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The radiation of dileptons from the interacting fireballs as formed in heavy-ion collisions is a 
highly versatile tool to probe properties of the hot and dense QCD medium created in these reactions. At 
ultra-relativistic collision energies, dilepton spectra at low invariant masses, M < 1GeV, are mostly due to 
in-medium decays of the ρ(770) meson, which have revealed the mechanism of hadronic mass melting 
when approaching the QCD transition temperature into the quark-gluon plasma (QGP) [1,2]. At 
intermediate masses, 1<M/GeV<3, thermal dilepton radiation is continuum-like, and the pertinent slope 
parameter yields the medium’s temperature in its early phases, revealing the production of a QGP. In 
addition, the total yield of radiated low-mass dileptons gives an accurate measure of the fireball lifetime 
[2]. 

The concept of a thermalized medium is more controversial at lower heavy-ion collision energies. 
In the present work [3] we therefore adopt hadronic transport simulations from the UrQMD model [4], 
applying a “coarse-graining” procedure to define an average local temperature and baryon density over 
which thermal dilepton emission rates [5] can be convoluted (see also Ref. [6]). An ensemble of central 
Au-Au collisions at a bombarding energy of Elab=1.23A GeV has been simulated and discretized into 213 
cells of volume 1fm3 each, from which the time evolution of their temperature (from pion spectra) and 
density in the local rest frame are extracted. The time evolution of a central 73 cube shows maximal 
temperatures and baryon densities of T»90MeV and rB»3r0 in these reactions, cf. left panel of Fig. 1 (the 
extracted temperatures are about 20% larger when using nucleon spectra, which, however, carry a 
contamination from the initial motion).  

A remarkable synchronicity of the dilepton emission and the build-up of collective transverse 
flow of nucleons emerges, cf. middle panel Fig. 1. This establishes a direct connection between two key 
but independent features of an interacting system, i.e., pressure and radiation. Our studies thus strongly 
support the formation of matter near local equilibrium. We also find that the radiation duration (or 
pressure-driven acceleration) lasts for only 12-14fm/c, much shorter than the ~20fm/c that the system 
spends at densities above nuclear saturation density, r0=0.16fm-3, but in line with the systematics of Ref. 
[2] at higher collision energies. Significant radiation sets in only near the maximal compression (or 
temperature) of the system, i.e., when most of the entropy has been produced; this is particularly welcome 
in view of the theoretical challenges in calculating pre-equilibrium emission. In the right panel of Fig. 1 
we display the final dilepton radiation spectrum that can be compared to experimental data. The low-mass 
region predicts a near complete melting of the r-meson resonance structure, due to the high baryon 
densities reached in the simulations. The temperature extracted from the slope of the spectrum in the 
intermediate-mass region amounts to Tslope=88±5MeV, close to the maximal temperatures reached in the 
simulation. This confirms the validity of using intermediate-mass dilepton spectra as a thermometer [2].  

In the future, it would be of high interest to push the coarse-graining approach to even lower 
energies,  to extend the use of dileptons (or photons) as spectrometer, chronometer, thermometer and 
barometer.  
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FIG. 1. Left panel: time evolution of temperature, effective baryon density, reff =rN+rD, and pion chemical 
potential extracted from ensemble-averaged UrQMD events for central Au-Au(1.23AGeV) collisions. Middle 
panel: pertinent time evolution of the integrated dilepton radiation yield and transverse collective expansion 
velocity of nucleons. Right panel: final dilepton spectra from in-medium r decays at low masses and hadronic 
continuum radiation prevalent at intermediate masses. 
 


