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Can SIS18 contribute to the exploration of QCD phase diagram?
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http://indico.jinr.ru/event/csqcd2017



SHM fit to multiplicities from Au+Au
o Fit is obtained from THERMUS using a (!") 

canonical treatment of strangeness. 
o Note the small freeze-out volume driven by the 

“large” temperature.
o All strangeness channels below NN threshold
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Au+Au # = 2.42( GeV



Two-pion correlations Au+Au 1.23A GeV
Coulomb effect treated according to GB, PBM (NPA 610, 286c (1996))

→ "#$ "#$.
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HADES, arXiv:1811.06213

%&' = 2# */&,side
& ,long

%&' @100 ≃ 2550 fm*

%<=> full ≃ 817 fm*

%<=> red. ≃ 4570 fm*

EFGHI = 303 ± 11



“Thermal cocktail” for pion production (THERMINATOR) 

o Ongoing work, in collaboration with W. Florkowski and group: bell-shaped rapidity distribution, 

true Δ line shapes, flow profile.

Joachim Stroth | GPNNE 2019 | Hirschegg, AustriaJanuary, 2019 5

"#, 0– 10% "), 0– 10%
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More correlations: !"
Reconstructed Δ shows sifted 
maximum:

o Effect of the phase space
o an rescattering ?
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preliminary



Meson production and propagation in cold matter
o !" 1.7 GeV/c + ,,.

o / !0 ≃ 2.07 456 (±Fermi momentum)

o Inclusive spectra for: 89, 8:, 8", Λ, <
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HADES: NIM-A 478-511 (2002), Eur. Phys. J. A53 (2017)



!" spectra of #$ for different rapidity bins (A=W, %&' = 0.76)

-./0/(-!"-3) vs !"

o Fit with Boltzmann distribution
o Compared to UrQMD and GiBUU
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!" and !& rapidity distributions (' +),+)

o Rescattering of K"
o Absorption of !& -

!&
!" .
!&
!" /

= 0.319 ± 0.016

-
!& /
-
!& .

= 0.55
0.63
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HADES collaboration arXiv:1812.03728



Inclusive Dielectron Yields from !" +!" ( % = 2.4!GeV)
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FIG. 1: Raw (before e�ciency correction) dielectron invari-
ant mass distributions obtained from the 40% most central
Au+Au collisions at

p
sNN = 2.42 GeV. Red circles: all same-

event unlike-sign combinations (N+�, foreground), blue tri-
angles: the expected combinatorial background (CB), black
squares: the raw signal (N+� - CB). Insert shows the ratio of
signal over CB versus invariant mass.

detector (SHOWER), both with high granularity, in the156

forward polar region. Directly around the target, still in157

the field free region, a Ring-Imaging Cherenkov (RICH)158

detector is mounted. In the very forward, field-free re-159

gion a scintillator hodoscope is placed which augments160

centrality selection and provides an estimate for the re-161

action plane. Ultra-thin segmented diamond detectors162

are mounted in the beam line to provide time-zero infor-163

mation and to synchronize the reaction trigger.164

Events from Au+Au collisions selected for this anal-165

ysis were triggered requiring a minimum of 20 hits in166

the ToF detector system, which corresponds to approx-167

imately 40% most central Au+Au collisions. The ob-168

served multiplicity distribution of charged particles is169

well reproduced by the Glauber Monte Carlo model and170

also agrees with transport-model calculations [30]. The171

event sample used in the analysis amounts to 2.6⇥109 col-172

lisions. Electron and positron candidates were formed by173

first combining high-quality tracks reconstructed in the174

MDCs with a unique hit in the time-of-flight detectors175

within a 3� region-of-interest defined by spatial match-176

ing between extrapolated tracks and ToF hits. Second,177

a velocity of � > 0.9 c was required. Last, a ring in the178

RICH had to be identified using a pattern recognition179

algorithm with a maximum declination ↵RICH  8� be-180

tween the Cherenkov cone and the track direction in the181

radiator.182

To further improve the purity of e+ and e� candidates,183

alternative approaches were adopted, each of them trad-184

ing e�ciency vs. purity in di↵erent ways. In the standard185

approach, a series of independent conditions on the cor-186

relation of the particle velocity and momentum, the mag-187

nitude of the SHOWER signal and a refined declination188

of the RICH ring, was required, as described in [27, 29].189

The second approach (ring-finder) combined these ob-190

servables and further parameters defining the ring quality191

to an input vector of an artificial neural network (im-192

plemented in the TMVA framework [31, 32]). Signal193

and background samples were defined either by select-194

ing high-purity samples from data or based entirely on195

full Monte Carlo simulations employing dedicated digi-196

tizers to model the true detector response. A third pro-197

cedure also used a neural network but did not require an198

identified ring in the RICH detector [33]. Rather, the199

region of interest on the RICH photo detector plane was200

searched for signatures of a ring (back tracking), hence201

reducing the bias of the ring finder. In the final step of202

data processing, all identified e� and e+ candidates of203

a given event were combined to “neutral” (unlike-sign)204

pairs. Most of these pairs, however, represent random205

combinations (i.e. do not stem from the same virtual pho-206

ton) and form combinatorial background (CB).207

The dilepton signal was finally extracted by subtract-208

ing from the total pair yield (N+�) an estimated dis-209

tribution of CB. For this we employed the same-event210

like-sign method as CB = 2k
�
N++ ·N���0.5, where211

the factor k accounts for a charge asymmetry of the212

toroidal spectrometer in the acceptance and reconstruc-213

tion. Such “charged” pairs cannot originate from a214

single virtual photon and hence qualify as proxy for215

(pseudo) random pairs. The k factor was computed with216

the help of the event-mixing method using the relation217

2k = N+�
mix/

�
N++

mix ·N��
mix

�0.5
.218

For invariant masses Mee > 0.3 GeV/c2, where the219

statistics of the like-sign same-event background is lim-220

ited, the mixed-event unlike-sign yield, scaled to the inte-221

gral of the like-sign yield, was used. For invariant masses222

below 0.3 GeV/c2, the same-event method was taken223

to properly account for correlated background. The fi-224

nally obtained invariant mass distributions for all pairs225

(N+�) and background pairs (CB) are shown in Fig. 1226

for the back tracking analysis procedure. The raw sig-227

nal emerges after subtracting CB from the N+�. Also228

depicted is the signal-to-background ratio (S/B), which229

reaches a minimum of 10% around Mee ' 0.25 GeV/c2.230

The signal spectra contain 190,000 and 20,000 electron231

pairs in the mass region below and above 0.15 GeV/c2,232

respectively. The signal distribution was further cor-233

rected for ine�ciencies due to the detector response and234

inactive regions within the acceptance of the spectrome-235

ter (coil region, fiducial areas). For that, individual e+236

and e� tracks in the acceptance were generated and em-237

bedded into real events on an event-by-event basis as238

well as reconstructed using the full analysis and recon-239

struction chain. For each 3-dimensional phase space bin240
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Thermal dileptons Au+Au 1.23AGeV
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oMicroscopic transport(2):

• vacuum ! spectral function and Δ regeneration

• & explicit broadening and density dependent mass 

shift

oCoarse-grained UrQMD(3)

• thermal emissivity with 

in-medium propagator (4)

• ! − $% chiral mixing(5)

(not measured so far)

January, 2019

(4) Rapp, van Hees; arXiv:1411.4612v 

(2) E. Bratkovskaya; 

(3) CG FRA Endres, van Hees, Bleicher;

arXiv:1505.06131

CG GSI-TAMU; Galatyuk, Seck, et al. 

arXiv:1512.08688

(4) Rapp, Wambach, van Hees; 

arXiv:0901.3289
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Indication for increasing average temperature as collisions go more central

Dilepton excess radiation in centrality bins
May 24, 2018 Seminaire de l‘IPN Orsay, France | Joachim Stroth, Goethe University / GSI 12
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!" + $ → !" +!& +'

Hadronic final states used in PWA  (A. Sarantsev; BONN/GATCHINA)
Beam energy scan:    $( = 656, 690, 748, 800 MeV  (second resonance region)
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PWA results (n π+π-) 656 MeV/c

― σN(939) ― Δ(1232)π― ρN(939) | - - - N(1520) - - - ρN 

in 4π

invariant masses 𝒏𝒏𝝅𝝅+, 𝒏𝒏𝝅𝝅−, 𝝅𝝅+𝝅𝝅−in acceptance



Exclusive dilepton spectrum !"# → %&%"'
o Cocktail constructed from cross sections 

extracted from PWA.
o Comparison to electromagnetic transition 

form factor calculated in a core+cloud model.
o Evidence for VMD in em decays of baryons.
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G. Ramalho, T. Pena Phys. Rev. D95 (2017), 014003



More results from Au+Au
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Dielectrons from Ag+Ag at 1.65A GeV
Colloquium - Institutionen för Fysik och Astronomi, Uppsala  | Joachim Stroth

oQuantify lifetime and baryon 
density dependence of the !
spectral function

oAccess for the first time at this 
collision energies the intermediate  
mass region: 

Ø Learn about !−#$ chiral mixing
Ø Extract fireball temperature

Discriminate between models

Expected dielectron invariant mass spectra after 
four weeks running (Full Monte-Carlo & reconstruction). 

All Pairs
Combinatorial background
Signal contributions (colored)

Signal: Coarse-grained transport with
thermal electromagnetic rates  & 
freeze-out contributions

Conventional transport model

Thermal
HSD     

February 6, 2018

4.5�109 events
10 kHz trigger rate

19



(Multi)-Strangeness in Ag+Ag at 1.65AGeV

Understanding of the !" excess:

o Additional information needed to increase the 
discrimination power with respect to models.
• Measurement of the mT-spectra

• In addition factor 5 gain in statistics 
over Au+Au of other strange hadrons 
possible.

o Allows for multi-differential 
analysis with respect 
to the event plane

Colloquium - Institutionen för Fysik och Astronomi, Uppsala  | Joachim Stroth

Expected integral yields for after 4 weeks of running, 
selecting 44% of most central Ag+Ag collisions.

Ar+KCl at 1.76A GeV

February 6, 2018 20



Summary
o HADES provides data at the lower end of the “Beam Energy Scan”

o Strong evidence that the fireball formed is equilibrated

o Common scaling behavior of strangeness production (below NN threshold)

o Substantial absorption of !" and # observed in cold matter

o Thermal dilepton radiation outshining the contributions from conventional sources found  

o Can serve as thermometer, chronometer, barometer and polarimeter of the collision

o Spectral distribution sensitive to hadron properties in the medium 

o emTTF of  N* shows effect of VMD
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Thank you
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