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What Can We Learn From p-Pb?

A Large lon Collider Experiment

ALICE

Original purpose: control experiment to

access cold nuclear matter effects in heavy-

ion collisions
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Search for collective effects:

Since the observation of the “double-ridge”,
p-Pb collisions are not solely a control
experiment anymore

- exciting physics!

Jonas Anielski - Hot Quarks - September 2014

Transverse momentum distributions
of identified particles in p-Pb:

mass dependent effects (flow?)
particle production mechanisms
strangeness

evolution with multiplicity
particle ratios

bridge between pp and Hi
collisions (in terms of multiplicity)
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Contents

A Large lon Collider Experiment

ALICE detector
. T, K¢, p, p, KO, A, A — light flavor particles
« Light nuclei (d and d)

e Summary

For particle production in pp and Pb-Pb:
see Babara's talk Wednesday 18:50
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The ALICE Experiment

A Large lon Collider Experiment

TPC

PID over wide p_ range with several

techniques:
* Energy loss (dE/dx)
« Time-of-flight
» Decay topology
* Cherenkov radiation

Subdetectors (among others):

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

HMPID PID (RICH)

VZERO trigger, beam-BKG rejection

multiplicity/centrality classes

VZERO T0 TOF
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Data Sample %

A Large lon Collider Experiment ﬂ I_ IC E

Data sample: p-Pb collisions collected in 2013

at the LHC Vs, = 5.02 TeV A-side C-side
Pb
Asymmetric energy/nucleon in the two beams _p»
VOA -

- CMS moves with rapidity ycpys = 0.465 * = 0.465

yCMS
- Acceptance of TPC and TOF |n agl <0.9

> E

s A éLICE pg-%tg \Syy = 5.02 TeV -

£ 10° == 10-20% BICE,

. T . o prirei 03/05/2013 =
Definition of multiplicity classes: o 0807 .
. . . 10° ° —

- Slices in VZERO-A (VOA) amplitude 0 E
Central : : 10¢ E
correlation between impact =

-—Pp-  parameter and multiplicity is not
Q Peripheral ~ as straightforward as in Pb-Pb 10

80-100%
60-80%

300 400 500 600 700 800 900
VZERO-A amplitude (a.u.)

100

o

*Note: positive rapidity is the direction of the proton
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mit, K%, p and p Spectra

A Large lon Collider Experiment

ALICE
« Hardening with multiplicity and particle mass
* Indication for collective effects in p-Pb
« Reminiscent of observed effects in Pb-Pb
— Attributed to radial flow

« At LHC energies the particle and anti-
particle production are consistent
within errors
* Shown is the sum of particle and

anti-particle  In hydrodynamic picture particle velocities are

pushed by the expanding hot medium
« Sensitive to pressure gradient and particle mass
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Strange Particle Spectra

A Large lon Collider Experiment

 Dotted lines are individual Blast-Wave fits

for extrapolation to low and high p_

« A and A are in agreement, shown is the
sum

« Hardening of spectra with particle mass
and multiplicity is seen
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Jonas Anielski - CERN PH seminar - 10.June 2014
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A Large lon Collider Experiment

Nuclear Modification Factor

Jonas Anielski - Hot Quarks - September 2014 8



Rppb of All Charged Particles

A Large lon Collider Experiment ﬂ |. IC E
o l4pm T T T T T T T T
o 1 3L ALICE p-Pb|s=5.02TeV,NSD 1
arXiv:1405.2737 :
_ 31« Small Cronin peak at
! E intermediate p_
++ . 1+ Re-scattering
= — IS there a mass
= dependence?
05 charged particles, |n_ | < 0.3 i ° How does it look f%r
ST TR NIRRT identified particles”
0 5 10 15 20 25 30 35 40 45 50
P (GeV/e)

Eur. Phys. J. C 74 (2014) 3054
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R o, for i, K, p

A Large lon Collider Experiment

ALTCF

2
ALICE preliminary

T

@ 1.8
1.6
1.4

NSD, p-Pb ys,, = 5.02 TeV

0.4 :_ |I| n'+m,-05<y <0 for p <2.0GeV/c
0.2 :_ -03<y,,<03 for p,>20 GeV/c
: all charged, |n. | <0.3

CMS

- ceo b by b e by b by
0 2 4 6 8 10 12 14
p- (GeV/c)

pp reference at Vs, =5.02 TeV is interpolated

with available data (2.76 TeV and 7 TeV)
« Power-law fit: (Vs )®

-~ Protons show peak at intermediate p..
- Rppb of t and K is flat over measured
p. range
— Consistent with mass dependence
Jonas Anielski - Hot Quarks - September 2014

R pPb

R pPb

2r
] 8:— ALICE preliminary
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ALICE preliminary

T
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pPb
A Large lon Collider Experiment

E :I LI | LI | LI -l | -I | | LI | LI I LI | LI | LI | LILIL _|—_

£ ALICE Preliminary o 0 >K'K,-05< y<0 _-

- p-Pb at \s,,,=5.02 TeV mn,-05<y<0 .

18 mp, -05<y<0 E

16— ] —

1.4 e T —

12 o ;B; =

£ §¥ e E

— M _+_ .

0.8 JmL —?— —
0.6 — see talk by Anders K.

04l = Saturday 9:30

0.2 —

:I 1 1 | 1 | L | | 1 1 | 1 | 1 | | 1 1 | L 1 | | 1 | 1 | 1 1 | | 1 | 1 | 1 1 1 1__
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* Moderate peak for ®, systematically lower than protons
— Makes the mass dependence picture more complicated

« R, at RHIC - no Cronin peak for ® observed — valence quark dependence?
PhysRevC.88.024906
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A Large lon Collider Experiment ﬂ I_ IC E

Particle Ratios

Jonas Anielski - Hot Quarks - September 2014 12



(p+p)/ (n* + )

Integrated Yields Ratios

A Large lon Collider Experiment

PHENIX, PRC 69, 03409 (2004)
BRAHMS, PRC 72, 014908 (2005)
ALICE, PLB 728 (2014) 25-38
STAR, PRC 79, 034909 (2009)
STAR, PRL 108, 072301 (2012)
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— Small increase in the integrated A/t ratio with multiplicity
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(p+p)/ (n* +m)

Particle Ratios

A Large lon Collider Experiment

LU I LU I LU I LIL LI I LI I LI I | |
1|~ ALIGE, p-Pb, {syy =5.02TeV T ALICE, Pb-Pb, {5y = 2.76 TeV ]
- VOA Multiplicity Classes (Pb-side) 4~ -
[ Eedo5% T Eedos% i
0.8 F=60-80% —1 = 80-90% —
+ -
0.4 1 DD ]
. 1 g i
T :
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Note: systematic errors are largely
correlated for different multiplicity bins
— multiplicity uncorrelated errors are
drawn as a band for p-Pb

Jonas Anielski - Hot Quarks - September 2014

Phys. Rev. C 88, 044910 (2013)
Phys.Lett. B728 (2014) 25-38
Phys.Rev.Lett. 111 (2013) 22, 222301

N
N

0
S

E_ ALICE, p-Pb, {Sy = 5.02TeV _F_ ALICE, Pb-Pb, {5y = 2.76 TeV
—VOA Multiplicity Classes (Pb-side)
o 0-5%

E o 0-5%
= 60-80% = 80-90%

A/K
—_— N
Ao NI
LLl

—
N

© o o
A OO 00

o
(V)

2 4 6 8 2 4
P, (GeV/c)

o
O mm

Increase at intermediate p_ with increasing
multiplicity

Corresponding depletion at low p_

Since integrated ratio is flat this indicates a shift

in the shape of the spectra with multiplicity
Reminiscent of radial flow in Pb-Pb
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Multiplicity Scaling of A/K®_ Ratio

A Large lon Collider Experiment

ALICE

- Plotted each p_ bin as a function of * Plot power-law exponent B as function
charged multiplicity of p,
 Fitted with power-law (y=AxB) for each
system (pA and HI)
oxcn [T T T T ] 0.5E L LA UL B T T
B ALICE, p-Pb, m=5.02T \ . -
—~ i - VOA Mu?tiplicitvySCIasses ) 2.60 < p. < 2.80 GeV/c (2X) 0.4 = Al Kg =A (chh/dﬂ)B
< (Pb-side) T 03E
- —o— ALICE, Pb-Pb, \{%:2.76 TeV __@_@@ 7] ~E
. y=AX gl o . 0.2F
_@ﬁ::kikﬁ'g _____ 0.1E —
L b---0-88 - F ——=—
: T : °F E
[ g $ 2.00 <p, <220 GeV/c (1x) ] 01E E
AT N . . 2 ]
- o '*‘ﬂ-{ -------- b - -0.2F —e— ALIGE, p-Pb, |85, =5.02TeV 3
I "4}"'@'@’@ i 03E VOA Multiplicity Classes 3
0.90 < p_ < 1.00 GeV/c (1x) = (Pb-side) o =
p T -0.4F —o— ALICE, Pb-Pb, {5, = 2.76 TeV 3
10°E il Ll sl o _05:. 1 1 I NP EFEPEPEPE EPEPETET BT B
10 10 10° 10* 0 1 2 3 4 5 6 7 8
(dN,/ dnlab>|77lab| <05 p, (GeVic)

- Similar increase of A/K®_for same increase of dN_/dn in p-Pb and Pb-Pb

- Same power-law scaling exponent (B) in p-Pb and Pb-Pb
— Scaling also holds for p/mt

Jonas Anielski -

Hot Quarks -

September 2014
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Adding pp to the Picture

A Large lon Collider Experiment
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< B VOA Multiplicity Classes 200 Shrs 280 eVl gﬁ; . 0.3
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0.2
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-
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-
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g
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g
[
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- . B 00<p_<2. X ] :_ _:

L et 500 <o S220 Gevie (1) 1 2 e

B g ¥ 2.00 < p; <2.20 GeV/c (1x) 7] 0.1 =

- .. ':* _________ -1 - =

i x @th Qﬁ .......... 0. . - -0.2F 4' & —e— ALICE, p_-Pp,_\s@N: 5.02TeV 3

i " 9-gg ] 03E ?/Fg)ésl\i/(ljueI;lpI|C|ty lasses 3

, Sa b o aevietid S ALICE o ALICE, Pb-Pb, {5, =276 TeV 3

p PRFE'HI%EY 0.90 < 51< 1.00 GeV/c (1x) 04 PRELIMINARY 4 pp {s =7 TeV =
10 -_ lIlI L L L lIIIlI L 1 L IIIIII _l 05:l IIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIII:
10 02 N 0° 10* 0 1 2 3 4 5 6 7 8
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Power-law scaling exponent B from pp is also compatible with p-Pb and Pb-Pb
collisions

Caveat: A/K®_ratio in pp collisions is sensitive to bias by multiplicity selection at
mid-rapidity (p-Pb multiplicity selection with VOA (2.8 < |n ,g| < 5.1))
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Blast-Wave Analysis
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Global Blast-Wave Fit

A Large lon Collider Experiment H LIC E
Hydrodynamic-inspired model,
that assumes

_ _ ‘“,E 10° & L " ALICE, p-Pb, |5,y = 5.02 TeV
 hard sphere uniform density > 100 Ry VOA Multpiy Giase (Pb-side)-0.5%
particle source with temperature T S o TRy DAY

« collective transverse radial flow 3OOF e Ry, RPN
VeIOCIty B :& 1 i S At:"‘ié Tgtlo()bgl-?torﬂg\?/c
2 10' e K:0.2-1.5 GeV/c
b o) R p: 0.3-3.0 GeV/c
o 102
. . . . 3] -3
« Simultaneous fit of all particles with 3 S
free parameters: 2 125
<B,> radial flow (2B./(2+n))
T, freeze-out temperature
n velocity profile 3
o
£
« Global fit performed in the following p, o 1l
" CU C
ranges: sk
Tt 0.5-1.0 GeV/c 1 hnit
K 0.2-1.5GeV/c ———
p 0.3-3.0GeV/c
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Blast-Wave Parameters

A Large lon Collider Experiment

T, (GeV)

low mult » high mulit
0-2:""|""|""|'"'|'"'|""|""|""|""|"":
0.18F “ —

C N Y 3
0.16 =

- Xy ® \Q,% ]
014 _Q 3
0.12F AN =
O R o =
0.1F Ot -
0.08 = —e— ALICE, p-Pb, \s,,, = 5.02 TeV -
0.06 VOA Multiplicity Classes (Pb-side) —
0.04 —e— ALICE, Pb-Pb, s, = 2.76 TeV -
00 :|||||||||||||||||||||||||||||||||||||||| ........ .
'%.2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 065 0.7

B

TtK/p Blast-Wave analysis:
« Similar trend for p-Pb and Pb-Pb

« T issimilarin Pb-Pb and p-Pb for same

multiplicities
« <B.> is larger in p-Pb for similar multiplicities

— stronger collective flow for smaller system size?
Shuryak, Phys.Rev. C 88, 044915

Jonas Anielski - Hot Quarks - September 2014
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0.4
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0.2

0.2

0.18

0.16

0.14

0.12

0.1

0.08

—@— ALICE, p-Pb,|s,, = 5.02 TeV

—&— ALICE, Pb-Pb, v?m =2.76 TeV

102 10°

dN,/d

=

—@— ALICE, p-Pb, |s,, = 5.02 TeV

—O— ALICE, Pb-Pb, {5, = 2.76 TeV

102 10°
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Blast-Wave Parameters — Adding pp %

T, (GeV)

A Large lon Collider Experiment
ALICE
low mult » high mult f|t quahty hlgh multlpI|C|ty pp
2 o o o o o o e e e S RREa s “g \ ' IAL[CEpp\ls 7Tev
- 3 ; 10 z"aw MU|tIp|ICﬁ)I/_ ICCIESI:rTI;n;mg rg]
018 l — :[7.5, 8.
5 [E ﬂ : S 1 BatAod
016E W TR e = R
0.14 — % = U.. BIast—Wave
~ . Q 1 global fit range
= Q e = 7:0.5-1.0 GeV/e
0.12 e Q 3 ] 2 o K: 0.3-1.5 GeV/c
0.1 :_ Q 9% _: -O|_ 102 p:0.5-2.5 GeV/c
e ALICE, p-Pb, {Syy = 5.02 TeV . 3
0.08 - VOA Multiplicity Classes (Pb-side) = % 102
0.06[ —o— ALICE, Pb-Pb, {5, =276 TeV E =
PF  —a— ALICE, pp, {s =7 TeV . = 10*
004F ¢ - PYTHIAS, vs 7 TeV (with Color Reconnection) s - PRI ! - 1
e =+ PYTHIAS8, Vs = 7 TeV (without Color Reconnection) 3 ¥
00 FEEEEEEENEAEENE FEE NN FEEEE S SRS FEE RS NN RN L
' %.2 0.25 0.3 0.35 04 045 0.5 0.55 0.6 0.65 0.7
<ﬁT> [ :::::I:: | } | F+———
- -8 1 5 - K+ —
Tt/KIp Blast-Wave analysis: = :
° pp data: 5\2 ﬂﬂgﬁﬂﬂﬂﬂﬂﬂﬂﬂ ......................................................................................... 3
« Shows similar behavior as p-Pb and Pb-Pb 3 e | ] |
« Note: slightly different fit ranges for pp S
« PYTHIAS: 1| 8 i |
« Blast-Wave fit results from PYTHIA (with Color ET—
Reconnection) show similar trend, but this is not p_ (GeVic)

hydrodynamic flow

Caveat: potential bias by selecting

multiplicity at mid-rapidity
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Deuteron Production
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A Large lon Collider Experiment

Deuteron Spectra

ALICE

Deuteron spectra for several multiplicity classes:

- Individual Blast-Wave fits to extrapolate to high and low p_(21-32% of yield for

high to low multiplicity)
« Hardening of spectra with multiplicity visible
* d and d are in agreement B
» because of big absorption uncertainty of d, d are used for the following plots

-2
C\.':: 10 VOA Multiplicity Class (Pb-side)
§ o -@- 0-10% (x16)
G) —&— _ Oo
G 103 T TS ®- 10-20% (x8)
= -@- 20-40% (x4)
%\, -@- 40-60% (x2)
Q 104E ~@- 60-100% (x1)
g a — blast-wave fits
2 =
& _
50
—~ 107E
% - ALICE preliminary
Q& B
= 1oL p-Pb \'sy, = 5.02 TeV
z E deuteron, -1< y <0
5 -IIIIIIIIIIIIIIIIII L1 1 1.1 IIIIIIIIIII II
— 0 0.5 1 1.5 2.5 3 3.5 4 4.5
P, (GeV/c)
Jonas Anielski - Hot Quarks - September 2014

ALICE preliminary

p-Pb \s,, = 5.02 TeV
anti-deuteron,-1< y <0

VOA Multiplicity Class (Pb-side)
-®- 0-10% (x16)
~®- 10-20% (x8)
-®- 20-40% (x4)
-@- 40-60% (x2)
-@- 60-100% (x1)
— blast-wave fits

IIIIIIII Ll Ll
0O 05 1 15 2

T35 4 45
p. (GeV/c)
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d/p Ratio as a Function of Charged I\/IuItipIicit

A Large lon Collider Experiment H I_ IC E

* The d/p ratio rises with multiplicity

-3
in p-Pb collisions = 8l
« Consistent with pp at low * 75E|A“CE’ PP \ s = 7 TeV ALICE preliminary
multiplicities S "E[#]auce oo, sy =5.02 Tev
« Consistent with Pb-Pb at high 3 6 VOA Multiplicity Classes (Pb-side)
multiplicities 5 [@®]ALICE, Pb-Pb, Y5, = 2.76 TeV H H
H t
S 3E it
* The rise in p-Pb is consistent with = * *
an increased deuteron production 2E B
for higher nucleon densities, 1E
predicted by the coalescence - . . .
O L1l 1 1 L1 1 111 i1l
model 1 10 102 10°
« models, that use nucleon @N_ /dn )
density (not multiplicity) are ol [ <05

clearly favored
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Coalescence Parameter B2

A Large lon Collider Experiment

Coalescence model predictions

d’N,

First order:

- B, is flat over p,
« applies to p-Pb and peripheral Pb-Pb

- 37?3/2 < Cy>
2my R2 (mr) R (mr)

Second order: By

« B, scales like the HBT radii

« decrease with multiplicity understood as
an increase in source volume

Phys.Rev. C59, 1585 (1999)
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B, (GeV?/cd)

20
18
16
14
12
10

N A O

B, (GeV?/c®)

x10°
3 VOA Multiplicity
- Class (Pb-side)
5_ [®] 0-10%
- ©110-20%
— [®]20-40%
= F®]40-60%
C [®]60-100%
—  ALICE preliminary
;— p-Pb |s,, = 5.02 TeV, deuterons
- Ll I L1l 1 L I 1 Ll 1 I Ll 1 1l I Ll L1 I L1l 1 1 I L1l 1 1 I Ll L1
0.5 1 1.5 2 2.5 3 3.5 4
P, (GeV/c)
B deuteron
Pb-Pb \s,, = 2.76 TeV
102 =
- O - _a0n_o,
- G»O—OO{}@OO-QGQQ 60-80%
: ] 40-60% PFQLEEIEHERY
L o701
i 20-40%
Olo]
10° 10-20%
. % 0-10%
4 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 ] | 1 1
1075 1 2 3 4 5

P, (GeV/c)



Summary

A Large lon Collider Experiment H I. IC E
Several observations that point to collectivity driven by mass
of particles and multiplicity

- Hardening of spectra with mass and multiplicity

- Blast-Wave analysis
* Note: similar trend for pp and PYTHIA 8 (with color reconnection)
- Particle Ratios

« p/mt and A/Kog enhancement at intermediate p; (depletion at low p;) in
high multiplicity compared to low multiplicity p-Pb events

« Ratios scale with multiplicity for pp, p-Pb and Pb-Pb
- Model comparison

* Models that incorporate hydro seem to be more successful in describing
the spectra, but color reconnection can mimic flow like patterns

Deuteron production in p-Pb: coalescence models with
nucleon densities are favored
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THANK YOU

for the attention!
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BACKUP
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T

1/Ng, 1/2np_ P N/(dp_dy) [(GeV/c)?]

data / model

Comparison With Models m, K, p, A

A Large lon Collider Experiment

= —T 1 -1 1T
10° %, ALICE, p-Pb, s, =5.02TeV [ Blast-Wave

; » 0<Ygs<05 =iimr EPOS LHC
10 i Krakow
wae: DPMJET

T+ T

K'+K

pP+P

T ~ T
Iy 0
S
KS

im0 A+ K

o 2 4 6 8 10
P (GeV/c)
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ALICE

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

« 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

Krakéw: Bozek, PRC85, 014911 (2012)
* Hydrodynamical model
* Reproduces spectra reasonably well for protons
- Pion and kaon shape deviates for p. >1 GeV/c
» Possible onset of non-hydro effect above

1 GeV/c

DPMJET: Roesler et al., arXiV:hep-ph/0012252
» 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

28



Blast-Wave Model

A Large lon Collider Experiment

Hydrodynamic-inspired model, that
assumes

« hard sphere uniform density
particle source with temperature T

 collective transverse radial flow
velocity 3

Schnedermann, PRC 48, 2462 (1993)

dn

mo me

oc/ r dr mrl

Jonas Anielski - Hot Quarks - September 2014

ALICE

Transverse velocity distribution (3,(r) for
0 <r < R parametrized with

« surface velocity (3¢

« velocity profile n
r n
/BT(T) — /83 (E)

Resulting spectrum is superposition of
the individual thermal components,
each boosted with the boost angle p

p=tanh™ ' 3,
prsinh p my cosh p
T : T

|, and K, modified Bessel functions 29



Particle Production — The Big Picture %

A Large lon Collider Experiment H LIC E
K'+tK PP oA Z4F o4& d SHe aH+:F 9 K*+K*
T+ T K2 T T+ p+p d T K'+K  K'+K
gr 0 BR = 25% ¢ or
ALICE Preliminary | ® ppVs=7TeV
o Extrapolated (Pb-Pb 0-10%) .| ® p-Pb Vs, =5.02 TeV
04 : e . 7
¥ Extrapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% M
= = | * Pb-Pb Vs, = 2.76 TeV, 0-10% .
- : : - -
@ m - :
1 ® [
o ¢ a i
0.2 I - g 4 ¢
o . N o o :
= o= e ¢ L : : :
—e - ® : : :
"= 0 = I : . e
. s a s ; Bk
o Lx1 i x3 : x05 i xB80 i x250 i x50 : x100 i x410°: x2 [ x1
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Particle Production — The Big Picture

A Large lon Collider Experiment

K'+tK PP oA Z4F o4& d SHe aH+:F 9 K*+K*
T+ T K2 T T+ p+p d T K'+K  K'+K
CH 0 BR =25% ¢ dn
ALICE Preliminary | * ppVs=7TeV
o Extrapolated (Pb-Pb 0-10%) .| ® p-Pb Vs, =5.02 TeV
0.4 [ : oo , —
¥ Extrapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% M
’ .| ® Pb-Pb Vs, =2.76 TeV, 0-10% *
e ‘ L | J '
: R £ : S L
._, = e : : : )
02 - o 4 ¢ 7]
S~ ® A _ TS :
Ll & f._. f s
- s 2T
G e $ 5
0 X 1 X 3 x 0.5 x 30 x 250 x 50 x 100 ><4105§ X 2 X1
Strangeness enhancement K* suppression
Deuteron enhancement Baryon suppression?
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ITS Standalone Method %

A Large lon Collider Experiment

N
o
(=]

600

500

400

ITS dE/dx (keV/300 um

300

Inner Tracking System

- . .
ALICE
PERFORMANCE

05/03/2013
p-Pb VSNN=5.02 TeV

II|IIII|IIII_

.'|IIII|III1|

200
100
00.(|)7I I0.1 0.2 0.3 0405 - I1 2 é éll 5I
p (GeV/c)
Particle  p. range (GeV/c)
T 0.1-0.7
K* 0.2-0.6
p (p) 0.3-0.65

Jonas Anielski

Hot Quarks - September 2014

ALICE

Four of the six ITS layers give dE/dx
signal (energy loss in silicon)

Independent ITS tracking
- low p; reach: 100 MeV/c

32



TPC dE/dx (arb. units)

TPC/TOF Method

A Large lon Collider Experiment

Time Projection Chamber

— . —
700 pd o\t ‘i%%%%[ .
600 A ALICE 1

PERFORMANCE 7
500¢ 05/03/2013 ]
p-Pb {s5=5.02TeV ]
400 -
300 é
02 0.3 04 1 2 3 4 5678910
p (GeV/c)
Particle  p, range (GeV/c)
T 0.2-15
K* 0.3-1.3
p (p) 0.5-2.0
Jonas Anielski - Hot Quarks - September 2014

TOF B

ALICE
Time Of Flight

0.8

0.6

0.4

0.2

o

[T I R RE ST L W TR

“ALICE .-
-PERFORMANCE "
"p-Pb {5y = 5.02 TeV.
: 5/03/2013

PR R B P

1 2 3 D
p (GeV/c)

PID with dE/dx in gas and time-of-flight
Global ALICE tracking

+ 30 cut on expected energy loss in
TPC signal

Additional £ 30 cut on expected TOF
for p; > 0.6 (0.55, 1.0) GeV/c
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TOF Fits Method

1025—

10

Particle
T[i

Ki

P (p)

Jonas Anielski -

10714 N A

0.5-3.0
05-25
0.5-4.0

24<p_<25 GeV/c

—e— data

— pion expected

e KON €XPECtEd

= proton expected
mismatch

minimum bias

p, range (GeVic)

Hot Quarks - September 2014

counts

10°

10?

10

101+

ALICE

——data
— global fit

ALICE

PERFORMRANCE
p-PbYsNN =5.02 TeV
24/04/2013

H
[y
i L [ (A
LRI | T I"

PID with time-of-flight

Global ALICE tracking

50

K

Fit to the TOF time distribution with

expected shapes

Based on knowledge of TOF response

function
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Efficiency and Correction for Secondaries %

counts

A Large lon Collider Experiment H I_ I C E
5 g
Tracking efficiency: 2 5
 All particles reach 80-90% % %
* No multiplicity dependence = oef ™S =
observed B osfd Nt
 Difference for p and p visible oaf  penrommance _
. . -Pbys,=5.02 TeV 4F
due to absorption 0o om0 B A
02k? - p+(0-5%)° ) 03 — —o— D (05%)
- = K (a0 : 2 K eosom)
0.1 —5- p (60-80%) 02ig —E5— P (60-80%)
OE.I....I....I....I....I....I....I....I....I.... 0_1:--I--u|nn|....I....I....I....I....I....I....
05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
p_(GeV/c) P, (GeV/c)
:I""I""I""I""I""I""Ié
i e d - -
e P 0.45<p, <050GeVic | gy primarics 5 Correction for secondaries:
ok AlTeE il . « Contribution is underestimated in MC
~  PERFORMANCE —— combined fit -
10° £~ p-Pb yS=5.02 TeV | = . . . . .
S e 7S e « Data-driven approach — fit distribution of
e \ \\\‘\“‘ 3 “Distance of Closest Approach” to
10° ] \ \\\\\ E vertex with Monte Carlo templates for
b “ \\ N ERNE secondary and primary particles |
B 3 « Weak decays, protons from material
4 and primaries are distinguishable

— can be separated

w
N
o
\V]
O
o
>
< r
—_
OCO
3
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Relativistic Rise TPC

A Large lon Collider Experiment

St

p-Pb, |s,,=5.02 TeV, MB %

== 31/10/2013
ALICE

PERFORMANCE

dE/dx in TPC (arb. units)
(0]
o

2 4 6 8 10 12 14 16 18 20
p (GeV/c)
Particle  p, range (GeV/c)
T 2.0-15
K* 2.6 —15
p () 2.6 -15

Jonas Anielski - Hot Quarks - September 2014

Counts (arb. units)
o

o

0.02

o

o

1—|-|||I||IIIIIIIIIIIIIlllllllllllllllllllllll
- % p-Pb, \'s=5.02 TeV, MB
- 9.0 < p<10.0 GeV/c
- ALICE O Data

8131/10/2013 —— Multi-Gaussian fit

TTH+TT

»

T T T | T T T | T T T | T
1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1

- -

40 5 50 55 O 65 70 75 85
dE/dx in TPC (arb. units)

e o —

PID with dE/dx in gas (TPC)
Global ALICE tracking

Fit to the TPC dE/dx distribution with
multiple Gaussians to get fractions

Requires careful tuning and knowledge
of Bethe-Bloch parametrization in
relativistic rise region 36



Strange Particle Identification

A Large lon Collider Experiment

Topological reconstruction: -

« PID over large p_range T (K" I
 TPCdE/dxPID for daughters
* In case of multi-strange: association - p
of A with bachelor track — cascade = N
= Q)
g 7002 d\t | . | —
KO, - Tt T (B.R. 69%) § 600} ALICE
A - op (B.R. 64%) g o e
= - Am-pmm (B.R.64%) O 400f f :
Q - AK - pmK (B.R. 43%) " a0 E
analogue for anti-particles 2000 W&, E
100 — :',- _ -

0.2 03 04 1 2 3 4 5678910
p (GeV/c)
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Strange Particle Identification

A Large lon Collider Experiment

* Once we have the daughter tracks:
- Invariant mass peaks integrated for each p_ bin

« Background is sampled in shaded areas (assumed linear)

A are feed-down corrected

x10° . _
2 18 ¢ 400 -
3 r N F ALICE Preliminary Jr
O il A ) -
e S 350 - 2
145 | 0-5%VOA, p-Pb \s, =502 TeV E n "Jﬁ Min. Bias p-Pb |/, = 5.02 TeV
C HLICE 0.9<p_ <10 (GeVrc) £ 300 b 12<p_<16GeVic
1.2~ PERFORMANCE Background Sampling § - _"_ ' 05<y<0
[ 80/04/2013 X 250r i *
C 200~ b
0.8— C ! '
06 150F- 1 {
0.4 | 100F- oy
o2f- 50;&-+++++ : ff+ A 4
C | Coy T
%109 1.1 11 142 1.13 1.14 | IR PN SV P
Mass(pr) (GeV/c?) 1.65 1.66 167 1.68 1.69

M - (GeV/c?)
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ALICE
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Deuteron Reconstruction %

A Large lon Collider Experiment
ALICE
® 220F
. . . S 200:_ VOA Multiplicity ALICE preliminary
Deuteron identification: 3 1805— Class (Pb-Side) 0-10% 2.4 GeV/c < p_<2.6 GeV/c
_ _ 160F-
* PID with dE/dx from TPC and time-of- 140F- ® Data
ﬂ'ght W|th TOF 120;— — Signal
» TPC 3o cut around expected signal 100E- ~ Background
« Above 1 GeV/c fit to the squared mass “oF S0 Bl
] 60F
measured with TOF 40F-
20 ;—g?:;e;% =5.02 TeV ¢.0|
S P P PR 2 IR U TR A T

- = = - > = —
(Anti-)deuteron efficiencies: o gE PPP [Sw=502Tev ALICE preliminary
:8 0-85 minimum bias -1<y<0
« The d tracking efficiency is significantly % 0.7E D DD E-65.05.5t0-0-0-w2-5. o
lower than the d efficiency 2 06F -
. . 3 = o000 _o oo |
» This is due to absorption 5 05F ARSI ORGESES-2 200
* Very little data for hadronic cross- 3 04F - acking
. - - - O ——
SeC'[IOI’l Of d 0'35_ O e —o— Tracking d
 Introduces large error on the absorption 0.2F o —e— Tracking + TOF Matching d
0.1 —e— Tracking + TOF Matching d
0:...32292..1....|....|....|....|....|....|....|
0 05 1 15 2 25 3 35 4 45

pT(GeV/c)
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(K'+K)/(n*+m)

Particle Ratios Backup

A Large lon Collider Experiment

0.2 T+

0.18
0.16
0.14
0.12

0.1
0.08
0.06

Jonas Anielski -

[ ® ] ALICE, p-Pb, {s,,=5.02TeV [ O | ALICE, Pb-Pb, {s, = 2.76 TeV
VOA Multiplicity Classes STAR, Au-Au, \s,,, = 200 GeV
(Pb-side) [ O ] PHENIX, Au-Au, \sy,, = 200 GeV

STAR, d-Au, |, = 200 GeV [ A | BRAHMS, Au-Au, |5, = 200 GeV

| 10 102 10°
<chh/d77Iab>|77lab| <05
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(K" + K)/(n* +7)

© © o 0o o o o O
N W A~ OO O N 0O ©

©
o .

ALICE

= LI LIL] LILLIL] LILLIL I 1 |:: LI LI LI I 1 I:
E ALICE, p-Pb, {5y, =5.02TeV F ALICE, Pb-Pb, {s = 2.76 TeV 3
FVOA Multiplicity Classes (Pb-side] 4=~ =
- e o-5% =+ =
= [ 60-80% == =
:I L1 I L1 1 1 I 11 1 I 1 l::l L1l I L1 1 | I 11 1 I 1 l:
0 1 2 3 0 1 2 3
p. (GeV/c)
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(o +P)/(n* + 1)

Particle Ratios at Higher p_

A Large lon Collider Experiment

(074 L L DL L B B L B L B o~ L L BN DL AL B B L B
C R =
C  VOA multiplicity -Pb + 0.9F VOA multiplicity -Pb
0'65 —+-0-5% P < 08fF —+05% P
__ 20_400/0 " _ PRELIMINARY |¥ E_ 20_400/0 i J _ PRELIMINARY
05 o0.60% p-Pb, |5, = 5.02 TeV T O7TE 4 sos0% P-Pb {5 = 5.02 TeV
0aF 0<Y,,,,<0.5 for p_ < 3.0 GeV/c g/ 0.6 m . E:._%
1, [<0.3 for p_>3.0 GeVic 0.5F maluuSERESSSSC0 =
03F & 0.4 ~
02f & __ 03
- ] GO=Se=—==PE== 02F 0<y,,,,<0.5 for p_ < 2.8 GeV/c
01 ;_ e __fj_%_:&: 01 = 1V gs<0-3 for p_>2.8 GeVic
X/ AP 1 L 1 1 A P =P 1 L A PR BRI BRI B
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
p; (GeV/c) P, (GeV/c)
LIGARE IR I I I IS UL LI LIS I | L IS IS IS UL UL IS IS IR R _
: _P+P_ ALICE {5, =276 TeV | K+K  os%pppb | * P/Tshows a peak, which
In T 05w pPbPb T — Krakéw | is more pronounced for
: s PP T Pb-Pb .. rieseta higher multiplicities
0.8\ —+ - :
- . L EPOS 1 Dropsto 0.1 in both
206l T e { b systems
[ B T - '»»*:;é44+“ ]
- a =4 elolo| o ¢ A
0.4f ’@E + i I''[H - K/msaturates to 0.5 for
o - I b high p_ in both systems
- A fan T 1 No strong multiplicity
L8 B s S— ] -
& A EEEE NN EE N AN NS NN R poa e by b by o by bona bvva buny dependencelnp-Pb
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Anti-particle/Particle Ratios
A Large lon Collider Experiment H LIC E

m 1 ' 1 [~ —e— ppatV¥s=276TeV —#i— Pb-Pb at \(s N =2.76 TeV, 0-80 % DPMJet prediction
= B/p: |y|<0.5, 0.45 < p_ < 1.05 GeV/c ly<0.5, 0:45'< p_< 1.05 GeV/c Pb-Pb at {s,,, = 2.76 TeV
[ah) T T NN
1.08 K/A: |y|<0.8,05 <p_<4.5GeV/c l1<0.6,0.5<p_<4.5GeV/c p-Pb atys,, = 5.02 TeV
. =5 |y|<0.8, 0.5 < ,6T <45GeV/c lv|<0.6, 0.5 < p} < 5.5 GeV/c NN
106 T/Q°: |y|<0.8,1.0 < p, <55 GeV/c ly|<0.6,1.0 <p_<4.5GeV/c
' —&— p-Pb at s, = 5.02 TeV, Min. Bias —e— ppat¥s=7TeV
P/p:-0.965 < y < 0.035,0.45 < p_<1.05 GeV/c ly|<0.5,0.45 <p_<1.05 GeV/c
1.04 — A/A:-1.265<y < 0.335,0.5 < p_<10.5GeV/c ly|<0.8,0.5 < p_<10.5 GeV/c
¥/2:-1.265<y <0.335,0.5<p_<6.0GeVic ly|<0.8,0.5<p_<5.5GeV/c
1.02 — T/0:-1.265<y <0.335,1.0 < p, < 5.5 GeVic ly|<0.8,1.0<p_<5.5 GeVic
i1—------------1-F--—-----"----—-{F----- ml: i ol i il o i s “Tel-—-
[
0.96 _
094 ALICE
0.92 I preliminary |
— — -_—t - —- -
p/p A A = /= Q/0
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R ., CMS and ALTAS

A Large lon Collider Experiment ﬂ LICE
2 i: L II I ¥ T rrl ] 1 i T ronx jl
2 CMS n|<1 4
1.8 —«— ATLAS, n|<1 =
1.6 ALICE, [n<0.3 -l .| — Different impression for
z ey 17— CMS/ATLAS and ALICE
1.4F F0d T
& 84" ;.ﬂ 1 Charged jets are compatible
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£ - “_‘_I i 4 1 T4 experiments
a ! | T i' h.:'i L TPl e S RESTERES SERN SEE -4 - Jetfragmentation needs to
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0.8 .y y
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Selection Bias in pp

A Large lon Collider Experiment

PYTHIA study: selecting multiplicity in different
pseudorapidity ranges

selection in |n|<0.5 selection in 2.8 <n< 5.1 (VOA)
OXCDO.QE""|'"'-I""I""I""I""I"" 3 o(,,O_g:....,....,.v..]....,....,....,....].
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0.2 ~—18<N]°<24  ALICE — 0.2f=" ——30<N"™ <40 ALICE
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1/N,, *N/(dp_dy) [(GeV/c)]

data / fit

Blast-Wave Fit to Pb-Pb %

A Large lon Collider Experiment H I_ IC E

10° ke~ BolzmanGibbs blastwave
= ©:05-1.0 GeV/c =
2 [ e K*:0.3-1.5GeVic _
10 E p(p): 0.5-2.0 GeV/c ?g 0.22 g T
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Blast-Wave Fit Parameters p-Pb and Pb-Pb

A Large lon Collider Experiment ﬂ I_ IC E

Ll oc[errm I p. sinh p K m, cosh p p =tanh™' B
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d/1t in Pb-Pb

A Large lon Collider Experiment

R B ]
8 | e s
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@ * p/T (rebinned)
o O/t X4.8
102 § Pb-Pb|s, =276TeV -
I R N B N
p_ (GeV/ce)
Jonas Anielski - Hot Quarks - September 2014

ALICE

The shape of the ®/m ratio is
similar to the p/tt ratio

— shape seems to be driven
by mass not number of quarks

nucl-ex:1404.0495
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System Size Dependence of K*and ®

A Large lon Collider Experiment H LICE
0.5 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1
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Reduced Canonical Suppression

A Large lon Collider Experiment

Ratio
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Jonas Anielski -
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ALICE

Particle ratios normalized to
the grand canonical limit as
a function of the system
Size

PRC 79 (2009) 014901
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Thermal Model Pb-Pb
A Large lon Collider Experiment H LIC E
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Thermal Model for p-Pb

A Large lon Collider Experiment

ALICE

Fit quality not so good but
reasonable

However Grand Canonical
probably not best ensemble
for small system like p-Pb
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