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Abstract.

The BGO-OD experiment at the ELSA accelerator facility uses an energy tagged bremsstrahlung photon beam
to investigate the excitation structure of the nucleon via meson photoproduction.

The setup with a BGO calorimeter surrounding the target and an open dipole spectrometer covering the for-
ward region is ideally suited for investigating low momentum transfer processes, in particular in strangeness
photoproduction.

The associated photoproduction of Kg and hyperons is essential to understand the role of K* exchange mech-
anisms. A cusp-like structure observed in the yp — KgE* reaction at the K* threshold is described by models
including dynamically generated resonances from vector meson-baryon interactions. Such interactions are pre-
dicted to give a peak like structure in K)X° photoproduction off the neutron. A very preliminary cross section
is determined and compared to the prediction, the results appear to support the model.

1 Introduction for two different parameter sets. The upper plot includes
the experimental data from the CBELSA/TAPS collabora-
tion [1]. A measurement of the yn — K°X° cross section
and an observation of the predicted enhancement would
strongly support this theory and help with the understand-
ing of pentaquark states.

The cusp-like structure observed in the yp — K%t
differential cross section by Ewald et al. [1] is not de-
scribed in previous isobar and PWA models, for example
SAID [2] and K-MAID [3]. It could be described how-
ever using an equivalent model to the one that predicted
the charmonium-pentaquark candidate [4] observed by the
LHCb collaboration [5] in 2015 which includes dynami-
cally generated resonances from vector meson-baryon in- 2 BGO-OD experiment
teractions [6]. Below K* threshold, an intermediate K*A
or K*X state feeds the cross section by conversion to the
final state via pion exchange. Above threshold the K*
can be produced freely. Whereas this produces a cusp
in KZ* photoproduction due to destructive interference,
constructive interference is predicted to give an enhance-
ment in K°Z° photoproduction. Fig. 1 shows both cases

The BGO-OD experiment at the ELSA accelerator facility
in Bonn is ideally suited to measure strangeness photopro-
duction, especially in the very forward region. ELSA pro-
vides an electron beam up to 3.2 GeV. Via bremsstrahlung
a real photon beam is produced. By measuring the mo-
mentum of the electron, the energy of the photon can be
*e-mail: kohl @physik.uni-bonn.de calculated.
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Figure 1. A prediction of the cross section of yp — K°Z* (upper
plot) and yn — K°Z? (lower plot) is shown as solid line. The
dotted line parameters were fitted to the data (black points [1]).
Figure taken from Ref. [6].

The photon beam impinges on a fixed target, usually
liquid hydrogen or deuterium. This is surrounded by a
Multi-Wire-Proportional-Chamber for tracking, a scintil-
lator barrel to provide charge information and an electro-
magnetic calorimeter made from BGO. This central detec-
tor is ideally suited for photon detection, but also able to
detect other charged or neutral particles.

ToF

flux monitoring driftchambers

Figure 2. Overview of the BGO-OD experiment.

In the forward direction two tracking detectors
(MOMO and SciFi) in front and eight driftchambers be-
hind an open dipole magnet, together with time of flight
measurement, allow excellent particle identification. The
intermediate range is covered by SciRi, a Scintillating
Ring detector, which provides directions of charged par-
ticles. An overview is given in figure 2, for detailed in-
formation on the performance of the BGO-OD experiment
see Ref. [7].

3 Reconstruction

To determine a cross section of yn — K% the decay
channel K°2° — 7%7°Ay — 5yA is identified, by request-
ing exactly five neutral and any number of charged parti-
cle. The A is not reconstructed. The five photons are iden-
tified in the BGO-Ball and combined to two 7° with one
remaining photon. All combinations are allowed where no
photon is used twice and the invariant masses of the 7° are
within +25MeV of the nominal 7° mass. If the remaining
photon is from the X° decay (for details see section 3.1),
the pair of 7° are kept and the masses are set to the nomi-
nal 7° mass. A cut on the missing mass to 27° is applied at
+50 MeV around the =% mass. A plot of the invariant mass
of 27° with these selections is shown in figure 3. A signal
peak at around the K° mass is visible, but superimposed
with a lot of background.

Using simulated data, the dominant background chan-
nels proved to be:

e yN — 3aN
e YN —» nN

e YN — naN
e yn — K°A
o yp — KOT*

The last two are the most crucial ones, since they con-
tribute to the signal peak. To remove part of this back-
ground the entire proton contamination is subtracted (see

BGO ball

Open Dipole magnet

Tagger magnet

goniometer

Tagger



EPJ Web of Conferences 241, 01009 (2020)

http://doi.org/10.1051/epjconf/202024101009

NSTAR 2019
signal to background ratio in general, but it also strongly
‘g 20000 without decay photon * 0.2 suppresses the b?lckground chanr'lel - K°A which con-
8 _ tributes to the signal peak, but is undesired. Only about
——— with decay photon 10% of this background channel survives, which will later
15000 be subtracted (see section 4).
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Figure 3. 27° invariant mass spectrum before and after selecting
*0 decay photon.

section 3.2). Finally the Root tool Roofit[8] is used to de-
termine the number of signal events from the 27° invariant
mass spectrum (section 3.3).

3.1 Tagging X° decay photon

To suppress background, the decay of the X° to a A and
a photon was identified. In the rest frame of the X°, the
photon always has a constant energy of approximately the
mass difference between X° and A of 75MeV. Figure 4
shows the energy spectrum of a fifth photon in the BGO-
calorimeter that was not used for the two 7° reconstruc-
tion.A small peak is visible over a large background. Also
shown is simulated K°X° data, where the peak is imme-
diately visible. To prove this technique the channel K*X°
was selected, making use of the much cleaner signal. It is
evident, that in all three cases the peak in photon energy is
at the same position.
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Figure 4. Energy spectrum of the X° decay photon for real and
simulated data. To prove the technique is working correctly the
channel K*X° is studied.

By selecting events where this photon has an energy
between 50 MeV and 105 MeV, the signal to background
ratio is improved as shown in figure 3 which shows the 27°
invariant mass spectrum. This does not only improve the
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Figure 5. 27° invariant mass spectrum for simulated yp — K°Z*
on hydrogen and deuterium target, as well as the hydrogen data
set broadened according to the momentum distribution of nucle-
ons in deuterium.

The liquid deuterium target consists of neutrons and
protons. Since the investigated reaction only happens on
the neutron, all reactions happening on the proton are
background that have to be subtracted. This is done by
doing the same analysis as before with a hydrogen target
data set, which is broadened according to the momentum
distribution of nucleons in deuterium. To get the correct
amount of proton reactions in the deuterium data set, the
hydrogen data set is scaled with the ratio of the photon
flux.
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Figure 6. 27° invariant mass spectrum for deuterium data and
broadened and scaled hydrogen data. The hydrogen data make
up about half of the deuterium data.

Figure 5 shows the 27° invariant mass spectrum for
simulated yp — K°Z* on hydrogen and deuterium tar-
gets, as well as the hydrogen data set broadened according
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Figure 7. Example fit to 27° invariant mass spectrum. Simulated
contributions to the fit labeled inset.

to the momentum distribution of nucleons in deuterium,
after a cut on the missing mass to the 27° system, select-
ing the *. The broadening of the missing mass causes a
decrease in statistic after this cut. Deuterium and broad-
ened hydrogen data agree very well.

Figure 6 shows the 27° invariant mass spectrum for
real data for deuterium and scaled and broadened hydro-
gen target data. The hydrogen target data set accounts for
about half of the deuterium data set which could be ex-
pected considering the dominant background channels are
uncorrelated 7° and 7 production. What remains after sub-
traction are pure neutron channels, therefore also the back-
ground channel yn — K°Z* does not contribute to the sig-
nal peak anymore.

3.3 Fitting to data

The remaining background can be removed using the Root
tool Roofit [8]. Phase space generated distributions of
background channels and signal are fitted to the data. The
amplitudes of the contributions are varied until the sum
agrees to the data. Fig. 7 shows an example. Only points
larger zero are taken into account. The spectrum is well
described over the entire range and signal and background
can be accurately separated. The tool allows to extract the
yield of the single channels, the corresponding error bars
include statistics and fit quality.

4 Differential cross section measurement

The extracted number of K° events is plotted as a func-
tion of beam energy in four bins in cos(f¢y,) in figure 8,
where 6cy, is the center of mass polar angle. This is not
the desired cross section yet, since there is still some con-
tribution of yn — K°A. To remove this contribution, the

known cross section [9] is scaled with the respective re-
construction efficiency and also shown in figure 8. Within
the error bars the calculated K°A contribution is in agree-
ment with being smaller/equal than the measured yield as
it is expected. After subtracting the yn — K°A contribu-
tion, a preliminary differential cross section of yn — K%°

is shown in figure 9. Also included in this figure is the
prediction by Oset and Ramos [6] in an arbitrary scale. It

should be noted that this is the integrated cross section,
not the plotted differential, scaled by a factor % or %, de-
pending on the angular region. From the integration of the
solid angle a factor 2 is expected to the total cross section,
which is consistent with the used scaling factors. The gen-
eral shape and position of the predicted enhancement seem
to agree to these preliminary results.

5 Conclusion

The results shown in figure 9 appear to support the
model behind the prediction made for the cross sec-
tion yn — K20 [6]. The general shape and position
of the enhancement agree very well. More over, the
enhancement appears to get stronger for more forward
directions, as did the drop in the corresponding proton
channel yp — K°Z* [1]. At this point it would be
interesting to compare the results to predictions for the
differential cross sections. Further plans are expanding
the acceptance region to more forward angles, for exam-
ple with the charged K° decay in the forward spectrometer.
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Figure 8. K° yield extracted from Roofit[8] (black points). Remaining K°A contribution, calculated from [9] (brown triangles). The
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Figure 9. yn — K20 differential cross section (black points). Predicted enhancement by Oset and Ramos[6] in an arbitrary scale (red
line). The error bars on the x-axis represent the bin width.



