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3. The ALICE experiment
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i.e., at least one charged particle L. .
within 8 units of n pp min. bias trigger:

T VO-A | SPD | VO-C

ITS SSD

- ' ITS SDD
-
~= a\ ITS SPD
— = —

FMD

V0 and TO
(C side)

dipole magnet
ZDC

. . PMD

V0 and TO
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muon tracking
(2.5<n<4)
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Inner Tracking System (ITS)

e 6 layers silicon
» 2 pixel detectors (SPD)
» 2 drift detectors (SDD)
» 2 strip detector (SSD)

e Reconstruction of primary
vertex (o < 100 um )

e Secondary vertex, e.g., for

heavy-quark measurements
(see next slide) =



Reconstruction of Particles with c and b Quarks via
Displaced Vertices

secondary vertex TS

primary vertex

D% ct =122.9 um, D*~: ct =311.8 um
BO: ct =455.4 um, B*/: ct =492.0 um
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TPC and TRD

Time Projection Chamber (TPC)

Installation of the
first TRD supermodule | = |
(October 2006) -

.



B




The ALICE-TPC:
The World‘s Largest Time Projection Chamber (TPC)

drift field: £=400V/cm  ~90 m? gas: Ne/CO,/N;
drift time: 92 ps (500 bins) =

Radius: 85 cm — 247 cm

Inner
Readout
Chamber

Outer

Readout Iy

Chamber [ it "HI‘
1) | |

=  Track position and momentum
(br=0.3:B-r,
BinT, rinm, prin GeV/c)

Readout via Multi-Wire icle id 1z ) )
| Proportional Chambers, = Particle identification via

in total 560 000 Channels specific energy loss (dE/dx)
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The Transition Radiation Detector (TRD)

task: electron id by TR:

JJO,Y > ete

D, B = e + anything (semi-leptonic)
trigger on high p, electrons

* 540 chambers /18 supermodules

* total area: 694 m?

* gas volume: 25.8 m3 (Xe-CO,, 85:15)
* resolution (r¢): 400 um

e 1.15 M readout channels

90% funded by Germany: GSI, Univ. DA, HD, FRA, MS, FH Cologne, Worms
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Transition Radiation (TR)

Drawing: PhD thesis S. Fopp

TR-Photon

EJ_
0=1/Y
‘:’ ) @}‘:’ gelad. Teilchen
Ey a few keV
€, g forY>>1
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Momentum (GeV/c)

A. Andronic, J. Wessel,
Transition Radiation Detectors, 2011

e Charged particles emit transition radiation
when they cross boundaries of media with
different dielectric constants €

* Small probability for emission at single
surface (~ a=1/137) = many boundaries

e Significant TR photon production only for
charged particles with Lorentz factor
y > 1000
= only electrons emit TR in the relevant
momentum range 1 < p < 100 GeV/c

Typical TR radiators:

> g

LSy wT =
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http://arxiv.org/abs/1111.4188v1
http://arxiv.org/abs/1111.4188v1

TRD — Signal Generation

cathocje pads pion electron I : T = [ .
o e 120~ O edE/dx+TR =
amplification o k ]
7 \ \ 7 region p e dE/dx
anode \\ ' , . JITTVWN ¢ A .
wires 7 ‘ ‘IW - I 100
o
v o
cat_hgde 80|
wires
drift i
| region 60|
j Z‘ 40
primary || ||| [1HHH+ , Dy
clusters | [T+ |f {4 hamber
20 2 GeV/
pih-ia , | f el f
y ) 1 0 . 1 l ] Ll 1 | - 1
/ Radiator |7 0 0.5 1 1.5 2 2.5 3
74 k . .
/ / Drift time (us)

pion TR photon electron

* Charged particles induce a signal in the detector
e Electrons: transition radiation + higher dE/dx

* Goal of Electron ID in ALICE: misidentified pions 1 % or less
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Particle identification via dE/dx and Time-of-Flight

—

e dE/dxinTPC a e
» Up to 159 samples |
. 3
» Resolution ~ 5% 10
e dE/dxinITS
10?
» Low momentum reach (@\
e Time of Flight by TOF \ E
. 0.4— , ; ALICE Performance 10
» 30 separation: 7 15/05/2011
03’ r— N
- 4] TOF PID - Pb-Pb,\/s,,,=2.76 TeV, min. bias
» T1/Kup to 2.5 GeV/c N SRR T A 1
» p/Kupto4.0GeV/c 0 ! £ : 4 > 6 ! 8 oGevie)
= 700
3 200 " ALIGE Pefiarinancs 5 ©
[= ‘'« Pb-Pbi\ s\, = 2.76 TeV min. bias S 600 W o
S L 1 18/05/2011 | 3 !
Ko) P = = ALICE Performance
o 150 ) S00E _ 2/6/2011
= % ITS stand-alone tracks
g PbPb @\'s = 2.76 TeV (2010 data) 102
w
O
o
|_

10

p (GeVic) . = 1 b (GeVic)



Summary on ALICE: Excellent Momentum Reconstruction
and Particle ID Capabilities at Low pr

ALICE designed for Heavy-lon collisions

Robust tracking over larger prrange (~0.1 GeV < pr< 100 GeV)

» many space points per track
» low material budget (~ 11.4% Xo for R< 2.5 m and |n| < 0.9)
» moderate magnetic field (0.5 T)

e Excellent vertexing (6 layers of Si) for charm & beauty

e PID over large prrange

» ‘Stable’ hadrons (11, K, p): 100 MeV < p < (few 10 GeV):
dE/dx in silicon (ITS) and gas (TPC) + time-of-flight (TOF) + Cherenkov
(RICH)
» Decay topologies: Kinks (K*, K) [e.g., K —p+Vv] and
invariant mass analysis of decay products (Ks%, A, @, D, ...):
Secondary vertex reconstruction

» Leptons (e, p), photons, n, T°:
Electrons TRD: p > 1 GeV, muons: p > 5 GeV, 1% in PHOS/EMCal
and via conversions
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4. Basics of Heavy-lon Collisions

18 Advanced Topics in Particle Physics: LHC Physics - Heavy-lon Physics Klaus Reygers



Ultra-Relativistic Nucleus-Nucleus Collisions: Many
Aspects Controlled by Nuclear Geometry

" Ultra-relativistic energies

¢ De Broglie wave length much smaller
than size of the nucleon

* Wave character of the nucleon can be
neglected for the estimation of the . ,
total cross section T

® Nucleus-Nucleus collision can be

considered as a collision of two black doA+B
disks n Tinel . _ oy,
dain;*_l db

RAzro-AIB, ro = 1,2fm o 1

oATB ~ G 7r7‘(2,(A1/3 - Bl/?’)2

inel

>

A~
bmax ~ RA -+ RB
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Stopping in Nucleon-Nucleon Collisions

- > Z ._ P2 E MT _y—yo
O === @--= Feynman-x Zp := = ~ e
Pz,0 Ep 4 M
Longitudinal momentum before collisions: pz,0 -mff
. i Y~ 2 oY
Longitudinal momentum after collisions: P E~ 5 €
102 —
e e ey A i T dn, _ Gy, d2F x e¥—Yo
o — 100 CeV/c —
: prp—p+X — 3 0oL dy dzr, dy
P ~~ constant
£ - /
; ¥ Feynman-x distribution of the leading
3 i — . .
Y : A L —— proton is approximately constant.
8 o
- b r) 1 OJO Yo
[ yev¥ody
-0
’0' ada st oo Ak A Add Al Akl bl P ekl <y>% yo =y0—1
0.0 0.1 02 03 04 05 06 07 08 09 1.0
— 00

On average, a proton loses about one unit of rapidity (Ay = 1)

In an inelastic p+p collision (approximately independent of the initial energy)
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Two Extreme Pictures: Landau and Bjorken Model

Anfangszustand

111 llllllllllll'lll'llllYllll 111

Landau-Szenario

/lﬁ\\
L 11 Illllllllllllllllllh&[l

dN/dy

Bjorken-Szenario
)/lllllllllll [

Yia rg Ym id yp roj
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® |Landau scenario

¢+ Complete stopping of the nuclei

¢ |nitial condition for
hydrodynamic expansion

_ t )
‘/0 - "/r:‘lleeus/’)CI\fIS I
2R
g0 = VsV l
- . —
" Bjorken scenario 2R/~

¢ transparency

* flat rapidity distribution

Complete stopping of the nuclei in central
collisions up to Vs ~ 5 - 10 GeV,

transparency (baryon-free QGP at central
rapidities) for Vs, > ~ 100 GeV

Klaus Reygers



Stopping in A+A Collisions

Brahms, PRL 93:102301, 2004

s — 4 Au+Au at
80 (ES02.E877. EO1T) s ;\\ : \c AN /dy ncl-Bnryn'n's. %\ P \lsm =200 GeV:
= | msSpPs : A N (8y)=2
S [ a9 LY b . \: F
S OO o rHIC V } o vn- u.#* 1“-.‘ \ v
08 (BRAHMS) RHICY, Z +
DT : < 2R\ %
= 40_— = \&\ ‘..--
%‘ R » ‘§ \ A
Z: ol oy 5 l\\ o
- 20'.— ¢'¢ : ‘ M V\\ - ""’ Eo17 V¥ BERAHMS maximnum
3 e g R
0...1...‘..!...' 1 0-‘.'...l....l....l....l....l....
-4 -2 0 2 4 1 2 3 4 5
yCM Yo
Stopping inferred from rapidity distribution of net-baryons (baryons-antibaryons)
Y dNg_pz
(6y) = yp — (v) y——= dy X
Npart dy MC generator used
to go from the measured
Average energy per net baryon: T L e
) 4
1 dNp_ &
FE = / (m7) cosh y—23=8B qy ~ 27 + 6GeV
Npart dy

Thus, the average energy loss of a nucleon in central Au+tAu@200GeV is 73 + 6 GeV
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Particle Multiplicities in p+A Collisions

®  Proton-nucleon collision 30 — , .
-
¢ Example: z& (Np+a) _ 14 Neon .
< N R
o— o000 - | N y
’i 25+ y
Ncoll = 3’ Npan =4 b4 /

" How do particle multiplicities
scale? With Npa LorN_7 20 +

" Observation: Particle
multiplicities scale with Npan

1.5+
N, 200 GeV/e
—~ part
(Np+a) & 5 (Np+p) ; s P
A xm*
10 k- v o« T |
(Wounded Nucleon Model) L L A
I 2 3 a
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Npart and Ncoi in Nucleus-Nucleus Collisions

Charged Particle Multiplicity (N_,)
or transverse energy (E,) at \ / 2. b Spectators

central rapidities

Energy in beam
direction (E,.)

: K ‘ l \ Participants
"  Centrality can be described via

+« N :number of inelastic nucleon-nucleon collisions

coll
. Npan: number of nucleons which underwent at least one inelastic nucleon-
nucleon collisions

" This simplifies the comparison between theory and experiment and between
different experiments

" Typically not directly measured but determined from Glauber calculations
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Vsnn Dependence of the Charged Particle Multiplicity
in p+p and Central A+A Collisions

" @ PbPb(0-5 %) ALICE A pp NSD ALICE
10— = PbPb(0-5 %) NA50 o pp NSD CMS
- A AuAu(0-5%) BRAHMS + pp NSD CDF
=~ _ % AuAu(0-5%) PHENIX ¢ pp NSD UA5 oc §O1°
8 8|~ [ AuAu(0-5%)STAR % pp NSD UA1
< -V AuAu(0-6 %) PHOBOS x pp NSD STAR
m b
S 6l
> -
= -
3 _
41—
=
E -
2 _—
0 B 1 1 1 1 | | I 1 1 1 1 L1 1.1l I
102 10°
Syn (GeV)

® From Vsyn = 200 GeV (Au+Au, RHIC) to Vsyn = 2760 GeV (Pb+Pb, LHC) the charged
particle multiplicity increases by about a factor 2.2.

e Stronger increase with Vs in central A+A than in p+p
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Charged Particle Pseudorapidity Distributions
in Au+Au Collisions at 19.4 and 200 GeV

"=  Multiplicity increases
with centrality

n Npan scaling only
approximately satisfied

" Total charged particles
multiplicity in central
Au+Au at 200 GeV-

= 5000

w -

dN,,/dn/(N_, /2)
N

| ' I !

I I ] 1

! [ ' |

|
A A e 200 GeV 0-6% |
-+ o 200 GeV 35-40%
u u <N >=340 " 19.6 GeV 0-6%
part o 19.6 GeV 35-40%
o"““o"o’.‘“mo.
. .
0. 0000000000000000000000 e
e o <N >=100 o e —
0 part o
QOO o.
o o
° g
o° b
80 .-lll- e —
® e ooo~ooooon B ¢
s BBDD D;. . .
o8 . . eo
Og ) " ® —]
oce DE .- 0
Oe Ong %0 oo [ s}
:BUUDDDQ:’DiI' .I.D DOC'DD:: 7
- ]
| -!l.q.. 1 | | | 1 ..P..!- I
6 4 =2 0 2 4 6
n
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Npart Dependence of dN¢w/dn at RHIC and LHC

ALICE: http://link.aps.org/doi/10.1103/PhysRevLett.106.032301

[ 0 1s 3
- —] -
‘T: B G ne a! @ 7 I
: y Ged 1 |£
EL e 1,
6 i Bl
—_ =] 1 =
S Iy
§_ - * ¢ ] 2 8
< | O Pb-Pb276TeVALICE 0©Au-Au 0.2TeV - i:’
= i i
T 2 * ppNSD276TeV 11 3
%" i % pp Inel 2.76 TeV ] %o
~ [ P Ll Cl L1 =~
0 100 200 300 400
< Npart>

Same shape of yield/participant at RHIC and LHC
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http://link.aps.org/doi/10.1103/PhysRevLett.106.032301
http://link.aps.org/doi/10.1103/PhysRevLett.106.032301

Transverse Energy ()

o e Theoretically defined as
W10 thy, Au+ Auat /syn = 200 GeV
c V|
.9 3: partlcles > -
L?.lmz 2 [ 3¢ mT,i:\/mi+pT,i
= 107}
E"’ | e Often calculated as
1 : Lt ,‘ Ll R pamcles
0 10 20 30 40 50 60 70 Z E, -sind,
E,(EMC) (GeV)
0 100 200 300 400 500 600
dE/dnl, _, (GeV) where E; is by convention taken as

the kinetic energy for nucleons and
the total energy for all other
particles
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Transverse Energy at RHIC and LHC

e ALICE: Hadronic transverse energy
measured with barrel tracking
detectors

» Model dependent correction

» (f~ 0.55) to convert into total
transverse energy

e From RHICto LHC
» Similar centrality dependence
» 2.5 increase in dEt/dn/Npart
» ~2.7 increase in dEt/dn
» Consistent with increase of <pr>

(GeV)

part

dE,/d1/0.5 N

- (*2)
[I I_‘I l#l T : I T T T I T L

N
T T T l T T T

12 had,
= ALICE (from EM*; f _=0.55)
» STARX2.5
107+ pHENIXx25 .
. -‘} .
8 % i% i B

% ;{:}Eﬁﬂ 3

(]

Iai Y |

ALICE Preliminary

PbPb @\/'s=2.76 TeV
| L | n 1 l

o

100 200
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Space-Time Evolution: Bjorken Model

Velocity of the local system at position z
/t at time t:

/ — A
-~
i

#
— —p Proper time 71in this system:

In the Bjorken model all thermodynamic
quantities only depend on 1, e.g., the
particle density:

n(t, z) = n(7)

! > i : ! ! This leads to a constant rapidity density
of the produced particles (at least at
y central rapidities):
dN.p
dy
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Bjorken‘s Estimate of the Initial Energy Density

. I Total energy in central slice [0,dz] at time 7 =7 :

1 11{1 I E=N-: (mT cosh y) |y=0 =N - (mT)

. 'é- % Energy density:

h * 0. g. a o

o * (mr) AN (mr) AN dy

o* Eo Y €= N = _~
©° ° g. .’ /A dk z=0 A dy y=0 d/.' z=0
R B transverse area

1D Bjorken flow: relation between

E arme
z=0 dz / z position of a slice and rapidity y
J. D. Bjorken, 1

Phys. Rev. D, 27, 140 (1983) (— link) 3 — atanh(z/7) = dy T/
— 22T

_1 E
_7' T

dz

z=0 z=0

Bjorken formula for the initial energy density:

(mT) dN
t« —
A-1p dy

y=0

Thermalization time 1, = 1 fm/c (with large uncertainties)
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Energy Densities in Central A+A Collisions
at RHIC and LHC

I dE 1 dE dE

gl = , A=m-R;, =140 fm*>, —L = 1600 GeV
A-T dy A T dn dn

—> =11 GeV/fm’ fort=1fm/c

central

N gLHC . TLHC ~ (2.0 tO 2 5) . SRHIC . TRHIC
nucl-ex/0409015

A + JJFF -
R i'ﬂf‘{. ] S Ml RC 2 00t025)-& .1

TN
PH -ENIX

In central A+A collisions at SPS, RHIC

I\D
T T T

4

> €pjorken (GEV / fM3)

. +# pot : from lattice QCD ] and LHC energies the eshmatgo! initial

I é* | energy density is above the critical

o0 200 300 N ' value of about 0.7 GeV/fm3 for the
fort=1fmlc part QGP<>HG transition
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Glauber Model: Basic Assumptions

Glauber model for nucleus-nucleus
collisions

" Nucleons travel on straight
trajectories (after a nucleon-nucleon
collisions)

" Nucleon-nucleon cross section is
independent of the number of
collisions a nucleon underwent
before

" |nput: density profile of the nucleus
and inelastic nucleon-nucleon
cross section

Nobel prize in physics 2005 for Review article:

his contributions to quantum optics Glauber modeling in high energy
nuclear collisions, 2007
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Glauber Model: Nuclear Geometry

Woods-Saxon nuclear density profile: Nucleus 1A Rifm) __la(m) Iw
c 12 2.47 0 0
2 /2 o 16| 2.608| 0.513] -0.051
o(r) = po (1 +wr®/R?) Al 2711 307 0519 0
Ca 40 3.76| 0586 -0.161
Ni 58| 4.309] 0516 -0.1308
Cu 63 42| 059 0
. w 186 6.51|  0.535 0
o | Au 197 6.38| 0.535 0
o 1 Pb 208 6.68|  0.546 0
! ] 238 6.68 0.6 0
I H. DeVries, C.W. De Jager, C. DeVries, 1987
05
I " Woods-Saxon parameters typically
: from e -nucleus scattering (sensitive
ol to charge distribution only)
0

= Difference between neutron and
proton distribution small and typically
neglected
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Glauber Model:
Number of Nucleon-Nucleon Collisions

side view: transverse plane: Nuclear thickness function:
Ta(3) := [ pa(s,z)dz
N\ ]H A Normalization:
mumm AT b 7 | S
T ‘ / Ta(5)d%s = A
Nucleon “luminosity” at S dTag(5) = Ta(3) - Te(5 — b) d%s
Nuclear overlap function: Tag(b) == /TA(é') - T(8 — #) d?s
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Glauber Model: Number of Participants

Probability that a “test nucleon” from nucleus A collides with
a certain nucleon from nucleus B:

Pint = Tp(5—b) - ohoeF

Probability that a “test nucleon” from nucleus A collides with
none of the B nucleons of nucleus B:

(1 —pint)Z = (1 — Ta(3—b) - oP7P)B

definition: inel
. . Probability that a “test nucleon” undergoes at least one
Tp (%) := 18(7)/B inelastic nucleon-nucleon collision:
1—(1—Tp(5—10)-oPiP)B

Number of participants in nucleus A:
palt > T "1/ ( ) ' (1 o (l o ]ﬂB(’Q I;) Eielp)B> (128
Total mean number of participants for A+B collisions with impact parameter b:

/ N Pa‘t < \vp’ut ) < \vp’ut (b) >
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Glauber Model: Monte Carlo Approach

37

In practice, most experiments use
Glauber Monte Carlo models to
determine Npart and Ncoll

Nucleons distributed according to
Woods-Saxon distribution

Impact parameter randomly drawn
from do/db = 21b

A collision between two nucleons
takes place if their distance d in the
transverse plane satisfied

/ NN
d S o-inel/ﬂ-

Advanced Topics in Particle Physics: LHC Physics - Heavy-lon Physics

Glauber Monte Carlo event
Transverse plane

E fb=90m
= |
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<Npart(b)> and <Ncoi(b)> from Glauber MC

1200} Au+Au at\[s, =200 GeV

coll

-
o
o
o

N
o
o
I N N
l | l | |

<Nca(b)>

<N,,.(b)> <N_ (b)>

o )
0 2 4 6 8 10 12 14

Impact parameter b (fm)

_ _— 4/3
Approximate relation: N_.o;1 o sz{rt
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ALICE: <Npart> and <Nq > for Experimentally Defined
Centrality Classes

lllllllll'lllllllllllll

10?

10

Events

107

10?2

+ Data 102k -

—— @Glauber fit M

N ‘I S

MW 0 100-7‘:

=

2l 2| 2 .

82| %F| 3 -

29| 8 & B
Il L 1 ll L 1 s l L 1 L ' l i L L L A I L L L

5000 10000 15000 20000

VZERO Amplitude (a.u.)

Centrality dNg/dn (Npan)

0%—5% 1601 = 60 382.8 *3.1
5%—-10% 1294 = 49 3297 £ 4.6
109%-20% 966 = 37 260.5 = 4.4
209%-30% 649 =23 186.4 +3.9
309%-40% 426 =15 1289 %33
40%—-50% 261 =9 85.0 £ 2.6
50%—60% 149 = 6 528 £2.0
60%—-70% 76 = 4 300 1.3
70%-80% 352 15.8 0.6

Measured multiplicity distribution described within the Glauber model by
assuming a certain centrality dependence for the number of ancestor particles, e.g.

Nancestors — f ) lvpart + (1 - f) : ]\Tcoll

Each ancestor than “produces” charged particles according to a Negative
Binomial Distribution (NBD). The same centrality cuts as used for real data are
then applied to the simulated multiplicity in order to obtain <Npa ~>and <N_ > for

a given centrality class.
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Constituent Quark Participants

>

L]

(8]
T

5 S. Eremin, S. Voloshin,
A s Phys.Rev. C67 (2003) 064905
‘g’ . N
% 2. A - Vs=200 Gev
~ ® - s=130 Gev
G
3 A
~ AAdA A A -A
1.5¢ oo & & § A A A
: 00O % 8 8
1F
i | Lol | | | 0.5
1% 10 5 0 5 10 15 :
x (fm) 00 50 100 150 200 250 300 350
NN-part

e Particle multiplicity scales linearly with number of quark
participants
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Basics of Heavy-lon Collisions: Points to Take Home

e Stopping: The participating nucleons lose on average two units of
rapidity in central Au+Au collisions at RHIC

e Centrality in A+A collisions often characterized by Npart and Ncoi
(from Glauber calculations)

e Bjorken's estimate for the initial energy density of the fireball

1 dET
A1 dy

£

y=0

e Already in central A+A collisions at CERN SPS energies this
estimate yields energy densities above the critical energy density
of ec = 0.7 GeV/fm?3 expected for the QGP transition
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5. Hadron Abundances and the Statistical Model

42 Advanced Topics in Particle Physics: LHC Physics - Heavy-lon Physics Klaus Reygers



The Concept of Hadrochemical Freeze-out

e “chemical” or “hadrochemical
K p, .. /A freeze-out”:
T

time
P f » abundancies of hadrons are
: frozen in — no more inelastic

scattering
» RHIC: Teh = 160 - 170 MeV

Mid Rapidity

e ‘“kinetic” or “thermal freeze-out”:

» happens when mean free path

Hydrodynamic o becomes large as compared to
Phase (< 1)) inter-particle distance

= o o o
a) without QGP / \ by with QGP z » Elastic interactions cease and
/ \ momentum distributions are
B frozen

A
»  RHIC: T{o = 110 - 130 MeV
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Chemical Freeze-out Temperatures and Hadron Yields

- oy

20 i

= - - —
Masse Masse

Assume phase space is filled thermally (Boltzmann) at
hadronization. Abundance of hadrons then given by:

Yield o< m>*exp(—m / T)

l.e., yield determined by temperature (and density) at time of
production of hadrons = hadronization
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Strangeness Suppression in pp and e*e’

3
10 T T i ¥

e Particle yields fall exponentially
! p+p at Vs = 52.5 GeV |

with particle mass

e (Clear separation between
strange and non-strange mesons

e Line that connects strange
mesons about a factor 3 below
the one for non-strange mesons
— strangeness suppression

O [mb]

e ,double strangeness
suppression” for ¢ = (ss)

0.5 10 1.5 2.0
M [GeV)
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Enhanced Strangeness Production as a QGP Signal in
Heavy-lon Collisions

e |n a QGP strangeness gets
into equilibrium on a fast

time scale
(J. Rafelski, B. Mueller, Phys.
Rev. Lett. 48 (1982) 1066)

——— — ——— r— — o — —

e There should be more
strangeness in heavy-ion
collisions than in
elementary collisions if a
QGP is formed

0 B ——
e Enhanced production of \U-ZL 10-23 ]0-22
t(sec]
strange hadrons one of
the earliest predicted Ratio of strange quark to baryon number abundance

in a QGP for various temperatures

signature of QGP
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Strangeness Production in Pb+Pb at 2.76 TeV

o o
Q Pb-Pb at\'s,,, = 2.76 TeV Q.
o [T @ g
reliminary : )

2 2 A Q4O
10wz 158100 w3z ;
© | 1o | i
A 1 A } E -
) =4 i = i
z8 i 0 z8 (I
Y, = v } Ll
© ©
S ' s "
> 1:| """"""""""""""""" 1> g r

i l llll 1 ] 1 llllllll L 1 l

1 10 102 1 10 102

<Npan> <Npan>

ALI-PREL-11350

e Strangeness production in A+A indeed enhanced with respect to p+p

e Let's see if this can be described with statistical particle production ...
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Grand canonical ensemble and application to data from
high energy heavy ion collisions

Particle densities:

8; [ p’dp

21 Y0 exp((E, — 1)/ T)£1

For every conserved quantum number there is a chemical potential:
H; = UgB; + .usii T H, 11’3

baryon number strangeness third component of isospin /

n=N/V=

Conservation laws constrain V, us, Ws:

VZnB Z+N -V Fit at each energy

VZn B provides values for
. the free parameters

Z Z-N
VZn > U, T and py
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Hadron Abundancies in Pb+Pb Collisions at 2.76 TeV

Pb-Pb \Sy =276 TeV -

iﬁffﬁﬁfff
'

10

re

1 lllllll‘ L.l ll.lllll Liasad lll“ll 1

particle ratio

LU PULLEE L

Preliimin;ary

10-2 g - : -

S B

10° I Data ALICE 020% (preltmlnary) +

LI IIIIIII

_T 164MeVu—1MeV

104
K'nt Kix  pltt pit Elt T Qv Qv

e Allyields, except protons, follow thermal model prediction for grand-canonical
ensemble and Tch = 164 MeV

e Measured proton/pion ratio below thermal model expectation

e Strange particles perfectly agree with thermal model expectation
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T and L vs. Vsnn
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Freeze-out temperatures saturate at a
value T = 160 MeV

Chemical equilibrium likely related to
rapid density change due to the phase
transition
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