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Why Study Light Flavor Particle
Production?
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Why Study Light Flavor Particle
Production?

Understanding collective behaviour
Hadrochemistry and strangeness enhancement
Particle production and thermal equilibration
Understanding of the late hadronic stage

Nuclel production and searches for exotica
Study of energy loss while traversing the medium
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he ALICE Experiment

A dedicated heavy ion experiment

~1500 researchers
> 100 Institutions
> 30 Countries
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he ALICE Experiment

A dedicated heavy ion experiment

o

ALICE Central Barrel:
21 tracking and PID
INl<1.0,B=05T
. HMPID RICH: |n| < 0.6, Ap=57°
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he ALICE Experiment

A dedicated heavy ion experiment

ALICE Inner Tracking System:
Vertexing, Low py tracking
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he ALICE Experiment

A dedicated heavy ion experiment

. s

Forward Muon Spectrometer
-40<n<-25
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he ALICE Experiment

A dedicated heavy ion experiment

Forward Systems
VO (Centrality, Trigger)
TO (Timing)

/ZDC (Centrality)

FMD (dN/dn)

Y PMD (photons)
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Particle IDentification in ALIC

Decay Topology
- TPCrdEldx
_________________________________ "HMPID -
- ToF
_______________ PCdEax
;_"I_'I_'_S_EE/dx> -
| | ! Lo |
107" 1 10 102

P (GeV/c)

ALICE has at its disposal practically all known particle identification
technigues in a broad p; range
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Particle IDentification in ALIC

Decay Topology
= = | TPC: Main Tracking Detector
TPC rdE/d .
--------------------------------- ~ e PID via dE/dx in gas
HMPID G ~6%
TOF
TPC dE/dx ITS: PID at low py
""""" — A PID via dE/dx in silicon
ITS dE/
ATsdElee. G ~10-15%
| | | | | 1 1 |
10~ 1 10 10?
P (GeV/c)
ALICE has at its disposal practically all known particle identification
. technigues in a broad p; range
®
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Particle IDentification in ALIC

Decay Topology
TPC rdE/dx
JMPID | TOE. PID at
................................................... iIntermediate momenta
_________________ < TOF _ | PID viatime-of-flight
TPC dE/dx technique
TS dE/dx 0 <190 ps
| | | IIIIII| | | IIIIII| | | IIIIII|
10~ 1 10 10?
P (GeV/c)
ALICE has at its disposal practically all known particle identification
technigues in a broad p; range
Az,
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Particle IDentification in ALIC

Decay Topology
TPC rdE/dx
HMPID oID
----------------------------------------- HMPID: Extends to
_________________ - TOF e omeee e higher py; PID via
_________ - TPC dE/dx o Cherenkov angle 6,
ITS dE/dx
| | | | | 11 1 I| | | | 11 1 I| | | | | 11 1 I|
107" 1 10 102

P (GeV/c)

ALICE has at its disposal practically all known particle identification
technigues in a broad p; range
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Particle IDentification in ALIC

Decay Topology
TPC rdE/dx
______________________________ HMPID Secondary Vertex
TOF Reconstruction: ldentification
"""""""" T;C dE/dx S over a large p; range +
--------- e e invariant mass analysis
ITS dE/dx
| | | IIIIII| | IIIIII| | | IIIIII|
10" 1 10 10°
P (GeV/c)
ALICE has at its disposal practically all known particle identification
technigues in a broad p; range
AV,
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1. Understanding collective behaviour

Pb-Pb: |dentified Particle Spectra
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o 80-90% 107 E -~ individual fit  80-90% ™ g .. 107 F -~ individual fi _ 2
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p; (GeVic) p; (GeVic) P, (GeV/c)

« Spectra become harder with
centrality in a mass-dependent way
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« Spectra become harder with
centrality in a mass-dependent way
« Consistent with hydrodynamics

1. Understanding collective behaviour

Pb-Pb: |dentified Particle Spectra
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80-90%
Bl b b e I
0 05 1 15 2 25 3

pT(GeV/c)

expectations
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—+— STAR, Au-Au, s, = 200 GeV
S5 —5— PHENIX, Au-Au, {Sy, = 200 GeV

10€2S2 (2102) 601 14d ‘IDIV
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c}'l_"lOSEIIIIIIIIIIIIIIII § 106_| T
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1. Understanding collective behaviour

Pb-Pb: Baryon to Meson Ratios (1)

ALICE, PLB 728 (2014) 25 ALICE, PRL 111 (2013) 222301
P T T T P %2F ly|<0.5 ALICE: Pb-Pb at |s,=2.76 TeV
p+P _ 1 é - yI<0. : Pb-Pb at \s,=2.76 Te
R ALICE Vs,,=2.76 TeV ; = 2 : : —— AKS 0-5%
o o -~ - . —
i , 0-5% Pb-Pb “ 1.8¢ —- A/KS 60-80%
x . , '—‘ 1.6 5_ systematic uncertainty
— Krékow ] 1.4 Theory 0-5%
% - == Fries et al. h 120 A s Hydro VISH2+1
‘ : ; - !/ Recombination
= 3 EPOS ] 1F o A — (Fries et al)
) ; 0.8F "o, ¢ EPOS
(%, -
--------- - 0.4F ¢
& (&) - ¢
,, 2 /Q0 _
PEPE PRI BRI PP PP BT P O_I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
6 8 10 12 14 16 18 0 2 4 6 8 10 12
p, (GeVic) p, (GeV/c)

« Hydro model explains data in p; < 2 GeV/c
« At higher p;: no modification of baryon to meson ratios observed

« Recombination reproduces the shape qualitatively
R\ EPOS provides good description of data
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1. Understanding collective behaviour

Pb-Pb: Baryon to Meson Ratios (1)

ALICE, arXiv:1404.0495 [nucl-ex]

S | Pb-Pb sy, =276 TeV 0o |
DC'ZU 15k CentralityNg-m% e A KS _
[ * - ' Is Mass the driving factor?
C I _ ‘e ]
S @ Pob-Po - . p: 938 MeV/c?
% - : = ¢: 1018 MeV/c?
= 1 ¢ It B
s | e BT |
-y i 0’ ***** *** ]
ch I * ]
0.5 EE@ ’E @ LN .
: * p/ox0.1 :
9 x>
: o ALICE
0 .*M. Coeoc b b b |

0 1 2 3 4 3
p. (GeV/c)
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1. Understanding collective behaviour

Pb-Pb: Baryon to Meson Ratios (1)

ALICE, arXiv:1404.0495 [nucl-ex]

S | Po-Pb|sy, =276 TeV 0o |
DCZU 1 5L CentralityNg-m% " A/ KS _
c | @ Pb-Pb n* AN : ls Mass the driving factor?
S : . " p: 938 MeV/c?
@ - = ¢: 1018 MeV/c?
g Uy Y *
S . p/m
§ : .’ *********** | » Spectral shapes are the same for
- * : these two particles
D o5t E@ ®) ’E @ LN . P
: b s P/ 0.1 { « Mass is indeed the parameter
W *** ALICE : driving momentum distributions
0 |*M| ! P I |
0 1 2 3 5

4
p. (GeV/c)
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Baryon to Meson Ratios in pp, p-Pb

p/m*

1_
08l

0.6 -

pp, Vs =7 TeV p p

Zraw (Nraw) 7]
[ 0.7-1.4)  sraw — _New Diimis_ -
et ! (NeR™) >0

| $1[7.5-8.6]

Uncertainties: stat. (bars), syst. (boxes)

| | |
ALICE Preliminary.]
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(p+p)/ (n"+m)

o o o o
\) & » (00}
O 1T [Tr T[T rr[r?

(=]

[ ALICE, p-Pb, {s, = 5.02 TeV
-VOA Multiplicity Classes (Pb-side

[ Fedo05%
— = 60-80%

p-Pb

)

ALICE, Pb-Pb, {sy, = 2.76 TeV

o 0-5%
— = 80-90%

. Pb-Pb

LI L L L L O L L B
O

1 2

3 0 1 2 3

P, (GeV/c)

« Looking at smaller systems as a function of multiplicity
« Qualitatively Similar: depletion at low p;, enhancement at mid p;
« Quantitatively rather different

Strangeness and Light Flavour with ALICE
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Baryon to Meson Ratios in pp, p-Pb

p/m*

1'_ ALIICE Plrelimilnary_' /l;‘\ 1__ALICE, p-Pb, {5 = 5.02 TeV i__ALICE, Pb-Pb, {syy = 2.76 TeV _]
[ (s ] + | VOA Multiplicity Classes (Pb-side) 4 - IZE
- PRis=7TeV PP 1 & C e dos% T Fedosw 15
0.8 Zaw o - Z 08F = 60-80% —— = 80-90% — m
T [0.7-1.4) mezij(v]fg; uimit ] = i T 1
L #][7.5-8.6] (N ) o + - p—Pb T Pb-Pb 1w
0.6 __ Uncertainties: stat. (bars), syst. (boxes) n o 0.6 __ ____ __ ~
T T i 19
041 T ke 713
Z 1 1£
021~ T 15

B L1 I L1 1 1 I L1 1 1 I 1 I__ ::'Af .' L1 11 I L1 1 1 I 1 I_

O0 1 2 3 0 1 2 3
P, (GeV/c)
« Looking at smaller systems as a function of multiplicity
« Qualitatively Similar: depletion at low p;, enhancement at mid p;
« Quantitatively rather different
A  |s there collectivity in smaller systems?
a¥
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

qg 10° |  alie .5’35;;8%30%'7(2&"%

> Gentalty Cass: 0-5% « Simultaneous Blast wave fits to m, K, p
S i DA with a set of parameters:

3 0 Wy — beswa

%'_ 10 bR glogz':itorgg\«j/ * <BT> - Radial Flow

S K:0.2-1.5 GeVie . :

g 0218 Gove T, : Freezeout Temperature

* n:velocity profile

data / model

—
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

R ALICE, Pb-Pb, {5y, = 2.76 TeV
S 10 PRC 88, 044909 (2013)
% 10° Centrality Class: 0-5%
©) 3 —O— n* + 7 (100x)
= 107 = —&— K* + K (10x)

= 102 —H-p+p (1%

_o,_ Blast-Wave

Q 10 global fit range
g 1 n:0.5-1.0 GeV/c
< e K:0.2-1.5 GeV/c

« Qualitatively similar

Simultaneous Blast wave fits to m, K, p
with a set of parameters:

<B:> : Radial Flow
T, : Freezeout Temperature

n

. velocity profile

B

\ . < 0-2_'"'I""I""I'"'I""I""I""I""I """"
behaviour observed in D a8k
p-Pb and Pb-Pb in € B = N
parameter space =k A AEYN
0.14 ey
012:— © Q
A2f o
0.1F SR
0.08 - —e— ALICE, p-Pb, |s, = 5.02 TeV
0.06 VOA Multiplicity Classes (Pb-side)
0.04F —o— ALICE, Pb-Pb, |Sy, = 2.76 TeV
0.0%:....I....I....I....I....I....I....I....I ........
2 025 0.3 0.35 04 045 05 0.55 0.6 065 0.7
P (GeV/c)
RN p-Pb Pb-Pb
4‘\'
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

<R " ALICE, Pb-Pb, {5, = 2.76 TeV
S PRC 88, 044909 (2013) . .
> 10t Contralty Class: 0-6% « Simultaneous Blast wave fits to i, K, p
O —©— n* +7 (100x) . .
S i o KK (10 with a set of parameters:
5 1R E e Ry —H-p+P (1%
""" Blast-Wave .
_81_ 10 - global fit range ° <BT> ' Rad|a| FlOW
= 1 7: 0.5-1.0 GeV/c
< K: 0.2-1.5 GeV/c

« Qualitatively similar
behaviour observed in
p-Pb and Pb-Pb in
parameter space

» larger radial flow
parameter in p-Pb than in
Pb-Pb for a given dN,,./dn
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P (GeV/c)

T, (GeV)

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

0.0%_

T, : Freezeout Temperature
n : velocity profile

—e— ALICE, p-Pb, \s,, = 5.02 TeV
VOA Multiplicity Classes (Pb-side)

—o— ALICE, Pb-Pb, \s,, = 2.76 TeV

Similar

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 065 0.7

0-Pb Pb-Pb
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

5w e T e | .
> o entraly Class: 0-5% « Simultaneous Blast wave fitsto m, K, p
= o %’&t_’%‘?;%"xﬁ’ with a set of parameters:
N o+ (1x
gty R goal e - <PBr> : Radial Flow
2 e oz 1s G « T, :Freezeout Temperature
* n:velocity profile
« Qualitatively similar o2 Similar
behaviour observed in D o4sb iplici E
p-Pb and Pb-Pb in SN » E
parameter space < 0_145_ A (o AR _
0.12F R ) =
* larger radial flow oqb © o S
parameter in p—Pb than in 0.08E e ALIGE, p-Pb, (S = 5.02 TeV E
Pb_Pb for a g|Ven dNCh/dr) 0_065— VOA Multiplicity Classes (Pb-side) —E
0.045— —o— ALICE, Pb-Pb, {5, = 2.76 TeV —f
- What about pp ? o.o%:----'----'----'----'----'----'----'----' ,,,,,,,, -
2 025 0.3 0.35 0.4 0.45 0.5 055 0.6 065 0.7
p_ (GeVic) B
RN T p-Pb Pb-Pb
oY
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

5 wh e . .
> 1 Centalty Class: 0-5%  Simultaneous Blast wave fits to 1, K, p
S i DA with a set of parameters:
5 102 b — gl+§t_§,1vx)
%n— 10 SR A gl_oéa;l:itorggs/ o <BT> - Radial Flow
2 ‘ K 0215 GeVie « T, : Freezeout Temperature
* n:velocity profile
* Measurements versus e 0. T ————
event multiplicity in pp D gasb E
follow the same trends as S E v ﬂ E
O o.Ph g 0lop 2 e | ACE
P = o1af X ﬂ‘ =
n . Q .
012 0 0o Q g
C - n 9 Q 3
0.1F " e O
E —e— ALICE, p-Pb, |sy, = 5.02 TeV =
0.08 - VOA Multiplicity Classes (Pb-side) .
0.06F —© ALIGE, Pb-Pb, {5, = 2.76 TeV =
"“YF —a— ALICE, pp, Vs =7 TeV .
0.04F —=  PYTHIAS, Vs = 7 TeV (with Color Reconnection) I
’ - —=— PYTHIAS, Vs = 7 TeV (without Color Reconnection) 3

0.02Em o b b b b b b b Ly
' %.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

o
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

‘g o " ALICE, Pb-Pb, {5, = 2.76 TeV
< PRC 88, 044909 (2013 ' .
> Gty iass: 0% « Simultaneous Blast wave fits to m, K, p
S i DA with a set of parameters:
g 10° S e glzsﬁt—illl);)ve
%n— 10 :55:;::::::::::::,,.:_r:;:rm gl.o:a;l:itor?gs/ ° <BT> : Rad|a| FlOW
2 ‘ K 0215 GeVie « T, : Freezeout Temperature
* n:velocity profile
« Measurements versus D et e
. . . S i 3
event multiplicity in pp 2 oisf _+ I =
follow the same trends as = 16k l‘i A T‘% E
in p-Pb N o TR A
P = o1af > ﬂ‘ =
n . Q ]
. 012 00oo ® =
« Comparisons to MC oiE " 0 ®oe -
(PYTHIA) show that E e ALICE, p-Pb, |5y = 5.02 TeV ) :
. 0.08 - VOA Multiplicity Classes (Pb-side) E
mechanisms such as Color 0.06F. —© ALICE Pb-Pb,ys, = 2.76 TeV E
R . "“YEF —=— ALICE, pp, Vs =7 TeV :
econnection may 004F = PYTHIA8, Vs = 7 TeV (with Color Reconnection) =
introduce similar dynamics B T T N T
' %.2 0.25 0.3 0.35 04 045 0.5 0.55 0.6 0.65 0.7
p_ (GeVic) (B
Qv pp p-Pb Pb-Pb %
¥
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1. Measurement of collective behaviour in smaller systems (pp, p-Pb)?

Spectral Shapes and the Blast Wave Model

T iR A e e oia0s Gote) . -
> entraly Class: 0-5% « Simultaneous Blast wave fitsto m, K, p
S o with a set of parameters:
3 0 B — b
] gooa i arge * <[B3y>:Radial Flow
2 ‘ K 0215 GeVie « T, : Freezeout Temperature
* n:velocity profile
« Measurements versus R
. - . S i 3
event multiplicity in pp 2 oisf _+ I =
follow the same trends as = 16k l‘i A T‘% E
n p-Pb £ o o TR A
P = o1af > H‘ =
u . Q ]
. 012 00oo ® =
« Comparisons to MC oiE " - %9 Sy
(PYTHIA) show that 0 085— e ALIGE, p-Pb, Sy = 5.02 TeV ) E
. MOLE VOA Multiplicity Classes (Pb-side) .
mechanisms such as Color 0.06F & ALICE, Po-PD, |5, = 2.76 TeV E
. "“YF —a— ALICE, pp, Vs =7 TeV .
Reconnection may 0.04F = PYTHIA8 Vs =7 TeV (with Color Reconnection) 7
introduce similar dynamics 009 Ec o FYTHIAS, 15 - 7 TeV twithout Color Recomnecton) 3
- N N Nr n N N Nr n A N AT N r N rrr n N N Nr 07
p_ (GeV/o) Talk by Barbara Guerzoni B

A
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2. Hadrochemistry and strangeness enhancement

=/ and Q/m ratios in Pb-Pb

o [ ]
= i B I
| @ mix N ey Strangeness enhancement:
B +! 1 M One of the first proposed QGP signatures
9 I g Rafelski, PRL 48 (1982) 1066
= -
9 N
3 %] .......... @
:EHO'3 N % 1 §
Q/n 1 5
- [
| o
; B ALICE Pb-Pb at 2.76 TeV
[l ALICEppat7TeV
[l ALICE pp at 900 GeV
/\ [] STAR Au-Au, pp at 200 GeV
104 A ALICE Pb-Pbat2.76 Tev
A ALICEppat7TeV i
/\ STARAu-Au, pp at 200 GeV 1
| 1 1 111 ||| | 1 1 111 ||| | 1 |
1 10 10°
<Npart>

QO
NG

¥
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2. Hadrochemistry and strangeness enhancement

=/ and Q/m ratios in Pb-Pb

Strangeness enhancement:

One of the first proposed QGP signatures
Rafelski, PRL 48 (1982) 1066

« Production of strangeness relative to
pions in pp collisions is larger at the LHC

Hyperon-to-pion ratio
—T

3
Q
S

s

912 (¥102) 82/ 91d 3DV

Bl ALICE Pb-Pb at 2.76 TeV
. [l ALICEppat7TeV

[l ALICE pp at 900 GeV

[ ] STAR Au-Au, pp at 200 GeV
104 A ALICE Pb-Pbat2.76 Tev

[ A ALICEppat7TeV i
/\ STARAu-Au, pp at 200 GeV 1

1 10 10°

O @
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2. Hadrochemistry and strangeness enhancement

=/ and Q/m ratios in Pb-Pb

Strangeness enhancement:

One of the first proposed QGP signatures
Rafelski, PRL 48 (1982) 1066

« Production of strangeness relative to
pions in pp collisions is larger at the LHC

Hyperon-to-pion ratio
3
}—D—{T —~
Q I
a
L
o

912 (¥102) 82/ 91d 3DV

« Clear increase of strangeness production
;T o otreraanny observed in Pb-Pb with respect to pp

[l ALICEppat7TeV

[l ALICE pp at 900 GeV

[ ] STAR Au-Au, pp at 200 GeV
104 A ALICE Pb-Pbat2.76 Tev

[ A ALICEppat7TeV i
/\ STARAu-Au, pp at 200 GeV 1

1 10 10?
QO @

n ®
oY
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2. Hadrochemistry and strangeness enhancement

=/ and Q/m ratios in Pb-Pb

Strangeness enhancement:

One of the first proposed QGP signatures
Rafelski, PRL 48 (1982) 1066

« Production of strangeness relative to
pions in pp collisions is larger at the LHC

Hyperon-to-pion ratio
3
}—D—(T —~
Q I
a
L
o

912 (¥102) 82/ 91d 3DV

« Clear increase of strangeness production
LT o otreraanny observed in Pb-Pb with respect to pp

[l ALICEppat7TeV
[l ALICE pp at 900 GeV

A ] STAR AuAu pp a1 200 GeV * Ratios saturate for N, > 150
1o A oemmase™ 1« Match predictions from thermal models
lﬁ ST’*RA“'AU’WT”"G“ ] utilizing Grand Canonical approaches:
1 10 LTV —— GSl-Heidelberg: Ten = 164 MeV
O ® - - THERMUS: Ten = 170 MeV
A @
oY
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2. Hadrochemistry and strangeness enhancement

—/mm and Q/m ratios in pp, p-Pb, Pb-Pb
.~ © GO @

-3
— £ — x10
® ,£  ALICE Preliminary ® [ ALICE Preliminary
+ F + 1 GSl-Heidelberg model
, - ' - T, =156 MeV
5 6 :— % 5 i T:ERMUSe del
- - 2.3
=~ F H ~ o8 T,=155Mev m====fle-----go--f--R--
WS o TPty e T i I
+ o + osh H H [
' — ALICE 0.6
ooE c H m ALICE
u . PPbys =502TeV = |
3 VOA Mult. Evt. Classes (Pb-side) - . PPbys,=502Tev
- s 04— VOA Mult. Evt. Classes (Pb-side)
oF GSl-Heidelberg model ¥ PP Vs =900 GeV i H v
T T, =156 MeV - s+ ppVs=7TeVv
- A pp Vs=7TeV 0.2l hiah Pb
= THERMUS 2.3 mode! L ighest p- _ ~
- T, = 155 MeV = Pb-Pb|s, =276TeV — ~22xpp7Tev * PoPbYs,=276Tev
0— 1 1 L Il Ll l 1 1 L 1 Ll 1l I 1 L 1 1 Ll 1 L l o — Il 1 1 Ll Ll l ' il 1 Il Ll 1l l L 1 L L Ll L I
10 10° ‘ 10° 10 10° < 10°
dN /d dN _/d
ch 77Iab)|n,ab|< 0.5 ch nlab>|nlabl< 0.5

« —/mand Q/m ratios in p-Pb increase with increasing (Nch)
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2. Hadrochemistry and strangeness enhancement

Q@ +0)/ ( + )

10°
- ALICE Preliminary
— ALICE
- p-Pb s, =5.02 TeV
- VOA Mult. Evt. Classes (Pb-side)
- GSI-Heidelberg model pp Vs = 900 GeV
- T = 156 MeV
- pp V5=7TeV
- THERMUS 2.3 model
B Ten = 155 MeV Pb-Pb \s,, = 2.76 TeV
C il e '
10 102 ( )1 0°
dN /d
ch 7Ilab In, |<0.5

n
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0.6

0.4

0.2

X

—
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—/mm and Q/m ratios in pp, p-Pb, Pb-Pb

Illlllllllllllllllllll

ALICE Preliminary

GSl-Heidelberg model
T, =156 MeV

THERMUS 2.3 model
T, = 155 MeV

highest p-Pb
~22x pp 7 TeV
Ll l

lllll 1 1 lllllll

ALICE

p-Pb |5, = 5.02 TeV
VOA Mult. Evt. Classes (Pb-side)

pp Vs =7 TeV

Pb-Pb |s,,, = 2.76 TeV

10

10? 10°
)

(dN_/dn

lab’ |7, I< 0.5

—/m and Q/m ratios in p-Pb increase with increasing (Nch)

Low Multiplicity: p-Pb consistent with pp measurements

Strangeness and Light Flavour with ALICE
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2. Hadrochemistry and strangeness enhancement

—/mm and Q/m ratios in pp, p-Pb, Pb-Pb

~ 0 O @
. x10° . x10®
*g 7:_ ALICE Preliminary t‘i i ALICE Preliminary
+ - + 1— GSI-Heidelberg model
.[;’ :_ 'l:,’ - T, =156 MeV J
= i } P O S— peszgne H ------ JM
W S T I F [~ 0 [
Fob ALICE T osl- HH HH
e : . PPbY5, =502TeV ST H H m ALICE
3 VOA Mult. Evt. Classes (Pb-side) 04l H . s-OP: ﬁ - v\r;.oc.;'leev e
2:_ GSl-Heidelberg model ¥ PP Vs=900 GeV ' - H / Uil Evt. Glasees (Po-aide)
- T, = 156 MeV - s ppVs=7Tev
- pp Vs=7TeV 02l
e o s oy o Pb-Pb |5, = 2.76 TeV E = POPOY5,=276TeV
ok Ll ] N ol il RN Ll
10 10 10° 10 10° 10°
<chh/d nlab>|ﬂ,abl< 0.5 <dl\lch/d nlab>ln,abl< 0.5
« —/mand Q/m ratios in p-Pb increase with increasing (Ncn)
« Low Multiplicity: p-Pb consistent with pp measurements
. High Multiplicity:
« —/min p-Pb consistent with central Pb-Pb
RN Q/min p-Pb consistent with peripheral Pb-Pb %
a¥
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2. Hadrochemistry and strangeness enhancement

—/mm and Q/m ratios in pp, p-Pb, Pb-Pb
.~ © GO @

X

—

<
w

:{.; 7:_ ALICE Preliminary ";: B ALICE Preliminary
r oL * o By e
§ o HH H H % H § L THERMUS2Gmodel _____ H _____________
—~ F , — 0.8 o =155Me ‘
T SE ﬂH u ————————————————————— F o T U 1
b H : . + b HHH
L $H H ALICE a F H m ALICE
o p-Pb |s,, = 5.02 TeV ~ =
3 :~ * VOA Mult. Evt. Classes (Pb-side) 0.4 - H H . PPb VS = 5.02 TeV '
C GSl-Heidelberg model ¥ PP Vs =900 GeV s H VOA Mult. Evt. Classes (Ph-aide)
2 T, = 156 MeV - 8 s ppVE=7TeV
- THERMUS 2.3 model toopplemTTY 0.2/~ highest p-Pb
1:— _______ Tm=155MeVm e Pb-Pb {3 = 276 ToV i ~22xpp7TeV " Pb-Pb |s,,, = 2.76 TeV
ok Ll ] C ol il ] ]
10 10 10° 10 10 10°
<chh/d 77Iab)|77,abl< 0.5 <dNCh/d nlab>|77|ab|< 0.5
« —/mand Q/m ratios in p-Pb increase with increasing (Ncn)
« Low Multiplicity: p-Pb consistent with pp measurements
. High Multiplicity:
® :/T[ I.I’] p-Pb COﬂSI.S’[en’[ W|th Cenj[r Talk by Maria Nicassio
RN Q/m in p-Pb consistent with penu
a¥
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3. Particle production and Thermal Equilibration

Thermal model of particle production

1 KK 0 K*+R* p+P 2+ Q4O SH+3H
== == Ky = (0 = A =— === d — He
i ¢ ¢

10° —_....u ALICE Prelimihary —
102 F e | e | . Pb-Pb i5 =276TeV,0-10% ]

dN/dy

- 4}‘ N.Ot in fit H H H H H H H .
10*1 = ¢ Extrapolated s Bl =
i Model T(MeV)  x2/NDF]: .
— THERMUS 2.3 155 + 2 2459 |: = = = = = 3

3 : : : i i i §
107 ¢ GSl-Heidelberg 156 +2  18.4/9 |: Pb_l:)b : : e T
[ |=+'SHARE3 156 + 3 15.1/9 | : ; ; : : : i

o

|
o

ANMDOMNMDA U1 O O
TTT II T[T
1

mod.-data)/c .. (mod.-data)/mod.

O S O PP SO A S O O SR SUUUURORR SURUSUU SO SRR =

— 1T - -1

O s O L o L. L P S SO [N
[ [

_D e e e T -

« Description of hadron yields in a thermally equilibrated regime:
same conclusions from different implementations, T, ~156 MeV
AW - dN/dyof many species in Pb-Pb well described: x?/ndf ~2 %
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dN/dy

od.-data)/c,,. (mod.-data)/mod.

3. Particle production and Thermal Equilibration

Thermal model of particle production

3 313
o+ KK 0 K*+kK* p+P E+ET Q+0° AR+ H
2 PG 2 0 2 A 2 2 d 5 He
o 3
10° —......d ALICE Preliminary

Pb-Pb 15, = 2.76 TeV, 0-10%

3 2 Not in fit : : : : Pl :
10*1 = ()E.xtrapolated. . g
102 i Model T(MeV)  ?NDF]: : :
\ — THERMUS 2.3 155 + 2 24.5/9 | : :
107 £ |- GSl-Heidelberg 156 +2  18.4/9 |: Pb_Pb : : : E
E ; ; ; ; ; ; ; ; ; BR = 25%
05 I - - AR P NN
0 Fyugi T el = NN u Wl w N SR IO A
Tl e e S R ST L S
4 T
2 Y R
0 Foreeeeeehl n n _n s REERN e . IR
o
B g B

Differences (p, K*) could hint at final-state interactions; other mechanisms

under investigation (non-equilibrium, flavour hierarchy...)

Strangeness and Light Flavour with ALICE
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4. Understanding of the late hadronic stage of the collision

Resonances, Rescattering and Regeneration

Kinetic Freezeout

Chemical Freezeout

« Consider the short-lived K* resonance (~4 fm/c)
« Usual scenario: decay in the hadronic phase

o
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4. Understanding of the late hadronic stage of the collision

Resonances, Rescattering and Regeneration

Kinetic Freezeout

Chemical Freezeout

« Consider the short-lived K* resonance (~4 fm/c)
« Usual scenario: decay in the hadronic phase
« Daughters may re-scatter and yield may not be visible
« Regeneration (pseudo-elastic scattering) may recover part of the yield
Alls,  Resonances: probe (the duration of) the hadronic stage

¥
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4. Understanding of the late hadronic stage of the collision

K*and ¢ production rates in Pb-Pb

ALICE, arXiv:1404.0495 [nucl-ex]

wn - _
ke 041 nopp7TeV |« Clear suppression observed in
Z0.35¢ [H] " o Pb-Pb2.76 TeV—; K*/K- when going from pp to
® 03l H. _______________ ] central Pb-Pb collisions
S KK % ;
i H 1 + Not observed for ¢/K-
%02t H .
: " |« Likely due to re-scattering of K*
0'15;_ 0 $ 8t L H_f decay daughters with final-state
0.1 il »/K : hadronic medium
0.05- <o Thermal Model ]
-~ ALICE T, =156 MeV | ’ Tk (~4 fm/c) < To l
O' ceo b Ly [ S I BTN R

|
0 2 4 6 8 10 12

QO @ @~ /dn)'?
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4. Understanding of the late hadronic stage of the collision

K*and ¢ production rates in Pb-Pb

ALICE, arXiv:1404.0495 [nucl-ex]

.§ 04f Hopp 7 TeV 1 « Clear suppression observed in
0.35¢ [ﬁj "o Pb-Pb2.76 TeV . | K*/K- when going from pp to
oosk L oow S _: central Pb-Pb collisions
S | K é
G0-25F H 1 « Not observed for ¢/K-
O 0ol H -
: i 1 « Likely due to re-scattering of K*
0'15;_ 0 $ 8t L H_; decay daughters with final-state
0.1 il O/K : hadronic medium

0.05] e Thermal Model
- ALICE Ten =156 MeV ’ e (~4fmfe) < T \
oo v v e b b b ey 1T

0 2 4 6 8 10 12

1/3
m ' (dNCh/dn) Talk by Viktor Riabov
an i

4~\'
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5. Nuclei production and Searches for Exotica

Anti-a production in Pb-Pb Collisions

> E ..
S 10k D ALICE preliminary - First observed at RHIC in
S 4ok Pb-Pb s\ =2.76 TeV heavy-ion collisions
1 - 0-20% centrality
L » Production rates (dN/dy)
10 f follows expected
10°¢ exponential fall with mass
10°E
10_4; « Approximate 300x penalty
10_5§ factor for each added
c A1 A
ook B He baryon
= —— Ce®fit (x2/NDF = 0.22)
107 B =(-6.2 £0.2) ¢*/GeV « Characteristic slope:
_8 _I | 1111 | I | | I | | I I | | 1 1 1 1 | I | | 111 1 | 1111 [ ] ~ 2
10705 1 15 2 25 3 35 4 45 161 Mevic
m (GeV/c?)
®
a¥
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5. Nuclei production and Searches for Exotica

Hypertriton Production and Lifetime

>
& F @ 500F (T)
O E - Data e R. E. Phillips and J. Schneps === Free A (PDG) m
> 90 r g PR 180 (1969) 1307 3 )
g 80 E ALICE 1 0-500/0 - Backg rou nd -03 400 o G. Keyes et al. /\H World Average ;
— = PRD 1 (1970) 66 o
E - V = —_— : ) - STAR Collaboration <
g 70 '_Pb Pb SNN 276 TeV Combmed Flt 5 Science 328 (2010)58 C_LJ‘I
= - £ 800 ? ALCE| O
w __ 3 — 3_ + T bbbl bR LS EELLLELLELEELEELEEL CEERLEREE] AERLELERL CELEELEELELEELELLEELEL -@
o 60 “H— °He +x o P,
= - T o200+ Qo
E 50 C 00 G. Keyes et al. m m CA)‘I

LIJ L
» + NPB 67(1973)269 . w
— HypHI Collaboration —
- 100} ) P% fgfzring % )a/4 . NPA 913(2013)170 E’
F R. J. Prem and P. H. Steinberg Cll
= PR 136 (1964) B1803 10
: X,
100 - .
- 2<p<10GeVic Weak decay of the lightest hypernucleus:

O hl 1 1111 I | I 111 1 I 1111 I L1 11 | 1111 I 1
.98 2. .01 3.02 3. .04 3 3
98 299 3 3.01 3.02 3.03 3.0 /\I—I N I—Ie'ﬂ'

Invariant mass (*Hen*)(GeV/c? .
var (He.) ) Reconstructed via decay topology + 3He and m PID

N/
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5. Nuclei production and Searches for Exotica

Hypertriton Production and Lifetime

>
S . % 500F S
O s - Data % R. E. Phillps and J. Schneps == Free A (PDG) m
> 90:_ o £ PR 180 (1969) 1307 %1 World Averade Q)
g 30 E ALICE 10-50% = Background = 400} G. Keyes et . A g >
- = PRD 1 (1970) 66 P
- Pb-Pb \/S =276 TeV — i - p STAR Collaboration <
g 70 NN Combined Fit 5 300k Science 328 (2010)58 C_Lﬂ
2 6 OE N =S T AT IV ST Auce| O

1) = -H— "He +x* o .
= : § T o00f &
c 50 E G. Keyes et al. CA)‘I
L C w
— NPB 67(1973)269 HypHI Collaboration —
- 100F \ P% fgfzf:g % )a/4 . NPA 913(2013)170 E’
- R. J. Prem and P. H. Steinberg Cll
= PR 136 (1964) B1803 D
- X,
100 : ,
- 2<p<10GeVic Weak decay of the lightest hypernucleus:

Oh] 1 I 1111 I | I 111 1 I 1111 I L1 11 ] 1111 I 1
2.98 2. .01 3.02 3. .04 3 3
98 299 3 3.01 3.02 3.03 3.0 /\I—I RN He-”-

Invariant mass (*Hen*)(GeV/c? .
(He.) ) Reconstructed via decay topology + 3He and m PID

» Production Rates consistent with thermal models, T, = 156 MeV
« ...despite very low binding energy of 0.13 MeV
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5. Nuclei production and Searches for Exotica

Hypertriton Production and Lifetime

--Data
ALICE 10-50% = Background

Pb-Pb \s\, =2.76 TeV — Combined Fit

- -
H— SHe + nt*

[ll[]llll 1} IllllllIIIIIIIIIIIIIIIIIIIIIlllllllll

2=p<10 GeV/c

IllIlIIIIIIllllIIIllIllII]lIIlII

298299 3 3.013.02 3.03 3.04
Invariant mass (*He,x*)(GeV/c?)

Hypertriton Lifetime (ps)

500F

4001

300F

200¢

100

E
O
R. E. Phillips and J. Schneps === Free A (PDG) m
PR 180 (1969) 1307 3 Q
G. Keyes et al. 1H World Average ;
PRD 1 (1970) 66 =
STAR Collaboration <
Science 328 (2010)58 C_Lﬂ
¢ ALICE| O
------------------------------------------------------------------------- @
o
o
G. Keyes et al. CA)‘I
NPB 67(1973)269 W
HypHI Collaboration —
G. Bohm et al. NPA 913(2013)170 E’
NPB 16 (1970) 46 o
R. J. Prem and P. H. Steinberg -
PR 136 (1964) B1803 D
X
e

Weak decay of the lightest hypernucleus:

S\H — 3He n

Reconstructed via decay topology + 3He and m PID

» Production Rates consistent with thermal models, T, = 156 MeV
« ...despite very low binding energy of 0.13 MeV

« Lifetime measurement in line with that of other experiments
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BR x (dN/dy)
2 3

ALICE, arXiv:1506.07499 [nucl-ex]

10*

S"’é 10°

¥

5. Nuclei production and Searches for Exotica

Searches for Exotica

E ALICE i
= Pb-Pb i ¥ Upper limits (99% CL, 0-10% central)
T Sy =2.76 TeV i --- Thermal model prediction (156 MeV)
2 ; An : -'- Decay length of free A
3 ; i I I
4 E- I I ! I I I ! I
2 i
S EECETCTTEEPREPES LT T TP
-4 = I l ] l I ]
3
m

02 107 2x10 1 2
Decay length (m)

ALICE Pb-Pb |s,, =2.76 TeV (0-10% central)

Upper limit An (99% CL)

Preferred BR from theory

LY AL L

Upper limit H-dibaryon (99% CL)

Preferred BR from theory

0

0.2 0.4 0.6 0.8 1
Branching Ratio (BR)

« Searches for exotic particles
such as dibaryons:

An — d
M —=ANpm

UNICAMP
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5. Nuclei production and Searches for Exotica

Searches for Exotica

> = ALICE i

o - 1 ..

= = Pb-Pb i ¥ Upper limits (99% CL, 0-10% central)

S10" E{5,=276Tey |~ Thermal model predicton (166 MeV)
102 B AN -'= Decay length of free A

. Searches for exotic particles
LT o1l II such as dibaryons:

Lo LI Jaman

2x1072 10" 2x10 1 2
Decay length (m)

ALICE Pb-Pb |s,, =2.76 TeV (0-10% central)

* No signal observed in the weak
decay modes

Upper limit An (99% CL)

10° ¥

ALICE, arXiv:1506.07499 [nucl-ex]

4 Preferred BR f th . . .

- o * 99% confidence level limits are

> E . .

S significantly below thermal model

X0 b predictions

o B . .

o v Upper limit H-dibaryon (99% CL)

10 ? Prefeied BR from theory
(J 10-5 . . . I . . . I . . . I f . . L . . . 1

é‘"’é. 0 02 04 06 BranchiggsRatio (BR;
Y
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5. Nuclei production and Searches for Exotica

Searches for Exotica

> = ALICE i

o - 1 ..

= = Pb-Pb i ¥ Upper limits (99% CL, 0-10% central)

S10" E{5,=276Tey |~ Thermal model predicton (166 MeV)
102 B AN -'= Decay length of free A

. Searches for exotic particles
LT o1l II such as dibaryons:

Lo LI Jaman

2x1072 10" 2x10 1 2
Decay length (m)

ALICE Pb-Pb |s,, =2.76 TeV (0-10% central)

* No signal observed in the weak
decay modes

Upper limit An (99% CL)

10° ¥

Preferred BR from theory

ALICE, arXiv:1506.07499 [nucl-ex]

* 99% confidence level limits are
significantly below thermal model

predictions
Upper limit H-dibaryon (99% CL)

104 Preferred BR from th :
5 ?L ey e Talk by Francesco Barile '
\J 10- A A A ] A A A ] A A A ] A A A ] A A A 1 "
0 0.2 0.4 06 08 1
S"’é Branching Ratio (BR)
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6. Study of energy loss while traversing the medium

Nuclear Modification Factor

ALICE, PLB 720 (2013) 52

partons produced in high Q2

£ [ Tauce roroqan 2oty processes lose energy while
(| crarsedparices, <08 L il traversing the medium
! CPRED Causes modification (suppression)
I r i of high-pt production
L g Quantified via calculation of the
W AR — (Chenetal)hlgherdensny L )
107\ g™ o BN (TR = nuclear modification factor:
N MY AR == YaJEM-D (T.R.) ]
L = = €lastic (T.R)IargeP _
L @ ALICE (0-5%) - = = elastic (T.R)small P e AA
g ~mowsos IR fo i dN"™/dp,
0 10 20 30 40 50 AA:
Py (GeVie) coll dN PP/ dp T
R = 1 for hard processes in absence of nuclear effects
confirmed in Pb-Pb collisions at the LHC for direct y, Z°, W=
4‘\'
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6. Study of energy loss while traversing the medium

Nuclear Modification Factor

ALICE, PLB 720 (2013) 52

partons produced in high Q2

£ [ Tauce roroqan 2oty processes lose energy while
| crergedparicies <08 W m e traversing the medium
! = CPRED Causes modification (suppression)
I - M PR ot i of high-pt production
L A g wer donsi Quantified via calculation of the
e \ - “““ :HTE/(;;h'\ir;etal.) h|gherden5|ty_ L ) .
L - N - nuclear modification factor:
B MY AR == YaJEM-D (T.R.) _
L = = elastic (T.R.) large Pesc _
| ® ALICE (0-5%) - = elastic (T.R.) Sm:l” P o AA
g Cmowseso I RR S e dN/dp,
0 10 20 30 40 50 AA
P, (GeVic) N_,dN*/dp,
Spectra of charged particles are strongly suppressed over a
RN wide transverse momentum range in Pb-Pb collisions
a¥
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6. Study of energy loss while traversing the medium

Nuclear Modification Factor

arXiv:1506.07287v1 * partons produced in high Q?
S [T T T processes lose energy while
= N 4 traversing the medium
B ALICE O—5%_Pb—Pb Sun=2.76 TeV ]
08|~ K5 - ¢ Causes modification (suppression)
F Prr N 1 of high-pr production
B U e S
04 A :' _[11 + Quantified via calculation of the
o T dhe 5 nuclear modification factor:
N it i N
0”I.;_Hlélll”6II”8I”I1I0III1I2I”1I4”I1I6”'1I8”.20 dN /de
p, (GeV/c) AA:
Ncoll dep/de
....and the suppression factor is observed to be the same for
RN different particle species at p; > 10 GeV/c
5
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6. Study of energy loss while traversing the medium

Nuclear Modification Factor in p-Pb

ALICE, PRL 110 (2013) 082302
ALICE, EPJC 74 (2014) 3054

ALICE p-Pb \s,,=5.02 TeV, NSD
charged particles

PL L L L L L L L L L L L L L L L L r——-—— ———————

Vi

I|IIII|IIII|III|

N R

L NN -

7
III|IIII|IIII|IIII‘LIIIIIIII|IIII|II

1015 20 25 30 35 40 45 50
P, (GeV/c)

« p-Pb collisions can be used as a control experiment: hot
nuclear matter is absent, disentanglement of cold nuclear
matter and initial state effects from other phenomena

« No modification up to 50 GeV/c

Strangeness and Light Flavour with ALICE 20 ALICE



6. Study of energy loss while traversing the medium

Nuclear Modification Factor in p-Pb

ALICE, PRL 110 (2013) 082302

Ne) 2_ T T T | T T T I T T T | T T T | T T T | ]

. ALICE, EPJC 74 (2014) 3054 Q:% o minimum-bias p-Pb s, =5.02TeV ]
Q:nd 1 3 ALICE p-Pb ys,=5.02 TeV, NSD E s - charged jets ALICE Preliminary )
12 . charged particles 5 16 anti-k; R=04, |n_ |<0.5 -
CE T e - L 2 L 1 L3 L 1 1 1 § - -
1.1 —;: 1.4~ [—=*— charged hadrons, NSD, | |<0.3 -

1 e g H e - - a
09F 1 T + — 1.2 ]
= 1 = | - .
0.8E | S —— I 1H b
8'; _é 0.8 —
0.5 |77cmsI <03 p B P b —E 0.6 I normalization uncertainty reference +
T B D T T P e B N 3 Glauber (charged jets) ]
05 10 15 20 25 30 35 40 45 50 04 p P b =
GeV/C | 1 | | | | 1 1 | | | :

Py ( ) o S 40 60 80 00
p_ or pT’jet (GeV/c)

« p-Pb collisions can be used as a control experiment: hot
nuclear matter is absent, disentanglement of cold nuclear
matter and initial state effects from other phenomena
« No modification up to 50 GeV/c
AW - Jet measurements: no modification up to 100GeV/c
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6. Study of energy loss while t

raversing the medium

Nuclear Modification Factor in p-Pb

ALICE, PRL 110 (2013) 082302

0

ALICE, EPJC 74 (2014) 3054 oc%
= ALICE p-Pb |5,,=5.02 TeV, NSD E
= charged particles E
E SEEEFEEEEEEEEEEEwEwY EEETTTETEww 5
— = |
= :
G B e SREEEE —
= I |
= L S . S |
'"cm'<°-3 p-Pb _§
po v v v v b v v by v b v Lo v Ly ay -

o

A
4‘\'

UNICAMP

10 15 20 25 30 35 40 45 50

P, (GeV/c)

2_ T T T | T T T I T T T I T T T | T T T | ]
1 8: minimum-bias p-Pb \s,, =5.02 TeV
"I = charged jets ALICE Preliminary .
1-6:— anti-k; R=0.4,|n_[<0.5 E
1.4~ [—=*— charged hadrons, NSD, |7 |<0.3 -
1.2F, -
)E

0.8 _:
0.6 uncertainty reference +
04 I normalization I Glauber (charged jets) N
| 1 | | | | 1 1 | | | Bl

0.5 40 60 80 00
p_ or pT’jet (GeV/c)

p-Pb collisions can be used as a control experiment: hot

nuclear matter is absent, disentanglement of cold nuclear
matter and initial state effects from nther nhennmena

No modification up to 50 GeV/c
Jet measurements: no modificati

Talk by Giacomo Volpe
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Summary (1)

1. Signatures of Collective Behaviour
= |n Pb-Pb, indicative of hydrodynamics evolution
» QObserved to a lesser degree in pp, p-Pb: Further studies warranted?

2. Strangeness Enhancement
= Seen clearly in Pb-Pb, evolution of ratios observed in p-Pb
= Measurement of interest: how does pp evolve with multiplicity?
= Answer will come soon, also using Run |l data at 13 TeV!

3. Thermally Equilibrated Particle Production
= QObserved to be a good description of Pb-Pb data
= Where does the description fail? Clues on hadronic phase

4. Understanding the Late Hadronic Stage
= Resonances as probes: lifetime(s) comparable of that of the fireball
» [ntermediate lifetime resonance measurements ongoing

n ®
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Summary (1)

5. Nuclei and Exotica Measurements
= 3He, He, 3\H in Pb-Pb: consistent with thermal model expectations
= Exotica Seaches: An and AA dibaryons unlikely to exist

6. Energy Loss in the Medium
= [},, shows significant suppression in Pb-Pb up to very large p;

= R,pp: NO suppression if no hot nuclear matter present

t Stax tuned for results from Run |l at Iarger energies! ‘

N/
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Summary (1)

5. Nuclei and Exotica Measurements
= 3He, He, 3\H in Pb-Pb: consistent with thermal model expectations
= Exotica Seaches: An and AA dibaryons unlikely to exist

6. Energy Loss in the Medium
= [},, shows significant suppression in Pb-Pb up to very large p;

= R,pp: NO suppression if no hot nuclear matter present

. Stay tuned fo resutsfrom Fun I at arger energes!
_ Thenkyou!
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Backup
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Baryon/Meson

Ratios Compared
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 ® « p/ (rebinned)
‘ #L o O/t X4.8
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Particle Identification: (dE/dx)

700F = T

600 ' S Pb-Pb \S=2.76TeV

500}

400f

ITS dE/dx (keV/300m)

02 0304 1 2 3 45
p (GeV/c)

%07 0.1

ALI-PUB-72353

ITS: PID at low pT
PID via dE/dx in silicon
Up to 4 samples, 0 ~10-15%
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Particle Identification: (dE/dx)

£ 700 T
=5 - ek o
S s00fF : S PoRbyseRTeTev
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TPC: Main Tracking Detector g 400 T\ S
PID via dE/dx in gas 2 00\ FHEEE \ |
Up to 159 samples, 0 ~6% 200f 3
100}
e
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& 2003 —
g :ZZ Pb-Pb @,=2.76Tev__5
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S |
O
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PID via Time Of Flight Measurement

ey 2 P R R A SR '3"";1;—.'1."‘1;-'1-.'!-' PR _9 LI LN BN BN LI L L NN L |_1_
S 16000 “Alice ¥ ]
I 814000 pp, Vs =7 TeV ‘ 1.9< pT <2.0 GeV/C_:
O 12000 ‘ =
o 10000 —+- Data _;
& S Y ¢ B U nt =
ok | auce | o0 Tk z
" % oaon0te ] 6000 —p =
: 2000 =
0.5 S i 0 S—
R T R S T -1000 -500 0 500 1000 1500 2000
p (GeV/c) At (ps)
TOF: PID at intermediate momenta
PID via time-of-flight technique
0 < 100 ps
30 K/mm separation up to 2.5 GeV/c
A 30 p/m separation up to 3.0 GeV/c
Y - .
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PID via Time Of Flight Measurement
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Combination of <dE/dx) in TPC and time of
flight allows for further distinction of nuclei

0 1000 1500 2000

At (ps)
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PID via Cherenkov Radiation

High Momentum PID Detector

—~ 0.8
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30 proton separation up to 5 GeV/c ~ Cherenkov angle (6 ) (rad)
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10%

Thermal model predictions for Exotica

ALICE Pb-Pb |s,, =2.76 TeV (0-10% central)

Upper limit An (99% CL)

Preferred BR from theory

Preferred BR from theory

Branching Ratio (BR)

Blue: GSI-Heidelberg Model [1] for
156 MeV (dashed), 164 MeV (solid)
Green: Non-equilibrium thermal
model [2]

. Hybrid UrQMD calculation [3]
Red: Coalescence models, quark
coalescence (solid) and hadron
coalescence (dashed) [4]
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