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1) Prologue ;

2) The onset of deconfinement ;

3) The onset of fireball ;

4) The Critical Point ;

5) The longitudinal evolution of the system ; 

6) Summary.

Note: all hand-made plots
courtesy of M. Gazdzicki 

I.Sputowska, S. Puławski, A.R.
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 1) Prologue
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Motivation for                 

Comprehensive 2D scan 
of p+p, p+A, and A+A 
collisions, as a function 
of system size and energy 
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  Ad. 1. 
- search for the Critical Point (CP);
- study properties of onset of deconfinement;
- but note: there is more than the onset 

of deconfinement...

 1. Strong interactions;
 2. Cosmic rays & neutrinos.

CERN

beam momentum [A GeV/c]
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π−
Forward
hemisphere
in the 
collision
c.m.s.

Κ+

Virtual reality 3D visualization 
is used in data inspection and analysis

 
    * large acceptance ;

    * charged particle 
tracking ;

    * PID via dE/dx ;

    * centrality by forward
PSD calorimeter.

The NA61/SHINE detector
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 2) The Onset of Deconfinement
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Particle ratios and inverse slopes (1)  

NEW RESULTS: 

  The rapid change in √s-dependence is  
observed for both p+p and Pb+Pb !

  Be+Be is consistent with p+p.  

Rapid changes in K+/π+ (HORN) and a step-like structure in T were observed 
in Pb+Pb collisions. This was predicted within the SMES as a signature of the 
onset of deconfinement.  

T
 [M

eV
]

6

NA61/SHINE  
preliminary

NA61/SHINE  
preliminary

M. Gazdzicki, M. I. Gorenstein, 
Acta Phys.Polon. B30 (1999) 2705
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  <K+>/<π+> in Ar+Sc is between 
p+p, Be+Be and Pb+Pb. 

NEW RESULTS: 

  The rapid change in √s-dependence is  
observed for both p+p and Pb+Pb ;

  Be+Be is consistent with p+p.  

Particle ratios and inverse slopes (2)  
Rapid changes in K+/π+ (HORN) and a step-like structure in T were observed 
in Pb+Pb collisions. This was predicted within the SMES as a signature of the 
onset of deconfinement.  

NA61/SHINE  
preliminary

NA61/SHINE  
preliminary

Ar+Sc NA61 (prelim.)

M. Gazdzicki, M. I. Gorenstein, 
Acta Phys.Polon. B30 (1999) 2705
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Particle ratios and fluctuations (1)

K+/π+ and multiplicity fluctuations change rapidly when moving from light (p+p, Be+Be) 
to intermediate and heavy systems.

For heavy systems they are closer to predictions of statistical models for large volumes. 
strongly interacting matter.  

→ beginning of creation of large clusters of strongly interacting matter        (onset of 
fireball) 

WNM

→ beginning of creation of large clusters of strongly 

interacting matter (onset of fireball) 

ω[N] = var(N)/<N>

(name proposed by E. Shuryak, 2017)See also: A. Seryakov, E. Andronov, WPCF 2017
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WNM

CLUSTER CLUSTER

→ beginning of creation of large clusters of strongly 

interacting matter (onset of fireball) 

Particle ratios and fluctuations (2)
ω[N] = var(N)/<N>

SM(IB-GCE)
vs.
SM(IB-CE)

IB = Ideal
Boltzmann
Gas
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3) The Onset of Deconfinement
vs.

The Onset of Fireball
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 NA61/SHINE Collab., CERN-SPSC-2018-008

Figure 4: Two-dimensional scan conducted by NA61/SHINE by varying collision 
energy and nuclear mass number of colliding nuclei indicates four domains of 
hadron production separated by two thresholds: the onset of deconfinement and the 
onset of fireball. The onset of deconfinement is well established in central 
Pb+Pb(Au+Au) collisions, its presence in collisions of low mass nuclei, in particu- 
lar, inelastic p+p interactions is questionable.
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3) The Onset of Deconfinement
vs.

The Onset of Fireball

CP ???
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 NA61/SHINE Collab., CERN-SPSC-2018-008

Figure 4: Two-dimensional scan conducted by NA61/SHINE by varying collision 
energy and nuclear mass number of colliding nuclei indicates four domains of 
hadron production separated by two thresholds: the onset of deconfinement and the 
onset of fireball. The onset of deconfinement is well established in central 
Pb+Pb(Au+Au) collisions, its presence in collisions of low mass nuclei, in particu- 
lar, inelastic p+p interactions is questionable.
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 4) The Critical Point
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  *  ω[h-] : intensive ;

  *  Σ[P
T
, N] : strongly-intensive ;

  *  No signs that can be clearly
associated with the Critical Point.

independent on system volume...

… and on its fluctuations.

NA61/SHINE  
preliminary

talk by Iwona 
Sputowska 
(Wednesday) 

h
-
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Intermittency analysis of factorial moments (1)
  

 protons at midrapidity
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(p
x
, p

y
) space (intermittency). 

We detect local, power-law fluctuations of 
baryon density by calculating the scaling of 
2nd factorial moments F2(M) with cell size    
     #cells M in (p

x
, p

y
) space (intermittency). 

A. Białas, R. Peschanski, Nucl.Phys. B273 (1986) 703                          
L. Turko, Phys. Lett. B 227 (1989) 149                                                   
F. K. Diakonos et al., PoS (CPOD2006) 010, Florence

After subtracting non-critical background 
moments, the correlator: 

should scale according to a power-law for 

where
over events.

denotes averaging
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Intermittency analysis of factorial momentsIntermittency analysis of factorial moments (2)
 NA49: T. Anticic et al., Eur. Phys. J. C 75 (2015) 587

NO SIGNAL NO SIGNAL NO SIGNAL

SIGNAL OF 
INTERMITTENCY 

NA61/SHINE 
preliminary
Be+Be @ 150A GeV/c
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Intermittency analysis of factorial moments
NA49: T. Anticic et al., Eur. Phys. J. C 75 (2015) 587

NO SIGNAL NO SIGNAL NO SIGNAL

SIGNAL OF 
INTERMITTENCY

WNM

Onset of 
Fireball

Intermittency analysis of factorial momentsIntermittency analysis of factorial moments (2)
 NA49: T. Anticic et al., Eur. Phys. J. C 75 (2015) 587

NA61/SHINE 
preliminary
Be+Be @ 150A GeV/c
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Intermittency analysis of factorial moments
NA49: T. Anticic et al., Eur. Phys. J. C 75 (2015) 587

NO SIGNAL NO SIGNAL NO SIGNAL

SIGNAL OF 
INTERMITTENCY

WNM

SIGNAL OF 
INTERMITTENCY

        ?

Onset of 
Fireball

The possible connection of Si+Si intermittent 
behaviour to the onset of fireball should be 
further investigated (Turko, Gazdzicki, Davis).

Intermittency analysis of factorial momentsIntermittency analysis of factorial moments (2)
 NA49: T. Anticic et al., Eur. Phys. J. C 75 (2015) 587

NA61/SHINE 
preliminary
Be+Be @ 150A GeV/c
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 5) The Longitudinal Evolution of the System
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preliminarypreliminarypreliminary

with rapidity from E-p conservation 

local energy-momentum 
conservation 

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017) 

1 x 1 fm2
 A

. R
., A

. S
zczurek et a

l., A
P

P
 S

upp
. 9 (2

016) 303

● Inspired by EM effects ; 
→  Iwona Sputowska, Thursday talk ;
→  Mirek Kiełbowicz, Thursday talk ;

 →  Kasia Mazurek, Thursday talk ; 
 

● (Re)invented by A. Szczurek ;
 

● Successful for pion spectra at SPS 
                                  (for now!).

Two nuclei collide ...

R. Hagedorn, CERN-71-12 (1971)

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017)
Press release: google out “fire streaks in collisions” 

Au+Au, Pb+Pb
7.7-17.3 GeV

R. Hagedorn, CERN-71-12 (1971)
W.D. Myers, Nucl. Phys. A 296 (1978) 177
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with rapidity from E-p conservation 

Each fire streak fragments independently into pions
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Pb+Pb

π−  

Each fire streak decays into pions

yy

yyy

     π−,  Pb+Pb, √s
NN

= 17.3 GeV
_

b=
9.72 fm

b=
8.41 fm

b=
6.64 fm

b=
2.55 fm

b=
4.74 fm

local energy-momentum 
conservation 

1 x 1 fm2

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017) 

Two nuclei collide ...

local energy-momentum 
conservation 

R. Hagedorn, CERN-71-12 (1971)

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017)
Press release: google out “fire streaks in collisions” data points from: NA49, T. Anticic et al., Phys. Rev. C 86, 054903 (2012)
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R. Hagedorn, CERN-71-12 (1971)

R. Hagedorn, CERN-71-12 (1971)
W.D. Myers, Nucl. Phys. A 296 (1978) 177
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with rapidity from E-p conservation 
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Pb+Pb

π−  

Each fire streak decays into pions

yyy

_
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b=
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b=
4.74 fm

local energy-momentum 
conservation 

1 x 1 fm2

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017) 

Two nuclei collide ...

local energy-momentum 
conservation 

R. Hagedorn, CERN-71-12 (1971)

A. Szczurek., A. R., M. Kiełbowicz, Phys. Rev. C 95, 024908 (2017)
Press release: google out “fire streaks in collisions” data points from: NA49, T. Anticic et al., Phys. Rev. C 86, 054903 (2012)
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 A 2D scan of the longitudinal evolution
of the system is, of course, possible -  

 with NA61/SHINE !

Ar+Sc, 
central,
13–150A 
GeV/c

Pb+Pb

π− 

π− π− Be+BeBe+Be

E. Kaptur,  PoS CPOD2014 (2015) 053

M. Naskręt,  PoS CPOD2017 (2018) 056
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6) Summarymary

● NA61/SHINE is a gold mine.

● Tentative conclusion from 2D scan:
 four domains of hadron production 
 separated by two thresholds: 
 the onset of deconfinement 
 and
 the onset of fireball.

● In this situation, the search for the Critical Point becomes a challenging
 task. What is the role of the intermittency signal ? 

● Exploitation of the mine goes on. 
 New options, including flow (Evgeny), HBT (Barnabas), EM effects (Mirek),  

   and the longitudinal evolution of the system, open up like flowers in the        
   sun…

Thank you!

CP ???
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Extra slides  
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The Onset of Deconfinement
vs.

The Onset of Fireball (official version)

 NA61/SHINE Collab., CERN-SPSC-2018-008
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System size dependence as a function energy 
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Statistical models vs. NA61/SHINE data 
(more realistic version) 

M. Gazdzicki, talk at GSI, Feb. 2018
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M. Gazdzicki, talk at GSI, Feb. 2018
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M. Gazdzicki, talk at GSI, Feb. 2018
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M. Gazdzicki, talk at GSI, Feb. 2018
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M. Gazdzicki, talk at GSI, Feb. 2018
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M. Gazdzicki, talk at GSI, Feb. 2018M. Gazdzicki, talk at GSI, Feb. 2018

NA61/SHINE  
preliminary

NA61/SHINE  
preliminary
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M. Gazdzicki, talk at GSI, Feb. 2018

NA61/SHINE  
preliminary

NA61/SHINE  
preliminary
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M. Gazdzicki, talk at GSI, Feb. 2018
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