Two-particle correlation
measurements in p-Pb
ALICE collisions at \/snn = 5.02 TeV




Setting the stage: Collectivity in AA

* Working hypothesis: a thermalized

(and deconfined) medium is created
iIn AA collisions

* |t expands and cools down under
the effect of pressure gradients
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Setting the stage: Collectivity in AA

* Working hypothesis: a thermalized
(and deconfined) medium is created
iIn AA collisions

* [t expands and cools down under

the effect of pressure gradients

* L eads to asymmetry in
momentum space

* Anisotropic flow: can be studied

with 2-particle correlations

Spatial deformation
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Abridged anatomy of 2PC

trigger trigger

\

trigger particle
associated particle

CMS, JHEP, 2010 (9) 091
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Abridged anatomy of 2PC
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Abridged anatomy of 2PC
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Near-side |et
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Abridged anatomy of 2PC

.‘(,(, .o(,(, -
trigger trigger

\

trigger particle
associated particle

(b) CMS MinBias, 1 .OGeV/c<pT<3.OGeV/c
pp, Vs =7 TeV

Recoil (away-side) jet

~ , (AP ~ 1, elongated in An)
1|

< (1) Near-side jet

ol (Ad ~ 0, An ~ 0)

M. Floris MPI@LHC 2015



Abridged anatomy of 2PC

trigger trigger

\

60-70%

trigger particle
associated particle

Recoil (away-side) jet
(A ~ 1, elongated in An)

Near-side jet
(A ~ 0, An ~ 0)

CMS, EPJC 72 (2012) 2012




Abridged anatomy of 2PC

trigger trigger

\

60-70%

trigger particle
associated particle

Recoil (away-side) jet
(A ~ 1, elongated in An)

Near-side jet
(A ~ 0, An ~ 0)

Azimuthal modulation (vn)

CMS, EPJC 72 (2012) 2012




The ALICE tor
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Particle identification
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ALICE provides extensive PID
capabillities, several techniques
(dE/dx, time-of-flight, Cherenkov...)
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Particle identification
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ALICE provides extensive PID
capabillities, several techniques
(dE/dx, time-of-flight, Cherenkov...)

This talk: PID based on combined
TPC/TOF information
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What correlates with what?
TS, TPC & TOF

-1 0 +1 I

Central Barrel:
tracks and PID in ‘/7‘ <08 2012 pilot run (1.7 M MB events)

2013 run (10° MB events, 50ub)
tracklets in |n| = 1.0

NB: in the following: n = n,

6
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What correlates with what?
VVZEROC TS, TPC & TOF

3.7 1.7 -1 0 +1 +2.8 51 N

Central Barrel:
: 2012 pilot run (1.7 M MB events)
tracks and PID in ‘n‘ = 0.8 2013 run (108 MB events, 50ub™)

tracklets in |n| = 1.0

VZERO: used for event activity classes

NB: in the following: n = n,
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What correlates with what?
y-arm  VZEROC TS, TPC & TOF

-4 -3.7  -2.5 -1.7 -1 O +1

Central Barrel:
tracks and PID in |n| = 0.8

tracklets in |n| = 1.0
VZERO: used for event activity classes

Muon arm: extend correlations at forward n
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+2.8 5.1 I

2012 pilot run (1.7 M MB events)
2013 run (108 MB events, 50ub)

2013 run
(MB + 5-6 nb! triggered events)

NB: in the following: n = n,
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What correlates with what?
y-arm  VZEROC TS, TPC & TOF

-4 87 25 -1.7 -1 0 +1 +2.8 51 N

Central Barrel:
: 2012 pilot run (1.7 M MB events)
tracks and PID in ‘n‘ = 0.8 2013 run (108 MB events, 50ub™)

tracklets in |n| = 1.0

VZERO: used for event activity classes

: 2013
Muon arm: extend correlations at forward n B 6 b triggered events)

TWo Pb-p: Po—g|g p-Pb: p—mg

configurations | y arm Jarm NB: in the following: 1 = M4
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)

Nyig dANdAQ ~ B(An,Ae¢)
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)  S(AN,AQ) = 1/Nyig d*Name/dANdA

Nyig dANdAQ ~ B(An,Ae¢)
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Associated yield per trigger particle
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)  S(AN,AQ) = 1/Nyig d*Name/dANdA

Nyig dANdA@  B(AN,AQ) B(An, Ap) = a d?Npixea/dAndAg

h-=n
1.5< P < 2.0 GeV/c

ALICE
p-Pb \s,, =5.02 TeV

0-20%

Near side jet peak
Away side recoil-jet peak
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)  S(AN,AQ) = 1/Nyig d*Name/dANdA

Nyig dANdA@  B(AN,AQ) B(An, Ap) = a d?Npixea/dAndAg

ALICE h-=n
p-Pb \s,, = 5.02 TeV 1.5< P, < 2.0 GeV/c

0-20%

+ ridge?

Near side jet peak
Away side recoil-jet peak
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)  S(AN,AQ) = 1/Nyig d*Name/dANdA

Nyig dANdA@  B(AN,AQ) B(An, Ap) = a d?Npixea/dAndAg

LI L TT 11T
ALICE h-n

ALICE h-m 8
p-Pb |5, = 5.02 TeV | \5<p_<20GeVic = %21 ppb y5,,=5.02Tev  1.5< p_<2.0GeVic
< .
0-20% 2 o2 0-20%
g ' « Data — a,+ Z2a,,cos nAg fit
O n=1
% pgosf--"n=1  -cp=2  n=3
o 28 |An| > 0.8 (Near side only)
g A 02 Scale unc. = 5%
8|S 0.25] | £ 0
S[2 Jet peak in the near = Ry KRy
©lI3 () side excluded 0195 T T 2\
= |Anl<O0. T CONPRD) I A TRE
(14n}<0.8) 0.19p=7" S .
) *.~ } Poe ’ -
0.185 s
1 0 1 2 3 4
Ao (rad)
B Good fit with 3 components:
+ ridge* - first component large due to recoil jet
Near side jet peak _ _ * az given by jet+ridge
Away side recoil-jet peak - asz much smaller than the other components
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Associated yield per trigger particle
1 d*Nassoe  S(AN,AQ)  S(AN,AQ) = 1/Nyig d*Name/dANdA

Nyig dANdA@  B(AN,AQ) B(An, Ap) = a d?Npixea/dAndAg
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ALICE h-n ALICE h-=

o
©
p-Pb |5, = 5.02 TeV | \5<p_<20GeVic = %2F ppb {s,,=502Tev  1.5<p_<2.0GeVic
< .
0-20% 2 o2 0-20%
g ' « Data — a,+ ;2ancos nAg fit
% pgosf--"n=1  -cp=2  n=3
o 28 |An| > 0.8 (Near side only)
g A 02 Scale unc. = 5%
51 0.251 | £ 0
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= |Anl<O0. T CONPRD) I A TRE
(14n}<0.8) 0.19p=7" S .
) N 1 g ’ :
0.185 s
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B Good fit with 3 components:
+ ridge* - first component large due to recoil jet
Near side jet peak _ _ * az given by jet+ridge
Away side recoil-jet peak - asz much smaller than the other components

How to get rid of the jet contribution?
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Suppressing jets: the subtraction procedure
Jet contribution reduced assuming:

e Mostly jet contribution (i.e. no significant ridge) in low multiplicity events
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Jet contribution reduced assuming:
e Mostly jet contribution (i.e. no significant ridge) in low multiplicity events

8 0.054 ALICE h-n
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Jet contribution reduced assuming:

e Mostly jet contribution (i.e. no significant ridge) in low multiplicity events

rrjrrrrrovre LELEN LA
0.054 ALICE h-7

)
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No significant ridge in
60-100%

Not the case for 0-20%
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Suppressing jets: the subtraction procedure
Jet contribution reduced assuming:

e Mostly jet contribution (i.e. no significant ridge) in low multiplicity events
* No significant medium effect in the energy loss / jet fragmentation

0.054
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The Double Ridge

ALICE, PLB719 (2013) 29
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The Double Ridge

ALICE, PLB719 (2013) 29
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Analysis repeated for h, mt, K, p triggers (



The Double Ridge

0-20%
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The Double Ridge

| Two ridges ! ,4

ALICE, PLB719 (2013) 29
“ TP TS & 5.02 TeV
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Extracting the vn coefficients

0.88p-Pb\s, =5.02TeV = Data 1 dNassoc
- (0-20%) - (60-100%) a, + 2a, COS 2A¢ + 2a, cOS 3A¢ =ap+2a1COSAQ + 2a3 cos2Ag@
0.86 __ 2 < th”g < 4 GeV/c ....... ao + 232 COS 2A(p Ntrig dA¢
- 1<p. <2GeVic Baseline for yield extraction
T,assoc O HIJING shifted + 2 a3 COS 3A¢o

+

1/Nyig dN,ss0c/dA@ per An (rad™)
o
(o)
=

0.82—
0.80—
0.78
0'76 PR TR N T NN TR TR NN TN SN TR TR NN TR SO Y TR NN TR SR TR T NN T S MY N N T S
E 0 1 2 3 4
Ao (rad)

ALICE, PLB 719, 29-41 (2013)
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Extracting the v, coefficients
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— T,trig
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+

-y
.
.h

Data
a, + 2a, cos 2A¢ + 2a 5 COS 3AQ

a, + 2a, cos 2A¢
Baseline for yield extraction
HIJING shifted
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=09+ 2a1COSAQ + 2a3cos2A@
Ntrig dA(p

+ 2a3cos3Ag.

2PC modulation:

Vaa{2PC,sub} = a,/(ap+ b)

ALICE, PLB 719, 29-41 (2013)
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Extracting the v, coefficients

o
o)
o

o
o)
o

o
o)
N

1/Nyig dN,ss0c/dA@ per An (rad™)
=] o
(0] (o)
o S

o
~
o

—p-Pb \ s, = 5.02 TeV
- (0-20%) - (60-100%)

" <4 GeV/c
<2 GeV/c

+

T,assoc

0.76 -,

Data

a, + 2a, Cos 2A¢ + 2a, c0s 3A¢

a, + 2a, cos 2A¢

Baseline for yield extraction

HIJING shifted

1 dNassoc
N trig dA(p

=09+ 2a1COSAQ + 2a3cos2A@

+ 2a3cos3Ag.

2PC modulation: |
Vas{2PC, sub} = an /(a0 +(b))

Subtraction removes
part of baseline: to be restored!

ALICE, PLB 719, 29-41 (2013)
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Extracting the vn coefficients
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o
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N

1/Nyig dN,ss0c/dA@ per An (rad™)
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o S
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—p-Pb \ s, = 5.02 TeV
- (0-20%) - (60-100%)

0 <4 GeV/c
<2 GeV/c

+

T,assoc

0.76 -,

Data
a, + 2a, cos 2A¢ + 2a 5 COS 3AQ

a, + 2a, cos 2A¢
Baseline for yield extraction
HIJING shifted

1 dNassoc
N trig dA‘p

=09+ 2a1COSAQ + 2a3cos2A@

+ 2a3cos3Ag.

2PC modulation: |
Va{2PC, sub} = a, /(ag @

Subtraction removes
part of baseline: to be restored!

Single particle modulation can be extracted as:

ALICE, PLB 719, 29-41 (2013)
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Extracting the vn coefficients

o)
©
=
oy

<
} S
Q
o
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< 0.84
©
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[e]
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©
K=
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F

0.88—p-Pb\s, =5.02TeV =« Data 1 dNassoc
- (0-20%) - (60-100%) a, + 2a, COS 2A¢ + 2a, cOS 3A¢ =09+ 2a1COSAQ + 2a3Cos2A@
0.86— 2 < thrig <4 GeV/c  see--- ao + 232 COS 2A(p Ntrlg dA¢
- 1<p ’ <2 GeV/c Baseline for yield extraction
T,assoc + O HIJING shifted + 2 a3 COS 3A¢o

o
o)
N

2PC modulation: |
Vua{2PC,sub} = a,/(ao @

Subtraction removes
0.761— . | . part of baseline: to be restored!

o
o)
o

o
~
o

Single particle modulation can be extracted as:

Vi{2PC} = \/V,f’A h (symmetric trigger and associate particles)
vi {2PC} = V-, Jvich (different particle species)

ALICE, PLB 719, 29-41 (2013)
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vo of h, TT, K, p In high-multiplicity p-Pb

0.25

M. Floris
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vo of h, TT, K, p In high-multiplicity p-Pb
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V2, Similar to va,n
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vo of h, TT, K, p In high-multiplicity p-Pb

f'M 0.25 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I
0 — -
S B ALICE IAnl > 0.8 (Near side only) _|
L")’. " p-Pb |5, =5.02 TeV -
T %2 (0-20%) - (60-100%) -
& N 7 .
>N ~  mh AT ~

0.15

- *K i
T T
005 = _
== -
O B I | | L1 11 | L1 11 | | | 1 | | |_

V2, Similar to va,n

Hint of vo,k smaller than vo r at low pr
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vo of h, TT, K, p In high-multiplicity p-Pb

"5 0.25 B LN N DL L L B B

S B ALICE IAnl > 0.8 (Near side only)

L")’. " p-Pb |5, =5.02 TeV -

0 021~ (0-20%) - (60-100%) -

;7\‘ ~  mh AT ? ~
0.15 +

- %K op i

. ‘ ¢ . .

0.1 =*= . i

- . + 4+ -

0.05 :_ +:*E —— :

V2, Similar to va,n

Hint of vo,k smaller than vo r at low pr
v2,, smaller than vz, below 2 GeV/c and larger above

Crossing at about 2 GeV/c ALICE, PLB 726 164-177 (2013
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vo of 11, K, p in high-multiplicity p-Pb

-~ 0.25 L DL L DL L DL L L DL L L L
fo) N _
S - ALICE IAnl > 0.8 (Near side only) _|
cU;" " p-Pb |5, =5.02 TeV :
T 92 (0-20%) - (60-100%) o
o - i ¢ ] 2
>N B lh ATT _ o
- *K op 1 =
' i 1 &
- {1 o
0.1 — n
5 s = | %
0.05 [~ - e | T - | | | |
- m+ . 0 2 4 6
o) ISP B BRI I B SN B A pT(GeV/c)
o5 1 15 2 25 3 35 4 ALICE, JHEP 06 (2015) 190
p_ (GeV/c) arXiv:1405.4632 [nucl-ex]
.

Qualitatively similar to
Pb-Pb collisions
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vo of 11, K, p in high-multiplicity p-Pb

f'JH 0_25 I LI I I I LI I I LI I I I LI LI I LI LI I I I LI I I LI I I I LI I I
0 - -
S - ALICE IAnl > 0.8 (Near side only) _|
(")’. " p-Pb |5, =5.02 TeV :
T 92 (0-20%) - (60-100%) o
& i . 1 o
>C\l | .h ATT _ o
. *K op 1l =
: i g
_ 4 o
: $=¢==*= " | r ] 3
0.05 & el | T - |
N s, : ;
O -I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I- pT (GeV/C)
0.5 1 1.5 2 25 3 3.5 4 ALICE, JHEP 06 (2015) 190
p (GeV/c) arXiv:1405.4632 [nucl-ex]
Qualitatively similar to !
Pb-Pb collisions © 014 . s
> - EPOS3.074 v, 0-18F p-Pb5.02TeV ALICE Data 0-20%
... and consistent with 012 b E
. L. 0.1 ]
hydro predictions E
0.08 E
0.06 E
T .
0.04 K E
0.02 C oo b b |p _E
0.5 1 1.5 2 2.5 >
P
P; [GeV/c]
K. Werner et al, PRL 112, 232301 P. Bozek, et al,
arXiv:1307.4379 [nucl-th] PRL 111, 172303 (2013)
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vo of 11, K, p in high-multiplicity p-Pb

3 0_25 -I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I_
S - ALICE IAnl > 0.8 (Near side only) _|
(")’. " p-Pb |5, =5.02 TeV :
T 92 (0-20%) - (60-100%) o
& - o 1 o
>N B lh ATT _ o
0.15F _+_ — A
- *K op i =
- i i &
n - (ol
0.1 - o
: $=¢==*= " | r ] 3
006 & ad | T - |
N s, : ;
O -I 1 1 L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I_ pT (GeV/C)
0.5 1 1.5 2 2.5 3 3.5 4 ALICE, JHEP 06 (2015) 190
p (GeV/C) arXiv:1405.4632 [nucl-ex]
Qualitatively similar to !
Pb-Pb collisions © 014 .
> - EPOS3.074 A 0-185‘ p-Pb 5.02TeV ALICE Data 0-20%
... and consistent with 012 b E
—r 0.1 ]
hydro predictions E
0.08 E
0.06 —
Double ridge structure also in 0.04 K E
p ]
Color Glass Condensate (CGC) 002 T =— WP ]
0.5 1 15 2 25 y Y-S R —
model o - - 2
p, [GeV/c]
See, e.g. K. Dusling et al, K. Werner et al, PRL 112, 232301 P. Bozek, et al,
PRD87 (2013) 094034. arXiv:1307.4379 [nucl-th] PRL 111, 172303 (2013)
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Forward-Central Correlations

e Hadrons at mid rapidity (In| < 1.0) and
forward inclusive muons (-4 < n < -2.5)

* Tracklets
e Straight line using first two layers of ITS
e <p>~0.75GeV/c

e (Cross-checked with reconstructed tracks
(lower statistics)

M. Floris MPI@LHC 2015
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Forward-Central Correlations

e Hadrons at mid rapidity (In| < 1.0) and
forward inclusive muons (-4 < n < -2.5)

e Tracklets

e Straight line using first two layers of ITS

e <p>~0.75GeV/c

e (Cross-checked with reconstructed tracks

(lower statistics)

e |nclusive muons

tion

ra

e Composition varies as a function of p-

 Higher p1: dominated by heavy flavor

M. Floris

MPI@LHC 2015

Layer 2

Particle fraction vs. p;

- ALICE, p-Pb, | s, = 5.02 TeV, DPMJET+GEANT3
0.9F op-Pb e Heavy flavour ¢
0'85_ ePb-p 4 Pion . s 3
0.71 v Kaon o
0.6, Other ®

A
O o
0> : Heavy flavor
04g 2 Pion
03Fv 7
: voA Kaon
e V ¥ . Other
0:1;‘11111111111111 L1 111:1111::111i1111' L L
0 05 1 15 2 25 3 35 4 45 5
P, (GeV/c)
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Forward-Central Correlations

e Hadrons at mid rapidity (In| < 1.0) and
forward inclusive muons (-4 < n < -2.5)

e Tracklets

e Straight line using first two layers of ITS

e <p>~0.75GeV/c

e (Cross-checked with reconstructed tracks

(lower statistics)

Layer 2

Particle fraction vs. p;

_ S 'E ALICE, p-Pb, |5, = 5.02 TeV, DPMJET+GEANT3
* |nclusive muons S99 op-Pb e Heavy flavour ;
LLOS__ .Pb" :
ays : : - p APion
e Composition varies as a function of py 0.7E- v Kaon . ° ¢ ¢
. . 0.6 Other @
 Higher pt: dominated by heavy flavor Osz_f .
o o “F * Heavy flavor
e Sample split into multiplicity classes 04F g Pion
(V0,2.8<n<3.9and-3.7 <n<-2.7) 03-v VO 4 Kaon
| | | 0.2} v 3 ; Other
* Symmetric for both beam configurations o, ° - i
. O_l L1 1 l L1 11 l L1 1l l 1 L l | L l L L l L 1 1 L1 l 1 1 l 1 1
* 0-20% = high mult; 60-100% low mult 6 05 1 15 2 25 3 3 ; (é§V/0)5
.
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Associated yield per trigger particle

u-track (p-Pb)

v

05«< p‘T (GeV/c) < 1
Assoc. tracks

ALICE
p-Pb sy, = 5.02 TeV
VOS: 60-100%

low mult.
q —~ 056
® 0.54
> 0.52
0.50
ALICE
p-Pb s, = 5.02 TeV
VO0S: 0-20%

high mult.
» D 2.52
f250

M. Floris

05« p‘T (GeV/c) < 1
Assoc. tracks

u-tracklet (p-Pb)

v

05< p‘T (GeVic) < 1
Assoc. tracklets

ALICE
p-Pb S, = 5.02 TeV
VOS: 60-100%

ALICE
p-Pb S, = 5.02 TeV
VOS: 0-20%

MPI@LHC 2015

05< p'T (GeVic) < 1
Assoc. tracklets

u-tracklet (Pb-p)

v

05< p'T (GeVic) < 1
Assoc. tracklets

ALICE
Pb-p (S, = 5.02 TeV
VOS: 60-100%

o R
ALICE 05< p'T (GeV/c) < 1
Pb-p sy, = 5.02 TeV Assoc. tracklets

VO0S: 0-20%




Associated yield per trigger particle

u-track (p-Pb) u-tracklet (p-Pb) u-tracklet (Pb-p)
ALICE 0.5 < p! (GeVrc) < 1 ALICE 0.5 < p! (GeV/c) < 1 ALICE 0.5 < p! (GeV/c) < 1
p-Pb \s\, = 5.02 TeV Assoc. tracks p-Pb \s,, = 5.02 TeV Assoc. tracklets Pb-p \/sy, =5.02 TeV Assoc. tracklets

VO0S: 60-100% VOS: 60-100%

VO0S: 60-100%

low mult.
. 0.
q —~0.56 — —0.
B 054 g 054 Bo.
S 052 > 0.52 oy 8
0.50 .
IO o1 N IO
ALICE 0.5 < p! (GeV/c) < 1 ALICE 0.5 < p\ (GeV/c) < 1 ALICE 0.5 < p! (GeV/c) < 1
p-Pb \s\, = 5.02 TeV Assoc. tracks p-Pb \s,, = 5.02 TeV Assoc. tracklets Pb-p \/sy, = 5.02 TeV Assoc. tracklets
VO0S: 0-20% VO0S: 0-20% VO0S: 0-20%
high mult.
q ST O ANAES = - 2:44
K 823 @ 2.42
> s 2.3(
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Associated yield per trigger particle

p-Pb

u-track (p-Pb)

v

0.5 < p! (GeV/c) < 1
Assoc. tracks

ALICE
/Sy = 5.02 TeV

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

High-low
— B 1.98
“51.96]

Y,,, per An (rad’)

M. Floris

2.02
2.00f ---
1.98

L S o .

Sas

d

’

1-96 4
’
.

ALICE
p-Pb s, = 5.02 TeV
~ V0S: (0-20%)-(60-100%)

a, + i 2a, cos(nAg) fit
n=1

05< p'T (GeV/c) < 1
Assoc. tracks

- » Data

n=1

n=3

-.-n=

p-Pb |5, = 5.02 TeV
VOS: (0-20%)-(60-100%)

u-tracklet (p-Pb)

v

ALICE 0.5<p! (GeV/c) < 1

Assoc. tracklets

(—

. 1.8
© 1.80;
£1.79
£1.781
>"1.771
-2
o R
""é ALICE 05 <p! (GeVic) < 1
= p-Pb \s,,,=5.02TeV  Assoc. tracklets
5 1.821voS: (0-20%)-(60-100%)
8 | = Data a, + i 2a, cos(nAg) fit
5 n=1
> [-n=1 Sy - e ) =
180 " 4 n=3
1.78¢ /
1.76F

Pb-p

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

«p PEr AN (rad’)
©
o

L
o)
©

1.86F

u-tracklet (Pb-p)

ALICE

/Sy = 5.02 TeV

0.5 < p! (GeV/c) < 1
Assoc. tracklets

! ALICE
| Pb-p s, =5.02 TeV
. V0S: (0-20%)-(60-100%)

a, + i 2a, cos(nAg) fit
n=1

05< p'T (GeV/c) < 1
Assoc. tracklets

' = Data

~n=3

n=1 ~en=2

1.84

MP

IQLHC 2015



Validation of the tracklet analysis
vE{2PC,sub} = VA {2PC, sub}/\/VTfA{ZPC, sub }
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Validation of the tracklet analysis

= Vaa{2PC,sub}/\/Vis {2PC, sub}

(v£{2PC, sub}

(7: of muons measured
IN the muon arm
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Validation of the tracklet analysis

@,&;{QPu: Vaa{2PC,sub}//Viy {2PC, sub))
(i of muons measured Measured in the central ba;r:D

IN the muon arm (track-track or tracklet-tracklet)
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Validation of the tracklet analysis

@,&;{QPC, subJ)= V,ua {2PC, sub}//Viey {2PC, sub)
(i of muons measured Measured in the central ba:rzb
iN the muon arm (track-track or tracklet-tracklet)

O
—
N

ALICE
p-Pb \s, = 5.02 TeV
VO0S: (0-20%)-(60-100%) © Assoc. tracklets

® | Assoc. tracks

Vi{2PC,sub}

0.08

0.061 T |
i 1 1

0.04— -

0.02|- %
O—IIIIIIIl[IlllllllllIlllllllllllllllllll
0 05 1 15 =2 25 3 35 4

Good agreement between the two analyses, tracklet analysis works!
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Forward-p — hadron correlations

Similar pt dependence in
p-going and Plb-going
directions

p-going

U arm

RS ALICE o1 Data, Pb-going ~(16+6)% higher in the
77) - p-Pb \'s, =5.02 TeV o Data, p-going 5 : . .
O L V0S: (0-20%)-(60-100%) %% AMPT, Pb-going b—gomg direction
N N\ AMPT, p-going
T~ T 7
> 0.08_— //////////%/
0 06: /// Ef g
06— 7 N Y
0.02]- A /'
O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 05 1 15 2 25 3 35 4
p_ (GeV/c)

arXiv:1506.08032 [nucl-ex]
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Forward-p — hadron correlations

Similar pt dependence in
p-going and Plb-going
directions

P-going
uarm | &5
550 1ol ALICE e | Data, Pb-going
N - p-Pb \sy=5.02 TeV o Data, p-going
O L V0S: (0-20%)-(60-100%) AMPT, Pb-going
Q. 0.1 AMPT, p-going
> 0.08}- / ////////
I
0.06} ~
0.041
0.021
OO L1 1 1

~(16+6)% higher in the
PPb-going direction

L = HF dominate!

arXiv:1506.08032 [nucl-ex]
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Forward-p — hadron correlations

p-going

U arm

Similar pt dependence in
p-going and Plb-going
directions

~(16+6)% higher in the
PPb-going direction

——U < HF dominate!

Possible scenarios:

vo > O for HF decay
MUONS? (no HF v in AMPT)

b;o 10 ALICE e | Data, Pb-going
Za - p-Pb \s =5.02 TeV o Data, p-going
O L V0S: (0-20%)-(60-100%) AMPT, Pb-going
% 0.1 AMPT, p-going

0.08]- ) ///////

I

0.06— ~

0.04

0.021-

OO I T

arXiv:1506.08032 [nucl-ex]
M. Floris

SQM 2015 - ALICE Overview

Different parent
oarticle composition?




Origin of the double ridge(s)?
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Origin of the double ridge(s)?

Saturation effects
Pb-p: Pb going side p-Pb: p-going side

> < —> <

Large-x gluons in the Pb  Low-x gluons in the Pb
CGC effects suppressed CGC effects enhanced
(naive expectation, no actual prediction yet)
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Origin of the double ridge(s)?

Saturation effects density effects (hydro?)
Pb-p: Pb going side p-Pb: p-going side = N S
560 - s Preliminary
2 - ' e
o s i i ' l“:::::::“
' ¥ s N
30 - R o .,:___,..I-::::::::: :. “<
—> < —> < 200~ = ey
Large-x gluons in the Pb Low-x gluons in the Pb 101~
CGC effects suppressed CGC effects enhanced 0

(naive expectation, no actual prediction yet)
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Origin of the double ridge(s)?

Saturation effects density effects (hydro?)
Pb-p: Pb going side p-Pb: p-going side IS T e |
Zﬁ 60 _— |,|' o N Preliminary
© - " | e l"::l‘:;:_
' g AN
ol 7 g A ..;:___H.-:::":-’i:::: : | :.';_;
—> < —> < ol = s
Large-x gluons in the Pb  Low-x gluons in the Pb o
CGC effects suppressed CGC effects enhanced 0

(naive expectation, no actual prediction yet)

Forward rapidity measurements favor density effects
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Origin of the double ridge(s)?

Saturation effects density effects (hydro?)

Pb-p: Pb going side p-Pb: p-going side

Large-x gluons inthe Pb  Low-x gluons in the Pb 10:—
CGC effects suppressed CGC effects enhanced 0

= L
=
< 60 — ] TG
% | ‘!. Y .l::::‘l
50 —
. i I .V“‘H L ™
X of® i ™
- w" .
30 o
i [o/0/9%/* sy
—p < » '

ALICE
Preliminary

(naive expectation, no actual prediction yet)

Forward rapidity measurements favor density effects

Other ideas on the market for small systems ridges:

e Color connections in the longitudinal direction
[B. Arbuzov, E. Boos, and V. Savrin, Eur.Phys.J. C71 (2011) 1730]

e Multiparton interactions
[S. Alderweireldt and P.Van Mechelen, arXiv:1203.2048]
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Origin of the double ridge(s)?

Saturation effects density effects (hydro?)
Pb-p: Pb going side p-Pb: p-going side s T T e
£ 60 s Preliminary
= | |Il e
Y n Ny
. . i I ‘I,w ‘&""'51:::-..
ol 7 g noe . o
—> < —> < 0=
Large-x gluons in the Pb Low-x gluons in the Pb 10 - e
CGC effects suppressed CGC effects enhanced 0

(naive expectation, no actual prediction yet)

Forward rapidity measurements favor density effects

Other ideas on the market for small systems ridges:

e Color connections in the longitudinal direction
[B. Arbuzov, E. Boos, and V. Savrin, Eur.Phys.J. C71 (2011) 1730]

e Multiparton interactions
[S. Alderweireldt and P.Van Mechelen, arXiv:1203.2048]

‘Open question!|
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ALICE

p-Pb |s,, = 5.02 TeV
17N (0-20%) - (60-100%)

2< thrig <4 GeV/c

Summary

* A “double ridge” is seen in high multiplicity
p-Pb at \/snn = 5.02 TeV collisions, once jet

correlations are subtracted
* ALICE fully characterized the “double ridge” in B 085 N

p-Pb collisions
* |dentified particles show a clear mass

ordering, similar to Pb-Pb collisions

e Ridge extends to forward rapidities (|n|~5)
* vo stronger in the Pb-going directions at
forward rapidities
* Hint of heavy flavor “flow”?
* Current observations consistent with

hydrodynamic interpretation
* Many alternatives in the market

* What is the underlying physics driving ridges
in pp, pA, AA?
Py MPI@LHC 2015
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Summary

* A “double ridge” is seen in high multiplicity
p-Pb at \/snn = 5.02 TeV collisions, once jet
correlations are subtracted

-1

* ALICE fully characterized the “double ridge” in T .

p-Pb collisions ggo.
/3

e |dentified particles show a clear mass £

ordering, similar to Pb-Pb collisions

v{2PC, sub}

e Ridge extends to forward rapidities (|n|~5)

* vo stronger in the Pb-going directions at
forward rapidities

* Hint of heavy flavor “flow”?

2< pT’trig <4 GeV/c

1< Prassoc < 2 GeV/c

)

o
(M)

o
—
(¢

o
a

0.05

p-Pb s, = 5.02 TeV
“N\(0-20%) - (60-100%)

ALICE

851
801
75{

2
""""""""""""""""""""""""""
B ALICE lAnl > 0.8 (Near side only) _

_  p-Pb \/s_NN =5.02 TeVv
[~ (0-20%) - (60-100%)
~ mh AT ::
:_ *K op |
: o e el
- =
e Il
—+—_.,_+__+_
........................................
0.5 1 1.5 2 25 3 3.5
p_ (GeV/c

* Current observations consistent with
hydrodynamic interpretation

* Many alternatives in the market

* What is the underlying physics driving ridges
in pp, pA, AA?

MPI@LHC 2015
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Summary

* A “double ridge” is seen in high multiplicity
p-Pb at \/snn = 5.02 TeV collisions, once jet
correlations are subtracted

* ALICE fully characterized the “double ridge” in
p-Pb collisions

* |dentified particles show a clear mass
ordering, similar to Pb-Pb collisions

e Ridge extends to forward rapidities (|n|~5)

* vo stronger in the Pb-going directions at
forward rapidities

* Hint of heavy flavor “flow”?

* Current observations consistent with
hydrodynamic interpretation

* Many alternatives in the market

* What is the underlying physics driving ridges
in pp, pA, AA?

2< pT’trig <4 GeV/c
1< [

<2 GeV/c
,assoc

p-Pb s, = 5.02 TeV

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

ALICE

gl

£ o085{

{4

o

23 0.80
2|5
©1° 075
S 025 IIIIIIII [rrrr[rrrrr |llll|lll||||||||||
S B ALICE IAl > 0.8 (Near side only)
(")’. " p-Pb {5, =5.02 TeV
x 92 (0-20%)- (60-100%)
& C - .
=V - = AT o .

015 +
~ xK P
01k =*==‘|"= —* r

2 1oL ALICE [e ] Data, Pb-going
0 - p-Pb sy, =5.02 TeV o Data, p-going
O - VOS: (0-20%)-(60-100%) AMPT, Pb-going
Q. 01 AMPT, p-going
Y
>

0.04f

AN

/7

0.02— /&
N
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v2 In Pb-going and p-going direction

ALICE

IlllllIIIIIIIIIIIIIIIIIII

| e | Data, Pb-going
o Data, p-going

AMPT, Pb-going

AMPT, p-going

p-Pb \s,, = 5.02 TeV
VOS: (0-20%)-(60-100%)

OO

Paper submitted to PLB
arXiv:1506.08032 [nucl-ex]
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v2 In Pb-going and p-going direction

-g 0121 ALICE e | Data, Pb-going 0o ALICE = Data
7} - p-Pb S, = 5.02 TeV o Data, p-going . - p-Pb \s, =5.02 TeV Y AMPT
O - VO0S: (0-20%)-(60-100%) AMPT, Pb-going o[ VOS: (0-20%)-(60-100%)

Q. o1 | AMPT, p-going :

T -

>

o
o
o

o
o
[

0.04}-
— [ ]

2o \\\\

1.2 + +

N
N
0.02- /¢
N

Constant fit: 1.16+0.06 with x?/NDF =0.5

Paper submitted to PLB
arXiv:1506.08032 [nucl-ex]

M. Floris MPI@LHC 2015



v2 In Pb-going and p-going direction

QoL ALICE e ] Data, Pb-going o ol ALICE = Data

7] - p-Pb {5 = 5.02 TeV o Data, p-going [ p-Pb Vs, =5.02TeV \Y AMPT \
O [ vos: (0-20%)-(60-100%) AMPT, Pb-going o[ VOS: (0-20%)-(60-100%) = \\
Q. 01 | AMPT, p-going i \

N

:CE:N1_8 \\\ \
5 | \\.\

1.2;—\ + +

Constant fit: 1.16+0.06 with ¥2/NDF =0.5

Double ridge extends up to very large An
Asymmetry between the two sides observed (no CGC prediction yet)
Forward-central correlations sensitive to HF muon vz

Paper submitted to PLB
arXiv:1506.08032 [nucl-ex]
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ALICE

* Measured v,*{2PC,sub} is for decay muons measured in FMS | arXiv:1506.08032 |
. 3 , o KowHF >y o -4.0<n<-35
— 1n order to account for the effects of the g sslacan
. 2 oWHFSI 4 30<n<-25
absorber, future model calculations should & L T,
use the efficiencies provided e

0 05 1 15 2 25 3 35 4
P, (GeV/c)

* Published model predictions cannot yet be directly compared to data
3+1D hydrodynamics AMPT

: : : : :
0.15f 2 ?r p+Pb 5.02TeV 0-20% 7
[ . c |
: . ° . ) : . o . . . L Y . . %
0l e + e ) ] 15 -
s | %o ° ooy 0o ° ° co® © °© 9'-5
[ e o0 I e© e ©AMPT JS (3 mb) -
0% o p+Pb5.02TeV | © T e +Pb-going ] 1 v,(Pb-going) S
s 0-1% 18 0-5% s 0-10% < P-90INg i v,(p-going)
0.15:—l S -I N 0.5~ v,(Pb-going) _
: Lo . ] ] v;(p-going)
A -+ e ° o o] . , 1 5 1 ; 1 .
O T g0 ° AR : % 0.5 1 15 2
! o ] Ge
005 o 1 e I o ] P, [GeV]
L o 0-20% 1o 20-40% o  40-60%
G 1 1 1 1 [P N IPEPEPITS IPITITErS IPAPSrArE PA AT Ay 1 1 1 1 1
0 piGeV/f:;) 4 ! preV/g) B pi(‘ieV/c:)a 4

arXiv: 1503.03655
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Forward-central correlations in p-Pb

For further understanding of the production mechanism of the ridges,
n-dependence of the long-range correlation structures needs to be investigated.

0.015

0.01

QN

=

0.005

M. Floris

III“IIIIIIIIIII

CMS Prellmlnary pr \ISNN_S 02 TeV

p S|de
0.3<p_<3 GeV/c

+ No low mult subtraction
. Ntrk <20 subtraction

e
o

s e s *oes
gesettliec e,

1
AV

AV

S

0.015

0.01

ad

=

0.005

MPI@LHC 2015

CMS Prellmlnary pr \}SNN_5 02 TeV

— Pb S|de .
i 0.3<p_<3 GeV/c ]
N *No low mult subtraction i
:_ * . N, <20 subtraction _:
:!to. :...'.'Oo -:
I » caooOOo.zgggtss._

®
i | P 1o | | ]
) -1 0 1 2

rr]‘c'iSSOC

CMS PAS HIN-14-008



Forward-central correlations in p-Pb

For further understanding of the production mechanism of the ridges,
n-dependence of the long-range correlation structures needs to be investigated.
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Double Ridge 1n pPb

* Nearside peak yields are mostly independent of
multiplicity

* For the same trigger/associated p we select the
same jet population regardless of multiplicity

» Justification for subtracting low-multiplicity
correlations from high-multiplicity correlations to
isolate ridge structure

* Remaining yield on the awayside after subtraction
of jet structures — a symmetric “double” ridge
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Fig. 5: Associated yield per trigger particle as a function of A@ averaged over |An| < 1.8 for pairs of
charged particles with 2 < pr s <4 GeV/icand 1 < pr asoc < 2 GeV/e in p-Pb collisions at | /syn = 5.02
TeV for different event classes, compared to pp collisions at /5 = 2.76 and 7 TeV. For the event classes 0
209, 20-40% and 40-60% the long-range contribution on the near-side 1.2 < |An| < 1.8 and |A@| < /2
has been subtracted from both the near side and the away side as described 1n the text. Subsequently,
the yield between the peaks (determined at A@ = 1.3) has been subtracted in each case. Only statistical
uncertainties are shown; systematic uncertainties are less than 0.01 (absolute) per bin.
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