¢ t % + ] 1.1 =
2.5 e S - g, $ + & : E
% C Data/ CT10+EPS09 (NLO) + ] % = . p— «% i 1E; Py \\\X&\\\\\ -
8o ‘ ‘ . E 8 1 : g A E
151 ' ‘ ' BE i ] 0.9F ]
- : g : a3 E
1.0 F _+__‘ﬁ’_++++vﬁ~ . - 0.5 e R o e ) I E E
F Data/MSTW2008 (NNLO) s = 1 10 102 Z 1GeV 0 8 AR T AN T TN S S NS R N IO RN
osE ‘ -+< P; [GeV] 0 05 1 15 2 25
nlab

Capablhty to test the models including different nuclear PDFs
Igor Lokhtin, “ATLAS and CMS results from pPb collisions” LHCP 2015, 31 August - 5 September 2015, St. Petersburg, Russia

N
~N



N -

y— &
» Global observables:

anisotropic flow and ridge in high multiplicity events
= some collectivity?

» High tranverse momentum hadrons:

no suppression from jet quenching, but indication on the enhancement at high momenta
(ATLAS & CMS are consistent, ALICE does not confirm)

= modified PDF? different quark/gluon jet ratio in pPb vs. pp? need pp data @ 5 TeV!

 Jets:

no inclusive and b-jet suppression, no dijet and y-jet energy asymmetry

= no jet quenching!

but 1s jet fragmentation modified? No (CMS) / Yes (ATLAS) (?) Need pp data again!

» Quarkonia:

Forward-backward asymmetry and some enhancement for prompt & non-prompt J/y
= cold nuclear matter effect? But ¢(2S)/J/w excess (ATLAS) looks puzzling.
Moderate Y(2S, 3S)/Y(1S) suppression, stronger at higher multiplicities (CMS)

= Y's are affected by high multiplicity environment or vise versa?

e Electroweak probes (Z’ and W* bosons)

Differential cross sections & forward-backward asymmetries are measured
= testing nuclear PDFs
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ATLAS pp @ 5.02 TeV reference

(charged hadrons)
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CMS pp @ 5.02 TeV reference
(charged hadrons)
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CMS pp @ 5.02 TeV reference

(et fragmentation function)
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Bose-Einstein correlations (trrr, KK)
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J/@ forward-backward asymmetry
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