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Measuring strangeness with ALICE

Physics motivation

d  Why measuring Strangeness:
» no net strangeness content in the colliding system
» strange quark relatively light and abundantly produced
- handle on the particle production mechanisms
- understanding hadrochemistry of the system

ALICE
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Measuring strangeness with ALICE %
Physics motivation
y ALICE
d  Why measuring Strangeness:
» no net strangeness content in the colliding system
» strange quark relatively light and abundantly produced

- handle on the particle production mechanisms
- understanding hadrochemistry of the system

d Strangeness in pp collisions:

» benchmark for heavy-ion physics
» handle on particle production mechanisms
- low and medium p; (< 6 GeV/c): soft interactions
- high p; (> 6 GeV/c): high transferred momenta (pQCD)
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Measuring strangeness with ALICE

Physics motivation ALICE

d  Why measuring Strangeness:
» no net strangeness content in the colliding system
» strange quark relatively light and abundantly produced
- handle on the particle production mechanisms
- understanding hadrochemistry of the system

d Strangeness in pp collisions:

» benchmark for heavy-ion physics
» handle on particle production mechanisms
- low and medium p; (< 6 GeV/c): soft interactions
- high p; (> 6 GeV/c): high transferred momenta (pQCD)
» constrain QCD-inspired models (eg PYTHIA)
» strangeness production vs. charged multiplicity INFN
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Measuring strangeness with ALICE %
Physics motivation
y ALICE
 Strangeness in Pb-PDb collisions:
» strange quarks light enough to be produced thermally in QGP:

—> compare production rates with the thermal model predictions
- check if strangeness production enhanced in Pb-Pb wrt pp
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Measuring strangeness with ALICE %
Y

Physics motivation

 Strangeness in Pb-PDb collisions:
» strange quarks light enough to be produced thermally in QGP:
—> compare production rates with the thermal model predictions
- check if strangeness production enhanced in Pb-Pb wrt pp
» insights in the whole evolution of the system, eqg:

ALICE

Wk f / o Multi-strange baryons spectra:
§ small hadronic cross section, early decoupling
—> probe early (pre-equilibrium) stages

Mid Rapidity

Strange particle flow:
—> probe hydrodynamics (thermalization)

QGP

Hydrodynamic “Phase
Evolution :z::sEeq;Ji”?:)i”m AI SO:
2) without QGP / \ swnaee = High pr spectra (Rya), Resonances, Nf,?
' /4\\ Jet flavour content ... e
B
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Measuring strangeness with ALICE

Experimental apparatus

Drift

ALICE
A Large lon Collider Experiment at the LHC
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Measuring strangeness with ALICE

Experimental apparatus

Drift

Strip

ALICE
Low material budget in the central region
Complementary particle identification techniques
—> measure strange particles over a broad momentum range

ACORDE

Pixel

(ABSORBER )
TRACKING
CHAMBERS
MUON
FILTER

DIPOLE
MAGNET
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Measuring strangeness with ALICE

Experimental apparatus

Drift

Strip Pixel

ALICE
ITS, TPC: tracking detectors
TPC: particle identification via dE/dx

ITS, VZERQO: triggering and centrality definition

(ABSORBER )
TRACKING
CHAMBERS
MUON
FILTER

DIPOLE
MAGNET
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Measuring strangeness with ALICE
Strange particle detection S

Reconstruction of weak decays into charged particles:
Single-strange
K — nt+n (BR.69.2%)

A — p+n~ (BR.63.9%)
A—p+nt (BR.63.9%)

ITS (4<R<44<.:m)»

Multi-strange

TPC : E;_)§+”__>p+n_+n_ (B.R.63.9%)
(R % 85(:m) = —wA+nt —p+at+nt (BR.63.9%)
Q —A+K —p+n +K (BR.43.3%)

Q SA+K" —>Pp+rt+Kt (BR.433%)

7 Istituto Nazionale
................
Sezione di Bari

Pb-Pb 5.5 TeV Hijing MC event, not all tracks shown; ALICE Physics Performance Report, Vol Il, J Phys. G 32, 1295, (2006)
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Measuring strangeness with ALICE

Strange particle detection

Reconstruction of weak decays into charged particles:

ALICE

Single-strange

K — nt+ 71 (BR.69.2%)
- A—p+n (BR.63.9%)
ITS (4 <R <44 cm) A—p+nt (BR.63.9%)

Multi-strange

= —=A+n —p+rn +n (B.R.63.9%)
= S A+nt > p+nt+nat (BR.63.9%)
Q —A+K —p+n +K (BR.433%)
Q SA+K" —>Pp+rt+Kt (BR.433%)

TPC =
(R>85cm)

Track based selections:

—> topological selections
- TPC dE/dx selection

- competing decay N
rejection

Pb-Pb 5.5 TeV Hijing MC event, not all tracks shown; ALICE Physics Performance Report, Vol I, J Phys. G 32, 1295, (2006). N
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Measuring strangeness with ALICE

Strange particle detection

Reconstruction of weak decays into charged particles:
Single-strange

ALICE

- 200 . e - Kg A (B.R.69.2%)

£ el f A— p+7~ (BR.63.9%)

= ' ' A—Pp+nt (BR.63.9%)

= 160" -§ ALICE

S 140 % g Multi-strange

(L'US 120748 PP su=276TeV ] = A+ —ptu +71 (BR.639%)

- = S A+nt > p+nt+nat (BR.63.9%)
"""" - A+K —p+n +K (BR.433%)

o/fe

" R+K"—>p+nt+KT (BR.433%)

Track based selections:

—> topological selections
|

02 03 1 2 3 4567890 20 - TPC dE/dx selection
p (GeV/c) - competing decay
rejection m?
e
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Measuring strangeness with ALICE

Strange particle detection

Examples of invariant mass peaks:

ALICE

x10°

N N x10°
§> 400 - L Pb-Pbat\sy,=276TeV L 100k Pb-Pb at \ s,y = 2.76 TeV
i Q6 g -
~ B [ T- E B Q
1% 300 B ALICE = ) — loose topological cuts
S L PERFORMANCE k S —— tuned topological cuts
o 17/09/2011 3 i
O r —— loose topological cuts (@)
200 - _ 50
- —— tuned topological cuts ALICE
L i PERFORMANCE
L 18/09/2011
100
_I 111 | 111 1 | 1111 I 1111 |l|| 11 | 1111 | 11 11 | 1111 | 1111 | 0 | L1 11 | I | | L1l 11 | l| 11 | L1 11 | L1 11 | 111 1 | L1 1 1 |
928 129 1.3 131 132 133 1.34 135 1.36 1.37 164 165 166 167 168 169 1.7 1.71 172
Mass( A, ) (GeV/c?) Mass( A, K') (GeV/c?)
INFN
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Measuring strangeness with ALICE

Strange particle detection

Examples of invariant mass peaks:

ALICE

~_ 1800 x10°
(&) r (aV]
S r Pb-Pb at \ s, = 2.76 TeV Q100 Pb-Pb at \ s, = 2.76 TeV
o 16001 >
= - Q = Q
§2) 1400 - B I —— loose topological cuts
= r HI(.)ICREC 0-20% centrality = -
[ PERFORMANCE — i
8 1200 E §2/08/2011 28« pT <3.2GeV/e 8 i % tuned topological cuts
1000 O ol
- ALICE
[ I PERFORMANCE
800 i 18/09/2011
600 I
400 ; : : : | l
| 11 1 | | 1 1 : 1 | 111 1 l 11 1 I:I 1 | 1 1 | I:l |||||| | L1 1 1 | | I | 11 1 1 | 11 1 1 | L1 11 | 11 11 | | I I - | L1 1 |
1.63 1.64 165 166 1.67 1.68 1.69 1.7 1.71 1.72 c%.64 165 166 167 168 169 1.7 1.71 1.72
Mass( A, K') (GeV/c?) Mass( A, K') (GeV/c?)

Signal extraction in p; bins:
—> fit gaussian peak and background shape to define peak region

—> fit background (side regions) with a smooth function %)
- subtract background from the integral of the peak region ot

D. Elia (INFN Bari, Italy) KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012 14



Measuring strangeness with ALICE
Strange particle detection

Examples of efficiency p; dependence:

Efficiency
o
o
[

0.05 - 8‘-1‘_ ...........

ALICE

PERFORMANCE
18/09/2011

Pb-Pb at \ 5, = 2.76 TeV

0-90% centrality

For multi-strange baryons:
—> use Hijing enriched with multistrange particles
—> checked: no bias on the final efficiency

D. Elia (INFN Bari, Italy)

KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012
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Measuring strangeness with ALICE
Strange particle detection

Examples of efficiency p; dependence:

>\ : : : : :
o L 5 s 5 : : i é é
c i i i : Pb-Pb at \ s, =2.76 TeV
m 0-15 _..............g.................E................i.................;.................E................g....\.....N.N...g................é ................
O - ; j : 0-90% centrality
= L :
w
O_CNS s é;i_“_;i¥;“;“““““““€ .......... 15%%%%%;“ ._“““““““““5 ......... é;“€?§+ ........
e = PERI;OR/MHNCE .
s . 18/09/2011 TS
ot T PR TR VOUOR DN PO PO v

IIII
1 2 3 4 5 6

For multi-strange baryons:

—> use Hijing enriched with multistrange particles
—> checked: no bias on the final efficiency

D. Elia (INFN Bari, Italy)

ALICE

Centrality dependence

)
&0.15 - Pb-Pb at \ s, = 2.76 TeV
S b
= b ——
L el ——
L -
0.1 o
I -
: a4
0.05 <IN —
- ALICE RERS
Lo : | PERFORMANCE ; .
R ©18/09/2011 | T 60:90%
% i i i i H H
0II"I""I""I""I"‘lllllwlnwu...,‘
1 2 3 4 5 6 7 8 9
P, (GeV/c)
3
& 0.15 Pb-Pb at \ 8y, = 2.76 TeV
o . -
2
¥ Q
0.1 =
I e
0.05]- T N
I —=— 0-20%
P ALICE
PERFORMANCE
= 18/09/2011 Ball st
! SEmm— T - L | |||||||| | L
0 2 3 4 5 6 7 8
[ (GeV/c)
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Results in pp @ 7 TeV

Single-strange spectra

=KS —KZ , PYTHIA Perugia-2011

3
2
‘?110-1 <+ A —A , PYTHIA Perugia-2011
& E _ _ .
S F =A A ,PYTHIA Perugia-2011
S _
G 102 P
g = Norm. Uncert. /s not shown
z C
=
= ALICE
- PRELIMINARY
104 ==
10° =
| ppeventsatis=7TeV
1 | | | | | | 1 1 |
T~ 25
S E
1 21—
=
S 1s5E- %+
= m%—r -
- e
T 05
a
% 2 2 6 8 10 12 14
P, (GeV/c)

D. Elia (INFN Bari, Italy)

ALICE

Range of pr measurements:
-~ 0.0 < p; <15.0 GeV/c for K%
= 0.4 <p;<10.0 GeV/c for A

Antiparticle/particle = 1

KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012



Results in pp @ 7 TeV

Single-strange spectra

-
e

T TTTT

102

1/N,e, PN/dydp._ (GeV/c)”
I TTTT III|

—_
=
&

T IIIIII|

10+

10°

I IIIIIII| I IIIIIII|

pp events at \s =7 TeV

=KS —KZ , PYTHIA Perugia-2011
A —A ,PYTHIA Perugia-2011
=A A ,PYTHIA Perugia-2011

Norm. Uncert. /s not shown

ALICE

PRELIMINARY

g *E
& CE
? 1.5 M_*
= '"*%—-— —
.y ——
; e
g 0.5
0 Il Il Il 1 1 1
0 2 4 6 8 10 12 14
P, (GeV/c)

D. Elia (INFN Bari, Italy)

ALICE

Range of p; measurements:

-~ 0.0 < p; <15.0 GeV/c for K%

= 0.4 <p;<10.0 GeV/c for A
Antiparticle/particle = 1

Comparison with PYTHIA

Perugia-2011:

—> problems in the soft region
(more for A)

—> better agreement p; > 6 GeV/c

- consistent with other
observations (¢, K©):
http://arxiv.org/abs/1208.5717

—> See talk on resonances ,N{N)
by Helmut Oeschler

KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012



Results in pp @ 7 TeV %%

Multi-strange spectra ALICE

Range of p; measurements:
=2 0.6 < p; < 8.5 GeV/c for E

= 0.8 <p; <5.0 GeV/c for Q
precise cascade measurements!

(GeV/c)™

Iyl < 0.5

13: Antiparticle/particle = 1
z
Z”é
LED 4 &é@ é %
= L o)
% 2 ce'—‘i”‘“ée‘ i S ¢ ®
() ——3777777~777747777~7777—|73’ 777777 _ E ®--—---

o 1 2 3 4 5 6 7 8 9

p. (GeV/c) )
INFN
PLB 712, 309-318, (2012) Cimrs
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Results in pp @ 7 TeV

Multi-strange spectra ALICE

Range of p; measurements:
=2 0.6 < p; < 8.5 GeV/c for E

= 0.8 <p; <5.0 GeV/c for Q
precise cascade measurements!

(GeV/c)™

lyl <0.5

Antiparticle/particle = 1

Comparison with PYTHIA
Perugia-2011:

tuned with measured multiplicity
pop-corn OFF

2
1/Nyyg, °N/dp_dy |

o F
= 4 - ; @H : : i adjust strange di-quark probability
S ol feesee o, (b) - deviations in the soft region
O Bk Sbebeiek diiried oioioiots irttvtots ostotots ol . Wutuia (increasing with strangeness)
o 1 2 3 4 5 6 7pT ((58.eV/c)9 = hint of agreement for
pr>7 GeV/c INFN
PLB 712, 309-318, (2012) e
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Results in pp @ 7 TeV

Multi-strange spectra ALICE

Excitation function:

™ L L I B L L I B R
S 102 - < > PYTHIA OK, ~ s025
3 E _Normj"zam” uneer: 2 (s%-22 for charged multiplicity)
210% == | Yields, <pr> underestimated
= - =+ . =+ -
;_ - = Q . e = ALICEINEL » =% CMSNSD
© B N o =%, STARNSD — — E*, PYTHIA Perugia 2011
2 10™ & — m O ALICE INEL ", PYTHIA Perugia 2011
B = = % @, STARNSD
% : : Ou {(a) T T T T T T{ T T T T T ;iT {
Z10° = 3 i g T T T
=z = - Z
< - pp \s=7TeV 1 B° .l =
B | | v b v b by gy PR T T T N T e A B N B | [ %i »»»»»»»»»»»»»»»»»»»»»»»»»»»»»» R I T E
O L é 10_4; pp collisions 7
= 4+ ﬁﬂé i 5 e
P L ISV b = 14 (b) .
-o(—U- 2 - ‘J'Jia._».soo ® [ o ® R ( ) 8 12k §§ E
- T S Il Sdvdrdods Sviriviots Sriwltute A e el Wt A % }@ e
0 1 2 3 4 5 6 7 8 9 vV osf LT -
pT (GeV/C) 0oF RHI: LHC LHC E
04, 200Gev | %0Gev TRV ]
PLB 712, 309-318, (2012) ST
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Results in pp @ 7 TeV

Multi-strange spectra

Ratio of combined Q*(sss) and E*(dss) spectra:

ALICE

- to remove mass effect
- look at d- vs s-quark

o Of/E — QF / Z* PYTHIA P2011
— - ratio of fit functions

[x] L |
—

> u Pp, \S = 7 TeV N
zd 1=} 012~ .05 ]
“o| E i ]
A B
¥ E i ]
Ssa————— - _
~ 008 11 .
5 -w |
= i ]
~|& 0.6 ; .
[aV] - x x i
© _g - _ i
—| 0047 -, | | Ll 1 | ! L
_E 0 05 1 15 2 25 3 35 4

(GeV) )

INFN

PLB 712, 309-318, (2012) O
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Results in pp @ 7 TeV

Multi-strange spectra

Ratio of combined Q*(sss) and E*(dss) spectra:

ALICE

- to remove mass effect
- look at d- vs s-quark

012 = /205 — N | . Easier to produce an
/% ] s-quark at high p?

o OFf/=* — O/ ZEPYTHIA P2011
— - ratio of fit functions

|

PN
My dm.dy

~ ol - 1 PYTHIAPerugia-2011;
—S - ﬁ}+ ] - reproduces shape
>|&  0.06 - . . - magnitude off
| P - T
© _g I L T
- 004, oo T No evidence for
0 05 1 15 2 25 3 35 4 i -
m.-m, (GeV) s-quark saturation
INFN
PLB 7125309=S18T 2012} o
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Results in Pb-Pb @ 2.76 TeV
Single-strange spectra

ALICE

- 10%E T 10°
) F Pb-Pb at \s\,=2.76 TeV, |y|<0.5 ) N Pb-Pb at \s,,=2.76 TeV, |y|<0.5
R \Snn I \'Snn
% 10 ?‘\ Centrality: % 10 §_ Centrality:
F 0 —A— 0-10%, x4.0 0] ™ —A— 0-10 %, x4.0
g 10 3 + KS —— 10-20 %, x2.0 = 10 ? "'-l-+ A —4— 10-20 %, x2.0
% 1 E_ —— 20-40 %, x1.5 % 1 L "'-l-++ W 2040 %, x1.5
B_l— E : " —W— 40-60 % ;‘_— § ” "'-|-: . —V— 40-60 %
D 10" . Q“ v : N +60—80%, | D q¢f . ‘0“ R —0—60-80%l |
C\IZ g " * ' ' - A systematic uncertainty (\IZ g 0‘07 = : A systematic uncertainty
Q102 AR N S A T 102 ¢ S oY E A
o F ¢ y + A o g Y *
< [ ¢ | + <L a3 ¢ A
< 103k < 0%k A +
10* £ ALICE 10* £ ALICE ¢ '
F PRELIMINARY I PRELIMINARY ‘
10_5 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 10_5 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
P, (GeVlc) P, (GeV/c)

Data sample:
Analysis on ~ 20 M minimum bias events Pb-Pb Vs, = 2.76 TeV taken in 2010

S centrality bins, p; reach of 12 GeV/c %)
Particle and anti-particle spectra compatible éN/FN
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Results in Pb-Pb @ 2.76 TeV

Baryon to meson ratio

ow25_III]IIII[lIlIIIIIIIIIIIIIIIIIIIIIIIIII_
X e9f Pb-Pb at sy, =2.76 TeV, |y|<0.75
~ i EPOS 20-5% | —4— 05% centrality
< i 2.17v3 020-40 %| —=— 20-40 % centrality |
2r anxiv 120413047 40-60 %| —¥— 40-60 % centrality
ALICE 0 60-80 %| —#— 60-80 % centrality

—e— 80-90 % centrality
i —6— (ppat\s=7TeV) |
L s - ]
15 AA A —+— (pp at\s=0.9 TeV)

PRELIMINARY

A A’_AA_ data points include stat. errors ]
"'3 Hgg.li , estimated syst. error ~10 %
1E I 0 —A— h
L i_‘g‘V'V '-V-.v.v — _ﬁ_ i
“‘ 8_‘13‘0'V'-v-_w_+ o
i Sevtee o 1.3__0__‘,__%_—.—_ A
0.5F SRSt e e = ]
I °©0 4%
i ; | —
O—!Ialﬁll | IIIII | |III|IIII| II_
0 1 2 3 4 5 6 7 8
P, (GeV/c)

Baryon/meson ratio strongly enhanced:
—> increasing with centrality

- up to x 3 wrt the pp value

- enhancement still present at 6 GeV/c

—> reproduced by EPOS (also centrality)

ALICE
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Results in Pb-Pb @ 2.76 TeV

Baryon to meson ratio Sar

OU) III]IIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIII
X 29[ Pb-Pb at |5y, = 2.76 TeV, |y|<0.75 ]
= i EPOS 205% | —4— 05% centrality
< I % 217v3 02040 % = 20-40 % centrallty _
L . v 40-60 % -60 % centrali —
2L ALTOE |7 e e oo comay Slightly larger at the LHC than at RHIC
PRELIMINARY —e— 80-90 % centrality
I +§ppa“:=ggeTVe)V) |
1.5 Ak, L —+— (ppat1s=0. . i y 2 ,
i _ﬁ_’:’AAAAAA*AA_ data points(;nclude stat. e1r60r/s: MaX|mum Sh|ft Very Sma” N pT, deSpIte
Al g Wiy , estimated syst. error ~10 % 2 o . .
n iég;_“ . ] significant differences in spectra
vy V¥yy ™o 2 B
C gQ“ 8 03?;‘—%— :
i Cevoe o LHS Ty —m  0© ° ———— ———— e
0.5F . 3P o@ﬁggggoi‘;)_j.;::zjzfi . é WAK, Pb-Pb 2.76 TeV ALICE 0 :
g% 7| — c>§ | AA/KS pp 7 TeV ALICE % i
O !ﬂ | | PR | | N B R | 1 |_ E 15 __VA/KgAwAUZOOGeVXK/ASTAR __
O 1 2 3 4 5 6 7 8 OXCD | with ;I)O%feed-down corric;i\on |
b, (GeV/c) S [mmmeroe @, .
. 17 mA/KG Au-Au 62.4 GeV STAR ? Y% 7
. _ I g T
Baryon/meson ratio strongly enhanced: : % % . v |
—> increasing with centrality o5 M () ]
- up to x 3 wrt the pp value - ALICE |
- B ) L ) L P.RELI.MI.N.RlY._
- enhancement still present at 6 GeV/c o I e "
PART

—> reproduced by EPOS (also centrality)
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Results in Pb-Pb @ 2.76 TeV

Multi-strange spectra

= Pb-Pbat\ s, = 2.76 TeV —e— 0-20% 5
—e— 20-40% %
0o, O = 0] 1 0-1
- N —o— 40-60% -
he ""_."0 0
'.'...’-0- 60-90% 01 0—2
o, Cole Vv
Py -0-_.-0-_._ >
. —
PUE C N
e, oo —

—_
e
w

Pb-Pb at \ s, =2.76 TeV —o— 0-20%
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Data sample:
Analysis on ~ 20 M minimum bias events Pb-Pb Vs, = 2.76 TeV taken in 2010
4 centrality bins, p; reach of 9 () and 8 GeV/c (Q2) in 0-20% 9)
; : . : INFN
Particle and anti-particle spectra compatible (o e
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Results in Pb-Pb @ 2.76 TeV

Strange to non-strange ratios

Ratios to pions as a function of centrality:

-9 006 _I LI T T T | T 1T I T 1T | T 1T | L | T 1T | T 1T ]
£ F Pb-Pb at | 5,,,=2.76 TeV, |y|<0.5 ]
O 0.05— |
) C ]
@ B ]
O 0.04— —
- . n - | ]
- | ]
0.03 — —
C 2A ]
0.02 — T +7CH ]
- NS systematic .
001~ ALICE uncertainty ]
[ PRELIMINARY 7]
o C 111 I 1111 | 1111 I | I - I L1 1 1 | 1111 I 111 I 1111 | I_

0 50 100 150 200 250 300 350 400

part

Alm, no significant dependence on centrality
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Results in Pb-Pb @ 2.76 TeV

Strange to non-strange ratios

Ratios to pions as a function of centre-of-mass energy:

-3
f\ 12 [ I0 ' TTTT | [ T TTTT | [T TTTT |

[ — _ 7]
T L A-A collisions _
f, 10— o ALICE A A ]
—~. F _
s °TAR HLICE -
+ — PRELIMINARY —
m 7
~ 6 — % 1}‘7 + ]
al—  05% 0-5% 0-20% _
b RHIC LHC

L 62.4GeV 200 GeV 2.76 TeV
0_|||||| Lol Lol
102 10° 104

\Sny (GeV)

=/r independent of collision energy

D. Elia (INFN Bari, Italy) KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012 34



Results in Pb-Pb @ 2.76 TeV

Strange to non-strange ratios

Ratios to pions as a function of centre-of-mass energy:

ALICE

3 -3
§12_|0||||| T T T T T T ;;5%10 T T T T TTT T T T g
+ L A-A collisions _ 45— —
5,10_— e ALICE A_A — f, 4E- pp =
—~ % STA ] —_— = -
i g STAR ALICE 355 ALICE + —
+ — PRELIMINARY — + 3 E—_ PRELIMINARY _____:_
8 : _ 95 = -
- % — 25— =
B ] - pp collisions =
L _ 2 —
4l—  05% 0-5% 0-20% ] = ® ALICE (Z+%)/(v+w) (INEL) 3
- 5 15~ ¥ STAR(Z4Z)/(v+n) (NSD)
— RHIC LHC — == —
21— ] = RHIC LHC LHC 4
L 62.4 GeV 200 GeV 2.76 TeV _ 05 200 GeV 900 GeV 7TeV —
0_||||||2 | ||||||||3 | ||||||||4_ OZTZ | I ||||||l3 I ||||||4:

10 10 10 10 10 10
\Sny (GeV) \s (GeV)

=/r independent of collision energy

Ratio in pp: slightly faster increasing wrt A-A from RHIC to LHC )
- decreasing relative enhancement of A-A wrt pp at LHC i
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Results in Pb-Pb @ 2.76 TeV

Thermal model predictions S

z 1o3§—++ PD-Pb |5, 276 TeV Predicted chemical freeze-out
Z U i ] temperature at the LHC: 164 MeV
[ 1 > problems with p and A vyields, ratios
: - —— S 1 Lower Ty, from fit: 152 MeV
! " "= T (¢and K not included)
10 o i A - correctly predicts A
: P ] —~ misses multi-strange
11 [ | Dlata: ALIC.E, 0-20%‘(prelliminary) | _
R Thermal model fit, x?/N,=39.6/ 9 ++ -
H T=152 MeV, V=5300 fm ® (= 1 MeV fixed) [ """ g .
1_ —— T=164 MeV, p = 1 MeV, V=3776 fm° | )
[ ——— KppAZZEZQO o K?
A. Andronic et al., PLB 673, 142 (2009) Bed)
Thermal hadronization model, assuming y, = 1 e
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Results in Pb-Pb @ 2.76 TeV

Thermal model predictions

Yield relative to pions
o o
o o o o
(6] )] (&)} w

o
a

0.05

D. Elia (INFN Bari, Italy)

W
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particie+anti—i3articl<a€

|
@)
(]
A

-| —— Model, T=164 MeV

\Sy=2-76 TeV (ALICE, 0-20%, preliminary) ||

|8,=0-2 TeV (STAR)
| 8,=0-2 TeV (BRAHMS) .
| 8,=0-2 TeV (PHENIX) 5

-- Model, T=152 MeV

px3  Ax4  Ex30 Q%200 0x20 K*°x10

ALICE

Predicted chemical freeze-out

temperature at the LHC: 164 MeV
—> problems with p and A yields, ratios

Lower T, from fit: 152 MeV

(¢ and K0 not included)

—> correctly predicts A

- misses multi-strange

—> still problems with p/x ratio

Difficult to fit p and hyperons with
a single set of thermal parameters!
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Results in Pb-Pb @ 2.76 TeV

Thermal model predictions

Yield relative to pions
o o
o o o o
(6] )] (&)} w

o
a

0.05

Possible solutions to “proton anomaly”:
—> detailed calculations of proton annihilations in the final hadronic phase

il
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particlﬁe+anti—i)articleé

|
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(]
A

-| —— Model, T=164 MeV
[ eeeeens Model, T=152 MeV

\ =276 TeV (ALICE, 0-20%, preliminary) |
| 5,=0-2 TeV (STAR)

\ =02 TeV (BRAHMS) ]
| $x=0-2 TeV (PHENIX) -

px3  Ax4  Ex30 Q%200 0x20 K*°x10

— non-equilibrium models with y, ;> 17
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ALICE

Predicted chemical freeze-out

temperature at the LHC: 164 MeV
—> problems with p and A yields, ratios

Lower T, from fit: 152 MeV

(¢ and K0 not included)

—> correctly predicts A

- misses multi-strange

—> still problems with p/x ratio

Difficult to fit p and hyperons with
a single set of thermal parameters!
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ALICE
» Strangeness enhancement
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Results in Pb-Pb @ 2.76 TeV %
Strangeness enhancement ALTCE
How it is defined:

E. = (YieldAA / <Npart>) / (Yield?? / 2)

Connected to one of the earliest predictions for QGP formation*
Found to match basic predictions at SPS and RHIC:

—> increasing with strangeness content
- decreasing with centre-of-mass energy

\\\\\\\\\\\\\\\\\\
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Results in Pb-Pb @ 2.76 TeV

Strangeness enhancement ALTCE

How it is defined:

E. = (YieldA* / <Npart>) / (Yield?? / 2)
Connected to one of the earliest predictions for QGP formation*

Found to match basic predictions at SPS and RHIC:
—> increasing with strangeness content
- decreasing with centre-of-mass energy

Reference for preliminary enhancements at LHC:

—> interpolate 0.9 and 7 TeV pp data for =

—> interpolate 200 GeV (STAR) and 7 TeV pp data for Q
—> use excitation function from PYTHIA Perugia-2011

\\\\\\\\\\\\\\\\\
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Results in Pb-Pb @ 2.76 TeV %%

Strangeness enhancement

ALICE
How it is defined:
E, = (YieldA~ / <Npart>) / (Yieldp / 2)
% | Po-Pbat \s,=2.76 TeV . HierarChy based on
e . strangeness content
o | AQ4Q ALICE
."(_B' 10_ [ E PRELIMINARY .
/C':i  OA } Z
2" | P A
s i
> N
g + s ¢ ¢é
¢
1 .............................. :
- Lol L | L
1 10 107 N ) IN{N)
part L/'S'é:;%:n‘:;”gz::::
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Results in Pb-Pb @ 2.76 TeV

Strangeness enhancement

How it is defined:

&

ALICE

E, = (YieldA / <Npart>) / (YieldpP / 2)

()] O
%_ Pb-Pb at | Sy, = 2.76 TeV % %_ ‘ HierarChy based on
Q a A
e . e . “\ strangeness content
© AQ+Q ALICE o AQ+Q ‘ A A
=10f WME PRELIMINARY = 10r BE ; é 1 . ]
2 I eA % | © | eA o D%]; Decreasing trend with
g | ; | _& b q : energy as observed
z A z a T -
= Z - f at SPS energies and
ke) o Cat ON |
s I oa 8 i from SPS to RHIC
> 4 > P
s N
¢
LN 7] 1T :I] T T 7]
: O \ NA57 Pb-Pb @ 17.2 GeV
: ) O[]/ STARAu-Au @ 200 GeV
1 1 1 I| 11 | 1 1 11 IIII| 1 111 IIII| 1 11
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Results in Pb-Pb @ 2.76 TeV

Strangeness enhancement

How it is defined:

&

ALICE

E, = (YieldA / <Npart>) / (YieldpP / 2)

()]

%— Pb-Pb at \Syn = 2.76 TeV

2 | G

(@]

+— —

o AQ+Q ALICE

..'(_E 10 - | E PRELIMINARY _

C [ eA *j

2 | A ]

: P o *t
s ¢ oé

—_

) relative to pp/Be
o
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Yield /{N

‘S._2_'+Q+ - X
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§ o3 ¢:

o I \‘ ",7
[ H” Lower Energy: Antiparticles (&, = )]
' P o NA57 Pb-Pb @ 17.2 GeV 1

OL[JA STARAu-Au @ 200 GeV |
Lol C ool

Hierarchy based on
strangeness content

Decreasing trend with
energy as observed
at SPS energies and
from SPS to RHIC

NB
Antiparticle/particle < 1
at lower energy

1 10 107 1 10 107 IN{N)
<Npaf1> <Npart> i Nzl
L
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» Collectivity: elliptic flow (v,)
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Comparison of v, for K% and A:

«~ 0.25
>

0.2—

0.15

Pb-Pb {5y, = 2.76 TeV,10-20%)

« 0.35
> —

0.3

0.25

0.2

&

ALICE

RRRRRRRRRRRR

Pb-Pb |y = 2.76 TeV 40-50%

U
++¢++++H+

1 } " +
t t
0.1 ot * 0.15 +++++
} Va{SP, [An[>1} o + ; 21 ¢ V{SP, [An[>1}
i< | [
0.05— +++++ 4 [ 0.05 ++ + [¢]
| | | I I | ! | I | ! 0_ L #I ! | I | ! | ! | ! | L | L
0.5 1 15 2 2.5 3 3.5 0.5 1 1.5 2 2.5 3 3.5
P, (GeV/c) P, (GeV/c)
Evident mass ordering, changing with centrality:
. ; 79
—> the larger the mass the more v, is pushed at higher p+ ('l“'
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Comparison of v, for K% and A:

ALICE

= 025 Pb-Pb \Sy = 2.76 TeV 10-20%] > 0'35_ Pb-Pb \S, = 2.76 TeV 40-50%)
I § ! * . 0.3 L 1
0'2_PRQLI;3|:1(N:9ERV + i B PR@LI;}gnERY + + & i
_ ¢ h
b S +
0.15— B + 0.2l
0.1— - ++ ¢ | 0.15— 4
I;E? I‘+ ® B
r -' > V,{SP, |An|>1}  V,{EP, |An|>2} 0.1— .' V,{SP, |An|>1}  V,{EP, |An|>2}
0.05/— L !+ .f+ %; %;_p arXiv:1205.5761 - ;? %I; %;‘p arXiv:1205.5761
L .IiE E]KO Vo{SP} 0.05— : EIKO Vv,{SP}
“—;I | % Es | e | | | i §++ | | % Es | e | | |
% 1 2 3 4 5 s % 1 2 3 4 5 6
P (GeV/c) P (GeV/c)
Evident mass ordering, changing with centrality .
Similar ordering observed for charged kaons and protons é”/“‘
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Comparison with viscous-hydro predictions:

Pb-P = 2.76 TeV 10-20°
= V,{SP, [An|>1} v,{SP} b-Pb {Syy 6 e+ 0 0/‘: > 03
o2— = 9t s 1 L ZUUTmEe g e
B ®e dqr x0T Em Ee otz
L 0.25
0.15— 0.2
01 0.15

/ VISH2+1 (CGC, 1/s=0.2)
B / — 0.1

— K

VISH2+1 (CGC, n/s=0.2)

— T

— K

— P —p

0.05— — —"
, — 0.05 —
L S e, AT T I
O o5 1 15 2 25 3 35 % 2 25 3 35
P, (GeV/c) P (GeV/c)
Good agreement with VISH2+1* (n/s=0.2) at low p; P

Mass dependence better modelled for peripheral collisions INFN

* Shen et al., PRC 84, 044903 (2011) & %
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Elliptic flow for multi-strange compared with hydro:

> S Pb-Pb {5y = 2.76,TeV 2$-¢0°/+
0.25— [als fyt
- EK
0.2 [=p - *+ a
B E: .I.:. ®
015 2° £
i y « 4 t
0.1 . VISH2+1 (CGC, 1/s=0.2)
: X =
0.05— [ :;
- » e AIP Conf. Proc. 1441, 766 ALICE
_ 1, PRossomes | P?ELIM.INRRYl
05" 1 15 2 25 3 35 4
P, (GeV/c)
lN{t?
Hydro calculations reproduce larger boost towards higher p+ (it
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Conte nts
ALICE
> High p;: nuclear modification factor (Ras)
=
INFN
(e
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Results in Pb-Pb @ 2.76 TeV

Nuclear modification (R,,)

Suppression of K% and A in central and peripheral events:

ALICE

< 16 T T T T T T T < 16 T T T T T T T
II< L ALICE\ sy, = 2.76TeV, |y|<0.75 Pb-Pb cent 0-5% ] D‘:< I ALICE\ s, = 2.76TeV, |y|<0.75 Pb-Pb cent 60-80% ]
1.4} PP . 1.4) '
L " A ] L " A
1.2F O ° K —_ 1.2F () ° K ]
i a"n e charged i e charged ,
1] RN - I Afeeeeees e
0.8f . . 08 o je. i | :
i | i | il
0.6 . - ALICE o 0.6 I +++++;+ $ +¥+ + + + *l +
I ° PRELIMINARY ] ] ‘
04r . 0.4 —
/Mﬁ'v ' | | |
" e S LA °%  ALICE ?
L L PREILIMINHIRY | | | | | g
00 2 4 6 8 10 12 14 16 00 2 4 6 8 10 12 14 16
P, (GeV/c) P, (GeV/c)
Central collisions: K% and A similar to charged at high p; ,Nf,?
—> no strong flavour or meson/baryon dependence (g
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Results in Pb-Pb @ 2.76 TeV

Nuclear modification (R,,)

Suppression of K% and A in central and peripheral events:

ALICE

< 1 5 L L A S A NS Y L L ) L S A L R B B
S | PbPbat s, =276TeV 0-5% 0-20% ]
1.6 T T T T T T T m A . %
L rXiv _
[ ALICE\ sy, = 2.76TeV, |y|<0.75 Pb-Pb cent 0-5% [+] | 1203.2160 |
- 0N+ N+
1.4f PP LO°0°0711 ALICE |

: O . K
i 0
1.2 0 : Ks

08 o la ALICE | _ : |
L ° PRELIMINARY ] 0L e e by by by by by |
0.4 . 0 2 4 6 8 10 12 14 16
: +;+' . 1 p. (GeV/c)
0.2} ”’o’. o | W .é. o o ¢ ¢ !
; et ¥ ¢ Same also for heavy flavours!
S T H S S Sy Sl 0 M+ N*+1-
o 2 4 & 8 10 12 pT}‘éewa (B Epame R RIEP 09 12, (2082
Central collisions: K% and A similar to charged at high p; ,Nf,?
—> no strong flavour or meson/baryon dependence (e
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Results in Pb-Pb @ 2.76 TeV

Nuclear modification (R,,)

Suppression of K% and A in central and peripheral events:
i ALICIIE\sNN=2I.76TeV, |Iy|<o.75I | pb_pl.b cent 10_5% 1
1.4} PP :
| @ i
1.2 _ " « charged |
] g I Low p; (< 6 GeV/c):
05} : % _: > K% Ry, still similar to charged
; ] - A Ry, significantly higher
oL e |m ALICE ] (baryon enhancement at intermediate p+)
L [ PRELIMINARY ]
0.4 A
: Y. [E :
0.2; *'4».0. O SRS R ¢+¢ o]
S S N [T PR T w1
P, (GeV/c)
Central collisions: K% and A similar to charged at high p; )
—> no strong flavour or meson/baryon dependence (g
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Summary and prospects

ALICE
d Summary:

» wide range of strangeness measurements both in pp and Pb-Pb

» latest PYTHIA tune (Perugia-2011) closer to data in pp:
= good agreement at high p;
= worse predictions at low p; and for multi-strange

ezione di Bari

D. Elia (INFN Bari, Italy) KRUGER 2012 / Kruger Gate (South Africa) December 3-7, 2012 55



Summary and prospects %%

ALICE
d Summary:
» wide range of strangeness measurements both in pp and Pb-Pb

» latest PYTHIA tune (Perugia-2011) closer to data in pp:
= good agreement at high p;
= worse predictions at low p; and for multi-strange

> lot of physics from Pb-Pb data:

= baryon/meson vs p; shows same trend as at RHIC and increases
from pp above unity in central Pb-Pb at LHC

= A/n independent of centrality, Z/m independent of Vs,
= p and hyperons do not fit to a single set of thermal params and y,=1
= strangeness enhancements weaker at LHC than at RHIC
= strange hadron v, consistent with viscous hydro and small n/s
= A and KO high p; suppression similar to non-strange
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Summary and prospects %

ALICE
d Summary:

» wide range of strangeness measurements both in pp and Pb-Pb
» latest PYTHIA tune (Perugia-2011) closer to data in pp
> lot of physics from Pb-Pb data

d Prospects:

» multiplicity-binned analysis in pp
» finer centrality bins, more particles/resonances in Pb-Pb
» exploit centrality range of p-Pb
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Quark scaling:

ALICE

NCQ = number of constituent quarks

c - Pb-Pb \s,, = 2.76 TeV 10-20%
= 0.12F VSn ’
> -
- ALICE
0.1 PRELIMINARY
0.08]-
0.06/—
_ ]
C t b
0.04—- " ptla $ V,{SP, |An|>1}  V,{EP, |An[>2} +
L = m]n [e]n -
O = ltme § &5 [ pep “XIVi1205.5761
0.02_ n ¢ E'K
- 8 V,{SP}
o I L L EIM) L
0 0.5 1 15 2 2.5 3
p1jnq (GeV/c)

Mesons and baryons seem to scale differently with NCQ
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Quark scaling:

(o2
c - Pb-Pb \s,, = 2.76 TeV 10-20%
= 0.12F VSn ’
> -
- ALICE
0.1 PRELIMINARY
0.08]-
0.06/—
_ ]
C t b
0.04—- " ptla $ V,{SP, |An|>1}  V,{EP, |An[>2} +
= = (m]x [®]= -
O = ltme § &5 [ pep “XIVi1205.5761
0.02_ n ¢ E'K
- 8 V,{SP}
o I L L Elq) L
0 0.5 1 15 2 2.5 3
p1jnq (GeV/c)

ALICE
KE; = m-m,

NCQ = number of constituent quarks

ool Pb-Pb |S = 2.76 TeV 10-20%

- ALICE

0.1 PRELIMINARY

v,/ n,

0.08- j-ﬂ##ﬁ- }
- . %
0.06— o f
- ¢ o
B .
0.04— V,{SP, |An>1} V,{EP, |An|>2} o
L m]n T
B [e]p+p
0.02 arXiv:1205.5761
B V,{SP}
0' . . EJ ¢ . | . | ) |
0 i 1.5 2 25 3

(mT - mo)/nq (GeV)

Mesons and baryons seem to scale differently with NCQ =
Slightly better as a function of transverse energy (for KE;<1) INFN
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Results in Pb-Pb @ 2.76 TeV
Elliptic flow (v,)

Elliptic flow for multi-strange:

0.4¢ 0.4
E Pb-Pb events at\ s, = 2.76 TeV F Pb-Pb events at\ s, = 2.76 TeV
035: o 0-20% 035: % |
2 = 20-40% ) F
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> 0.2 R B ! 5 02 doeo% 1
E ;8 .t F v 080% 4 ?
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0.1F - 0.1 §
g . : g
0.05E LI | ALICE 0.05E
ob L& N |, PREPININARY P T N DU P P U P P SRR T
0 1 2 3 4 6 o 05 1 165 2 25 3 35 4.5
P, [GeV/c] p, [GeVic]
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ALICE

Shifted to higher p;
wrt single-strange

Increasing with
centrality
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Results in Pb-Pb @ 2.76 TeV

Elliptic flow (v,)

Elliptic flow for multi-strange:

0.4¢
o Pb-Pb events at\ s, = 2.76 TeV
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