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Typical Two-Particle Correlation

ALICE
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As you probably know, there is more...
ALICE, PLB719 (2013) 29 here: n =1y,
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bP here: n =1,
p-Pb . .
EPb-Pb The Near-Side Ridge ——
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The Double Ridge

ALICE

« Subtraction to “isolate” ridge from jet
— No ridge seen in 60-100% and similar to pp

2< Prrig < 4 GeV/c p-Pb\s,, =5.02 TeV

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

0-20% 60-100%
2< Pm"g <4 GeVic p-Pb s, = 5.02 TeV 2< pr,mg <4 GeV/c p-Pb \s, =5.02 TeV
1P e < 2 GeV/c 0-20% 1< Prassoc < 2 GeVie 60-100%
E 1.4+ > g 061 ‘
El5 12 - — %“%r 0.4 " — 6\
. 1.0- "|ng 0.2 /l >
2 ) R
q? N 8 g, _ 020~ Vp,V3 VS. event class
ro (1@ 7 i owad® o S e s
BQ B A /- 1.0 <p‘-l:l9<pm““<2.0 GeVic
0'15__ + ) 2.0<p:::':<p::::::<4.0GeWc
Two ridges ! o0~ | + £
Quantified by Fourier coefficients v, oos- * | % ' % ‘)
- c c LT ' .
of the A¢ distribution : 5 o1
0.00 0-20% 20-40% I 40-60%
ALICE, PLB719 (2013) 29 Event class
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| Quantification of Ridges

ALICE
* v, coefficients e o2 Y. RIS

— Significant v, and v, 0.10F O3<Pp <30GeViciin| <24
« Multi-particle correlation 025 V2 Vs P e :

- ALICE |An| > 0.8 (Near side only) .

— {4} = V,{6} = v,{8} e :

. . £ - mh AT BN ]

« Particle species dependence = osp ., 4 :

— V, VS. P ——— — ]

,{2PC, sub}

— Mass ordering of v,{p} and v,{n} 0-3[ cMS pPb Y, = 5.02 TeV 1 -
— Similar for K and A L., =35nb" 1 -
-0 1]
Features reminiscent of Pb-Pb collisions 0-2_";(*% gy B . T
- strong hints that similar effects at play I P
in p-Pb and Pb-Pb collisions - 58 . -
0 g .
. @ -
_ . [ e 120 < N3 < 150 ]
What happens in the forward region (large n)? . gi'o (0_5_2_5;;)
i N B B
PRL110, 182302 (2013) arXiv:1502.05382 0 %T (GeV)4

PLB 726 (2013) 164 PLB 742 (2015) 200
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@ p-Pb Collisions in ALICE

ALICE
. \/SNN =5.02 TeV Inner Tracking System (ITS)

* Yiab = Yems = +0.465
« L,,=5-5.8nb? N\
One sided muon arm
Beam configurations:

/ycms =0
Pb
p-Pb: P > <€ pnarm
“p going”
Yems = O’\
Pb
Pb-p: > € P parm
“Pb-going” _
Yiap = 0 Muon Tracker  Muon Trigger
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ALICE

« Hadrons at mid rapidity (|n| < 1.0) and
forward inclusive muons (-4 < n < -2.5) —
« Tracklets
— Straight line using first two layers of ITS
— <p>~0.75 GeV/c

— Cross-checked with reconstructed tracks
(lower statistics)

| Forward-Central Correlations

Layer 2

* Inclusive muons _ . Particle fraction vs. p;
— Composition varies as a function of p; §°-9; ;;EP-'.UQ;?:;:;:;J”m o ;
— Higher p;: dominated by heavy flavour 23: e o ¢
« Sample split into multiplicity classes 06-.  =omer ® Heavy flavor
(V0,2.8<n<3.9and-3.7<n<-2.7) iy Pion
— Symmetric for both beam configurations 0-3:—5 A ) g?hoenr
— 0-20% = high multiplicity | 60-100% low 9 S T A B
multiplicity g ey pn sy
arxiv:1506.08032 Py (GeVic)
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p-Pb y_ 1 dZNassoc
Correlations i

Ntrig dA@dAn
ALICE

p-going direction

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

05< p‘T (GeVic) < 1
p-Pb \ sy, =5.02 TeV Assoc. tracklets 60-100% Pb-p | sy =5.02TeV Assoc. tracklets
V0S: 60-100% V0S: 60-100%

Pb-going direction

,_ No ridge in
Fosi \\\\ low multiplicity Soss
=052 = 0.53
5 I
ALICE 05 < ! (GeV/c) <1 ALICE 05 < ! (GeV/c) < 1
P'Pb\) SgN =5.02TeV Assoc. tracklets Pb-p \) SgN — 502 TeV Assoc. tracklets
0S: 0-20% 0S: 0-20%
0-20%
2.36 Rldge_ |n- hlgh
e multiplicity
= 230 o
2.28 o

Near-side ridge extends
~ ~ - Q
arXiv:1506.08032 N out to An ~ 5 (and n ~ 4) RN
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p_Pb Subtraction

ALICE déja vu...

0-20% 60-100%
t
p-Pb \sALI—CsE 02 TeV O'T o (tG e\:.C)t( 1 ALICE 0.5 < pl (GeVic) <1
Vog?l 0-20% 880C. fracilets p-Pb |5y =5.02TeV Assoc. tracklets

V0S: 60-100%

arXiv:1506.08032
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p-Pb

Subtracted Correlations
ALICE

o ALICE 05 < pl. (GeV/c) < 1
ALICE 0.5 < pt (GeV/e) <1 §1 82; Vg;’_lio\ :%,:;) 1(3-6(;2122\;) Assoc. tracklets
p-Pb |5y, =5.02 TeV Assoc. tracklets g : ° L

V0S: (0-20%)-(60-100%)

8 | =Data a, + E 2a, cos(nAg) fit
= n=1

> ot wn-2 ne3 Double ridge in both
beam directions

p-going direction
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o R
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© T
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arXiv:1506.08032
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ALICE

« Calculate inclusive p v,

<
N

) ) b; 0.12 ALICE e | Data, Pb-going
(factorization) B TL pPb sy =5.02TeV o Data, p-going
E o1 VOS: (0-20%)-(60-100%) 7. AMPT, Pb-going
7 ,u—h / h—h o . ] W\ AMPT, p-going
* p-going < Pb-going 0.06-
(16% difference) 2oab j|D
« AMPT (for inclusive p) F /o |
. 0.02f /&
— Similar trend A
 Forp;>2GeVic Y R - B S B Y-S
p_ (GeV/e)

heavy flavour > 60%

— V,HF(AMPT) ~ 0

— v,1F (data) > 07 or different particle composition?
arXiv:1506.08032
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ALICE

After discussing potential collective effects in small systems

let’s shift gears...

... and have a look at news about collectivity from Pb-Pb
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| Event Shape Engineering

ALICE
» Large event-by-event variation of v,
* Final-state v, correlated with initial-state
eccentricities ¢, (hydro with small n/s) £ o
* Proposed by Schukraft, Timmins, Voloshin
(PLB719 (2013) 394) -0 b*

— Split events by event-by-event v, (Q vector)

* Q vector from 2 different detectors
— TPCinn|<0.4 > qg,'"¢ q, =
— VOC (-3.7<n <-1.7) > q,vo¢

 Eventstudiedin0.5<|n|<0.8
— p; spectra Q= 2.,C052¢
— V, (scalar product method) Q,, =D sin2¢p

M no. of particl
arXiv:1507.06194 0. Of particles
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Pb_Pb g, Selection

ALICE o P(q,Y°%) vs. g,"0C
* Does the selection work? ot W
— Select on g,"™¢ 2 check q,"°C Fooe L szpnzl?sqegpc
: 5 2
* V, changes p; independent S Large g,"PC
@
— (,'PC vs. g,V°¢ > selection bias oo
- V, VS. Pt %0 2 4qvncé 8 10
N 30-40% R
= _ ==:,..<. Large q, > large v, \ZS_eIected / Inclusive vs. p;
< 55;' F % _\30-40%
8): Oooog 4T Small g, = small v, \15 emmmsmsee 02 ° %
IR n
- o) ¢ Unbiased e
A (MmO i O
> gl]_ é EI; o Large-qgPC o Small-quC 0.5 _mmpogggoz o 4
p_ (GeV/e) = Large-q,*° o Small-q,* -
T R 6 8

g, selects global event property

4
[ (GeV/e)

(all centralities in backup) arXiv:1507.06194
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Pb_Pb Pt Spectra

ALICE
* p;spectra for r, K, p . 1 [ 30-40% "
+ Change observed with g, Q o[ MOEATE, 4l t
selection A e L
S 1= e e == -
— p; dependent effect c - " |
- ! | ! ] ! | 1
— Harder spectra for large g, S o5 | 30-40% ——
— Softer spectra for small g, 5
— Magnitude depends on mass 3 T - H E """"" i
- Events with large g, have also 095k 7 K p s 0B +
I D H o1 |
larger radial flow~ : e
P (GeV/e)

Let’s test this question...

arXiv:1507.06194
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| Blast-Wave Fit

ALICE

« Quantification of radial flow
— Reproduce basic features of hydro-dynamic modeling
- Main parameters eXpanSion ] p_l_ Spectra ratio vs. pT |
A -

velocity B and temperature T ?é = [ ap-oarn T
219 S — Blast Wave model (x*+7)
* Quantify change of spectra BIE T iy

— Fixed T, allow change of B+ E'DZJ %0 R $ g

— PB11s 0.41%=0.03% larger than gi g B $
inclusive in the large g, selection < |2 ,

— Bris 0.22%+0.03% smaller than . |& [—% = s large g,™C |
inclusive in the small g, selection = |~ o

0 | P (CieV/c) 3 '

g, vector (= eccentricity) correlated with radial flow (= pressure gradient)

Blast-Wave: PRC 48, 2462 (1993) arXiv:1507.06194
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O..
L 4

L4

L 4

Pb Pb 4
. Femtoscopic radii for rt, K, p ™Seng-..

"""" 171 r
ALICE MR
¢ g Riny VS,:L.EK“IT pr )
* Pb-Pb Vs =2.76 TeV < e TEN s
« 1D radii separate for Lpithe »0 E8
nt, K%, KO, pbar, p pairs 0 Y Iks -
: : *F0-100% * B3 5o &%\ 8 v
 Monotonic decrease with 10300 * LB &
increasing pair transverse mass > . .
. . I ‘ ' ' ' ' (m)) (GeV/c®)
Approximate m- scaling for K and p - R, vs. <m.>
« Can be described by hydro with £ 12} ALICE Pb-Pb \/: W2 76 TeV, 0-5%
hadronic phase (HKM model)  «1o b 3§°§5%HKM it
— HKM: ideal hydro, gradual 8 Tty *pp ~ OHKM pp
decoupling (hydrokinetic), UrQMD 6 lg’i"'\.t'\-
4t R MRS
Hadronic phase important al (b) 1
ALICE paper: arXiv:1506.07884 02 04 06 08 1 12 14 16 1-82
HKM: Nucl.Phys. A929 (2014) 1 (m.) (GeV/c)
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Summary

ALICE

« Muon-hadron correlations at forward rapidities in p-Pb
— Double ridge extends over 10 units of pseudorapidity
— Inclusive muon v, larger on Pb-going side than p-going side

— AMPT comparison suggests HF v, > 0 or different particle
composition

« Event Shape Engineering in Pb-Pb
— Divide event sample based on event-by-event g vector

— (g vector shown to be a global event property
— Initial state 2" order eccentricity and pressure gradients correlated

Results constrain the role of initial state and hydrodynamic
expansion in the modeling of p-Pb and Pb-Pb collisions
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Backup

ALICE
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ALICE

04 - B 9-10%
0.3 - —
0.2 - - §=l .
Lk ﬂ Bl
—_ Op~ ., 1S PRI NI T T N T SN NS S |
A 04T - 20-30%
=
<
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>C\I

ALICE
Pb-Pb \[SNN =2.76 TeV
0.5<n|<0.8

[ ¢ Unbiased
- ® Large—q;PC © Small—q;PC

[ = Large—q\z’OC = Small—q‘z’OG

50-60%
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ALICE
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ALICE

j— 1-1 -_U'So.r'fﬂ -_ 5"1 Uo.r'fﬁ ALICE

e

D= I - Pb-Pb |s,, = 2.76 TeV
O | 9 105 . . * 0e 08
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ALICE

1/Ng;® d*N/(dp_dn) (ESE-selected)

(dedn) (unbiased)

1/N,, d®N/

ey

-y

| ALICE 30-40% Pb-Pb |s, = 2.76 TeV

A(BT) =0.41%

-t — Blast Wave model (n*+r")
o K'+K —— Blast Wave model (K*+K)
8- p+p — Blast Wave model (p+p)
— Statistical uncertainty

[ Systematic uncertainty

1/Ng;® d*N/(dp_dn) (ESE-selected)

_L
o
a

T

1/N,, d*N/(dp_dn) (unbiased)

ALICE 30-40% Pb-Pb s, = 2.76 TeV
A )= -0.22%

-t — Blast Wave model (n*+r")
o K'+K —— Blast Wave model (K*+K)
8- p+p — Blast Wave model (p+p)
— Statistical uncertainty

[ Systematic uncertainty

Al T ﬂ nl
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