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o(d)-A collisions: a field that developed from... e

ALICE

& ...abaseline measurement for heavy-ion collisions...

€  To a crucial test of cold nuclear matter effects. ..

& Reaching the level of producing astonishing new results
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p(d)-A collisions: a field that developed from... %

ALICE

(CMS Collaboration) Phys. Lett. B718, (2013) 795

NN

CMS pPb \[s,, = 5.02 TeV. Nj;'"™ = 110

1<p.<3GeV/c

Near side ridge in p-Pb
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e
BmEF p(d)-A collisions: a field that developed from... %%

= ALICE

(CMS Collaboration) Phys. Lett. B718, (2013) 795 (CMS Collaboration) JHEP 09, (2010) 091

NN

= _ offline >
CMS PFD \syy =502 TeV. Ny = 110 (d) CMS N> 110, 1.0GeV/c<p, <3.0GeV/c

1<p.<3GeV/c
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2,999

Near side ridge in p-Pb Near side ridge in pp
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e
BmEF p(d)-A collisions: a field that developed from... %

=] ALICE

(CMS Collaboration) Phys. Lett. B718, (2013) 795 ALICE Collaboration: Phys. Lett. B719, (2013) 29

CMS pPb \fs,,,, = 5.02 TeV. N’\"™ = 11 - 2<p, ., <4GeVic p-Pb \ s, = 5.02 TeV
D o 1<p <2GeV/c ~ N (0-20%) - (60-100%)
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1<p.<3GeV/c

Near side ridge in p-Pb Double ridge in p-Pb

Panos.Christakoglou@nikhef.nl 8



e
E@EF p(d)-A collisions: a field that developed from... £

(CMS Collaboration) Phys. Lett. B718, (2013) 795 ALICE Collaboration: Phys. Lett. B719, (2013) 29

CMS pPb \fs,, = 5.02 TeV, N,"™ 2 110 b 2 < Py <4 GeVic N PPb\sy=502TeV ATLAS p+Pb —4-n=2

NN
™ 1<p assoc 2 GeV/c » .\ (0-20%) - (60-100%) N
1<p, <3GeVic i AN " O (S=2-02TeV A -1

JL=1 ub™

**
KRS I

YE;" >80 GeV
2<lAnl<5

Near side ridge in p-Pb Double ridge in p-Pb Sizable v2 and vs

components in p-Pb
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e
BMEF p(d)-A collisions: a field that developed from...
S

(CMS Collaboration) Phys. Lett. B718, (2013) 795 ALICE Collaboration: Phys. Lett. B719, (2013) 29
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CMS pPb \[s,,, = 5.02 TeV. N;'"™ = 110 b 2 < Py <4 GeVic N P-Pb\sy=5.02TeV ATLAS p+Pb

NN
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Sizable vz and v3
components in p-Pb
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e
BMEF p(d)-A collisions: a field that developed from...
S

(CMS Collaboration) Phys. Lett. B718, (2013) 795 ALICE Collaboration: Phys. Lett. B719, (2013) 29
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Experimental setup
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Multiplicity classes in p-Pb %

ALICE

)

ALICE p-Pb at \s,,, = 5.02 TeV ALICE Pb-Pb at \s,,, =2.76 TeV -:". .
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&  Centrality determination in p-Pb is not as straightforward as in Pb-Pb

%  Weak correlation between parameters like A -Pb at | s, = 5.02 TeV
-5%

ALICE

PERFORMANCE

@ impact parameter and number of participants 03/05/2013

@ number of participants and multiplicity

& Define event classes based on

% multiplicity measurement from central detectors (e.g. CMS)

N
ol
=)
[
SlS
o|©

% multiplicity measurement from forward detectors (e.g. ALICE)

%  calorimetry (e.g. ATLAS) 200 300 400 500 600 700 800 900
VZERO-A amplitude (a.u.)
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Double ridge in p-Pb collisions %

ALICE

ALICE Collaboration: Phys. Lett. B719, (2013) 29

p-Pb \SNN - 5.02 Tev
(0-20%) - (60-100%)
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Double ridge in p-Pb: Charged particles %

ALICE

2< P g < 4 GeV/c
1< [ 2 GeVic

1 dNygoe S(An,Ag)

& Near side ridge is observed in high multiplicity p-Pb

N, dAndAg B(AnAg) collisions

trig

N,., dAndAe ) .

g

dzN assoc )
mixed

B(An,A@)=a
(AnAe) (dAt]dA(p
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Double ridge in p-Pb: Charged particles %

ALICE

< <4 GeV/c
Ttrig

< <2 GeV/c
T,assoc

1 dZN assoc

S(An,Ag)

N,

trig

dAndAgp B(AnAq@)

B(An,Ag) :a(

N,

trig

dzN assoc

dAndAg

dAndAg ), .

...

ALICE Collaboration: Phys. Lett. B719, (2013) 29

N 0-20% -
-

8 Near side ridge is observed in high multiplicity p-Pb
collisions
8 Subtraction of the jet component i.e. as measured in

the 60-100% multiplicity class reveals

% a double symmetric ridge on the near and the away
side!
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Double ridge in p-Pb: Fourier decomposition %

ALICE

ALICE Collaboration: Phys. Lett. B719, (2013) 29

b

0.88—p-Pb \Snn = 5.02 TeV Data v, p-Pb | s, =5.02 TeV
(0-20%) - (60-100%) a, + 2a, Cos 2A¢ + 2a, cos 3A¢ o 05<p. <p

T,trig T,asso!

. < 1.0 GeV/c
a_ + 2a, cos 2A
2< P yig < 4 GeV/c 0 2 ¢ A 10<p <P <20GeV/c

1< p. <2 GeV/c Baseline for yield extraction . O 20<p <P <40GeVic
135806 HIJING shifted

+

o
o)
o

1/Nyig ANossoc/d A per An (rad
o
o
=

3

0-20% 20-40% 40-60%
Event class

& Fourier decomposition using the 2nd and the 34 harmonic

& vz and vs increase with increasing pr, while exhibiting a mild multiplicity dependence
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Double ridge in p-Pb: Fourier decomposition

ALICE Collaboration: Phys. Lett. B719, (2013) 29

—Pp-Pb \s, =5.02 TeV Data
— (0-20%) - (60-100%) a, + 2a, CoSs 2A0 + 2a3 cos 3A¢
1ig < 4 GeV/c a, + 2a, cos 2A¢
<2 GeV/c Baseline for yield extraction
Tassoc HIJING shifted

+

v, p-Pb | s, = 5.02 TeV

O 05< pT’trig <P assoc < 1.0 GeV/c

A 10<p_ <p <2.0GeV/c

T,trig T,assoc

O 20< Priig <P <4.0GeV/c

T,assoc

o
(0]
(o))

1/ Ny dNossoc/dA@ per An (rad™)
o o o
: : o o o :
o =
T T 1 | T T T | T T T | 1T 1T 1

0-20% 20-40% 40-60%
Event class

& Similar observation by ATLAS slightly
ater TEr >80 GeV
' 2<|Anl<5

ATLAS Collaboration, Phys. Rev. Lett. 110, (2013) 182302 . 0.5<p2<4 GeV |

1 ] ] | ]

4 6
p? [GeV]
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Collectivity vs initial state (CGC) %

ALICE

8 In qualitative agreement with hydro (P. Bozek and W. Broniowski,
Phys.Lett. B718, (2013) 1557) and CGC calculations

K.Dusling and R. Venugopalan, Phys.Rev. D87, (2013) 094034
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Relative good agreement, however no vz component

Can we learn more from data?
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Identified particle correlations in p-Pb %

ALICE

ALICE Collaboration: Phys. Lett. B726, (2013) 164

ALICE Near side gap: An< 0.8
p-Pb \sy, =5.02 TeV
(0-20%) - (60-100%)

v,{2PC, sub}

mh AT

* K o
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Associated yield per trigger: Tr-h, K-h, p-h &

] . e = MDA, Sl o
IS IR NN P SIS P w i aa s Qe = it
—————— o/ ALICE ~
ALICE ; I ] ) ] !
g . - y

] . N\ % ' -
£ p-Pb \s, =502Tevi 7 | "¢ W P-PD \sy=5.02TeV
! & i (0-20%)-(60-100%) §

& Similar analysis: charged particle = “trigger”, (11,K,p) = “associated”

& Jet component reduction: (0-20)% - (60-100)%
& Symmetric ridges in all cases i.e. T-h, K-h, p-h

% Residual near side jet peak for r-h and to a smaller extent K-h

ALICE Collaboration: Phys. Lett. B726, (2013) 164
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Fourier decomposition

S

&

=-=n=1

ALICE

_ —502e

o LI U . B, Y Y

£ 1.5 <

7 3

L\

h-n
pT <2.0 GeV/c_,

gy o+ ZZancos nAo fit

- n=2

n=1

o n=3

] dNaSSOC
Ny, dA@

|An| >50’ 8 (Near snde only)_ ;

L \ Yoo "f k,’-“
h p 1

ALICE : 1
15<p <20GeV/c 'l

p-Pb |s,, =5.02 TeV

4 (o 0%) (60' 1 oo% )

. Data e a + ZZa cos nAg¢ fit
- n=3

n=1

- =n=1 - n=2

IScale unc. = 5%

=ag+2a;cos(A@)+2a,cos(2A@) +2as3cos(3A)

After subtraction: symmetric double ridges for h-11, h-K, h-p

Small contribution from the odd coefficients

ALICE Collaboration: Phys. Lett. B726, (2013) 164
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Results on pr-differential v2 %

ALICE

ALICE Near side gap: An < 0.8
p-Pb \/ =5.02 TeV

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

mh AT

* K opP

—f+

)

Mass splitting observed in p-Pb collisions!

ALICE Collaboration: Phys. Lett. B726, (2013) 164
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Results on pr-differential v2 %

ALICE

ALICE Near side gap: An < 0.8 arXiv:12065761  Pb-Pb | Sy = 2.76 TeV 10-20%

>
p-Pb |5, = 5.02 TeV vASP, T} VAtE, nl-2)

(0-20%) - (60-100%) o =P
mh

ALICE

PRELIMINARY

P, (GeV/c)

8 Mass splitting observed in p-Pb collisions!
8  Qualitatively similar picture as in Pb-Pb

% Qualitatively consistent with a system that develops some degree of collective
behaviour

ALICE Collaboration: Phys. Lett. B726, (2013) 164
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Charge dependent correlations (balance functions) in p-Pb %
ALICE

t=1fmlc

t=4fmlc

t=8fml/c

t=16 fm/c
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Charge dependent correlations (balance functions) in p-Pb %
ALICE

S. Bass, P. Danielewicz and S.Pratt ,
Phys. Rev. Lett. 85, (2000) 2689

CyssC,,C_, Can be extended to any

1
_ Y — B conserved quantum number e.g.
B, (AN, AQ.PrurigP1,ass0c) = 2 (Cus=Crs) Crs:ChnC baryon number, strangeness

C. = - Detector acceptance and
- . . . .

gl inefficiencies (mixed events
or from convolution of single
particle distributions)

particle pair dénsity normalized
to the number of trigger particles

“Balancing charges” affected ]
(focused) by the collective motion of !
the system !

%  Narrower balance functions if
collectivity is developed
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Balance functions in p-Pb: low prt region

p-Pb | 5, = 5.02 TeV

0.2< P assoc < pT!mg <2.0GeV/c

VZERO-A multiplicity class
—— (0-20% U
—o— 20-40% f/_ﬁ‘l&?
—®— 40-60%

ALICE

—0— 60-80% preLiMINARY

% VZERO-A multiplicity class "
: —o— (0-20%
—o— 20-40%
—e— 40-60%
—e— 60-80%

Evident multiplicity dependence in both An and Ag
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Balance functions in p-Pb: low prt region

P-Pb |\ s =5.02 TeV p-Pb | sy = 5.02TeV

< pT,trig <2.0GeV/c ! 02<p

<p.  <2.0GeV/c

T,assoc T,trig

mn VZERO-A multiplicity class 0-20%
0.045

0.04 ALICE ® —e— ALICE
FRELIMINRARRY LE

8
0.035 e —o— DPMJET RLICE

FRELIMINARRY

T,assoc

0.03

0.025

0.02 #® VZERO-A multiplicity class 0- 20%@6

0015 9@ e ALICE @;;
|§]

0. Oﬂgﬂ —e— DPMJUET
0.5 0

€  Narrower distributions for collision data wrt DPMJET
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Balance functions in p-Pb: low prt region

0.2 < P assos < pT,trig <2.0GeV/c

| 0.2< Pr oo < Pr tig < 2.0 GeV/c
__p-Pb\ s, =502TeV . p-Pb\s,, =5.02TeV
—@— ALICE

—&@— ALICE
- DPMJET ALICE 9 -+ DPMJET
. systematics correlated PRELIMINARY

systematics correlated PRELIMINARY
systematics uncorrelated ~ 1 systematics uncorrelated

[]

| | | | | | | | | | | |
20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
VZERO-A multiplicity class (%) VZERO-A multiplicity class (%)

Evident multiplicity dependence in both An and A¢ not reproduced by DPMJET
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Balance functions in p-Pb: pr trend

-------------[‘]----

" )

ALICE

. g 20< P assoc < 3.0< pT,trig < 4.0 GeV/C PRELIMINARY
B —4A— 30< P assoc < 8.0< pT,trig <15.0 GeV/c

‘O p-Pb\ s, =5.02TeV
@ 02< P assoc < pT’mg <2.0GeV/c

. systematics correlated

systematics uncorrelated

L LLLEE

| p-Pb|s,, =5.02TeV A\
@ 02<p._ <p . <20Gevic ALICE

| | |
10 20 30 40 50 60 70 80
VZERO-A multiplicity class (%)

-

O @ L]

o

PRELIMINARY
- 20< Pr oeos < 3.0< meg <4.0 GeV/c

O A-30<p_ <80< Pr g < 15.0 GeV/c

ystematics correlated

systematics uncorrelated

m e =k == = = -
| | | | | | |

10 20 30 40 50 60 70 80
VZERO-A multiplicity class (%)

Multiplicity dependence in both An and A appear only in the low pr region
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Is it hydrodynamic flow...?

Mass ordering of vz in p-Pb collisions: CGC P. Bozek et al., Phys. Rev. Lett. 111, (2013) 172303
or signs of hydrodynamical evolution?

V.20 [T
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K.Dusling and R. Venugopalan, Phys.Rev. D87,
(2013) 094034 K. Werner et al.,arXiv:1307.4379 [nucl-th]

S 0.90 . , | 018
ALICE Data —&— > O
Q5 ,ro0n =0-336 GeVZ; NP2 = 12-14 —— | 0.16
0.14

trig . asc |
2<py’<4GeV;1<py <2GeV 0.12

o
o)
o

o
o)
o))

0.1
0.08
0.06
0.04
0.02

o

o
o)
N

1/Ng;y 02N, gqoc/dANdA

o
~
©

)

Panos.Christakoglou@nikhef.nl




Is it hydrodynamic flow...? %%

& Observations from other analyses of ALICE Collaboration arXiv: 1307.1094 [nucl-ex]

similar features in p-Pb as in Pb-Pb!

, _ B ALCE, pPb, syy=5.02TeV
ALICE Collaboration arXiv: 1307.1094 [nucl-ex] L VOA Multiplicity Classes (Pb-side "

I T T T I T T T I ]

T
o
A

<

ALICE, charged particles
|n]<0.3, 0.15< pT<10.0 GeV/c ]

”102
Jdn )

lab’ln 1<0.5

:IIIIIIIIIIIIIII::IIIIIIIIIIIIIII
E_ ALICE, p-Pb, |, =5.02 TeV _Z_ ALICE, Pb-Pb, |5,y =2.76 TeV
~VOA Multiplicity Classes (Pb-side)
E o] 05%

= 60-80%

epp\s=7TeV

m p-Pby\s,,=502TeV :
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Is it hydrodynamic flow...? %

ALICE

She harks like a dog. She likes to ride in cars
like a dou. But you know Fred--there's
something | can't guite put my paw on.

Givelta
rest Petel

My two cents: Still | have to admit that it becomes less likely to be a cat that

knows “foreign languages”
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THANK YOU FOR YOUR ATTENTION %

ALICE
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ALICE

BACKUP
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Balance functions in p-Pb: low prt region

02<p <p g<2.OGeV/C

’ T assoc T 1 0.2< Ps ccoe < Py tig <2.0GeV/c
 p-Pb\ s, =5.02TeV p-Pb\ s, = 5.02 TeV
—@— ALICE —@— ALICE
| - DPMJET ALICE — - DPMJET
systematics correlated PRELIMINARY

systematics correlated PRELIMINARY
[ ] systematics uncorrelated [ ] systematics uncorrelated

] . 0] o

| | | | | ' 1 1 | 1 |
20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
VZERO-A multiplicity class (%) VZERO-A multiplicity class (%)

Evident multiplicity dependence in both An and A¢ not reproduced by DPMJET
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