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Outline
The NA57 experiment at the CERN SPS

Strangeness Enhancement (and energy dep.)

Expansion dynamics: mT spectra

RCP for                          at √sNN = 17.3 GeVΛΛ−  , , , 0
SKhNEW

Study the production of strange and multi-strange 
hadrons at mid-rapidity in heavy-ion interactions, 

as a function of centrality and c.m.s. energy

NA57 Posters at QM05: 
• “Rapidity spectra in Pb-Pb collisions at 160 GeV/c” by G.E.Bruno
• “RCP in Pb-Pb collisions at 160 GeV/c” by G.E.Bruno and A.Dainese

• “K0 and Λ production in p-Be collisions at 40 GeV/c ” by I.Kralik 
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Strange Particles Reconstruction
Use charged decay-tracks measured in 
the pixel telescope to reconstruct:

    in:
Pb-Pb, p-Be, p-Pb @ p = 160A GeV/c

Pb-Pb, p-Be @ p = 40A GeV/c 

−− Λ→Ω K−− Λ→Ξ π
p−→Λ π−+→ ππ0
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∆y ≈ 1 around mid-rapidity
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Yields and Enhancements
Double-differential cross section for each particle fitted to:

with flat/gaussian(K0 and Λ) y distribution in the selected acceptance

inverse slope of mT distribution (Tapp) free parameter of the fit 

Yield (average particle multiplicity / event) extrapolated to a 
common y-pT region:

Strangeness Enhancement (in Pb-Pb relative to p-Be):
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Collision Centrality
Determined from charged multiplicity, measured from the 
hits in a dedicated Si-µstrip detector 

Npart and Ncoll from trigger cross section (Glauber model calc.)

σtrigger ≈ 60% of Pb-Pb σinel (7.26 b)

Pb-Pb @ 160 A GeV/c

WA97 Coll., EPJC18 (2000) 57
NA57 Coll., JPG31 (2005) 321
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Strangeness Enhancements

No enhancement

<Npart>

FactorFactor  ≅≅  20 for20 for  ΩΩ

<Yield> / <Npart>

(<Yield> / <Npart>)p-Be

Enhancement =

Particles having quarks in
common with the nucleon

Particles made up of newly 
created quarks only

systematic

statistical 

Errors:

Hierarchy of the
enhancements
with strangeness
content
(QGP prediction)

3

2

1

1

2

160A GeV/c

Hierarchical enhancement according to strangeness content
QGP prediction*: easier to build Ξ and Ω by recombination of s and s 
in QGP than by hadronic rescattering in hadron gas 

Significant centrality dependence, except for Λ
* Rafelski and Müller, PRL48 (1982) 1066
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Energy Dependence
of Enhancements

Steeper increase with centrality at lower energy
Ξ− in most central class: larger enhancement at lower energy

qualitative agreement with theory (canonical suppression model)

but energy and centrality dependence not well predicted   

10

1

10

1
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1

40 GeV

160 GeV

Ξ−

Redlich et al., JPG28 (2002) 2095
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Transverse Dynamics:
Blast-wave Fit of mT Spectra

Pb-Pb 40 A GeV/c

NA57, JPG30 (2004) 823
Bruno (NA57), JPG31 (2005) S127Schnedermann, Sollfrank, Heinz, PRC48 (1993) 2462 
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transverse flow 
description
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Blast-wave Fit Results

Tkin.f.o. lower at 40 A GeV/c
Similar transverse flow

Tkin.f.o.  = 144 ± 7(stat) ± 14(syst) MeV
<β⊥> = 0.381 ± 0.013(stat) ± 0.012(syst)

Tkin.f.o. = 118 ± 5(stat)       (syst) MeV +11
 - 10

<β⊥> = 0.398 ± 0.010(stat)           (syst)+0.011
- 0.013

earlier decoupling 
in peripheral collisions ?

From central to peripheral:
Tkin.f.o. increses
<β⊥> decreases

New analysis of dN/dy in |y-ycm| = 0.5
<βL> ~ <β⊥> ~ 0.4

       (large stopping?)

0-53%

see poster by G.E.Bruno

160 A GeV/c

peripheral

central

0-4.5%

4.5-11%

11-23%

23-40%
40-53%
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Central-to-peripheral 
nuclear modification factors

RCP at RHIC: 
high-pT: parton energy loss

intermediate pT: baryon/meson 
effect (recombination?) 

dydpNd

dydpNd
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/

/
)(

2

2

×=

1-6%
22-43%

WA98 data

HIJING

mT - m0 (GeV)

R
C

P

STAR, PRL92 (2004) 052302 + prelim.

RCP at SPS? 
π0 suppressed: energy loss?

       (see also RAA re-analysis)

no baryon/meson comparison

WA98, EPJC23 (2002) 225 

d’Enterria, PLB596 (2004) 32
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RCP for h-, K0, Λ, Λ (√sNN = 17.3 GeV)

Centrality classes: 0-5%, 10-20%, 20-30%, 30-40%, 40-55%

RCP from unweighted dN/dpT (corrections are centrality independent 

within systematics)

bars = 
quadratic sum 
of stat. and
pT-dep. syst. 
errors

Scaling
with Ncoll

Scaling 
with Npart

NA57, PLB in print, nucl-ex/0507012

NEW!
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RCP Comparisons: kaons & pions

π0
WA98 RCP < K0 RCP

PHENIX RCP Au-Au 200 GeV

π π
π

π RCP < K± RCP also at RHIC 
for pT < 2 GeV/c

PHENIX, PRC69 (2004) 034909

0-10%/60-92%

K±

π0π±

RHIC

WA98, EPJC23 (2002) 225

1-6%/22-43%

π0
K0

SPS
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RCP Comparisons: kaons & Λ

Similar K0-Λ relative pattern at 
SPS and RHIC energy

RCP values higher by ~0.5 at 
SPS, no significant suppression 
observed 

RHIC meson/baryon pattern 
can be explained by quark 
recombination models

STAR, PRL92 (2004) 052302

Recombination at SPS energy?
consistent with explanation of multi-strange enhancements 
as due to recombination of s and s

Note: effect may also be due to different “Cronin” for Λ and K

NA57
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RCP Comparisons: Models

Data compared to K0 calculation by X.N.Wang
Medium dNg/dy scaled down from RHIC according to the measured 
decrease in dNch/dy  (~factor 2)

Initial-state intrinsic kT broadening tuned on the original Cronin data

X.N.Wang, PRC68 (2001) 064910; PRL81 (1998) 2655; PLB595 (2004) 165 + private comm.
PQM: Dainese, Loizides, Paic, EPJC38 (2005) 495 + private comm.

Cross-checked using different model: PQM (BDMPS-based)
medium density determined from RHIC data and extrapolated down to SPS 
energy; Cronin enhancement included 

PQM (see poster by C.Loizides)

from 200 to 17 GeV
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Conclusions
Strangeness Εnhancements at 160 and 40 GeV/c

same hierarchy, 160: Ε(Ω) > Ε(Ξ) > Ε(Λ),  40: Ε(Ξ) > Ε(Λ)
agreement with ‘historic’ QGP signature

Transverse and longitudinal expansion described by hydro
Tkin.f.o. ≈ 120 MeV in central collisions

earlier decoupling in peripheral collisions?
<βL> ≈ <β⊥> ≈ 0.4

 RCP nuclear modification factor

similar patterns (K0-π0
WA98, K0-Λ) as at RHIC

 SPS: higher RCP values, no significant suppression  

described by calculations including parton energy loss
 Cronin?  need RpA  measurement
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EXTRA SLIDES
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Two historic QGP predictions

restoration of χ symmetry -> increased production of s
mass of strange quark in QGP expected to go back to current                
                                        value

ms ~ 150 MeV ~ Tc

copious production of ssbar pairs, 
     mostly by gg fusion 

[Rafelski: Phys. Rep. 88 (1982) 331]
[Rafelski-Müller: P. R. Lett. 48 (1982) 1066]

deconfinement  stronger effect for multi-strange
can be built using uncorrelated s quarks produced in independent 
microscopic reactions 
strangeness enhancement increasing with strangeness content

[Koch, Müller & Rafelski: Phys. Rep. 142 (1986) 167] 
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NA57 Experimental Layout

Target: 1% Pb

Scintillator Petals: 
           centrality trigger

MSD: Multiplicity Silicon Detector

Tracking device:
           silicon pixel planes (5 x 5 cm2 )

Lever arm:
           double-sided µstrips
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Data Samples
p-Be 160 A GeV/c:  219 M events

p-Pb 160 A GeV/c:  287 M events (WA97)

Pb-Pb 160 A GeV/c: 460 M events (0-60% σPb-Pb)

Particle statistics for RCP analysis:

K0
S:   1.8 M

Λ:      0.7 M

Λbar: 0.1 M

h- :    100 M
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Λ Ξ− Ω−

Λ Ξ+ Ω+

Invariant Mass Spectra

Small residual combinatorial background (few % at most): 
subtracted or included in the systematics

FWHM ~ 10 MeV

Pb-Pb 160

bkg ~ 0.3%

bkg ~ 1.2%

bkg ~ 4%

bkg ~ 4%

bkg ~ 6%

bkg ~ 6%
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Invariant Mass Spectra vs pT

Small residual combinatorial background subtracted
at most 10% for hight pT (> 2.5 GeV/c) K0 in central Pb-Pb collisions

Λ

Κ0
S



23Quark Matter 2005 - Budapest, August 4, 2005                Andrea Dainese for NA57

Hyperon yield measurement

Data corrected for acceptance 
and also for detector and 
reconstruction efficiency by Monte 
Carlo simulation

In the acceptance window:
Yield

(i.e. particle per event)

Transverse mass spectra (Tapp)

Extrapolation to a common 
window:

one unit of rapidity about ycm

full range of pT
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Transverse mass spectra
 in Pb-Pb at 160 A GeV/c 

53% most central
events 

271±16±27Ω− + Ω+

284±28±27Ω+

264±19±27Ω−

316±11±30

297±5±30

287±6±29

289±7±29

237±4±24

Ξ+

Ξ−

Λ

Λ

K0

Inverse slopes (MeV)

s
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Transverse mass spectra
in Pb-Pb at 160 A GeV/c 
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Inverse slopes at 160 A GeV/c

169 ±40

182±17

202±13

157±2

180±2

197±4

p-Be

334±99

224±21

235±14

183±11

196±6

217±6

p-Pb

268±23274±28274±34Ω−+Ω+

284±28Ω+

264±19Ω−

43210

356±31346±28294±18311±23232±29Ξ+

299±12304±11295±9290±11290±20Ξ−

Λ

Λ

K0

277±19

237±19

239±15

295±14313±14283±10264±11

305±15315±14282±12274±13

234±9244±8233±7239±8

In central and semi-central Pb-Pb collisions (bin 1,2,3,4) we 
   measure compatible slopes for  particle and its anti-particle 
This symmetry lost in p-Be

s
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Collision Centrality
Determined from charged multiplicity measurement

Npart and Ncoll from trigger cross section (Glauber model calc.)

σtrigger ≈ 60% of Pb-Pb σinel (7.26 b)

346

292

208

119

57

40

349

290

209

121

62

160

<Npart> <Ncoll>

40 160% of σtot
bin

817740-53 %0

8077890-4.5 %4

6446144.5-11 %3

41639511-23 %2

20319123-40%1

Pb-Pb 160 A GeV

0 1 2  3  4

Nch

NA57 Coll., JPG31 (2005) 321
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Collision Centrality
[for RCP analysis]

Determined from charged multiplicity measurement

Npart and Ncoll from trigger cross section (Glauber model calc.)

σtrigger ≈ 60% of Pb-Pb σinel (7.26 b)

NA57 Coll., JPG31 (2005) 321

Systematic errors from: variation of multiplicity fit parameters,
variation of Pb Woods-Saxon, uncertainty on σNN

inel (~1.5%)
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Enhancements w.r.t. number of binary 
collisions  at 160 A GeV/c

<Nbin>

10

1

10

1

<Yield> / <Nbin>
(<Yield> / <Nbin>)p-Be

Enhancement =

•  Going from p-Be to Pb-Pb  Ξ and Ω yields scale 
   faster  than <Nbin> 
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Hyperon Enhancements at 40A GeV/c

Only lower limit for Ξ+, due to limited statistics  

Same hierarchy as for higher-energy data: E(Λ) < E(Ξ)
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Ratios of Enhancements
40 GeV/c  /   160 GeV/c
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Energy Dependence of 
Ξ Enhancement

compiled by B.Hippolyte

Redlich et al., JPG28 (2002) 2095
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Canonical vs Grand Canonical
Energy penalty to create a strange particle:

Canonical: computed taking into account also energy to create 
companion to ensure conservation of strangeness

Grand Canonical limit: just due to creation of particle itself. The rest of 
the system acts as a reservoir and “picks up the slack”

 Canonical suppression 
increases with decreasing energy

 Canonical suppression increases 
with increasing strangeness

Redlich et al., JPG28 (2002) 2095
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Comparison NA57-NA49
Particle yields per participant

10%12%
160 GeV 
(Λ, Ξ)

7%5%160 GeV 
(K)

7%5%40 GeV

NA49*NA57

*Refs: Physical Review C 66, 054902 (2002), arXiv:nucl-ex/0311024, 
            Phys. Lett. B 538 (2002), 275.

 about 30% systematics on the absolute value of the 

   yields (under investigation) but …

Similar centrality regions:

For NA49:  K0 = 0.5*(K++K-)s
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Comparison NA57-NA49
Particle ratios 

*Refs: Physical Review C 66, 054902 (2002), arXiv:nucl-ex/0311024, 
            arXiv:nucl-ex/0305021, arXiv:nucl-ex/0311029.

 … particle ratios compatible within errors
             (no impact on relative yields) 
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Blast Wave
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2

2
Uniform particle density

Schnedermann, Sollfrank, Heinz, PRC48 (1993) 2462 

n=2n=1n=1/2n=0

68.0/4837.2/4836.9/4839.6/48χ2/ndf

 0.316 
±0.014

0.381 
±0.013

 0.394 
±0.013

0.396

±0.015
<β⊥>

 0.633 
±0.028

 0.571 
±0.019

 0.493 
±0.016

 0.396 
±0.015

βS

151±11144±7152±6158±6T (MeV)
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Blast fit for most central collisions

5% most central events χ2/ndf<β⊥>T (MeV)n

91/410.50±
0.01

114±20NA49 
(b)

120/430.48±
0.01

127±10NA49 
(a)

53/43 0.45±
0.02

118±131NA57

(a)  K+, p, Λ, Ξ−, Ω−

(b)  K-, p, φ, Λ, Ξ+, Ω+

NA49 centrality:  5% for K± , φ
10% for p, Λ, Ξ ; 20% for Ω 

Ref: M van Leeuwen, Nucl. Phys. A715 (2003) 161c 
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Fit to singly strange particles

• Fit driven by singly strange particles 
• Ξ and Ω fit well with same parameters 

Freeze-out parameters:  
multi- vs. singly strange particles

n=1
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Longitudinal Dynamics:
Rapidity Distributions

Pb-Pb, 0-53%

Only K0 and Λ deviate 
significantly from flatness within 
our acceptance

Pb-Pb, 0-53%

Fitted with thermal model + longitudinal flow 
(Bjorken) using Tkin.f.o. from blast-wave fit

              <βL> ~ <β⊥> ~ 0.4

Schnedermann, Solfrank, Heinz, PRC48 (1993) 2462
Mohanty and Alam, PRC68 (2003) 064903 
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Comparison NA57-NA49
dN/dy

Different acceptances:
NA57: ~ |y-ycm| < 0.5

NA49: ~ |y-ycm| < 1.5

2 Gaussians

Gaussian
flat / not-
sensitive

Ξ
Ξ

Gaussian
σ = 1.2±0.4

σ = 1.0±0.4

flat / not-
sensitive

Ω
Ω

Gaussian
σ = 0.95±0.05

Gaussian
σ = 0.83±0.22Λ

flatflatΛ

K+/-

2 Gaussians

rms = 0.219

in NA57 acc.

K0 

Gaussian

rms = 0.221

in NA57 acc.

Kaon

NA49NA57Particle

NA49, PRL93 (2004) 022302; PRC66 (2002) 054902; PLB538 (2002) 275; nucl-ex/0409004
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Centrality dependence (i)

No centrality dependence in our limited acceptance
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Centrality dependence (ii)

No centrality dependence in our limited acceptance
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Analysis of Negatives (h-)
Negatives selected on the basis of track quality and impact parameter 
cut (reject secondaries)

Residual contamination from weak-decays feed-down estimated from 
Monte Carlo: smaller than 3% for most central collisions (even smaller 
for less central)

negligible effect on RCP 

h- pT (GeV/c)
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Centrality (in)dependence of 
correction weights

Corrections for acceptance and efficiency calculated by 
embedding MC particles of given pT and y in real events, at 
the level of hits
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The Negative Cocktail at SPS

π
p

p
π-, K- , p

identified
particles
2.91 < η < 3.51

       NA49 very 
       preliminary

presented by C.Blume at Moriond, March 2005

Pb-Pb 160 A GeV/c
Pb-Pb 160 A GeV/c
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RCP Comparisons: WA98

WA98, EPJC23 (2002) 225


