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• In-medium effects clearly seen in 𝐴𝑔 + 𝐴𝑔 dielectron analysis: excess radiation, in-medium temperature
• 𝑝 + 𝑝 data at 1.58 GeV needed to provide NN reference for precise 𝐴𝑔 + 𝐴𝑔 results and comparison to other HADES energies
• Ongoing work: final corrections, estimate dielectron yield in 𝑝 + 𝑛

𝐀𝐠 + 𝐀𝐠 at 𝟏. 𝟓𝟖	𝐀𝐆𝐞𝐕 beam energy1 𝐩 + 𝐩 at 𝟏. 𝟓𝟖	𝐆𝐞𝐕 beam energy

Motivation

Summary

1Otto, Jan-Hendrik (2022). Dilepton reconstruction in Ag+Ag collisions at 𝑠!! = 2.55 𝐺𝑒𝑉 with HADES. Justus Liebig University Giessen. DOI: 10.22029/JLUPUB-7207.
2Agakishiev, G. et al. (2012). Inclusive dielectron production in proton-proton collisions at 2.2 GeV beam energy. Physical Review C 85.5. DOI: 10.1103/physrevc.85.054005.
3Fröhlich et al. (2007). Pluto: A Monte Carlo Simulation Tool for Hadronic Physics. PoS ACAT p. 076. DOI: 10.22323/1.050.0076. arXiv: 0708.2382 [nucl-ex].

Fig. 1: Schematic view of HADES including all sub-detectors for the 
𝑝 + 𝑝 beamtime 2022. 

0.5 billion 𝑝 + 𝑝 collisions at 1.58 GeV are available after all quality selections.
The measurements were taken in February 2022.

Dilepton analysis within HADES:
• Electromagnetic probes offer direct ac-

cess to all stages in heavy-ion collisions.

• The slope of the in-medium contribution 
allows for the extraction of the mean me-
dium temperature in heavy-ion collisions.

• 𝑝 + 𝑝(𝑛) collisions serve as baseline for 
the understanding of the 𝐴𝑔 + 𝐴𝑔 data. 

• The dielectron spectrum shows a signal up to the 𝜙 meson mass region.
• Compared to simulated hadronic cocktail and nucleon-nucleon reference
• Strong contribution from the hot and dense phase is present
• The dielectron excess ratio has been calculated: < 𝑅!!

!"!" >= 3.05 (main 
uncertainty from missing NN reference).

• The medium temperature 𝑘𝑇 = 77.9#$.&'(.)𝑀𝑒𝑉 was extracted from a thermal fit.
• Estimated hadron multiplicities: 8𝜋*+,-.

.#/.% = |7.37 ± 0.43 121 ± |0.11 1-3-

and |𝜔*+,- .#/.% = |(4.53 ± 0.50 121 ± |0.63 1-3-) ⋅ 10#(

• The dielectron spectrum shows a signal up to 0.5 𝐺𝑒𝑉/𝑐$.

• It is scaled towards cross sections using the integrated luminosity 𝐿45- = 400 6
57

 
for elastic 𝑝 + 𝑝 collisions in HADES (PT2 triggered events) and the calculated 
invariant mass dependent trigger bias factor.

• Complete systematics of 𝑒'𝑒# production in 𝑝 + 𝑝 collisions
4 1.25 GeV acceptance more restrictive than others
5 R. Abou-Yassine, PhD TU Darmstadt (ongoing)
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FIG. 1: (Color online) Differential e+e− cross section
dσ/dMee measured in the 2.2 GeV p + p reaction within the
HADES acceptance (including pe > 0.1 GeV/c and θee > 9◦

cuts). The data are efficiency corrected and CB subtracted;
the insert shows the signal-over-CB ratio (S/CB). Point-to-
point statistical and systematic errors are indicated by (black)
vertical bars and (red) horizontal ticks, respectively.

The obtained cross section is combined in Fig. 2 with
inclusive data from other HADES p + p runs done at
1.25 [7] and 3.5 GeV [8] bombarding energy, respectively.
While the 3.5 GeV data were recorded in the same detec-
tor acceptance as the present 2.2 GeV data, the 1.25 GeV
data were adjusted for differences in the magnetic field
strengths and analysis cuts used. This way the three data
sets are compared within the same instrumental accep-
tance, revealing the strong beam energy dependence of
dielectron production, particularly at large pair masses.
Note, however, that between the three beam energies
the average momentum of the involved single lepton dis-
tributions differs significantly, resulting in substantially
different fractions of accepted pairs, particularly for low
masses.

B. Comparison with DLS

As the former DLS experiment provided e+e− data for
the p+p reaction at 2.09 GeV [13], we can make a direct
comparison along the line already used to confront the
DLS and HADES C+C data obtained at 1AGeV [10, 17].
As the HADES geometrical acceptance is substantially
broader than the DLS one such a comparison can be done
by projecting the reconstructed HADES dielectron yields
d3N/dMeedP⊥dY through the DLS acceptance filter [17]
(here P⊥ and Y are the e+e− pair transverse momentum
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FIG. 2: (Color online) Systematics of e+e− differential pro-
duction cross sections dσ/dMee measured in p + p reactions
at 1.25 GeV (squares), 2.2 GeV (circles), and 3.5 GeV (trian-
gles), all obtained within the HADES acceptance, efficiency
corrected, and CB subtracted (including pe > 0.1 GeV/c and
θee > 9◦ cuts). The 1.25 GeV data, taken from [7], are ad-
justed for the present, more restrictive detector acceptance
(i.e. stronger magnetic field and explicit lepton momentum
cut of 0.1 GeV/c); the 3.5 GeV data are taken from [8]. Only
statistical error bars are shown.

and rapidity, respectively). In fact, as DLS applied to
their p+ p data additional cleaning cuts [13, 18] – 0.1 <
Mee < 1.25 GeV/c2, P⊥ < 1.2 GeV/c, 0.5 < Y < 1.7,
and θe > 21.5◦ – an extrapolation of the HADES yield to
rapidities above 1.9, as applied in [10], is not needed here.
The result of this filtering procedure is shown in Fig. 3(a)
for the pair mass distributions dσ/dMee and in (b) for the
pair transverse momentum spectrum 1/(2πP⊥) dσ/dP⊥,
the latter one with the condition Mee > 0.15 GeV/c2.
It is apparent that, within statistical and systematic

uncertainties, the HADES and the DLS data are in good
agreement. This result suggests that our result, together
with the data obtained by the DLS energy scan [13],
can be used to constrain the various models aimed at
describing dielectron production in few-GeV elementary
reactions [8].

IV. COMPARISON WITH A SIMULATED
COCKTAIL

The experimental pair distributions are next compared
to a calculated e+e− cocktail. For this, p + p reactions
were simulated with the event generator Pluto [19, 20]
and filtered through the HADES acceptance. The sim-

Fig. 4: Zoom-in views
of event displays
observed on the
HADES RICH MAPMT 
plane (𝐴𝑔 + 𝐴𝑔)1. 
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Efficiency and acceptance correction:

• Definition of acceptance: 𝑎 =
89!",$$ !"	&''	
89!",$$ !"!(!)*

and efficiency: 𝜖 = G9+$',,$$
9!",$$ 45	!;;

• Acceptance and efficiency are derived from electron / positron simulations.

The High-Acceptance-DiElectron-Spectrometer (HADES):
• Explore matter at high baryon densities and moderate temperatures
• Located at the SIS18 accelerator (1-2 GeV/nucleon) at GSI, Germany
• Fixed-target experiments in p, d, 𝜋 and (heavy-) ion-induced reactions
• Large acceptance: 0° < 𝜙 < 360° and 18° < 𝜃 < 85° (𝐴𝑔 + 𝐴𝑔)
Particle identification:
• RICH   - leptons    •       ECAL   - photons, leptons
• RPC / TOF - hadrons    •       MDC   - tracking system
• FW    - determination of collision centrality and event plane

Combinatorial background estimation 𝐵𝐺'# :
• The geometric mean of like-sign electron pairs ( 𝐹𝐺 ) is multiplied with the k-factor.
• The k-factor is derived from the event-mixing-technique ( 𝑓𝑔 ). Resulting background:

Electron analysis technique in HADES
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3.3 signatures in the hades rich detector 47
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(f) Blob-like structure in the RICH.

Figure 3.9: Zoom-in views of event displays observed on the HADES RICH MAPMT
plane. Single MAPMTs are indicated by black lines. Cals are shown in
red, fitted rings in blue and ring centers are are indicated by blue crosses.
(a) shows a reconstructed isolated ring on the MAPMT plane. In (c) and
(d) reconstructed close-by rings are shown with small distance in be-
tween. If the rings approach that close, that Cals are located on directly
neighbouring pixels, they can not be separated any longer and only one
ring is fitted (e). A blob-like structure covering almost a whole MAPMT
is observed in (f) and is fitted with two rings by the ring finding algo-
rithm.

46 the rich detector at hades

• there are events, where Cals in almost all channels of a MAPMT are de-
tected. The origin of these blob-like structures is not fully understood
and still under discussion [147]. A possible explanation that has been
investigated by simulation are backwards emitted particles (mainly
electrons) flying through the glass window of the MAPMT and gen-
erating Cherenkov radiation therein. Also low energy electrons that
are significantly influenced by the residual magnetic field in the RICH
do not have a straight trajectory and thus produce smeared out rings.
Most probably those blob-like structures are caused by backwards fly-
ing electrons for which the Cherenkov cone hits the MAPMT surface
without being focused. If many pixels see a true signal in the MAPMT,
trough cross-talk even more pixels give a signal. A blob-like structure
is shown in fig. 3.9f. In most cases multiple rings are fitted into such
a blob. Besides the high ring density in this area, those rings can eas-
ily be identified by an extremely high amount of Cals forming and
surrounding them.
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• there are events, where Cals in almost all channels of a MAPMT are de-
tected. The origin of these blob-like structures is not fully understood
and still under discussion [147]. A possible explanation that has been
investigated by simulation are backwards emitted particles (mainly
electrons) flying through the glass window of the MAPMT and gen-
erating Cherenkov radiation therein. Also low energy electrons that
are significantly influenced by the residual magnetic field in the RICH
do not have a straight trajectory and thus produce smeared out rings.
Most probably those blob-like structures are caused by backwards fly-
ing electrons for which the Cherenkov cone hits the MAPMT surface
without being focused. If many pixels see a true signal in the MAPMT,
trough cross-talk even more pixels give a signal. A blob-like structure
is shown in fig. 3.9f. In most cases multiple rings are fitted into such
a blob. Besides the high ring density in this area, those rings can eas-
ily be identified by an extremely high amount of Cals forming and
surrounding them.
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• A velocity of 𝛽 > 0.9 is required.
• 100 MeV/c < p < 1200 MeV/c (𝐴𝑔 + 𝐴𝑔)
• A RICH ring is demanded.
• PID based on the RICH and the rec. mass 
• Conversion rejection based on the RICH
• Pairs with opening angles of 𝛼 > 9°
à The upgraded RICH with a new photon 
detection camera enhances the electron 
efficiency and conversion rejection. Fig. 2: Estimated electron 

purity in the RPC for the 𝐴𝑔 + 𝐴𝑔 beamtime.1 
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Fig. 3: Product of the efficiency and accep-
tance for the 𝑝 + 𝑝 beamtime for positrons.
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Fig. 6: Corresponding signal-to-
background ratio for fig. 5.1

Fig. 8: Centrality dependence of 
the dielectron excess yield.1

Fig. 7: Hadronic cocktail (PLUTO3) and
relevant NN channels from GiBUU simulation.1 

5 billion 𝐴𝑔 + 𝐴𝑔 collisions at 1.58 AGeV are available after all quality selections. 
The measurements were taken in March 2019.
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