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The pPb data confirm that the

effect in PbPb Is from the FS


http://arxiv.org/abs/1210.4520
http://arxiv.org/abs/1208.2711

Nuclear modification factor 4

New ALICE data consistent with
no modification up to p.=50 GeV/c

ALICE, EPJC 74 (2014) 3054

ALICE p-Pb\s,,=5.02 TeV, NSD
charged particles
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Same conclusion from jets


http://arxiv.org/abs/1405.2737
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F%Pb

New ALICE data consistent with
no modification up to p.=50 GeV/c

ALICE, EPJC 74 (2014) 3054

ALICE p-Pb | 5,,=5.02 TeV, NSD

charged particles
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New ALICE data consistent with
no modification up to p.=50 GeV/c
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large enhancement
at high p,
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Different impression
when looking at the
ALICE points
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o 13- ALICE p-Pb)s,,=5.02TeV, NSD

arXiv:1405.2737

e “Cronin” enhancement

- First observed by Cronin
in PRD 11 (1975) 3105

« Traditional explanation

- - Multiple soft scatterings in
charged particles, |7__ | <0.3 3 IS prior to hard scatter

 snntinnslniialanrslessdesssloselessnlorsleent (arXiv:hep-ph/0212148)
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Enhancement at intermediate p_


http://arxiv.org/abs/hep-ph/0212148
http://arxiv.org/abs/1405.2737
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At intermediate p,
(Cronin region):

Indication of
mass ordering

- No enhancement
for pions and

- Pronounced peak
for protons

- Even stronger for
cascades

Particle species dependence points to relevance of final state effects
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The ® does not have the same Cronin enhancement as the proton,
and also its shape in pPb does not change significantly with multiplicity
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Baryon-over-meson enhancement 14
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Significant multiplicity dependence of
proton over pion and A over K% ratio:

reminiscent of observations in PbPb
(usually attributed to radial flow or recombination)

ALICE, PLB 728 (2014) 25-38
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Baryon-over-meson enhancement
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Double ridge in pPb
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 Reveal double ridge by
subtracting per-trigger yield
of low from high multiplicity
events

 Results looks so much
like flow In AA
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Double ridge in pPb
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 Reveal double ridge by
subtracting per-trigger yield
of low from high multiplicity
events

 Results looks so much
like flow In AA

e Mass ordering and crossing

ALICE, PLB 726 (2013) 164
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http://www.sciencedirect.com/science/article/pii/S0370269313006503

Integrated v, in PbPb and pPb 18
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* Established picture in PbPb which the proton wave function

- Transformation of IS fluctuations fluctuated to large values (fat
into FS via interactions proton, Mueller, arXiv:1307.5911v2)
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Similar for v, crossing at around 2 GeV/c,
points to same physics origin for v,in pPb as in PbPb

CMS, arXiv:1409.3392v1


http://arxiv.org/abs/1409.3392v1

Multi-particle correlations 20

Two-particle correlation Multi-particle correlation

Multi-particle (>2) cumulants: v, {4} = -c, {4}
((6))= <<(%in(¢1+¢:+¢3—¢4—¢5-¢5)>> — ,{6)-1 %c" (6

(O (N 2@) - Low

Insensitive to non-flow effect Q-cumulant, PRC 83 (2011) 044913

In hydrodynamics expect: v_{2}>v {4}=v_{6}=v_{8}=V_{}
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Multi-particle correlation results are the same within 10%.
Strong evidence of collective nature of correlations.

CMS-HIN-14-006


https://cds.cern.ch/record/1705485/files/HIN-14-006-pas.pdf

Femtoscopy using 3-pion cumulants 22
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The baseline for the 3-pion cumulants is
much more flat than for 2-pion correlations

PLB 739 (2014) 139


http://arxiv.org/abs/1404.1194
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Exhibit different trend (with linear fit over measured region)

Radii in pp and pPb at similar measured Nch are with 5-15%

while larger difference (up to 30-50%) between pPb and PbPb

Not much room for a hydro-dynamical expansion in pPb
beyond what might already be there in pp

PLB 739 (2014) 139
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k: dependence of radii in pPb 24
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And vV, In dAu at RHIC?

PHENIX, PRL 111 (2013) 212301
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Even stronger v, in 0-5% d+Au at RHIC
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http://arxiv.org/abs/arXiv:1303.1794

And V, In dAu at RHIC?

PHENIX, PRL 111 (2013) 212301
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Geometry engineering 27
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http://arxiv.org/abs/arXiv:1312.4565

Geometry engineering: He3-Au data 28
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Data confirm the expectation: Significant v, found, and v, similar to dAu



Geometry engineering: He3-Au data 29
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Glauber+Hydro+Hadron Cascade (with pre-flow) describe data



Geometry engineering: He3-Au data
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And i1dentified vV, In dAu at RHIC?

0.25

0.20

0.10

0.05

PHENIX, arXiv:1404.7461

ALICE, PLB 726 (2013) 164
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Mass ordering for identified particles observed


http://arxiv.org/abs/1404.7461
http://www.sciencedirect.com/science/article/pii/S0370269313006503

Initial system size scaling across systems 32

arxXiv:1404.5291
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Scaling with R across systems:
Implies evidence for radial expansion

16



http://arxiv.org/abs/arXiv:1404.5291

Do we indeed produce a strongly coupled

AN o a St 33
liguid In “dilute-dense” collisions?
- Azimuthal anisotropies (v ) e Similar size of
» Characteristic v (p.) shape higher order cumulants
. Mass ordering of p_ spectra  © Veak rapidity dependence
_ T of correlations
» Mass ordering of v (p,) - Characteristic n-dependence of v,
 Characteristic multiplicity . Breaking of factorization
dependence » Event angle correlations

(not measured in pPb)

All sighatures known from
PbPb also found in pPb

If it is really hydrodynamic QGP,
what about parton energy loss?



Indication of parton energy loss? 34
I I I I | I I Ire.c I |
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In PbPb at high p_, v,=5% thought to be from parton energy loss.
Is It crazy to speculate the same here? Need theory guidance!



Modification of fragmentatlon functlon’?
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Predicted pPb/pp

fragmentation
function ratio

: CMS Preliminary

—e— pPb \;‘sNN = 5.02 TeV, charged particles ]

T ae

NcuIFs'g _:

10
P, [GeV/c]

Hadron Rppb(SO GeV)=1.35



Charged particle QpPb

VOA NBD
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Bias induced by estimat
shadows small change

30

or

Pb-side
Q

pPb

36

Hybrid method

1.8
C 0-5% 40-60%
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Hint of suppression at 10 GeV?
(Uncertainties largely correlated!)



J/¥Y and PY(2S) suppression 37

mult

Forward going Backward going
g 1 4 [ Inclusive Iy, w(28) - ww ALICE Preliminary %@ 1.4 [ Inclusive Jiy, w(28) — w'y ALICE Preliminary
o -  5Pb |5y, 5.02TeV, 203 <y,__< 3.53 (p-going directon) p-Pb | 5,,=5.02 TeV, -4.46 <y__< -2.96 (Pb-going direction)
1.2F
S ]

S
0.8F — JI\|I

C n Aa (%)
0.6 [ 4] i
0.4F y(2S) 0.4F
02k 7 . 0.2 - .

- —

- lowN,, ——— highN_, - low N, . > high N,

. l 1 0 :
80-100 60-80 40-60 20-40 5-20 80-100 60-80 40-60 20-40 5-20
ZN Energy Event Class (%) ZN Energy Event Class (%)

* Jhy - pu: Multiplicity dependent suppression in p-going direction,
and no suppression in Pb-going direction

* Consistent with shadowing

*  y(2S) - pu: Multiplicity dependent suppression in both directions

* Needs additional effect (Final state?)



Summary / Outlook 38

* All prominent signatures of collectivity known from AA
found also in “dilute+dense” collisions

- More experimental results expected from pAu at RHIC
and high mult. pp from RUN2 at LHC

 Hydrodynamical models, and other models like IP-GLASMA
(+MUSIC) or AMPT, can describe the data

- Systematic effort needed to apply models to data consistently
(and across systems)

 The quest for jet quenching in “dilute-dense” collisions is open

- Is it possible we see jet modification without (strong) jet quenching?
- Theoretical and experimental effort needed

Only a selection of all available results shown, you find them here:
ALICE results: http://aliceinfo.cern.ch/ArtSubmission/publications

ATLAS results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
CMS results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN


http://aliceinfo.cern.ch/ArtSubmission/publications
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN

Extra

39



Comparison pp spectra: ALICE vs CMS 40

7 TeV 5 TeV (interp.)

10° e
S "t. 19 . "uy,
1P * 1
T 10F 107
= = 5
§ IE %"1[]3
2 o1k 'm\ g 10
:I— EE " N 10
o 10 E_ . E . .5-
- ﬁ [l [ |
£ 109 ! o =
= E % 3 10° .
501[]-4;_ ﬁi = 7 H.
T % z
~ 107 & Vs=7TeV % @O 1p8 pp References at Y5 = 5.02 TeV =
— E  J =
= L ® ALICE, | < 0.8 - = m ALICE, || < D2, scaled by 5 = 70 mb q'!.-.
Eﬁfm = O CMS, | < 1.0 ',‘. 1p™® o OMS, I <1.0 .
T 10T s 10710 '
= ]
1[]-8;_.- 1 1 ||||||| 1 1 1 11 111 1 1 IEB 1:]11; | | ||||||| | | | Ll | | |
135 o CMS/ALICE = CMS / ALICE
1.2E [ comb. syst uncert. 1 gf_ écnmbined syst. error
2 E s ] s 1
o 15 il Srre—ee—e—Ul o loa e 1 i "{% 1E o oorrroo 000 O DDDHDI—IDHU.- T
= 095 ol € oo ;'EE.H
08E 0.8E
0 aE 0.7E !
O 1 10 . ey i
p, (GeVic) 10 1 19 b (Gevic)

Needs a measurement of the pp reference during run 2



Breaking of factorization r,=———=20P0) 4]
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Only a small effect, pPb is very smooth



Breaking of factorization r,=———=2rPr) 42
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Dijet imbalance: Not present in pPb 43

Width of angular difference Momentum imbalance
DJEB -I LI I LI | L I LI I LI L I LI I- LI I LI I LI I LI I LI I LI I
- CMS pPb 35 nb’ (a) ] L p;,>120,p,,> 30 GeV/c (b) .
0.26}1 - - .
- "ISNN =5.02 TeV - 075 Ml <3, AY > 2n/3 a
0pal ® PP [m]|pPb, AIE;T % R ; 1 Pythia
~ [ o ] ELE [ /
Esy I 1 = . )
Dozl B [Q SAE 1 o7 O go O & i
o : ‘ ® e [ ] : W i * \r ® @ Y )
0.2 O PYTHIA + HUING ™ I ]
[ O PYTHIA + HUING, All E*"** 7 0.651- -
0.18F © PyTHIA - 1
T T (O T O B I T T (O T T O | T O N T O RO I I O A A R A |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
E:T_-::|r]|=:5.2 (GEII'HFIJII E:l|_-=:|r||-=:5.2 l:GE!IIUrIJII
. .
Event activity Event activity

Dijet imbalance not observed in pPb collisions,
hence final state effect in PbPb

EPJC 74 (2014) 2951


http://arxiv.org/abs/1401.4433

Charged dijet acoplanarity

p.,>20 GeVic
R=0.4, |r]|ab|<0.5

Charged jet trigger pq,

44
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No indication for broadening
even not in high-multiplicity events
(relative to PYTHIA 8)



http://indico.tlabs.ac.za/getFile.py/access?contribId=106&sessionId=6&resId=0&materialId=slides&confId=30

And the jet at low p;? | 45

 Ridge and jet yield What happens g«
R tojet atlow p;? il
seem additive in 2PC ;
» Subtract ridge B s OA‘Q"‘“,‘@

to obtain jet yields

* Resulting jet yields are
constant over >60% of the
PPb cross section
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http://arxiv.org/abs/arXiv:1406.5463

Radii comparison with IP-Glasma model 46

Radius (fm)

- I!II LASIMAl pb IRI i-lll I | 1 |||| R
- initial 8l . . . e s
. GLASMAp-PbR .1« Similarity between radii in
| initial .0
0_ _ GLASMA Pb_Pb Rinitia| ; CD H i pr and pp Can be .
- GLASMA pp R o~ 4  described by Yang-Mills
= hydro ik & :
B o r G 1 evolution alone
GLASMA p-Pb R o
- hydro (D ] u
i GLASMA Pb-Pb Ry 4 : 1 » They also can be
6~ ¢ ALICEpp - reproduced by adding a
. o ALICE p-Pb 1 hydrodynamic phase
4|~ © ALICE Pb-Pb u
2r .
| I 11 111 l | | I 1 111 ll | | I 11 111 l 3 | i
2
10 10 10
N_)

GLASMA points are first scaled such that the calculations in pp match the ALICE pp data.
Scale = 1.15. GLASMA calculations have uncertainty due to infrared cutoff (m=0.1 GeV).

Schenke, Venugopalan, arXiv:1405.3605


http://arxiv.org/abs/arXiv:1405.3605

Ridge modulation v, and v, and CGC 47

1

 Two symmetric ridges predicted
by CGC glasma graphs found to
describe the ridge yields and shape

 However, a large v; component would
be a challenge for the model
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Identified particle spectra 48
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http://arxiv.org/abs/arXiv:1307.6796

Identified particle spectra 49
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Coherent MPI effects

P2 (GeVie)

ALICE, PLB 727 (2013) 371

<p,> VS Multiplicity

Fpp 1s=7TeV 4
- @ Data b

PYTHIA 8, tune 4C
¢ without CR
= with CR

20 40
N
ch
ALICE,charged particles
171<0.3, 0.15<p_<10.0 GeV/c

Rise of <p;> can not be reproduced
by incoherent superposition of MPI

50

long strings to remnants
= comparable ng,/interaction

= (pL)(np) ~ flat.

shorter extra strings
for each consecutive interaction

= (p.)(ney) rising.
T. Sjostrand



http://arxiv.org/abs/1307.1094

Average p; versus N, 51

ALICE, PLB 727 (2013) 371 * PP
;pp 15=7TeV &

ALICE charged pariices | — Within PYTHIA model increase in
BTt | mean pr can be modeled with Color
g Reconnections between strings
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R - Can be interpreted as collective effect
¢ without CR | (e.g. Velasquez et al., arXiv:1303.6326v1)

¢ with CR E

 pPb

- Increase follows pp up to N¢,~14 (90%
of pp cross section, pp already biased)

w EPDS

ODPMIET - Glauber MC (as other models based
bt s on incoherent superposition) fails

A AMPT 3
—Glauber MG

— Like in pp: Do we need a (microscopic)
concept of interacting strings?

- EPOS LHC which includes a hydro
evolution describes the data (also pp)

Pb-Pb \5,, =276 TeV 1 ® PbPb
A Data .

80 80 100 - As expected, incoherent superposition
Nen can not describe data



http://www.arxiv.org/abs/1303.6326v1
http://arxiv.org/abs/1307.1094

Y(2S)/Y(1S) and Y(3S)/Y(1S)

1.4

0.8

0.6

[Y(ns)/X(1S)] , / [Y(ns)/T(1 S)]pp

0.4

0.2

1.2}

- CMS Preliminary

PPb sy = 5.02 TeV

- >4 GeVie o i <193 :
N PbPb\'s,,, =2.76 Tev_
[ | II‘I |~:24
——— 95% upper limit

-

.

|

Y(2S)/Y(1S)

Y(3S)/Y(1S)

— Despite similar Q2

Final state effect?

— Suppression in PbPb

much stronger!

Strong suppression (even in pPb)

52

CI\/IS arXIV 1312 6300

— 0.5 T TTT T T T
_ | | _]
L F cMs Preliminary TGSy @SS E
=0.45 ly_|<1.93 0 pp276TeV (O pp2.76TeV  —
- T o = pPb5.02 Tev /@1 pPb5.02TeV 7
£ 04 4 PbPb 2.76 TeV
— o ly  |<2.4 .
035 | o =
035 % =
025t $ PPD E
C + Pbe n
0.2F % o =
- o =
0.15 =
0.1 + eﬁ 1 epb =
0.055 7w <H; =
O:| ] 11 | 1 1 111 || | | || | | [ |:

10 102 " 10°
<
le

tracks

e Multiplicity scaling of
suppression?

 Higher Y states affect multiplicity?

« Same mechanism as in PbPb?


http://arxiv.org/abs/arXiv:1312.6300

P(2S) production in p-Pb 53

arXiv:1405.3796

EEJ“S'L 1.8F  ALICE, p-Pb |s,= 5.02 TeV, inclusive Jiy, w(28)—p'y’
" o  Jhy
1.6 ;'T e y(28) Pbe
14F\
A\ Jy

1F--
08F
06F

[Syes) /Cunlope @an / [Pwizs) Curl,

4 ;_ EPS09 NLO (Vogt) 22_
0.2 F | _|ELoss with g =0.075 Gev?/fm (Arlec et al) ' ALICE p—Pb
. | |EPS09NLO +ELoss with g =0.055 GeV"/fm (Arleo et al.) 0‘15- PHENIX d-Au
« (2S) more suppressed than J/y: Y ems oms

Not expected by initial state + CNM effects and coherent energy loss

e Stronger relative suppression in backward direction:
Qualitatively expected from break-up due to comoving system

« Butalsostrongs In forward direction

- Final state effects?


http://arxiv.org/abs/arXiv:1405.3796

Extra slides about centrality

54



Multiplicity

y

#1~ Centrality from g5
i1* multiplicity in pPb

= 10?

plicit

20000

Multi

Toy Model: Glauber+Pythia
p-Pb VsTm=5.02 TeVv —  0-5% 40-60%

« Small dynamic range 5-10% — 60-80%
— 10-20% —80-100%

e Several biases are present ;  20.40%

Q_ —
25 — CL1 ALICE PRELIMINARY

- Multiplicity bias
- Jet veto bias
- Geometrical bias

* Include (and indicate) bias
In the definition

Q :< Glauber> <dN ppb/de>cent
pPb, cent cent dN pp/ de

0.5%

® NOte Qpr iS nOt 1 :I L1 1 | [ I | | [ I | [ | [ | |
in absence of nuclear effects 0 5 10 15 20 25 30
p_ (GeV/c)



Multiplicity

||||||||||||||||||| T

>
§20000 Glauber-MC Pb-Pb |s,,, = 2.76 TeV j
2 '
=

>

=

Small dynamic range
Several biases are present
- Multiplicity bias

- Jet veto bias

— Geometrical bias

Include (and indicate) bias

In the definition
<dePb/de>cent

dN [ dp,

_ Glaub
Qpr, cent _< ceZ? N >

Note Qppp IS NOt 1
In absence of nuclear effects

4|‘°“ Centrality from gg

" multiplicity in pPb

1'"’ Using hits

at mid-rapidty (CL1)

Toy Model: Glauber+Pythia

lSyE.t. on normalization

p-Pb r 5.02 TeV 0-5% 40-60%
5 F CL1 ALCEPRELIMINARY 5-10% -« 60-80%
[ psyston(T ) « 10-20% + 80-100%

« 20-40%

g

1 1 1 1

| Tt i 1|

0 5 10 15

20

25 30
P (GeV/c)



Multiplicity

y

#3° Centrality from 57

220000
11" multiplicity in pPb
100003 —]q;"’z
5000: 10 . ]
: 1' Using VOA amplitudes
0 o at forward rapidity
Toy Model: Glauber+Pythia
» Small dynamic range S & | eeolaatseT . 05% . 4060%
002-5f VOA  ALICE PRELIMINARY 5'103'3 60-80%
 Several biases are present - oy - 80-100%
I i Syst.on (T > °
- MUItlleClty blaS 2 - o Syst. on normalization

- Jet veto bias
- Geometrical bias

* Include (and indicate) bias
In the definition

Q :< Glauber> <dePb/de>cent
pPb, cent cent dN pp/ de

* Note Q,pp is Not 1 T T T
In absence of nuclear effects 0 25 30
p_ (GeV/c)



Forward neutron energy vs multiplicity 58

. _. Events (a.u.)
Q S =

—t
<
[4)]

O |||II|I| T IIIIIII| I IIIIHII I IIIH?-' T T1

NBD method

A

L]

/

| 60-80%
" 40-60%

Data

Poes0e,

o

.

LICE p-Pb |5, = 5.02 TeV

NBD-Glauber fit
Noar X NBD (it = 11.0, k = 0.44)

.,

- 10-20%

10% e =

[ 80-100%

2

S 510%

L L ] 1 L 1 1 | 1 L Il 1 | ‘ 1 1
300 400 500

V0-A amplitude (a.u.) (Pb-side)

SNM method

- ALICE p-Pb at |s,, = 5.02 TeV

—~102+——
-
-.S?, o
L2,
=
2
[ 10°
»
I
.
+
10-4F 2
! o
.
=)
©
'5_1 1 1
107,

SNM-Glauber fit

| T T T I T T T ]

Data

nnnnnnnnnnn

31/10/2013
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o © ¥ Qe i

o o Bl Y 1

O < N ~IHDO

|__J_.|_ L1 | 1
20 40 60 80 100

EZN (TeV)

Correlation between forward neutron energy and multiplicity?



Correlation of VOA and ZNA

107

Preliminary

s e

I PR PR
20 40 &0

VDA ring1 (Pb-side) amplitude(a.u.)

10°°

0

Preliminary

M0 20 30 40 50 &0 70 BO
VOA ring1 (Pb-side) amplitude(a.u.)

20-40%

— ~=10
3 S
© L)
w i
‘1]::“‘11{:'2 E
T > 107"
L 1

1

40-60%

.................

=B0 &0
VOA ring1 (Pb-side) amplitude(a.u.)

5 10 15 20 25 30 35 40
VOA nng1 (Pb-side) amplitude(a.u.)

59

VOA in ZNA slices
Convolution of

P(ZNA) x NBD(VOA)
Unfolded



Correlation of VOA and ZNA 60

Preliminary

B PR T R PR
20 40 &0 B0
VDA ring1 (Pb-side) amplitude(a.u.)

0

= 20-40% 1
Em
LLl
107k
107 ..
Preliminary "
o 10 20 30 40 50 &0 F0 B0

VOA ring1 (Pb-side) amplitude(a.u.)

_E"EE O Data
< E@E ® Glauber + SNM
= 20 O Unfolding
—g—
15
=ig—=
10
£ -
Preliminary EﬁE
MR T T T NN T | TR T SN B SR T
0 20 40 B0 80 100

- Centrality (%)

80-100%

VOA in ZNA slices

Convolution of

1 P(ZNA) x NBD(VOA)
Unfolded

5 10 1% 20 25 30 35 40

VOA nng1 (Pb-side) amplitude(a.u.)




ZN slicing +scaling of data (Hybrid Method) 61

1) Assume: ZN insensitive to dynamical biases — slice events in ZN

2) Assume scaling
a) Mid-rap dN/dn scales with N .

b) Pb-side dN/dn scales with Nparttarget

(S )i
<N[Jill't>;']m][ = (Npi-ll‘t>MB' _ I
(S)umB

It It
<Nm“>;_nu = <Np:-1rr>:‘m] — 1

(: I\Icoll in pA) <S,>
¢) Yield at high-p_scales with N__ (Neot)? "% = (Neon)ma - (S‘> !
MB
e pReCmNaRY T T | N = N
8145 p-Pb |s,, = 5.02 TeV Ny ZNA-classes  — o “ (SYup
~ 12§'=fif c ° N(r:r;Lljllt _E
10— - . —
85— (l;(glside _f
65— 8= © NcoII _f
B > = * All values within at most 10%
- ys: I “ MB - - -
2 ——s— - consistency of assumptions
§/\= E.'.'.'.','.'.':.','.-:.'.','.'.'::,'.'::.'}.'::.',':.':.','.':.'.'I:.':.'.'.':.'é .ThiSdoesnotyetprovethe
g g1 = AT
2 = 0 — validity o_f any (or all) of these
~ I = a = assumptions
§0.9— —
Z C ]

O 10 20 30 40 50 60 70 80 90
ZN Energy Event Class (%)



Charged particle QpPb

VOA NBD

", = | —a— | I "
- I Y ...M-—'_Wj;_] j. 1 x
- - - L..-:rtll l-u- T = = |
1 : S ¥ I} —

L..m.++++++++++

p-Pb Vs_m=5.02 TeV 0-5% 40-60%

— VOA ALICE PRELIMINARY 5-10% 60-80%

I « 10-20% « 80-100%
« 20-40%

. T
B Syst.on { |m}

© Syst. on normalization

m

———

—_

-IIII|IIII|IIIi|IIlI|IIlI|IlIIiIII

0

25 30
P (GeV/c)

5 10 15 20

Hybrid method.:
. Charged particle Qppb

Pb-side
Q

pPb

62

Hybrid method

1.8
C 0-5% 40-60%
-P =5.02 TeV
N S =502 Te 5-10% 60-80%
¥ [ Charged particles | 1| < 0.3 e 10-20% e 80-100%
r ZN + N"" side o 20-40%
141 ALICE PRELIMINARY
1.2F -+
: ‘ﬂh" Ll ] —_—
1} 2 "’“’f':ﬂ* f 3= 4 [
0.8 F + -1
0.6k +
0.4 B Syst.on (T A)
_ PA
55 Syst. on normalization
' ] Syst. on dN/dp .
1 1 1 1 | 1 1 1 1 I 1 Il 1 1 I 1 1 1 1
1.15
1.1
1.05
1
0.95
0.9
4595 5 10 15 20 25 30
P, (GeV/c)

consistent with unity at high p_

* Cronin peak develops with multiplicity
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