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ALICE

= ALICE overview
= Detector, multiplicity selection and particle identification

*Transverse momentum distributions
= Nt ' Ki; KOSI p (p)l A (/\)

= Hadron-production vs. multiplicity
= <p.> as a function of charged-particle multiplicity

= Particle production ratios (vs. p.)
= Comparison with pp and Pb-Pb collisions

=Spectral shape analysis and model comparison
= Global blast-wave fits and parameters
= Comparison with pp and Pb-Pb collisions and models

=Summary and conclusions
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The ALICE experiment

A Large lon Collider Experiment

PID over wide p_range with several

techniques:
* energy loss (dE/dx)
 time-of-flight
* topological decays

Subdetectors used for this analysis

TPC tracking + vertexing + PID (dE/dx)
TOF (TO) PID (time-of-flight)

ITS tracking + vertexing + PID (dE/dx)
VZERO trigger, beam-BKG rejection

multiplicity classes
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Data sample

A Large lon Collider Experiment

S

ALICE
Data sample: p-Pb collisions collected in
2013 at the LHC vs,, = 5.02 TeV
A-side C-side
= asymmetric energy/nucleon in the two p Pb
beams > -
i . . _.
cms moves with rapidity y,,. = - 0.465 YCMSTN 0465
= acceptance of TPCand TOF |n [ < 0.9 |
— measurement in 0.0 <y, < 0.5
3 o 'ALlé'E'p(';_Flsg'/o;t'\ﬁ;é.éé#év' - %' :
Definition of seven multiplicity classes: ‘% 10* st
>
LL

= slices in VZERO-A (VOA) amplitude

@ Central correlation between impact 10°
—  parameter and multiplicity is not

Q Peripheral  as straight-forward asin Pb-Pb 4
talk A. Morsch Thursday

80-100%
-20°,

o
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VZERO-A amplitude (a.u.)
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1/Ng, 1/(2rp.) d2N/(dedy) [(GeV/c)?]

p-- spectra in several multiplicity classes

A Large lon Collider Experiment
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1/Ng, 1/(2rp.) d2N/(dedy) [(GeV/c)?]

p-- spectra in several multiplicity classes

A Large lon Collider Experiment
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<p.>vs. charged multiplicity

A Large lon Collider Experiment
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035 E
0.3 E— [[O ] ALICE, Pb-Pb, |5y = 276 TeV —E
- STAR, Au-Au, |5y = 200 GeV T
0.25 = 8] ALICE, p-Pb, {5y = 502 TeV [ TT_] PHENIX, Au-Au, | = 200 GeV
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Identified-hadron <p_> vs.

— <p_> increases with multiplicity in p-Pb

for all particles

— mass ordering: larger mass — larger <p_>
— p-Pb values higher than Pb-Pb for similar

multiplicity — harder spectra
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[ O] ALICE, Pb-Pb, |s,, = 2.76 TeV
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— <p_> of protons in p-Pb smaller than in
Pb-Pb for highest multiplicity bin



K/n and p/n vs. p;as a function of multiplicity

A Large lon Collider Experiment

ALICE

Note: systematic errors are largely correlated across multiplicity
multiplicity uncorrelated errors are drawn as a band for p-Pb
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p/n ratio vs p.:

— increase at intermediate p_with increasing
multiplicity

— corresponding depletion at low p,

— stronger effect thanin K/n
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0
- NK® vs. p; %
A Large lon Collider Experiment

ALICE
oxm 2_4: LI I L L I L L I LI I::I LI I LI I LI I LI
g 2.2 [~ ALICE, p-Pb, s = 5.02 TeV —~ ALICE, Pb-Pb, | sy = 2.76 TeV
< 2F EoJo05% —+ Eed0-5%
1.8F = 60-80% + —5- 80-90%
1.6 =+ .
14F = NIK®_ratio vs p_:
1.2F =+ * similarities between p-Pb and Pb-Pb
1E E3 @@ - increase at intermediate p_
0.8 3 E3 with increasing multiplicity
8'2 g mlg [ + = » corresponding depletion at low p.
0.2 E— -------------------------- + & ) EéE' —
Y S N I PRI S PR PRI B * more pronounced than p/n
0 2 4 6 8 2 4 6 8
P, (GeV/c)
The increase at intermediate momenta and the corresponding decrease is
commonly attributed to collective fFlow and/or recombination in Pb-Pb collisions.
talk L. Hanratty Thursday
The same qualitative effect is observed in p-Pb, although it is much weaker!
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Multiplicity scaling - Lambda over K°

A Large lon Collider Experiment

ALICE

Quantitative study and comparison of the multiplicity dependence of particle ratios:

similar increase of A/K°, for similar increase of dN_/dnin p-Pb and Pb-Pb
fit A/K®_ (at given p.) vs. dN_/dn with power-law (y=AxB) for p-Pb and Pb-Pb

« same power-law scaling exponent (B) in p-Pb and Pb-Pb

scaling also holds for p/n

ow N T m 095 N BN LR B BLELEL LA BLRLELELE BLELEL AL BLELL
X F e PPy, =5.02TeV i 0.4F A /K= A (dN,/dn)®
= & Pb-Pb sy, =276 TeV 2.60 <p. < 2.80 GeV/c (2x) - S ¢
- y=AXB -"@’___@_Q@ T 0.3 E_
Y T o ] 02F
*_@ﬁ::ﬂ’-’éﬁﬁg-' 0.1 = =
1 7= o $---0-68 = E 3
L I o
- . A2F ] = =
L *-" 2.00 <pT<2.20 GeV/c (1x) o _0 1 = ]
[ by 0l ] E E
- e Q... 4. 7 -0.2F E
_ TB-&g . 03E —e— p-Pbys,=5.02TeV 3
o 0.90 <p_ < 1.00 GeV/c (1x) _ _0.45_ —o— Pb-Pb sy, =276 TeV _i
C Ll C ol ol TR _05:. ' NPT I PP NPT BT P
dN_/dn P, (GeV/c)
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Adding pp to the picture

A Large lon Collider Experiment

ALICE

What about pp collisions as a function of multiplicity?

* same power-law scaling exponent (B) from p-Pb and Pb-Pb collisions
works also fFor pp collisions

« Caveat: A/KO_ ratio in pp collisions is sensitive to bias by multiplicity selection at

mid-rapidity
oxco - T T 0.5 N BB BLELELEL A LR R BLELELEL BLELELELE BUELELELE BLELRLE
» s=7TeV 2.60 <p.<2.90 GeV/c (2x) 4 =
— - +—o— EPPLS\? =e5.02 TeV . 0.4F A/ Kg =A (chh/dn)B
< Pb-Pb \béN _ 576 TeV 2.60 < p; < 2.80 GeV/c (2x) =
[ e y=AxE e R .08 | 82 g—
gho- 2F
s == by - =
1F i-'*"*’@i$£ _______ $.--0-B - 0.1F —
_ . Fiﬁ.ﬁﬁ ------ 2.00 <p_<2.30 GeV/c (1x) . = — =
: 9"*’""§@L 2.00 <p_ <2.20 GeV/c (1) i 0.1 = E
AR e ) ] E E
- q@ljxﬁ§§ ------- e @ ) -0.2F | i — E
I " 8-0g i =k —e— p-Pby|s,=502TeV 3
080 < p, < 1.00 GeV/c (1x) -0.3 = aLICE Pb-Pb s, =276 TeV "3
10_1 B pﬂ};}gﬁ% 0.90 < p_ < 1.00 GeV/c ( X)__ 0.4 ;_ PRELIMINARY —&— ppis=7TeV —;
:l lllllll 1 IIIIlllI L IIIIIIII _05: Illllllllllllllllllllllllllllllllll :
dN_,/dn p, (GeV/c)
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p-Pb Blast-Wave analysis

A Large lon Collider Experiment

n/K/p/K /L Blast-Wave analysis:

(\I,/'t 10* k T —r T 1 r T
§ 10° i.'f':fj;.__::::‘. Blast-Wave
- hydro-motivated Blast-Wave model & 'CE
Schnedermann, PRC 48, 2462 (1993) = 10 BN g,
>, 1B y, ST+ (100x)
-g" 107 B Rk 4K (10x)
: : . : T 102 S
« simultaneous fit of all particles with3 = | s e S, o
parameters: B g
<B,> radial flow g 10° SR
T, freeze-outtemperature - 1 S
) . 3 A +7 (0.01x)
n velocity profile < o° .
» global fit performed in the following ﬁ - ’ ’ o
p, ranges: T
1 0.5-1.0 GeV/c e 1sp | Cpep
K 0.2-1.5GeV/c T o : : : : :
P 0.3-3.0GeV/c S R Ks
KO 0.0-1.5 GeV/c . , , ,
A 0.6 — 3.0 GeV/c | A+A
. | ' ' 6 8 10
— " — WESTFALISCHE Jonas Anie (GeV/C
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Blast-Wave parameters %
A Large lon Collider Experiment

80-100% ALICE
%‘ 0-25""Ii"'l"''I""I"''I""I""I""I""I""E
0.18F =
O n .
e - * LY ] 0
c 016 LY =4 - 0-5%
= - 'y <
~ 0.14;— > X vy 4/_:
0.12F ° R - :
: 0 g - Excluding A and K°_ from the
0.1F Oty _ S
0.08E E fit does not change the
0ogE. T AUICE PP sy = 5.02TeV E parameters significantly
0_042_ —oe— ALICE, Pb-Pb, \s,, =2.76 TeV _E

00 ........ [T I Lo s o by 0y | IS A | I
%. 025 0.3 035 0.4 045 0.5 055 0.6 065 0.7

B

\V)

n/K/p/K°/L Blast-Wave analysis:
T, issimilarin Pb-Pb and p-Pb
« <B.> islargerin p-Pb for same multiplicity

— stronger collective fFlow for smaller system size?
Shuryak, arXiv:1301.4470 [hep-ph]
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Blast-Wave parameters %
A Large lon Collider Experiment

80-100% ALICE
%‘ 0-25""Ii"'l"''I""I"''I'"'I""I""I""I""E
0.18F =
O = .
e - * LY ] 0
c 016 LY =4 - 0-5%
= - 'y <
~ 0.14;— > X vy 4/_:
0.12F ° e} - :
: 0 g - Excluding A and K°_ from the
0.08E E fit does not change the
0ogE. T AUICE PP sy = 5.02TeV E parameters significantly
0_042_ —oe— ALICE, Pb-Pb, \s,, =2.76 TeV _E

........ RN RN SEEEE RN SRS NN EEEEE N
008 625 0.3 035 0.4 045 0.5 055 0.6 065 0.7 .
B) What about pp~

\V)

n/K/p/K°/L Blast-Wave analysis:
T, issimilarin Pb-Pb and p-Pb
« <B.> islargerin p-Pb for same multiplicity

— stronger collective fFlow for smaller system size?
Shuryak, arXiv:1301.4470 [hep-ph]
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BW parameters —including PYTHIA

A Large lon Collider Experiment
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0.0%.

o O OO0 o)

—e— ALICE, p-Pb, \s,, = 5.02 TeV

—o— ALICE, Pb-Pb, \ s, = 2.76 TeV

—m=— PYTHIAS8, \s = 7 TeV (with Color Reconnection)
—2— PYTHIAS8, \s = 7 TeV (without Color Reconnection)

\V)

0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7

B

n/K/p Blast-Wave analysis:

Blast-Wave fit results from PYTHIA (with Color
Reconnection) show similar trend, but
it does not include collective flow

Jonas Anielski - Identified spectra in pPb - SQM 2013
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BW parameters —including PYTHIA

A Large lon Collider Experiment

% OZEIIIIIIIIIE
018 -

O n .
= u AN 3
c 016 - A 'Y -
|\x u % \ %% .
0.14 NeN —

n o Q .

012 0 ooo Y -

u “ a QO o .

0.1 " a .Q% —
0.08F o  ALICE, p-Pb, |5, = 5.02 TeV E

0.06 :_ —o— ALICE, Pb-Pb, \s,,, =2.76 TeV _:

- —=— PYTHIAS,\s = 7 TeV (with Color Reconnection) .

0.04 - —=— PYTHIAS, \s = 7 TeV (without Color Reconnection)

OO v v by by vy s by by v v o b byv v s b by v v s baaay
% 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7

(B.) And pp data?
.

N

n/K/p Blast-Wave analysis:

Blast-Wave fit results from PYTHIA (with Color
Reconnection) show similar trend, but
it does not include collective flow
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BW parameters —adding pp to the picture

A Large lon Collider Experiment
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1/N,, 1/(2mp,) EN/(dp.dy) [(GeV/c)?

ALICE

Blast-Wave fit to high
multiplicity pp events

10* g e e

E Blast-Wave

z2=78
p +P (1x) ALICE
pp V7 Tev PRELIMINARY

—_
Q
w

PN — . 3
<BT> g 051§: | : | | | | T+ T E
n/K/p Blast-Wave analysis: S A . E
Es 0.515— , , , , , , K 3
@ 1.5E i ' ' ' ) ) =
» shows same behavior as p-Pb and Pb-Pb R S — p+B 3
* only n/K/p fitted - slightly different ranges: 0 TOE TR Y RS T sE A 4 s
P, (GeV/c)

M 0.5-1.0 GeV/c * z=x: the multiplicity is x times

he average multiplicity
K 0.3-1.5GeV/c the aver: :
* multiplicity selected in [n| < 0.8
: p  05-2.5GeV/c pliety n
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1/N,, 1/2np_ &*Ni(dp.dy) [(GeV/c)?]

data / model

Comparison with (hydro-)models

A Large lon Collider Experiment

10* B T T T — T T
10° % — Blast-Wave
102 b =wi=0 EPOS LHC
10 = | Krakow
1k oo DPMJET

107

102 |r

10°

10

10°

10°® KS (0.1x)

7 A+K(0.01x)

-
W~

107

10°® |
1'51 - T+ T .
0.5 L .
1.51 ‘ | K"+ K I
0.5
1 51 p+P
0.5 .
1.5 MR ' K

0.5 . | .
1.5 —

1 = mrmmmmt s A A
0.5 . . . | |
° ? 4 6 8 10

P, (GeV/c)

IVIUNDIEK

EPOS LHC: Pierog et al., arXiv:1306.0121 [hep-ph]

ALICE

initial hard and soft scattering create “flux
tubes”, which either escape the medium and
hadronize as jets, or contribute to the bulk
matter, described in terms of hydrodynamics
can reproduce the pion and proton spectra
within 20%

stronger deviations for kaons and lambdas

Krakow: Bozek, PRC85, 014911 (2012)

hydrodynamical model

reproduces spectra reasonably well for protons

pion and kaons deviate for p. >1 GeV/c

possible onset of non-hydro effect above
1 GeV/c

DPMJET:

QCD- inspired — based on the Gribov-Glauber
approach and treats soft and hard scattering
processes in an unified way

can reproduce dN_/dn

fails to describe p_ distributions of identified
particles

i - Identified spectra in pPb - SQM 2013 18



Summary and conclusions %
A Large lon Collider Experiment
ALICE

ALICE has measured the transverse momentum distributions of identified hadrons in

-Pb in several multiplicity classes
= n*,K%K®, p (p), A (A) spectra over a wide p_range

Hadron production vs. multiplicity
= integrated particle ratios similar to the ratios from pp and Pb-Pb collisions
= <p_> increases with multiplicity (higher than Pb-Pb for same dN_/dn)

= multiplicity dependence of p/n and A/K® vs. p_with dN_/dnin p-Pb collisions
= seems to be independent of collision system

Spectral shape analysis and hydro models
= Blast-Wave model fits to n, K and p (Few parameters characterize shapes)

= similarities with Pb-Pb, pp (PYTHIA and data) shows the same trend
= EPOS LHC and Krakéw model give reasonable agreement with data

Collective effects in p-Pb
= the results of the Blast-Wave analysis are not conclusive, but current results do not
exclude hydro-like collective flow in p-Pb collisions
= other effects (color reconnection in PYTHIA) can mimic fFlow-like patterns
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A Large lon Collider Experiment

Thank you for your attention!
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Particle Identification: n*, K %, p (p)

A Large lon Collider Experiment

TPC:

main tracking detector
PID via dE/dxin gas
up to 159 samples
o~5%

']l'l]IIIIIIIIIIII

TPC dE/dx (arb. units)

T T T T T T

WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

ALICE

TOF:

PID at intermediate momenta

PID via time-of-flight

30 K/n separation up to 2.5 GeV/c
30 p/n separation up to 4.5 GeV/c

7 <o}

] L -

] O 1+

] oL
ALICE I ]
PERFORMANCE ] 08 e
05/03/2013 I e
p-Pb s=5.02TeV i i
E 0.6 .
] I - ALICE . -
] - . PERFORMANCE " |
- 041 -Pb \ Sy = 5.02 TeV ]
! i 5/03/2013 ‘__
J 02| 4

4 56780910 0
p (GeV/c) p (GeV/c)
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ITS Particle Identification: n*, K %, p (p)

A Large lon Collider Experiment

ALICE
ITS standalone particle identification
— 700 I I | | I I I | 1 I I I
S - ]
=1 " ]
S 600 % ]
™ N S : ]
- [ T ALICE 1
~x 500 ER PERFORMANCE —
- N 05/03/2013
LS u p-Pb {s,,=5.02TeV ]
W 400[— ]
© | _
N B i
= 300 —
200 —
100
0 :I 1 1 -I | 1 _ 1 ] 1 1 :: 1 | I 1 1 1 1
0.07 0.1 02 0.3 0405 1 2 3 4 5
p (GeV/c)
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PID with TOF signal

A Large lon Collider Experiment

ALICE
Here with kaon hypothesis for expected arrival time
%) 10* E 1] 10 3
c C —e— data = a —
§ - —— pion expected § - data :
, ] —— kaon expected , i — gIObaI fit
10°F —— proton expected 10°F
- mismatch - %
10°f 2.4<p_<25GeV/c 10°E ALICE
- - bi - PERFORMANCE
- minimum Dias i p-Pbys,, = 5.02 TeV
1ol 10k 24/04/2013
10_1 1 I | ‘ 10-1 1 L1 1 I L1 1 1 I 1181 ‘ |I‘|H |‘
-10 0 30 40 50 -10 0 10 20 40 50
no, no,
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Topological reconstruction: K%, A (A)

A Large lon Collider Experiment

ALICE

VO0-decays: topological reconstruction
- PID over large p_range

« TPCdE/dxPID for daughters
* Invariant mass extraction of signal

0 +
K g T
R 10° . 10°
N§ - 0 -*g 1.8 —
[0} - o C
2 12— K S © 16 A
~2 C 0-5% VOA, p-Pb \ s, = 5.02 TeV 14 :_ 0-5% VOA, p-Pb \ s, = 5.02 TeV
> | L
8 LN HLICE 0.3<p_<0.4(GeVrc) - HLICE 0.9<p_<1.0(GeVrc)
| PERFORMANCE Background Sampling 1.2— PERFORMANCE Background Sampling
0.8 — 30/04/2013 1: 30/04/2013
0.6 0.8F-
- 0.6/—
04— C
- 0.4
02— 02 C
- 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 - ‘—-—l—-—!——l—'—d—‘—l—‘—l—-—i‘
$aa 0.46 0.48 0.5 0.52 0.54 0309 1.1 1.11 1.12 1.13 1.14
Mass(n*t) (GeV/c?) Mass(pr) (GeV/c?)
4
|
— . \WESTFALISCHE Jonas Anielski - Identified spectra in pPb - SQM 2013 25

WILHELMS-UNIVERSITAT
e MUNSTER



A Large lon Collider Experiment

Tracking efficiency
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Correction for secondary particles %

A Large lon Collider Experiment

ALICE
data-driven approach to subtract the contribution from secondary particles
-'(B | I | I I | I | I I | I I | I | I I | I | | I I | I I I I | —]
% 107 e data ?_
3 P 045<p_<0.50GeV/c |gmm primaries 5
] —— weak decays .
10 ALICE —— material =
PERFORMANCE —— combined fit ]
10° £~ p-Pb |5=5.02 TeV g
- 23/04/2013 3
10° = =
10° —
10° -;— —;
107 —;
173 2 -1 0 1 2 3
DCA,, (cm)
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A Large lon Collider Experiment

<p.>vs. multiplicity
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10 10°
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A Large lon Collider Experiment

<p,> of kaons vs. charged-particle multiplicity %

ALICE
’G 11 - 1 | =
> 1F K =
O] - -
?\: 09F H 3 8 g A8 3
- 0.8F i =
2 = g ! m
= g | E
07F § @ % A; :
- Pf l| - -
— O H Hﬁ L =
0.5F E
0.4E [0 ] ALICE, Pb-Pb, |5, =276 TeV  _J
T E STAR, Au-AU, S,y = 200 GeV 3
0.3F [ @ | ALICE, p-Pb, \s,,=5.02TeV [ O | PHENIX, Au-Au,\s,, = 200 GeV —
0.2: S e el -
10 10° 10°
Nei/dn
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Particle ratios vs. charged-particle multiplicity

A Larae lon Collider Experiment

= 0.2 pr—rrm T T .
+ 0.18F -
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014 0 —
+ C H # @%% H ]
¢ o1ef § -
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0.08 [ @ ] ALICE, p-Pb, |, = 5.02 TeV [ O] PHENIX, Au-Au, |8, =200 GeV
0.06 - STAR, d-AU, |5, = 200 GeV [ ] BRAHMS, Au-Au,{5,,, = 200 GeV
) C 1 III 1 1 1 Ll L1 II 1 1 L Ll 11 II 7]

10 107 10°
dN,/dn
o 0.07¢ T T T ]
T - ]
N 0.06 & A/n 3
< 005F =
< ™ I ! I .
o C i .
0.04F i # @ % H i H e
ML h:
0.03 % =
0.02F . =
C [0 ] ALICE, Pb-Pb, |5, =276 TeV ]
0.01 - STAR, AU-AU, |5 =200 GeV 7
’ E [e ] ALICE, p-Pb, |5, = 5.02 TeV STAR, (A +A) / (n* + 1) E
oL Ll bl bl .

10 107 10°
| dN,,/dl
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(P+pP)/ (" +m)

0.08 e — ALICE
oo7E P/ =
0.06 — H —
B i ]
E | #% *@H QHHH@ HH 1 PHENIX, PRC 69, 03409 (2004)
0.05F H H H H ¥ BRAHMS, PRC 72, 014908 (2005)
- 1 ALICE, arXiv:1303.0737 [hep-ex]
0.04 - - STAR, PRC 79, 034909 (2009)
n [0 ] AUCE, Po-Pb,ys=276Tev 4  STAR, PRL 108, 072301 (2012)
0.03F [ 0] PHENIX, Au-Au, {8, = 200 GeV —]
E [C® ] ALICE, p-Pb, |5,,=5.02TeV [_A_| BRAHMS, Au-Au, |, = 200 GeVE
0.02 bttt = sl
10 102 10°
dN¢y/dn
integrated particle ratios in pp, Pb-Pb and
lower energy RHIC results are similar
K/n and A/n:
— hints a small increase with multiplicity
p/n: o .
— no significant evolution with multiplicity
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Multiplicity scaling — Proton over pion ratio

A Large lon Collider Experiment

ALICE

Quantitative study and comparison of the multiplicity dependence of particle ratios:

similar increase of p/n for similar increase of dN_/dn
fit p/n (at given p.) vs. dN_ /dn with power-law (y=AxB) for p-Pb and Pb-Pb

* same power-law scaling exponent (B) in p-Pb and Pb-Pb

'/l‘: AL B LR LY mr—— 7 m m 0.5 | T | T T 3
| —e— p-Pb\s,,=5.02TeV i = = + = A (dN =
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T m— esTRRLISCHE Jonas Anielski - Identified spectra in pPb - SQM 2013 31

WILHELMS-UNIVERSITAT

e MUNSTER

5



A Large lon Collider Experiment

Selection bias in pp

PYTHIA study: selecting multiplicity in different
pseudorapidity ranges

selection in |n]|<0.5

selectionin 2.8 <n < 5.1 (VOA)

ALICE
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Blast-Wave Ffit to Pb-Pb

A Large lon Collider Experiment

-—r—r-rrr--—-r-r
Boltzman-Gibbs blast-wave

n*: 0.5-1.0 GeV/c
K*: 0.3-1.5 GeV/c
p(p): 0.5-2.0 GeV/c

0-5% centrality
, K*, p(P)
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Blast-Wave fit parameters p-Pb and Pb-Pb %

A Large lon Collider Experiment
- ALICE
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