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In this contribution we present preliminary results on the dielectron production in p+p interactions
at 1.58 GeV beam energy measured with the High Acceptance DiElectron Spectrometer (HADES).
The HADES RICH detector has been upgraded with a new photon detection camera which strongly
enhances the electron identification efficiency and conversion pair rejection capability. With this
upgrade, a signal-to-background ratio above 1 is achieved over the entire dielectron spectrum.
0.5 billion collisions have been analyzed showing contributions of 𝜋0 and 𝜂 Dalitz decays in the
signal up to the invariant mass of 0.6 GeV/𝑐2. Furthermore, by analyzing elastic p+p collisions, a
normalization procedure for the differential cross section has been established.
The cross section spectrum shows a satisfactory agreement with previous HADES measurements
as well as with theoretical calculations from GiBUU. This spectrum can serve as a baseline for the
understanding and interpretation of Ag+Ag collisions which have been measured in HADES at
the same energy. A precise understanding of the dielectron production in elementary reactions is
needed to disentangle various contributions to the measured dielectron yield in Ag+Ag collisions.
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1. Introduction / Motivation

Electromagnetic probes offer direct access to all stages of heavy-ion collisions. An analysis
of dielectron production in heavy-ion collisions enables the determination of the slope and the
yield of the spectrum and of the in-medium contribution through the subtraction of a simulated
hadronic cocktail and NN (nucleon-nucleon) reference spectra from the dielectron mass distribution.
The mean medium temperature and the medium lifetime can be determined based on this excess
distribution.
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Figure 1: Ag+Ag data with hadronic cocktail and relevant NN
channels from simulation [4].

In March 2019, the High-
Acceptance-DiElectron-Spectrometer
(HADES) [1] recorded Ag+Ag colli-
sions at a beam energy of 1.58A GeV.
In the dielectron analysis of those
Ag+Ag collisions (Figure 1), the
excess yield was calculated using
a hadronic cocktail simulation pro-
vided by PLUTO [2] and NN refer-
ence spectra from GiBUU [3], where
possible contributions were normal-
ized to data. The main systematic
uncertainty of the in-medium contribution originates from the simulated NN reference spectra. To
reduce these errors HADES has measured p+p collisions at 1.58 GeV beam energy in February
2022. The extracted dielectron spectra of that particular beamtime will serve as NN reference for
the Ag+Ag analysis.

2. The HADES experiment

HADES is a fixed-target experiment located at the SIS18 accelerator at GSI in Darmstadt,
Germany. It is capable of operating with a variety of hadron and ion beams within the energy range
of a few GeV per nucleon. The HADES configuration enables precise measurements of hadrons
and leptons. Due to its extensive detector acceptance between 18◦ and 85◦ in theta and exceeding
85% in the azimuthal angle, HADES facilitates the investigation of rare decays such as dileptons.

In order to reconstruct tracks, HADES contains four layers of Mini Drift Chambers (MDC)
and a magnet producing a toroidal field situated between layer II and III. The particle momentum
can be obtained from the reconstructed track via the deflection of the particle in the magnetic field.
In addition to the time-of-flight measurement from the START and TOF scintillator or the Resistive
Plate Chamber (RPC), HADES provides excellent opportunities for further particle identification.
The installation of an additional Electromagnetic Calorimeter (ECAL) allows direct detection of
photons and improves the identification of high-momentum electrons, while a Forward Detector
(FD) covers the small polar angles between 0.5◦ and 7◦ for additional TOF and tracking information.
In order to perform dielectron analyses, it is essential to utilize the RICH detector. The gas volume
of the RICH detector is filled with isobutane (C4H10) which makes the detector hadron blind until
2.5 GeV/c and allows the measurement of electrons starting from 9 MeV/c. In consequence, the
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existence of a ring is a sufficient criterion for the identification of an electron, due to a lack of random
ring-track matches in p+p collisions. Additionally, the RICH detector is situated in proximity to
the target: The VUV mirror is located downstream and the photodetection plane upstream. This
configuration mitigates the background, particularly in regards to photon conversion.

3. Analysis

3.1 The data sample
In February 2022 a proton beam impinging on a liquid hydrogen (LH2) target has been used

to generate p+p interactions. Furthermore, a limited number of interactions with the mylar target
vessel only, i.e. so called empty target events have been recorded. The interactions of the target
vessel could then be distinguished from those with the liquid hydrogen based on the z-component
of the reconstructed event vertex. Comparing the two z-distributions of the event vertices shows
that 10 % of all full target events stem from interactions with the vessel, and only 2.5 % if applying
vertex cuts as shown with the orange area in Figure 2. This cut on the z-component of the vertex
(depicted as the orange area in Figure 2) is used for the p+p analysis.
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Figure 2: z-component distribution of the event vertex.

Additionally there is a cir-
cular cut on the x and y compo-
nent of the event vertex as well as
a selection based on the trigger
information. PT2, the minimum
bias trigger of the beamtime, is
used for elastic collisions, while
PT3 is a sharper condition which
demands for 3 charged tracks in-
side HADES. For this analysis
PT3 is used.

3.2 Identification of electrons
In HADES electrons are identified with several selection criteria, including the quality of the

track reconstruction, the RPC / TOF signal and the correlation between both. Furthermore, only
particles with velocities above 𝛽 = 0.8 were taken for the analysis. Moreover, the RICH information
is used to differentiate electrons from pions. Only tracks with a high-quality ring to track matching
are retained. Additionally, a selection based on the number of fired PMT channels, and a selection
based on the radius of the reconstructed rings is utilized to identify high-quality rings, i.e. electrons.

3.3 Calculation of the dielectron signal
Three steps are required to calculate the dielectron signal: the conversion rejection, the appli-

cation of an efficiency correction, and the calculation of the combinatorial background.
The majority of the physical background of dielectrons can be attributed to 𝛾 conversion, which

leads to the production of dielectrons with an opening angle (𝛼𝑒𝑒) close to 0◦. Two distinct methods
have been developed to reject dielectrons with particularly small opening angles: For 3◦ < 𝛼𝑒𝑒 < 9◦,
it is feasible to reconstruct both electron rings in the RICH detector. These conversion pairs can be
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rejected by a cut on the opening angles between the rings. For even smaller 𝛼𝑒𝑒, the RICH detector
does not allow the reconstruction of both rings. Thanks to the high resolution, it is possible to
select such dielectrons based on the number of fired PMT channels since this number is significantly
higher in the case of nearly overlapping rings.

In order to estimate the efficiency losses that result from an imperfect track reconstruction
and particle identification, so called white electron simulations generated by PLUTO (consisting
of single leptons equally distributed over the full phase space) are used to create 𝑝𝑡 -𝑦-distributions
of the acceptance and efficiency. The acceptance describes the discrepancy between the initial
particles (𝑁initial) and those reaching the detector material (𝑁in acc), while the efficiency is defined
as the number of reconstructed particles remaining after the particle identification (𝑁reco) divided
by the particles in acceptance.

𝑎 =
𝑁in acc
𝑁initial

𝜖 =
𝑁reco
𝑁in acc

(1)

Both corrections are performed in a 𝜃-𝑝-window, where HADES is able to reconstruct electrons:
14◦ < 𝜃 < 78◦, 𝑝 < 1200 MeV/𝑐 and 𝑎 × 𝜖 > 5 %.

At last, the combinatorial background is calculated using the like-sign pairs of the same event
(FG) and the event mixing technique (fg) to extract a k-factor in accordance with Eq. 2. The k-factor
accounts for the difference in acceptance and efficiency between unlike-sign pairs and averaged
like-sign pairs.

⟨𝐵𝐺+−⟩ =
⟨ 𝑓 𝑔+−⟩

2
√︁
⟨ 𝑓 𝑔++⟩⟨ 𝑓 𝑔−−⟩

· 2
√︁
⟨𝐹𝐺++⟩⟨𝐹𝐺−−⟩ = 𝑘 · 2

√︁
⟨𝐹𝐺++⟩⟨𝐹𝐺−−⟩ (2)

4. Results

4.1 The dielectron signal
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Figure 3: The dielectron signal spectrum for p+p col-
lisions at 1.58 GeV beam energy.

The dielectron signal has been calcu-
lated by applying the acceptance and effi-
ciency correction and subtracting the combi-
natorial background. Figure 3 depicts the
calculated signal, which reaches an invariant
mass of 600 MeV/𝑐2. In the 𝜋0 Dalitz re-
gion (𝑀 ≤ 140 MeV/𝑐2) 45,710 signal pairs
were counted, while in the 𝜂 Dalitz region
(𝑀 > 140 MeV/𝑐2) 1566 were counted. The
signal-to-background ratio is greater than 1 over
the entire spectrum.

4.2 Calculation of the dielectron cross section
The dielectron signal can be used to calculate the dielectron cross section. Therefore, the

luminosity of elastic p+p collisions was extracted (𝐿 = 400 nb−1 [5]). Additionally, the signal must
be scaled by a bias factor, which accounts for the impact of the event and trigger selection criteria
on the number of reconstructed dielectrons. In particular, the trigger bias factor will upscale the
PT3-triggered events utilized for the dielectron analysis to the PT2-triggered events utilized for the
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elastic analysis. Additionally, the event bias factor accounts for the event selection criteria based on
the event vertex. Both bias factors are calculated by the ratios of signals (𝑎 × 𝜖 corrected) (Figure
4).
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Figure 4: Calculation of the trigger and event bias factors.
The distributions have been fitted (dashed lines) and combined
(shown in red).

0 0.2 0.4 0.6 0.8 1 1.2

]2 [GeV/ceeM

3−10

2−10

1−10

1

10

)]2
b/

(G
eV

/c
µ

   
[

ee
/d

M
σd

HADES work in progress

pp @ 3.5 GeV

pp @ 2.2 GeV

pp @ 1.58 GeV

pp @ 1.25 GeV

Figure 5: Differential cross section for
dielectrons in p+p collisions at various
beam energies in HADES [6].

The final cross section distribution was compared to previous HADES measurements of p+p
collisions with a similar 𝜃-𝑝-window, as illustrated in Figure 5. As the energy increases, the
shoulder of the signal grows. Moreover, the 𝜔 meson signal appears at higher energies.

4.3 Interactions with the target vessel
Similar to the reconstructed p+p dielectron signal, a dielectron signal for the proton+mylar

(C10H8O4) reactions can be reconstructed by removing the cut on the z-component of the vertex.
These signal spectra may later be used to extract a p+n reference. To compare the empty and full
target measurements, both spectra were scaled by the 𝜋0 multiplicities, which were extracted from
the two photon decay channel [7]. The resulting signal spectra are presented in Figure 6. In the 𝜋0

mass region, there is a good agreement between the measurements taken with the empty and full
target. For higher invariant masses, a ratio of 2 is observed (see Figure 7).
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Figure 6: Comparison of the dielectron signal for
empty and full target.
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Figure 7: The ratio of both spectra from Fig. 6 in
comparison to GiBUU simulation.

4.4 Comparisons with GiBUU
For comparison with theoretical expectations, p+p, p+O and p+C simulations were performed

with GiBUU [8]. The same 𝜃-𝑝-window, in which the HADES data is corrected for acceptance
and efficiency losses, was applied in GiBUU as well. Furthermore, a momentum smearing matrix
was generated using HADES white lepton simulations from PLUTO. Consequently, the resulting
GiBUU simulations are directly comparable to the experimental measurements. A comparison of
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Figure 8: Comparison with GiBUU simu-
lation for p+p at 1.58 GeV beam energy.

the p+p results (Figure 8) demonstrates a high degree of
agreement. The agreement will be further enhanced by
a currently missing efficiency correction for small open-
ing angles, particularly in the region of the 𝜋0 mass. In
order to compare the ratio between p+p and p+mylar re-
actions, a mylar simulation was calculated by mixing the
p+p, p+O, and p+C simulations in accordance with the
number of atoms present in a mylar molecule. Based
on these simulations, the ratio between the p+mylar and
p+p reactions was calculated to be 2 for invariant masses
within the 𝜂 Dalitz region (Figure 7) and is in agreement
with the experimentally extracted ratio.

5. Outlook

A p+p dielectron signal was successfully recon-
structed for a beam energy of 1.58 GeV. The p+p reference demonstrates a high degree of agreement
with theoretical predictions. Additionally, the ratio between empty and full target measurements has
been calculated and compared to the theoretical model. The objective is to calculate a p+n reference
based on the ratio between the empty and full target spectra. The final p+p and p+n references will
enable the extraction of the medium temperature and excess yield in the Ag+Ag measurement.
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