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❖Located at the CERN SPS 

❖Successor of NA49 

❖Large acceptance spectrometer for fixed target 
experiment on  primary (ions) and secondary (ions, 
hadrons) beams 

❖Data taking since 2009 

❖NA61/SHINE is the second largest non-LHC experiment at 
CERN 

NA61/SHINE – about
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Physics program 

Strong interactions program 
•search for the critical point of strongly interacting matter 
•study of the properties of the onset of deconfinement 
•study high p T  particles production (energy dependence of nuclear 
modification factor) 

Hadron-production measurements for neutrino experiments 
•reference measurements of p+C interactions for the T2K experiment  
for computing initial neutrino fluxes at J-PARC 

Hadron-production measurements for cosmic ray 
experiments 
•reference measurements of p+C, p+p, π+C, and K+C interactions          
for cosmic-ray physics (Pierre-Auger and KASCADE experiments)        
for improving air shower simulations 
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Theoretical predictions of signatures for phase
transition at SPS and  its volume dependence

Gazdzicki, Gorenstein, Acta Phys. Polon. B30, 2705 (1999)
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T means here not the temperature, but the inverse slope parameter T
in rapidity spectra of produced K±



HIC programs @ SPS energy range
•RHIC Beam Energy Scan (BNL, Brookhaven),
•NICA (JINR, Dubna), 
•SIS-100/300 (FAIR GSI, Darmstadt)
•NA61/SHINE (CERN)

HIC programs to perform a two-dimensional scan 
in beam momentum and mass number of colliding nuclei

•NA61/SHINE (CERN)
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NA61/SHINE is a fixed target experiment
the acceptance of NA61 starts from P_T = 0 MeV/c

This gives

• better analysis of spectra
• better analysis of fluctuations due to 
the CP (critical point), which show up
mainly in low pT particles
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Detector upgrades

Requied:
I. Construction of a new Large Acceptance Vertex Detector.
II. Replacement of the TPC read-out electronics. 
III. Construction of a new trigger and data acquisition system.
IV. Upgrade of the Projectile Spectator Detector.

Desirable:
The construction of new Time-of-Flight detectors
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NA61/SHINE Facility
Upgraded
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Beams and targets

Possible beams

Hadrons
I. Primary protons at 400 GeV/c
II. Secondary  (p,K,p) at 13-350 GeV/c

Ions
I. Primary: Ar, Xe, Pb at 13A-150A GeV/c
II. Secondary  from Pb fragmentation (e.g. Be) a 13A-150A  

GeV/c

Targets

I. Almost any solid state (from 500 mm to 1 m)
II. Liquid hydrigen (20cm) 
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Data taking – strong interaction program
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Evidence for phase transition at  SPS and
its volume dependence  - the Step

19



Evidence for phase transition at  SPS and
its volume dependence – the Kink

20



Evidence for phase transition at SPS and
its volume dependence – the Horn
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Evidence for phase transition at  SPS and
its volume dependence  - Transverse momentum fluctuations

No signs of critical behaviour
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Rapid changes in system size dependence

1. Be+Be results are very close to p+p at different collision energies.
2. It seems as cluster (fireball) size rapidly increases – jumps
above Be+Be size collisions.

Mean multiplicities ratio Scaled multiplicity fluctuations

versus mean number of wounded nucleons <W>
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Rapid changes in system size dependence

Scaled multiplicity and energy fluctuations 
of negatively charged hadrons undergo
rapid changes between BeBe and ArSc sizes

With the increasing size of colliding systems 
light clusters are produced more and more
copiously, as at some densitythey start to 
overlap – to reach percolation
threshold.  
Effect does not depend on energy
– only on the size of the system. 
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Models versus data or
data versus models
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