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Abstract. Pion beams are important tools to study features of baryonic resonances and their decay channels
because resonances are produced in s-channel at fixed mass equal to +/s. In 2014 the HADES collaboration has
performed systematic measurements in the second resonance region scanning around the mass of the N*(1520).
Pion beams at four momenta (0.654, 0.686, 0.738 and 0.787 GeV/c) impinging on polyethylene and carbon
targets have been used. With the use of the multichannel Partial Wave Analysis (PWA) the role of the N*(1520)
resonance in conjunction with the intermediate p-meson production has been studied. Preliminary results at
0.654 GeV/c on exclusive production of two pions (nr*n~ and pr~7°) in the final state are presented.

1 Motivation

HADES has proposed an experimental program [1, 2] fo-
cused on combined measurements of hadron and dielec-
tron production in pion induced reactions [3-7]. It offers
a great opportunity to unambiguously fix the description
of baryonic resonances and their coupling to the light vec-
tor mesons p and w. The combined analysis of hadronic
and electromagnetic channels is crucial for validation of
the Vector Meson Dominance model and will help to un-
derstand the p-meson production mechanism [5]. For ex-
ample, studies of two pion na*n~ and pa~n® channels are
important to obtain the branching ratio of resonances in
the pN decay channel, that is one of the main goals of the
HADES experiment. On the other hand, investigations of
the dielectron channel like 7~ p — ne*e”, which has been
measured in the same experiment allows one to understand
the role of the p meson in electromagnetic transitions in
the time-like region [3-5, 8]. Therefore, to understand res-
onance production mechanisms a systematic energy scan
and high precision data are needed.

In 2014 a large dataset of 7~ p scattering has been ob-
tained at the four pion beam momenta 0.654, 0.686, 0.738
and 0.787 GeV/c [6, 7]. The data have been included into
the multichannel PWA developed by the Bonn-Gatchina
group [9]. Separations of cross sections of the two-pion
final states (#*7~ and 7°z”) into dominant channels have
been performed and compared to other data. In particular
the p-N coupling is investigated in context of electromag-
netic transition form-factors.
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2 Experiment with pion beams

The High Acceptance Di-Electron Spectrometer
(HADES) [10], installed at GSI Helmholtzzentrum/FAIR
in Darmstadt, was designed to measure dielectrons in
the 1-3.5 AGeV energy range. Its purpose is to measure
and reconstruct products of heavy ion, proton and pion
collisions up to a few AGeV. It allows to study both
hadron and rare dilepton production in N + N, 7 + N,
p + A, A+ A collisions. It provides high acceptance
(18°-85°) in polar and almost full azimuthal angles, good
charged particle identification (p/K/n/e) and good mass
resolution of 2-3% for e+e- pairs in the light vector meson
mass range.

The HADES setup together with a secondary pion
beam is a very unique apparatus in the world which allows
for the first time combined measurement of dielctron and
hadron production. The secondary pion beam is produced
in reaction of '*N on °Be target with an intensity of 10°
pions/spill. The dedicated tracking system CERBEROS
[1, 11] allows for a reconstruction of the momentum of
each pion beam particle with a resolution of 0.3%.

The experiment has been performed with the (C,Hy),
(polyethylene) target and separately with the pure carbon
target in order to subtract the carbon contribution from
the polyethylene data. The subtraction procedure involves
first establishing the ratio between yields collected with
the polyethylene and carbon targets based on the 77 p
missing mass squared spectrum. The procedure takes
into account also simulated spectra for all channels of
interest: 7~ p elastic scattering, nnr*n~ and pra’. A
global y? minimization is performed based on weighting
factors assigned to each of the components which are
free parameters in the fit. The fitting procedure was
iterated by changing also the tracking resolution and beam
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momentum value until minimum in the y> was obtained.
In the next step, events of the same kinematics from
the polyethylene target and carbon target were grouped
into bins of similar missing mass values. Then, for each
carbon-polyethylene track a minimization function is
calculated as a sum of squared difference between a given
observable (momentum, polar and azimuthal angles,
invariant masses and the angles defined in the helicity and
Gottfried-Jackson frames) obtained with polyethylene and
carbon targets, respectively. This method delivers pure
pion-proton reaction candidates. For details see Ref. [7].

The data normalization is based on the 7~ p elastic
scattering. The acceptance and efficiency corrected data
in the GS,M range of 60° — 110° are normalized to the
distribution from the SAID database [12] of the known
cross section. For details see Ref. [6].

3 Partial wave analysis

The partial wave analysis of the HADES data was per-
formed in cooperation with the Bonn-Gatchina group
[13]. This approach [13-15] was developed for the com-
bined analysis of the pion nucleon scattering and photo-
production and is based on the so-called isobar model,
introduced already in [16]. It is a two step process with
the intermediate formation of meson-baryon two-particle
states like A, p(I=1)N, oc(I=0)N. In the next step the
resonances: p, o and A decay into nwr and Nx final
states, respectively. In this framework the world data on
two-pion production reactions measured in pion-nucleon
and photon-nucleon collisions [17-21] are taken into ac-
count together with the HADES data in an event-by-event
maximum-likelihood method allowing for the extraction
of contributions from different partial waves. In the en-
ergy range corresponding to the HADES data the largest
contributions to the two-pion final states are: A(1232)x,
N(1440)r, N(938)c and N(938)p. The amplitudes of
N(1535) and N(1520)r are also included, but the result-
ing contributions are negligible.

4 Differential distributions of n7"7~ and
pﬂ_ﬂo

A three-body decay phase space can be represented
with two-dimensional Dalitz plots (the invariant masses
squared of two of the three possible particle pairs) or al-
ternatively with angular distribution in the helicity frame,
which describe the angular dependence of the decay. The
helicity frame is the rest frame of two final-state parti-
cles and the helicity angle is the angle between one of the
particles with respect to the third one boosted to the two-
particle rest frame. The helicity angles are also sensitive
to the production of resonances. It should be stressed that
the helicty projections have full coverage in the HADES
acceptance after applying the acceptance corrections pro-
cedure described in more details in Refs. [6, 7].

In Fig. 1 the Dalitz plots for 0.654 GeV/c pion beam
momentum are presented for the data (top panel) and PWA
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Figure 1. (Color online) Dalitz plots of 7~ p — nx*n~ for data
(top panel) and for the channels Az (middle panel) and Np (bot-
tom panel) obtained from PWA at 0.654 GeV/c pion beam mo-
mentum.

solutions for the two contributions: for Asmr (middle panel)
and Np (bottom panel). The enhancements corresponding
to the A and p resonances visible in the data are nicely ex-
plained with the PWA plots.

Two examples of PWA decomposition for the angu-
lar distributions in different helicity frames are presented
in Fig. 2. The total cross section (black line) is decom-
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Figure 2. (Color online) Differential distributions of pions in the nucleon-pion (left column) and nucleons in the pion-pion (right
column) helicity frames for the 7~p — nx*n~ (upper row) and 7~ p — pa’z~ (lower row) reaction channels obtained at 0.654 GeV/c
pion beam momentum. Colour lines represent various final state contributions (indicated in the legend).

posed into final state contributions like Awr, Np, No. In
the notation of the helicity angles (e.g. COSQZ;: ™), the sub-
script refers to the choice of two-particle rest frame (nz)
and the exponent to the chocie of particles for the calcu-
lation of angle (n* with respect to 77). In the case of the
pion-pion (7*7~, n°7) helicity frame the A resonance is
clearly visible as in the corresponding Dalitz plot in Fig. 1
(middle panel). The other components No- and Np are
rather uniform and in the 7%z~ channel the No is com-
pletely missing. In the case of the nucleon-pion (nz*, pr~)
helicity frame the effect of the p meson is seen as an en-
hancement of large opening angles between the pion and
the nucleon, what corresponds to the Dalitz plot in Fig. 1
(bottom panel). As a complement, also the Np contribu-
tions originating from the s-channel, S 11 and D13 waves
are drawn allowing to study the p production mechanism.
The Np component is more dominant in the pz~z° channel
and p is mostly produced in the resonant s-channel.

5 Summary and outlook
The HADES data greatly improve the world database of

two-pion production in pion-induced experiments in the
energy range around the mass of the N*(1520) resonance.

The analysis (in progress) will allow to obtain the branch-
ing ratio of N*(1520) resonance in the pN decay channel
and other two-pion production modes. The production of
the p-meson is of utmost importance for the dielectron
channel 7~ p — ne*e”, which has been measured in the
same experiment [5, 8]. The e*e™ exclusive analysis al-
lows for the direct investigation of the N*(1520) resonance
Dalitz decay and coupling to the pN channel. Yet another
information on the electromagnetic structure of the baryon
transition can be extracted from the angular distributions
of the dielectrons via fit of the spin-density matrix ele-
ments [22], which allows to parametrize the differential
cross sections in a model independent way. This can be
compared to the similar analysis in two-pion channels ob-
tained from PWA.

Studies of distributions in the Gottfried-Jackson frame
and analysis of data collected for other beam momenta are
on-going. The ultimate goal is to extract excitation func-
tions for the resonance contributions and branching ratios
for the Np channel.

The pion beam program will be continued in 2021
once the SIS18 will have been upgraded to serve as an
injector for the FAIR facility. Recently, the HADES
setup has been equipped with a large area electromagnetic
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calorimeter (ECAL) enabling measurements of real pho-
tons and neutral mesons via their photonic decays. The
reconstruction of neutral mesons is of large importance
for the complete understanding of n~-N reaction dynam-
ics and for the complete partial wave analysis of 7~ p reac-
tions.
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