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-

The progress over the 30 years since the first high-energy heavy-ion collisions at the BNL-AGS and CERN-SPS has been
truly remarkable. Rigorous experimental and theoretical studies have revealed a new state of the matter in heavy-ion
collisions, the quark-gluon plasma (QGP). Many signatures supporting the formation of the QGP have been reported.
Among them are jet quenching, the non-viscous flow, direct photons, and Debye screening effects. In this article,
selected signatures of the QGP observed at RHIC and the LHC are reviewed.

-’

1 Introduction

For the study of extremely hot matter, experiments on
ultra relativistic heavy-ion collisions have been carried out
at the Relativistic Heavy lon Collider (RHIC) at center-
of-mass per nucleon-nucleon energies of /sy = 7.7 —
200 GeV since 2000, and also at the Large Hadron Col-
lider (LHC) at ./sNN = 2.76 — 5.5 TeV since 2009. Many
experimental and theoretical studies have revealed a new
state of matter, the quark-gluon plasma (QGP), in these
collisions where quarks and gluons are no longer confined
within hadrons.

Figure 1 shows a schematic phase diagram of differ-
ent phases for nuclear matter as functions of temperature
and baryon chemical potential g, with conjectured phase
boundaries between the QGP and hadrons. Lattice QCD
calculations predict a rapid but smooth crossover phase
transition around the critical temperature 7, = 155 MeV
at small ug [1, 2]. Also, theoretical models suggest a first-
order phase transition at high ug and the existence of the
end point of the phase boundary, called the critical point.

as jet quenching, is discussed in Section 2 and the lat-
ter, the hydrodynamic behavior in Section 3. In Section 4,
other signatures supporting QGP formation together with

related open questions are introduced. Since the signa-
tures of the QGP formation were observed both at RHIC
and the LHC, the next question is where the phase tran-
sition exists. In Section 5, the beam energy dependences
of various observables are discussed in the context of the
quantum chromodynamics (QCD) phase diagram.

There are many comprehensive review papers available
[5-9]. In this article, selected topics are reviewed, giving
views on where we are and where we are going.

2 Jet quenching—high opacity

External probes are often utilized to see inside matter
and study its properties, e.g. the internal structure of
hadrons by deep inelastic scattering. In heavy-ion colli-
sions, the system life time is extremely short (~ 10 fm/c)
and therefore it is almost impossible to use a literally exter-
nal probe. Instead such a “tomography” can be performed
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Enhancement of low-mass 6% "o
dileptons ~ melting of o 7~ e’

STAR, Phys. Rev. Lett. 113, 022301 (2014)
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FIG. 4: Comparison of the excess mass spectrum for the ¢ Strong broaden'ng
semicentral bin to model predictions, made for In-In at
dN.n /dn=140. Cocktail p (thin solid), unmodified p (dashed), o No shift in mass
in-medium broadening p [tﬂ 5] (thick solid), in-medium mov-
ing p related to [d ﬂ] (dashed-dotted). The errors are purely
statistical. The systematic errors of the continuum are about
25% (see text). The open data points show the difference
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