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Abstract HADES is a secondary generation experiment op-
erated at GSI Darmstadt with the main goal to study dielec-
tron production in proton, pion and heavy ion induced re-
actions. The first part of the HADES mission is to reinves-
tigate the puzzling pair excess measured by the DLS col-
laboration in C+C and Ca+Ca collisions at 1 A GeV. For
this purpose dedicated measurements with the C+C system
at 1 and 2 A GeV were performed. The pair excess above a
cocktail of free hadronic decays has been extracted and com-
pared to the one measured by DLS. Furthermore, the excess
is confronted with predictions of various model calculations.
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1 Introduction

An enhanced yield of dileptons with masses below the vec-
tor meson pole mass appears to be a general feature of
heavy-ion reactions. This enhancement is defined as the ex-
cess of the measured signal pair yield over the summed-up
cocktail of dileptons from long-lived sources.

We report here on a measurement of dilepton produc-
tion in 12C +12C collisions at 1 A GeV and 2 A GeV with
the High Acceptance DiElectron Spectrometer HADES. Our
results, together with the findings of the former DLS ex-
periment, allow to discuss the beam-energy dependence of
the pair yield. In particular, our results from 12C +12C at
1 A GeV offer the possibility for a direct comparison with
DLS. In this respect the long-standing so-called “DLS puz-
zle” can be addressed.

2 HADES experiment

The HADES spectrometer Fig. 1, described in detail in [1],
consists of a 6-coil toroidal magnet centered on the beam
axis and six identical detection sections located between the
coils and covering polar angle 18◦ < θ < 85◦. In the mea-
surements presented here, each sector was composed of a
gaseous Ring-Imaging Cherenkov detector, two inner planes
of Mini-Drift Chambers before and after magnetic field
for track reconstruction and a Time-Of-Flight wall supple-
mented at forward polar angles with Pre-SHOWER cham-
bers. The interaction time was obtained from a fast diamond
start detector located upstream of the target.

Fig. 1 Side view of the HADES detector at GSI

3 Data analysis

In the pair analysis [2, 3], opposite- sign pairs (e+e−), as
well as like-sign pairs (e+ e+ and e− e−) were formed and
an opening-angle cut of θee > 9◦ was used. From the recon-
structed distributions, the combinatorial background (CB)
was formed. For masses Mee > 0.2 GeV/c2, where statis-
tics is small, the CB was obtained by an event-mixing pro-
cedure. Detector and reconstruction efficiencies, as well as
the acceptance were taken into account. The measured elec-
tron pair yields were normalized to the number of neutral
pions (Nπ0 = 1/2(Nπ+ + Nπ− )) produced in the same event
sample and extrapolated to 4π solid angle (Table 1). This
way of normalizing the pair spectra compensates to first or-
der the bias caused by the implicit centrality selection of our
trigger. Indeed, simulation based on UrQMD events show
that LVL1 events have an average number pf participating
nucleons Apart = 8.6, instead of 6 for true minimum-bias
events [5]. The results from the pion analysis are in agree-
ment with the TAPS [7] as well as KaoS [9] data.

Measured pair signal distributions for 1 A GeV (Fig. 2)
and 2 A GeV (Fig. 3) are compared to a pair cocktail A
calculated from the long-lived components: π0-Dalitz, η-
Dalitz, ω-Dalitz and ω-Direct. Aims of this cocktail is to
represent all contributions from decay of mesons in vac-
uum after the chemical and thermal freeze-out of the fireball.
While the π0 and the η are directly constrained by published

Table 1 The obtained pion multiplicity per participant nucleon. The
systematic error of the yields is estimated to be 15% due to effi-
ciency/purity corrections, the extrapolation to full solid angle and full
kinematic phase space, and the determination of the number of partic-
ipating nucleons

Eb [A GeV] Mπ /Apart

1.0 0.153 ± 0.023

2.0 0.061 ± 0.009

Fig. 2 HADES dilepton mass spectrum from 12C + 12C at 1 A GeV
compared with cocktails A and B (see [3] for details)
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Fig. 3 HADES dilepton mass spectrum from 12C+12C at 2 A GeV
compared with cocktails A and B (see [2] for details)

data [7, 9] with uncertainties of 10% (π0) and 25% (η), the
multiplicities of the ω meson is taken from an m⊥-scaling
ansatz [10].

In the used event generator (PLUTO [11, 12]) me-
son production was hence modeled assuming emission
from a thermal source with a temperature T = 80 MeV,
but no radial expansion velocity. Furthermore, for the π0

mesons, an anisotropic angular distribution of the type
dN/d cos θCMS sin 1+a2 cos2 θCMS with a2 = 0.7 was used,
as deduced from the HADES charged-pion analysis [4].

Cocktail A is clearly not sufficient to explain the HADES
dilepton yields at intermediate, as well as for high masses.
For masses below 0.15 GeV/c2 one can observe good agree-
ment between the data and the simulated cocktails A, as ex-
pected from the way, the spectra are normalized (assuming
that no other source has a large contribution in this region).
However in the η region the data shows a strong excess and
therefore requires additional sources. Indeed, such contribu-
tions are expected from the decay of short-lived resonances,
mainly from the �(1232) and the ρ, excited in the early
phase of the collision. To include into the cocktail B pairs
from �0,+− → Ne+e− decays, we assumed that the � yield
scales with the π0 yield and employed a calculated decay
rate [13]. To add the ρ meson we used a similar prescription
as for the ω. The full thermal cocktail B is shown as well
in Figs. 2 and 3 as a long-dashed line. As it was expected,
above the π0 mass region the yield is larger but the data are
still not reproduced fully.The calculation rather stays well
below the data up to 0.7 GeV/c2, where the main contri-
butions are expected to come from two-body vector meson
decays.

Furthermore, the excess of the experimental data can be
quantified relative to the invariant mass taking into account
only cocktail A. Figure 4 shows the ratio obtained in this
way as a function of the invariant mass. The ratio is ba-
sically unity at low masses, where the main contribution
comes from the π0 Dalitz decay, as it was expected from

Table 2 Dilepton excess factor (Yexc) in the pair mass range 0.15 <

Mee < 0.50 GeV/c2 as a function of beam energy (Eb). Errors given
from left to right are statistical, systematical and due to the η multi-
plicities

Eb [A GeV] Yexc

1.0 (HADES) 6.8 ± 0.6 ± 1.3 ± 2.0

1.04 (DLS) 6.5 ± 0.5 ± 2.1 ± 1.5

2.0 (HADES) 1.9 ± 0.2 ± 0.3 ± 0.3

Fig. 4 Ratio of the experimental yield and cocktail A for 2 A GeV
(open symbols) and 1 A GeV (full symbols). Statistical and systematic
errors are displayed as vertical and horizontal bars, respectively. The
shaded area depicts a 15% normalization error

Fig. 5 Excess over cocktail A compared to the measured multiplicities
of η and π0 [7, 8] as a function of beam energy

the normalization. At higher masses the ratio of data and
cocktail A develops a pronounced maximum mainly due to
the lack of rho decay in the reference cocktail A. At inter-
mediate masses (0.15 < Mee < 0.5 GeV/c2) the ratio is with
invariant mass and deviated from unity.

It is clearly visible that the data at 1 A GeV shows
a stronger excess in comparison to the data at 2 A GeV.
A more detailed analysis [3] shows that the excess of the
yield in this region scales with the beam energy as pion pro-
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Fig. 6 Direct comparison of the dielectron cross sections measured in
12C + 12C at 1 A GeV by HADES and at 1.04 A GeV by DLS [5].
Invariant-mass distributions are compared within the DLS acceptance.
The HADES data corresponding to the two fit forms discussed in de-
tails in [3] are shown as upright and reverted full triangles

Fig. 7 Comparison of the P⊥ distributions between DLS [6] and
HADES mapped data

duction. This finding is illustrated in Fig. 5, which shows the
energy scaling of the excess yield together with the behav-
ior of η and π0 production. It suggests that the pair excess is
indeed driven by pion dynamics. From Fig. 5 it is also clear
that the HADES data at 1 A GeV (green triangle) and DLS
at 1.04 A GeV (black triangle) show the same excess.

A more detail comparison of the experimental results
from HADES and DLS has been performed [3]. This was
possible by mapping of the measured HADES pair yield
onto the DLS acceptance. However the acceptance of both
experiments do not overlap fully, especially in the π0 mass
region (M < 0.15 GeV/c2) and at low pt. In the discussed ex-
cess region the HADES acceptance almost fully contains the
DLS one. Additionally, a conversion of multiplicities, mea-
sured by HADES, into the production cross section given
by DLS needs to be done. This way of mapping allows for
a model-independent comparison of the two data sets. Fig-

ures 6 and 7 show HADES mapped data together with the
published DLS dσ/dMee [5] and 1/(2πp⊥) dσ/dp⊥.

It is apparent that, within statistical and systematic un-
certainties, both measurements are in very good agreement,
in particular in the region of excess yield. The same conclu-
sion is obtained from the comparison of the P⊥ distributions
(Fig. 7).

4 Conclusion

In summary, we report the measurement of inclusive dilep-
ton pair production in 12C+12C at beam energies 1 and
2 A GeV. Both data show agreement with the known π0 pro-
duction. In the mass region 0.15 < Mee < 0.5 GeV/c2 data
show a excess above the known η-Dalitz rate production by
a factor of 2 and 7 for 1 A GeV and 2 A GeV, respectively.
This pair yield excess is consistent with that measured by
the DLS. In addition, the excess scales with the beam en-
ergy like pion production. For better understanding of the
observed excess other HADES results on dilepton produc-
tion in a elementary reactions will add important informa-
tion. Furthermore a direct comparison between HADES and
DLS results has been presented. It is clear, that within statis-
tical and systematical errors both experiments show agree-
ment, in particular in the excess region. This agreement indi-
cates that the experimental side of the DLS puzzle is cleared
up and that a final solution can come only with more theo-
retical input.
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