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NAG! [SHINE ORIGINAL PRHYSICS GO ALS

EUROPEAN LABORATORY FOR PARTICLE PHYSICS

CERN-SPSC-2006-034
SPSC-P-330
November 3, 2006

S-<INE
// Proposal (UO\I 2006 )

Study of Hadron Production in
Hadron-Nucleus and Nucleus-Nucleus

Collisions at the CERN SPS

e what is the nature of the transition from the anomalous energy de-
pendence measured in central Pb+Pb collisions at SPS energies to the
smooth dependence measured in p+p Interactions?

e does the critical point of strongly interacting matter exist in nature and,
if 1t does, where is 1t located?
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e what is the nature of the tramnsition from the anomalous energy de-
pendence measured in central Pb+Pb collisions at SPS energies to the
smooth dependence measured in p+p interactions?

e does the critical point of strongly interacting matter exist in nature and,

if it does, where is it located?
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CONSTRUGCTING DIAGRAM OF H-E NucLenr aausions

THE RATIO OF POSITIVELY-CHARGED KAONS AND PIONS

MEASURED AT MID-RAPIDITY,
l(‘i‘/_ﬂ_‘i‘ g— THE FUN PLOT

— APPROXIMATELY PRPORTIONAL TO THE RATIO OF
(ANTI-)STRANGE QUARKS TO ENTROPY

= SENSITIVE TO HADRON-PRODUCTION PROCESSES DUE TO MASS AND NUMBER
DIFFERENCES BETWEEN STRANGE AND NON-STRANGE PARTICLES -
QUARKS AND GLUONS OR HADRONS

RAFELSK), MULLER HG GORENSTEIN
PRL U8 | 1066 (1382) APP G 30, 2705 (1959 )

— RICH EXPERIMENTAL DATA IN HIGH-ENERGY NUCLEAR COLLISIONS

®



CONSTRUCTING  DIAGRAM OF H-E NucLenr CALusioNs

POPULAR PROCESSES FOR MODELLING HADRON PRODUCTION
IN PROTON-PROTON AND NUCLEUS-NUCLEUS COLLISIONS:

RESON ANCES = CREATION, EVOLUTION AND DECAYS OF RESONANCES
-EXCITED STATES OF STABLE HADRONS

STRINGS - FORMATION, EVOLUTION AND FRAGMENTATION OF STRINGS
- GLUON-FLUX TUBES BETWEEN A PAIR OF COLOUR CHARGES

QGP -~  CREATION, EVOLUTION AND HADRONISATION OF QUARK-GLUON PLASMA



CONSTRUCTING  DIAGRAM OF H-E NucLenR CacusioNs

TWO POPULAR MODELS OF HIGH-ENERGY NUCLEAR COLLISIONS
COVERING THE DATA RANGE IN COLLISION ENERGY AND NUCLEAR-MASS NUMBER:

PHSD = INCLUDES RESONANCES, STRINGS AND QGP
FERSSTh—— —  CASSING , RRATIKOVSKA YA
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The changeover resonances—strings and resonances—QGP are located at similar col-
lision energies (=8 GeV /c). This suggests that the resonances—QGP changeover is
driven by the resonances—strings one. At high masses of colliding nuclei, strings
produced above at the resonances—strings changeover would have density exceeding
the strings—QGP changeover. Thus the string domain disappears, and one observes
direct resonances—QGP changeover. This locates the resonances—QGP changeover at
the energy of the resonances—strings one.
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[t is interesting to consider other diagrams of high-energy collisions. Here, we discuss
a simple example of the hadron-resonance gas diagram. Hagedorn’s early papers
postulated that hadrons in high-energy collisions are produced according to statistical
thermodynamics [71]. Thus, following Hagedorn’s postulate, the diagram would
include only one production process—the statistical-thermodynamical production,
with Hagedorn’s temperature Ty ~ 150 MeV. This model is clearly in contradiction
with the experimental results, as it predicts the K™ /7t ratio to be independent of
energy and nuclear mass number of colliding nuclei. Over the years, the simple
Hagedorn approach evolved into many models that are much more flexible in fitting
the data; for a recent review, see Ref. [72]. In particular, it has been popular to fit mean
hadron multiplicities, which include multiplicities of kaons and pions, assuming that
a hadron gas in equilibrium is created at high-energy collisions. The temperature,
the baryon chemical potential, and the gas volume are free parameters of the model
and are fitted to the data from each reaction separately. The model cannot predict the
energy and nuclear mass dependence of hadron production in this formulation. Thus,
it is unsuitable for the diagram construction.



