Hard Probes 2013: p+Pb Jets,
correlations summary

Brian. A Cole

Hard Probes 2013

The 6th International Conference on Hard and
Electromagnetic Probes of High-Energy Nuclear Collisions

A big thank you to organizers for a
great Hard Probes conference
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Friday, November 8, 13




Charged particle Rpps

ATLAS Preliminary
p+Pb L'm=1 ub’’
18,,,=5.02 TeV

¢ ATLAS ly*I<0.5, 0-90%

$ ALICE In__|<0.3, MinBias

2 4 6 8 1012 14 16 18 20 22
p, [GeVic] p. [GeV]

*Good agreement on (almost) minimum-
bias charged particle RpPb

—Beware differences in event selection
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CMS Preliminary P> 120 GeV/c

*Dijet Ay, pr2/pT1
in different

forward E1 bins

=No indication of
jet quenching or
broadening
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ALICE: Dijet acoplanarit

acoplanarity | | § 2 oemeinove i
Using krt ‘ |
eCompare
p+p to high
multiplicity R oiatedlial

° StUdy d 'J et kp = Plrr.ifeiﬂ Sing,AQﬁje:) S | e P 'SEZOQ)T('V

Trigger jet
A¢dij€l

p+ P b Perpendicular component of k;

=>0bserve no [N,
broadening [t N
in p+Pb X Sy

=—Where are
the effects
of multiple
scattering?
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ALICE: (charged) jet Rpprb

arXiv:1310.3612

ALICE charged jets p-Pb 5.02 TeV —a— ALICE charged jets p-Pb 5.02 TeV

anti-k, jets R=0.4, |7|<0.5 5 anti-k, jets R=0.4, |7|<0.5
Reference: Scaled pp jets 7 TeV

Systematic uncertainty Systematic uncertainty

Uncertainty reference +
Glauber

Charged

*p+Pb inclusive R = 0.4 charged particle jets
compared to scaled 7 TeV p-p (|n| < 0.5)
—RpPb = 1
= Since pt= pt°", implies Rppb = 1 to larger pr

= No modification of jet yield out to/beyond
100 GeV in inclusive p+Pb
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CMS: dijet pair n
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--CT10 Unc.
— CT10+EPSO09 Unc.

*Use dijet pair kinematics to probe nPDF

— Sensitive to shape of the distribution, not
absolute yields

=—See backward (Pb direction) shift of dijet n
distribution, consistent with EPS09

*(Minor) comment: why not y gijet ?
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CMS dijet, HF ET dependence
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BevawiBCRE-IWEN *For higher HF Er

7F pPb f L dt=18.48 nb’" 20 GeV < E™"™ < 25 Gev—
- HFI 30 GeV

el (|1)|>4), dijet pair N

A, >21/3
012 x B ™5 40 Gev

: ;pT’1>120’pT’2>§0§?\\gﬁ diStribUtiOn Shifts
backwards, narrows

=Too rapidly to be
consistent with nPDF
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CMS dij t HF ET de endence

CMS Preliminary
pPb 31 nb™

VSyy = 5.02 TeV |
pT1>12OGeV/c . E | ¢e0qo00e?®

P> 30 GeV/c
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eStrong variation of dijet pair n distribution
with increasing HF Et
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ATLAS smglejets

“|nC|US|Ve” Rpr %_ . . -0.3<y*<+0.3

—PYTHIA used as
baseline

-Mid-rapidity and [ s iy
forward (proton - anik, A04
direction) £

— High pr where UE
has no impact
=Rppb > 1 at mid-
rapidity

1000 20

=Consistent with p_ [GeV]
1 more forward

(larger errors)

10
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L —+— 40-60%/60-90%
“F —*— 30-40%/60-90%
.4f —*— 20-30%/60-90%
[ —¥— 10-20%/60-90%

[ —&— 0-10%/60-90%
L !

1t ATLAS Preliminary 1
1k p+Pb, 5.02 TeV, L,, =31 nb™" ]
1[ anti-k,, R=0.4 ]

T
21 <y*<-1.2

It 28<y*<-21

——20-30%
—*—60-90%

ATLAS Preliminary ]
p+Pb, 5.02 TeV, L, =31 nb" -
anti-k;, R=0.4 .

#

> [wBH

— :
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(& o o= |

1 -2.
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9000 20

P, [GeV]

Enhancement (suppression) of forward/
high pr jets in peripheral (central)!?
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hard-soft correlations, E conservation

Beware: we know that there are hard-soft
correlations in p-p collisions

—e.g. between jets and forward E~
=Anti-correlation for jets close in n to the Et

measurement (see below).

*Physical origin?

— Energy conservation likely important
=Where “centrality” is measured important.

e e ST
i Backward energy

frame of hard
interaction

oosted PYTHIA Z2 Tune

Energy in the 20 30 40 SO 60 70 80 90 100 0451020304050 &0 10 80 50 100
forward reglon : Lp,-5<n<4] (GeVic) £p_[4m<5) (GeVic)
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ATLAS jet Rep, E-scaling

o1 5-0-10%/60-90% 0-10%/60-90%

anti-k,, R=0.4 E@&%@ ¥
%

ATLAS Preliminary
p+Pb, 5.02 TeV, L;,, = 31 nb"

——-08<y*<-0.3 —— 28 <y*<-21
—+—-1.2<y*<-0.8 —¥— -36<y*<-28
——-21<y*<-12 —— -44<y*<-3.6

p_x cosh(y®) [GeV]

*The mechanism that is responsible for the
centrality dependence of (forward) jet
production depends on the jet energy 13
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CMS dijet, forward/backward HF Er

From Doga’s talk

CMS Preliminary pPb 31 nb" |, = 5.02 TeV
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» Shift slightly less compared
(shift =0.2 instead of 0.27)

* Remember from slide 5 thz

CMS Preliminary pPb 31 nb™ Syy = 5

” —HF,p[ni>4]
- E

|
>

* <5
Aq)1 > 271/3
p.,>120, p_>30 GeVic

20

HF,Pb[nI>4
ET [mI>4]
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e Vary both forward and backward HF E+
— Stronger backward shift with Pb side HF Et for

larger p side HF Et

= Dynamics or kinematics? 14
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CMS charc
CMS Preliminary o -
"F pPb \sy, =5.02TeV

asym (0.3<mCM|<0.8)

" __e__ CMS Charged Particles h, J<1 - .
6~ —=— pPb\s,, =5.02 TeV, charged particles —

EPS09 fDSS NLO =° y=0 L i

| CMS Preliminary

Helenius et.al, JHEP 1207 (2012) 073 ] - -
\\\‘ l “\\H“ 7\ 7\\\\\‘ | | \\\\\\‘ | | \\\\\\T

10? ' 1 10 10?
p. [GeV/c]

10
p_ [GeV/c]

Unexpected behavior also observed in
inclusive charged particle Rppb (|Nem| < 1)
=Not consistent with nPDF @y =0
=Nem Symmetric out to ncm ~ 1.8
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Two-particle (ridge) correlations
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g S p-Pb 6, = 5.02 TeV < ',' <4 G e (b) CMS pPb |3, = 5.02 TeV, 220 < N(T™ < 260
1 2 GeV/ L20%) - 160-100% .
<P, ... <2GeVio (0-20%) - {60-100%) 1e p"- <3 GeVic

1< p;““ <3 GeVic

eMuch can happen in one year ...

*Still too soon to make definitive statement
regarding CGC vs final-state collectivity.
— But, recent results suggestive of final-state
collective effects.

eFocus on new results:
17
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PHENIX: long-range 2-particle correlations

(ol a) @ d+Au 0-5% 1,0k b) @ d+Au5-10% 3 ioek €) ®d+Au 10-20%
[ 3.1<n, <3.9(d-going) : ] !
1010 -3.7<n_<-3.1 (Au-going) - 1010}

i d) ® d+Au 20-40% 1 b e) ®d+Aud40-60% 3 yost f) ®d+Au60-88%
te=1412c, cos(ni) : 4 : -
2F ..c, e
E veelC, =€
D1k FJ 4

i PH ENIX

*PHENIX sees near-side ridge for An > 6.2

— but wide dijet peak (or p conservation?) makes
peripheral subtraction difficult

=use scalar product, event plane methods
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PHENIX: Iong-range 2-particle correlations

d+Au 200GeV Cent:0-5% (a)
® Event Plane .

A CNT-CNT(0-5% - 50-88%) FH ENIX
— polynominal fit

(b)
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Event plane method yields smaller v2 than

the published mid-rapidity results.
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PID dependence

ALICE lAnl > 0.8 (Near side only)
p-Pb |s,, =5.02 TeV

(0-20%) - (60-100%)

*ALICE previously
reported mass
dependence to v2

=Strongly suggestive
of collective final
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state origin . _ . T
«PHENIX now sees e —
mass ordering, but [EEEEREEEEIIN
much weaker & Ezo/ b2ty |
=Consistent with 15 O proon i b

weaker radial flow,
larger initial o
eccentricity? -0 % o © PHENIX

15 20 25 30 35
P, (GeVic)
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2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
p, [GeV] p, [GeV) p, (GeV]

From Peter S.’s talk on Monday

— Suppose “Cronin effect” is due to collectivity
=Strongly rapidity dependent
= Then, likely v2 and v3 will be as well (PHENIX) .
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Conclusions: jets

eJet story is not as simple as we might
have thought:

From Aaron’s talk

» Case 1: Suppression is the result of a correlation between hard and soft processes
affects centrality variable
- |Is correlation due to kinematic constraints?
* Suppression scales with jet energy
« Effect significant well away from kinematic limit
- |Is correlation a feature of proton wave function?
« Likely selecting valence quarks in the proton

- Know that in pp collisions, hard scattering processes are accompanied by larger
underlying event

« Goes in opposite direction as p+Pb effect
 To what extend are these related?

» Case 2: CNM effects cause suppression in central collisions and enhancement in
peripheral collisions

- Correlation enters through centrality dependence of CNM effects
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Conclusions: correlations

*Steady progress on p+Pb correlations

*New at this meeting:
—results from PHENIX and STAR

=Reduction in PHENIX v2 using rapidity
separation, event plane method

=As argued by STAR?

*But, we still do not have consistent story
between PHENIX and STAR

—Needs resolution

*Need analysis of n dependence.

*Role of “fluctuations” (Glauber-Gribov,
Muller-Qiu, ...) needs to be understood.
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