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Abstract. A dedicated programme aiming at studying electromagnetic baryonic transitions in the time-like
region has started at GSI using the pion beam and the High Acceptance Di-Electron Spectrometer (HADES)
set-up. A pioneering experiment has been carried out in the second resonance region, at a center-of-mass energy
of 1.49 GeV, using carbon and polyethylene targets, allowing for an analysis of the inclusive e+e− production
and of the exclusive quasi-free π−p→ ne+e− reaction, in complement to hadronic channels. Predictions for the
Dalitz decay of N(1520) and N(1535) based on real photon couplings strongly underestimate the e+e− yield at
invariant masses larger than 300 MeV/c2, which signals effects of time-like baryon transition form factors, in
qualitative agreement with the Vector Dominance Models (VDM). A quantitative description of the observed
e+e− yield is achieved by taking into account the contribution from off-shell ρs. The latter was provided by
the preliminary results of a Bonn-Gatchina Partial Wave Analysis of the two-pion production channels, which
were measured simultaneously in our experiment. A good agreement is also obtained using a covariant model
for the time-like electromagnetic form factors for the N-N(1520) transition. The angular distributions for the
e+e− production contain additional selective information on the spin structure of the different transitions. The
measurements with the pion beam will be extended in future in the third resonance region. Hyperon Dalitz
decay studies in proton induced reactions are also foreseen.

1 Introduction

Dilepton production is a favored probe for QCD matter
studies. In particular, the emission of low mass dilep-
tons gives insight on the properties of vector mesons in the
hadronic matter. It allows to search for in-medium mod-
ifications of the ρ mesons [1], as predicted by hadronic
many-body calculations [1] due to the dressing of the pi-
ons and the direct coupling of the ρ meson to baryons.
These spectral functions are also expected to be affected
by QCD chiral symmetry restoration in hot and dense mat-
ter. The main objective of experiments with the High Ac-
ceptance Di-Electron Spectrometer (HADES) [2] at GSI
is the study of hadronic matter in the low temperature (T<
80 MeV) and large density (up to 3 times the normal nu-
clear matter density) region [3]. An experimental program
using pp, "quasifree" np and more recently πN reactions
is also developped, in order to provide reference spectra
needed for the interpretation of medium effects and to iso-
late specific processes using exclusive channels, notably
the baryon resonance Dalitz decays (B → Ne+e−). An
overview of HADES results is given in P. Salabura’s report
at this conference [4] and preliminary results concerning
the hadronic channels measured in π−p collisions in the
second resonance region can be found in the contribution
of I. Ciepał to this conference [5]. This contribution is de-
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voted to the study of electromagnetic channels measured
with the pion beam in the same energy range.

2 Dalitz decay studies with HADES

Baryon resonance Dalitz decays (B→ Ne+e−) give insight
into the electromagnetic structure of baryonic transitions
for squared momentum transfer q2= M2

ee in the time-like
region (q2> 0), in the [4m2

e , (MB−MN)2] range, where Mee

is the e+e− invariant mass, me, MB and MN are the electron,
baryon resonance and nucleon masses, respectively. As
illustrated in figure. 1, this kinematical region is comple-
mentary to the space-like region (q2 <0) probed in electron
scattering, in particular with the CLAS detector at JLab
[6]. The two regions are connected at the "photon point"
(q2=0), where information on the N-γ couplings is pro-
vided by meson photoproduction experiments. For larger
positive q2, the influence of the ρ and ω vector mesons
is expected to play a significant role. Dalitz decay pro-
cesses are therefore particularly relevant to investigate the
applicability of Vector Dominance Model (VDM) in elec-
tromagnetic baryon transitions. HADES measurements in
proton-proton collisions at an incident energy of 1.25 GeV
provided the first determination of the ∆(1232) Dalitz de-
cay branching ratio [7, 8] in the channel pp→ ppe+e−. At
higher incident proton energies, the e+e− invariant mass
spectra clearly demonstrate the effect of electromagnetic
form factors of VDM type [9–11], which means that the
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Figure 1. Left: Sketch of the Dalitz decay process of a resonance produced in the s-channel in a π−p reaction. The four-momentum
transfer q2 is positive and takes values between 4m2

e and (MB − MN)2, where Mee is the e+e− invariant mass, me, MB and MN are
the electron, baryon resonance and nucleon masses, respectively. Right: Excitation of a nucleon by electron scattering. The four-
momentum transfer q2 is negative and fixed by the energy and angle of the scattered electron.

Figure 2. Sketch of the Vector Dominance Model. The electro-
magnetic interaction is mediated by vector mesons.

electromagnetic interaction is mediated by vector mesons
as illustrated in figure 2. As discussed in [4], the results
obtained in pp and pn reactions have been crucial to pro-
vide a reference for the study of off-shell ρ propagation in
cold as well as hot and dense matter.

The extension of the program to experiments with the
GSI pion beam offers a more direct way to investigate
Dalitz decays. In πN reactions the baryon resonances
are indeed produced with a fixed mass in the s channel
(MB =

√
s), so there is less overlap between several states

and the πN interaction is better controlled. In addition, the
exclusive channel π−p→ ne+e− can be studied by select-
ing e+e− pairs in a missing mass range around the neutron
mass, while in the case of the pp reaction, the request of a
detected proton significantly reduces the detection accep-
tance in HADES. These reactions are in fact the reverse
reaction from the pion electroproduction reaction, which
is one of the experiments used to extract baryon transition
form factors in the space-like region (see figure 1).

3 The pion beam line and the Hades
detector

High Acceptance Di-Electron Spectrometer (HADES) is a
versatile set-up [2] installed at SIS18 in GSI, Darmstadt.
It provides excellent detection both for hadron and rare di-
electron production, thanks to the high acceptance (30%

for e+e− pairs in the vector meson region), the powerful
particle (p/K/π/e) identification and the very good mass
resolution (2 - 3% forω→e+e− decays). Pion beam exper-
iments were since the very beginning part of the HADES
scientific program and commissioning runs took place al-
ready in 1999 [12, 13]. To check the pion beam prop-
erties, a test experiment using the HADES detector was
performed in 2014. The secondary pion beam is pro-
duced using an extracted primary 14N beam provided by
the SIS18 synchrotron with an intensity of (0.8 - 1.0)×
1011 ions/spill, close to the space-charge limit of the ma-
chine impinging on a 10 cm long beryllium target. The pi-
ons in a selected momentum range are transported through
the beam line consisting of nine quadrupole and two dipole
magnets from the production point up to the HADES tar-
get located 33 m downstream. The pion yield at the exit
of the pion beam line reaches a maximum of about 106

pions/spill at p=1.0 GeV/c and is about twice smaller at
p=0.7 GeV/c and 1.3 GeV/c.

Two silicon strip detectors along the beam line and a
start detector right in front of HADES were used to mea-
sure the position of the beam particles. Beam transport
calculations have been performed to optimize the trans-
mission of the beam line and reconstruct event-by-event
the pion momentum with a precision better than 0.3% (σ).

4 Data analysis

Data at four different pion beam momenta (0.654, 0.686,
0.738 and 0.787 GeV/c) in the second resonance region
were collected on both polyethylene ((C2H4)n) and carbon
targets. The largest statistics was measured in the case of
0.69 GeV/c on the polyethylene target and this data set was
used for dilepton production studies. As described in de-
tail in [5], the precise normalization of the measurements
is provided by the known π−p elastic scattering differential
cross sections [14], after subtraction of the carbon con-
tribution, using a least-square tagging procedure, based
on the comparison of measurements with the polyethy-
lene and carbon targets. The data measured for the ex-
clusive π−p → π+π−n and π−p → π−π0 p reactions have
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Figure 3. e+e− invariant mass distributions measured in the in-
teraction of pions at p=0.685 GeV/c on polyethylene (black dots)
and carbon (red dots) after normalization to the same incident
flux.

then been included in the multichannel Partial Wave Anal-
ysis (PWA) developed by the Bonn-Gatchina group [15].
In this way, the different contributions to the total ampli-
tude, such as ∆π, ρN, σN can be extracted together with
their couplings to the main contributing baryon resonances
(N(1520), N(1535), N(1440),...). The ρN contribution de-
duced from this analysis is used as an input for the descrip-
tion of the dielectron channels, as described in sec. 5. For
the e+e− channel, the subtraction of events produced by
the interaction of the pion beam with carbon nuclei in the
polyethylene target was not feasible, due to the too small
statistics recorded on the carbon target. Specific analy-
sis cuts were applied for the reconstruction of correlated
e+e− pairs, in order to suppress tracks arising from photon
conversion and to avoid their contribution to the combina-
torial background [16]. The combinatorial background is
then estimated using the like-sign pair yields measured in
the same event. A threshold of 9 ◦ applied to the opening
angle between the two leptons allowed for the complete
rejection of correlated pairs from the photon conversion.

5 e+e− invariant mass and missing mass
studies

The e+e− invariant mass distributions are displayed in fig-
ure 3 for both the carbon (red dots) and the polyethylene
(black dots) targets after normalization to the same inci-
dent yields. The contribution due to interactions with the
carbon nuclei is on average 70% for invariant masses be-
low 300 MeV/c2 and 50% above.

For e+e− invariant masses above the π0 mass, the π0

Dalitz decay does not contribute and the missing mass dis-
tribution clearly shows two structures (figure 4). The peak
around the neutron mass can be attributed to the exclu-
sive π−p→ ne+e− reaction, either on a free proton or a
bound proton in the carbon nuclei, in a quasi-free process.
The contribution at larger missing masses is expected to
be mainly due to the η Dalitz decay, where a photon is

Figure 4. Distribution of the missing mass of e+e− events with
invariant mass larger than 120 MeV/c2. The results of the simula-
tion (total shown as a blue curve) including the η (pink), N(1520)
Dalitz decay (red), N(1535) Dalitz decay (dark green), ρ (light
green) are compared to the simulation showing the different com-
ponents.

Figure 5. Distribution of cross sections for the π−p → ηn reac-
tion in 5 MeV wide bins in

√
s (center-of-mass energy) for the

interaction with a free proton (blue) and a bound proton in the
carbon target (red).

emitted in addition to the e+e− pair. The exclusive free or
quasi-free π−p→ ne+e− channel can then be selected by
applying invariant mass (Mee > 0.140 GeV/c2) and miss-
ing mass (0.9 < MM < 1.03 GeV/c2) cuts, as shown on
figure 4. The number of selected events amounts to about
1500.

To describe the e+e− production in π−+ (C2H4)n reac-
tions, we developed simulations with the Pluto [17] event
generator based on the available information for pion-
nucleon interactions. For the π0 production cross sections
in the channels π−p → π0n, π−p → π0π0n and π−p →
π0π−p, we use information from former data and from the
SAID Partial Wave Analysis [14, 18–22]. The rapid vari-
ation of the η production cross section close to threshold
has also been measured [23]. An essential ingredient of
the simulation of the π−p reactions is the pion beam mo-
mentum distribution, which is known from the pion beam
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Figure 6. Differential cross sections as a function of the e+e−

invariant mass for the different contributions used as inputs for
the simulations of the π−p→ ne+e−X reaction at an incident pion
momentum of 0.685 GeV/c.

momentum reconstruction deduced from measured hits in
the pion beam tracker using the optic parameters of the
pion beam line. This distribution is centered at a value
(p=0.686 GeV/c) very close to the η production thresh-
old and can be approximated by a gaussian with a width
of 1.7%. The η yield resulting from the folding of the η
production excitation function and the beam momentum
distribution is displayed in figure 5. The e+e− invariant
mass distributions for the meson Dalitz decays are then
deduced from a QED calculation using VDM form fac-
tors [24]. In addition to the Dalitz decay of the π0 and η
mesons, we can expect production of e+e− via the Dalitz
decays of baryons. It is known from the PWA analysis of
the two pion channels that the dominant resonant contri-
butions in the s channel are due to N(1520) and N(1535)
[5]. Starting from the QED calculation of [25], we found
that the widths for the decay of the N(1520) (JP=3/2−) and
N(1535) (JP=1/2−) into a nucleon and a virtual photon of
mass Mee can be deduced from the corresponding radiative
decay widths by the same relation:

ΓN?→Nγ∗ (q2) =
σ3

+σ−

m3
+m−

∣∣∣GT (q2)
∣∣∣2

|GT (0)|2
× ΓN∗→Nγ (1)

where q2 = M2
ee, (2)

m± = m? ± mN , (3)
σ2
± = m2

± − M2
ee, (4)

m? is the resonance mass, mN is the nucleon mass and
GT (q2) is an effective form factor, which can be expressed
as a function of the electric, magnetic and Coulomb form
factors. The Dalitz decay differential decay width can then
be calculated as a function of the e+e− invariant mass as

dΓN?→Ne+e−

dMee
=

2α
3πMee

Γ
N?→Nγ∗

MN?
(Mee), (5)

Assuming no dependence of the form factor on the four
momentum transfer (point-like assumption), the differen-
tial Dalitz decay width of N(1520) and N(1535) can then
be derived directly from the radiative decay width us-
ing Eq.1. To deduce the coresponding e+e− differential
cross sections, we used the cross sections for the s-channel
N(1520) and N(1535) resonant contributions in the π−p→
nγ reaction, which were deduced, using detailed balance,
from the Bonn-Gatchina PWA of the γn →π−p channel.
We also implemented the Dalitz decay of the ∆(1232), us-
ing the ∆π cross sections extracted from the PWA of the
two pion production channels in the π−p reaction at our en-
ergy. The partial decay width was calculated using a con-
stant form factor (GM=3, GE=0, GC=0) consistent with
the radiative decay width [25].

Interactions with carbon nuclei were treated in a quasi-
free approach, using the participant-spectator model and
taking into account the nucleon momentum distribution in
carbon. The available energy in the π−p system, and hence
the distribution of η yields is quite sensitive to this assump-
tion (figure 5). For the different contributions, the cross
sections for interaction of π− beam particles with carbon
nuclei (σC) were renormalized from the free cross sec-
tions (sσH) taking into account the ratio between yields
measured respectively in the (C2H4)n and C targets. The
total experimental and simulated yields are normalized as
σH + 0.5σC to take into account the different number of
carbon and hydrogen atoms in polyethylene. The contri-
butions of the different dilepton channels are then summed
up incoherently. We consider two types of uncertainties
to this dilepton cocktail. The first one is related to the
knowledge of the free cross sections and the second one
is due to the uncertainty of the carbon contribution. The
cross section inputs for the simulation and the branching
ratios to the e+e− emission are summarized in table 1.
Figure 6 shows the results of the simulation for the full
solid angle, with uncertainties on each component dis-
played as colored bands. The spectrum is strongly dom-
inated by the π0 Dalitz decay for e+e− invariant masses
below 120 MeV/c2, then the dominant contribution is the
η Dalitz, up to invariant masses of about 280 MeV/c2. For
larger invariant masses, the Dalitz decay of N(1520) and
N(1535) produced in the s-channel is found to be dom-
inant. The ∆(1232) Dalitz decay contribution, which is
about one order of magnitude lower than the N(1520) con-
tribution and has a much steeper decrease as a function of
e+e− invariant mass is not represented.

This cocktail can be considered as a reference for me-
son and baryon Dalitz decays in a point-like approach. It
provides a reasonable description of the mesured dielec-
tron yields for invariant masses below 300 MeV/c2, where
the π0 and η Dalitz decay contributions dominate. How-
ever, it significantly underestimates the yield at higher in-
variant masses, where the baryon contribution is expected
to take over. This deviation from a point-like behavior is
even more striking in the exclusive π−p→ ne+e− channel,
which clearly shows that time-like electromagnetic form
factors need to be implemented. This was done in two dif-
ferent ways.
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channel σ(mb) Branching ratios
σH σC σH + 0.5 × σC

π0n 9.0 ± 0.8 32.4 ± 2.9 ± 8.1 25.2 ± 2.3 ± 4.1
π0→ γ e+e− 1.2 %π0π0n 1.9 ± 0.1 6.8 ± 0.4 ± 1.7 5.3 ± 0.3 ± 0.85

π−π0p 4.0 ± 0.5 14.4 ± 1.8 ± 3.6 11.2 ± 1.4 ± 1.8
η n 0.63 ± 0.2 2.3 ± 0.1 ± 0.8 1.8 ± 0.25 ± 0.4 η→ γ e+e− 6.9 10−3

∆+ ± 0.78 ± 0.08 2.9 ± 0.3 ± 1.0 2.2 ± 0.23 ± 0.5
∆(1232)→ N e+e−4.2 10−5

∆0 π0 1. ± 0.1 3.7 ± 0.4 ± 1.3 2.9 ± 0.3 ± 0.65
N(1520) 20.4 ± 2 75.5 ± 7 ± 27 58 ± 5.5 ± 13.5 N(1520)0 → n e+e− 2.3 10−5

N(1535) 9.7 ± 1 35.9 ± 3.7 ± 5.0 28 ± 2.9 ± 2.5 N(1535)0 → n e+e− 3.5 10−5

Table 1. Cross sections for the different channels implemented in the simulation for interactions of π− with incident momentum of
0.685 GeV/c with proton, carbon and polyethylene targets. For the carbon and polyethylene targets, the first uncertainty is related to
the elementary cross sections used in the participant-spectator approach, as given in the first column and the second to the ratio of

carbon to proton cross section. The last column gives the branching ratio to the e+e− channel.

Figure 7. Simulations of the e+e− invariant mass distribution
of the ρ decay contribution to the π−p→ ne+e− at 0.685 GeV/c
with mass distributions from a Breit-Wigner (blue curve, labeled
ρ PLUTO) or deduced from the PWA of hadronic channels (red
curve, labeled ρ PWA).

The first approach was based on the VDM and took ad-
vantage of the simultaneous measurement of pionic chan-
nels. We used the off-shell ρ contribution from the PWA in
the π−p reaction at an incident momentum of 0.69 GeV/c
and converted it into a dilepton contribution, using VDM.
It has to be noted that the spectral shape of this off-shell ρ
contribution is quite different from the one expected for
the decay of a ρ with a Breit-Wigner mass distribution
(compare blue and red curves in figure 7). This is due
to the coupling to the N(1520) which, according to the
preliminary results of the PWA, plays a major role in the
off-shell ρ production. Implementing the ρ contribution in
the simulation results in a large dilepton yield above 300
MeV/c2, which improves significantly the description of
the data. As shown in figure 4, the simulation including
this ρ contribution is able to reproduce the yield for the
exclusive π−p→ ne+e− reaction. According to the PWA,
the dominant resonant contribution to the off-shell ρ pro-
duction is the N(1520) resonance. By this procedure, we
demonstrate experimentally the validity of the VDM ap-
proach to take into account the hadronic structure of the

electromagnetic transitions in the region of the N(1520).
We can also notice that the yield for missing masses above
1.1 GeV/c2, where the η Dalitz decay dominates is also
fairly well reproduced, which confirms the consistency of
our participant-spectator model.

In the second approach, we used the model of [26]
which was developed for the time-like electromagnetic
transition form factors of the N-N(1520) transition. In this
model, baryons are described with a quark core and a me-
son cloud, with parameters fitted to the existing data for
the N-N(1520) transition in the space-like region. The pre-
dictions of the model for the effective form factor GT (q2)
have been injected using Eq. 1 in our Dalitz decay sim-
ulation. The meson cloud contribution is strongly dom-
inant in the time-like region and leads to an enhance-
ment of the dilepton yield for invariant masses larger than
300 MeV/c2. A detailed comparison with the data is in
progress.

6 Angular distributions
Further information, in particular on the transverse and
longitudinal virtual photon polarization can be obtained
from the angular distributions. A convenient parametriza-
tion of the amplitudes |A| at a given value of Mee and emis-
sion angle of the virtual photon derives from the density
matrix formalism [28]

|A|2 ∝ 4k2[2ρ00(1 − cos2 θ) + 2ρ11(1 + cos2 θ)
+2
√

2 sin(2θ) cos φReρ10 (6)
+2 sin2 θReρ1−1 cos(2φ)]. (7)

Here, k2, θ and φ denote the momentum, polar angle and
azimuthal angles of the lepton in the virtual photon refer-
ence frame, respectively and ρ00, ρ11, ρ1−1 are the three
independent density matrix coefficients which can be ex-
pressed as a function of the electromagnetic form factors
or helicity amplitudes. This relation depends on the spin
and parity of the transition. Nevertheless, the connection
between ρ11 and the transverse A⊥ and longitudinal A‖ am-
plitudes can be simply written as:

ρ11 =
A⊥

2A⊥ + A‖
(8)
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Figure 8. The exclusive π−p → ne+e− reaction is selected using
missing mass. The distribution of the lepton angle θel in the γ∗

reference frame is shown for γ∗ angles in the center-of-mass in
the bin 0 < cos(θCM

γ∗ ) < 0.5. The red curve represents the result
of the fit weighted by acceptance and efficiency [27].

A method to extract spin density matrix elements from
a fit to experimental data has been developed based on
the maximum likelihood [29]. The coefficients can be
extracted as weights of a Monte-Carlo simulation which
takes into account the acceptance and efficiency of the de-
tector, as illustrated in figure 8. Despite the low statis-
tics which affects the precision of the data, the coefficients
were studied in three bins of angle of the virtual photon,
providing significant information on the spin structure of
the transitions. For example, preliminary results indicate
that, in some bins ρ11 is different from 0.5 and ρ10 is dif-
ferent from zero, which clearly demonstrates the contribu-
tions of virtual photons with longitudinal polarization, in
contrast to real photons.

Moreover, the density matrix formalism can also be
applied to analyze the angular distributions of pions from
the off-shell ρ component of the PWA solution. The co-
efficients obtained from the two pion analysis should be
consistent with the ones obtained from the dilepton distri-
butions for Mee > 300 MeV if the dominant channel is
indeed the ρ meson decay. The studies are on-going and
the results are expected soon. The density matrix formal-
ism also allows for an easy comparison with model pre-
dictions. As explained in details in D. Nitt’s contribution
to this conference [30], we used the Lagrangian model of
[28], which takes into account VDM form factors for the
various baryonic transitions.

7 Project for future pion beam
experiments

These results from a commissioning experiment provide
very first and promising information about the baryon
electromagnetic transitions in the time-like region. In the
near future, an experiment is planned to explore the third
resonance region (

√
s = 1.7 GeV), where several bary-

onic resonances contribute (∆(1620), ∆(1700), N(1650),

Figure 9. Expected precision on the spin density matrix ele-
ments ρ11, ρ10, ρ1−1 for 104 events as a function of z = cos θCM

and for two bins in dilepton invariant mass Mee. The red points
show results obtained in the full solid angle and the black points
correspond to events measured within the HADES acceptance.

N(1675), N(1630), N(1710), N(1720),...)[31]. Dielectron,
strange and non strange meson production in π−p and π−C
reactions will be measured. In this higher energy range,
the sensitivity of electromagnetic form factors to VDM
will be enhanced, since q2 values closer to the Vector Me-
son poles can be reached, which will be very valuable e.g.
to test predictions of ρ − ω interferences [32, 33]. Our
goal is to reach a statistics for the signal 20 times larger
than in the previous commissioning experiment, to allow
for an extraction of the global longitudinal (related to the
Coulomb form factor) and transverse (related to the elec-
tric and magnetic form factors) amplitudes for two bins in
invariant mass and three bins in virtual photon angles (see
figure 9). The measurements of various exclusive hadronic
channels (π0π−n, π+π−p, ωn, ρn, ηn, KΛ, KΣ) in an energy
scan are also foreseen. The objective is to increase by at
least one of order of magnitude the existing data base for
these hadronic decay channels. In this way, many poorly
known hadronic couplings in the third resonance region
could be determined with a precision at the percent level.
Many open issues related to baryon structure also exist in
this mass region (e.g. N(1710), ∆(1700)) and are in the
focus of new meson beam facilities [34]. In relation to
the general program of the HADES collaboration, the em-
phasis for future measurements will be put on improving
the knowledge on ρ-N, ω-N and K-Λ couplings, which
are needed as input for the modeling of the propagation
of ρ mesons and strange particles in matter. The measure-
ment of channels with neutral mesons (π0, η) or real pho-
tons will be possible thanks to the new Electromagnetic
Calorimeter, which has recently been put in operation. A
higher electron efficiency is provided by the new RICH
photon detector, developed in the context of the HADES-
CBM FAIR Phase-0 program and which was also recently
used successfully by the HADES collaboration in a mea-
surement of Ag+Ag collisions. The acceptance will also
be improved at the most forward angles (0.6-6.5◦) thanks
to a new detection system based in particular on straw
tube trackers in the context of the HADES/PANDA FAIR
Phase-0 program, which is currently under construction.
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We also await improvements of the extraction efficiency
of the primary 14N or proton beams which could result in
a significant increase of the pion beam flux.

Measurements on a carbon target, which are needed to
extract the proton contribution in the polyethylene target,
will also be used to study e+e− and meson production in
π−C reactions. The objective is to pin down possible cold
matter effects on the ρ and ω spectral functions, as well as
to quantify ω absorption.

Further in the future, the very poorly known fourth
resonance region could be explored in experiments with
a pion beam at pπ ∼ 1.3 GeV/c. This kinematical re-
gion is well suited to provide accurate measurements of
the Λ(1405) which can be analyzed both in the ΣN neutral
and charged decay modes.

8 Future studies of hyperon
electromagnetic transitions

The HADES collaboration also plans to investigate the
poorly known electromagnetic structure of hyperons.
While elastic or transition form factors can be measured
at large q2 in e+e− annihilation reactions [35], the study of
Dalitz decay of hyperons (Y’→Ye+e−) is unique to inves-
tigate the low q2 region. One open question which makes
studies in this kinematical region very attractive is the rel-
evance of VDM in the hyperon sector [36–38]. Due to the
narrow width of most hyperons, they can be reconstructed
with the invariant mass of their decay products and one
can therefore take advantage of their abundant production
in pp reactions (a few hundred µb at p≥5 GeV/c). HADES
can study hadronic decays, as well as radiative and Dalitz
decays of hyperons. These measurements will also ben-
efit from the on-going upgrade of the HADES set-up. In
particular, the above-mentioned increase of the acceptance
will be very beneficial for the detection of forward emit-
ted protons. The measurement of radiative decays will
also be possible with the new Electromagnetic Calorime-
ter. The foreseen increase of the acquisition rate (up to
200 kHz) is also needed to record enough statistics for
the rare Dalitz decays. According to the dedicated sim-
ulations which have been performed for the Λ(1520)→ Λ

e+e− Dalitz decay, a signal rate of 550 Λe+e− events per
day after all analysis cuts is expected. The comparison
of the N(1520) and Λ(1520) Dalitz decays both measured
with HADES will bring completely new information about
the sensitivity of baryon electromagnetic structure to the
strange quark content at finite q2 in the time-like region.
This program will be started at the present SIS18 facility
and continued at higher energies at SIS100 (FAIR), in a
complementary way to the studies foreseen at PANDA.

9 Conclusion

In complement to dense matter studies, the HADES col-
laboration developed an important program in elementary
reactions to shed light on the role of off-shell ρ mesons as
a mediator of the electromagnetic interaction. Recently, a
new step was taken with an exploratory experiment using

the GSI pion beam in the N(1520) region. It demonstrated
the interest of pion beam experiments to perform direct
studies of baryon Dalitz decays and to get insight into
the completely unknown time-like electromagnetic struc-
ture of baryonic transitions at q2 below the vector meson
poles. The measurement of both e+e− and ππ channels
allows for detailed checks of Vector Meson Dominance.
Such studies will be pursued in the near future with the
pion beam at GSI for heavier resonances. In addition, a
program focussing on electromagnetic transitions between
hyperons will be started at the present SIS18 facility. In
further future, the HADES detector will exploit the proton
and heavy ion beams of the SIS100 at the FAIR facility
and pursue its complementary hadronic physics and dense
matter studies at higher energies.
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