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Overview

ALICE

ALICE detectors and their performance

|ldentified particle production and thermalisation
v" Kinetic freeze out and radial flow in Pb-Pb
v" Chemical freeze out temperatures

v" Radial flow searches in p-Pb collisions

Flow harmonics and initial conditions

v v, fluctuations

Chiral Magnetic Effect (CME) searches

Event shape engineering

Multi-particle correlations and mixed harmonics
Searches for azimuthal flow in p-Pb and pp collisions
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The ALICE detector HOUSTON
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PID capabilities HOUSTON
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Angular correlation capabilities
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rapidity tracks.

E

centrality percentile
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TPC [ <0.8]
®  3-sub
A m-sub

¢ random-sub

Vv  charge-sub

VO [1.7 < | <5.1]

B 3-sub, combined

O 3-sub, 28<mn<5.1
O 3-sub,-3.7<m<-1.7
FMD [1.7 < Iq| < 5.0]

®m  3-sub, combined
PMD [2.3 <1 < 3.9]

®  3-sub, combined

O 3-sub,2.3<1n<3.1
O 3-sub,3.1<n<39

v" Determined with various detectors
v" Close to 1 in best case
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|dentified particle production and thermalisation

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:52

Fill : 1482

Run : 137124

Event : 0x0000000042B1B693

[ Provide key information on freeze-out dynamics
v' Spectral shapes vs. mass => Radial flow and kinetic freeze-out temperatures

v Yields and ratios => Chemical freeze-out temperatures

ALICE
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|dentified particle spectra

Phys. Rev. Lett. 109 (2012) 252301

T .
% 105 —o— ALICE, Pb-Pb V_ 2 76 TeV
15, [ '.'.:‘ _ -
O Central Pb-Pb m,K, p spectra = B = STAR, Au-Au, {8y, =200 GeV ]
. > 5 —= PHENIX, Au-Au, \[s_ 200 GeV T
published last year 1%3,_ 10° | =, -
v K% A, = and Q spectra just S — o -
subm|tted for publication % 10 —
v arXiv's 1307.6796, g B 10 |
1307.5543 and 1307.5530 o i S0 . (x10)
. 107 —Blast Wave Fit Ses p+p(x1)
= | 72 VISH2+1 g =8 _
- - — HKM 0 7
d Shallower slopes compared 10° = S Krakow

+o
- G
| o~
| O
o©
4+ 3
[ =
2
27
o
=
(IJ
1

to RHIC data... _
z 2
s 1
O Blast-wave model used to g8
obtain radial flow velocity: a 2
v <B:>=0.65c 1
v" 10% higher than RHIC 0
Tkinetic - 80'95 MeV 2
1
0

P, (GeVic) 7

ALICE



Chemical freeze-out fits

Phys. Rev. Lett. 109 (2012) 252301
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. Chemical freeze-out
fits with just T,K, p
data:

v T, ~170 MeV

v" Similar to RHIC
data

J Deviations
observed for
proton data...
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Inclusion of particles with higher mass
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<p+> In pp, p-Pb and Pb-Pb collisions
/0\09_"""|"'|"'|"
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Radial flow searches in p-Pb in collisions

Phys. Lett. B728 (2014) 25-38
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Azimuthal flow and initial conditions

@)
. . dN
- Many tools .to investigate flow and flow x1+2 E V,,COS [n(gp — wn)]

fluctuations: dp —

v Flow cumulants "=

v Unfolded v, distributions L

v" Multi-particle correlations and mixed Un = <608[n(¢ o ¢n)]>

harmonics

12

ALICE



Cumulants and flow coefficients

d Cumulants formed from moments of v, O Flow coefficients formed
distribution. from cumulants
{2} = ((2)) w2y = \ﬁ

= <Un>2‘|‘ggn vp{d} = V—cn

ea{4} = ((4)) — 2((2))? 06} = {fieals)

cn{6} = ((6)) — 9{(4))((2)) + 12((2))"

d o,,/<v,>can be

l approximated from flow
coefficients
0 Sensitivity to few particle correlations
(M:MultlpI|C|ty):1 o Un{2}2 . Un{4}2
" vn{2}2 + v, {4}2

cpn{m} x =1
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v, fluctuations
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1 Differences in v,{2} and v,{4} arise from v, fluctuations
v" Strength of flow fluctuations o, can also be determined

d v,{4}~v,{6} ~v,{8} characteristic of Bessel Gaussian form for v, fluctuations
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v, and v; fluctuations

1 Large fluctuations in v,? and v,2? observed

event by event

v Appear largely independent

2 particle correlations in circled events

dominated by v, and v,

v" Allows v, distributions to be obtained...

Pb-Pb \/s,, = 2.76 TeV, 4-5% central
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Unfolded v, distributions
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1 Unfolding removes effects of limited statistics
v Expected to reflect eccentricity fluctuations of initial state (arix:1212.1008)
ALICE v Bessel Gaussian fits work nearly always. 16
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Multi-particle correlations of v, and v,
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1 Multi-particle
correlations v {4},
v {6}, and v {8} less
sensitive to non-flow

1 Non zero signals
observed for n=1,2
and 3

d v {4}~v,{6}~v;{4}
~V,{6}...
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Event shape engineering

sub-event a

J If we can “see” events
with low/high flow, we
can select them.

v" Need to be clever and
avoid biases.

H,JV,,, E

1 Measure flow in one part
of phase space (a)

v Analyze data in another o
part (b)

V{2

arXiv:1208.4563
arXiv:1311.7091

e —— n=2, centr 20-25% -
2 2 s —e— n=2, centr 0-5% E
q, =1+ (M —1)v; i Dty B
10-4 v sy s by e by by e by |
0 1 2 3 4 5 6

M = multiplicity d,a 18
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Event shape engineering
o Lol POPD Sy =276TeV g Noa,slection _
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> _ A~ 10%lowq (VZERO-C) ALICE
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¢ 3
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d Appears to work in data
v" Select events with low/high q, in VZERO
v Observe low/high v, measurements in TPC... 19
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Event shape engineering
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Spectra shape appears
to change with q,
v’ <p;>increases with v,

v" No obvious mass
dependence

Due to correlation
between <e,>and
<R2>7?

v" High <¢,>, small <R?>,
greater radial pressure
gradient?

Other observables we
can study w.r.t q,?

20
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Searches for azimuthal flow in p-Pb collisions

Phys. Lett. B 726 (2013) 164-177

ALICE ~.. h- n 3\ 0_25 B I T T IAILIICIEI T T I T I T T T T I T T T T I T T T T I T T T T I_

p-Pb |s,, = 5.02 TeV “Nl5<p <20GeVic @ B Bb 502 TeV ]
(0-20%)-(60-100%) " O 02 P- 'S = - © i
% =L (0-20%) - (60-100%) -

_ = - mh AT ]
8 o016 0151 *K P E
§v§ B 2
HB 015 C —
c\_lc g 01 B ]
|F 0.14 n ’
0.05 — —

0' Ll I I I bl I bl 1]

0.5 1 1.5 2 2.5 3 3.5 4

1 P, (GeV/c)

(1 Central — peripheral di-hadron correlations reveal double ridge
v 11, K, and p v, can be extracted
v Mass ordering at low p;

%% v Cross over of mand p v,
21
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Measurements of v,{SP} in min-bias pp collisions
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1 Small mass splitting observed even though non-flow dominates
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1 v,{SP} allows An gap to be placed

v Suppress short range correlations

(b) CMS MinBias, 1.0GeV/c<pT<3.OGeV/c

R(AN,A9)

pp 7 TeV (JHEP 1009 (2010) 091 )
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Summary

1

2

3

ALICE

Comprehensive set of spectra and flow measurements from ALICE
v Strong constraints on initial conditions and global event characteristics

|dentified particle production,
v" Radial flow 0.65¢c, 10% higher than RHIC,

v

v

Tension with assumption of common chemical freeze-out temperatures for
different particle species

“Radial flow features” observed in p-Pb spectra

Angular correlations and flow

v

SN X

v, fluctuations appear to follow Bessel Gaussian form
Correlation observed between v, and spectra shapes

Non zero correlations observed between y, w, and g, planes
Mass ordering observed for v, in p-Pb collisions
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