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Summary and
conclusions

8.1 Summary

8.1.1 The experiment

Using a bremsstrahlung tagger, a beam of photons of a known energy was
obtained by passing the 3.2 GeV electron beam from the ELSA synchrotron
through a copper radiator. The energy of the emitted photons was deter-
mined via a measurement of the momentum of the remaining electron.
The energy tagged photon beam produced in this way was used to study
photoproduction of the K0Σ+ final state decaying into 6 γ’s and a proton.
In order to measure a seven-particle final state (six photons and a proton),
a detector with high acceptance and high granularity was needed. The
combination of TAPS and Crystal Barrel fulfilled this condition, covering
approximately 95% of the full solid angle with 1800 detectors. Moreover,
both systems are very well suited for measuring photons. The TAPS de-
tector provided a fast trigger for the entire system.
The low cross section for the process γp → K0Σ+ (< 1µb) together with the
small combined branching ratio for the entire decay chain to neutral final-
state particles ( 7.79%) makes this a hard process to measure. In this thesis
it is shown that it is possible to obtain the cross section of this reaction with
high accuracy.

8.1.2 Reconstruction

To reject background, events have been selected which are kinematically
complete (i.e. events that satisfy conservation of momentum and energy).
Furthermore, events stemming from the reaction γp → ηp → 3π0p were re-
jected by means of a cut in the π0π0π0 invariant mass. To select the events
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of interest a further cut was applied around the Σ+ mass in the π0p invari-
ant mass spectrum.
After this event selection, the K0 signal was extracted from the π0π0 in-
variant spectrum. The invariant mass resolution was found to be too large
(σ = 30 MeV), and the signal to background ratio too poor (1:3), to extract
the signal with enough accuracy. The poor resolution is due to the lifetime
of the K0 and the Σ+, which both decay via the weak interaction.
The remaining background in the π0π0 invariant mass spectrum is due
to decays proceeding via multiple resonances, where a π0 is produced at
each decay from one resonance into another (3π0 sequential decay). Since
this background cannot be reduced any further, the resolution had to be
improved in order to extract the signal with higher accuracy.
To achieve this, all events were kinematically fitted. In order to constrain
the fit, conservation of energy and momentum were used. In addition,
the condition that the invariant mass of each of the three 2γ combinations
should be equal to the π0 mass was used, giving 7 constraints altogether.
The energy deposited by a proton is not an accurate measure for its ki-
netic energy whenever the proton punches through the detector, and was
therefore not used as an input to the fit. Instead, it was calculated from the
other measured values. This means the fit was 6 fold over constrained.
After the kinematic fit the invariant mass resolution was found to have
improved considerably. The width (σ) of the η-peak in the π0π0π0 invariant
mass spectrum had decreased from 21 MeV to 8 MeV, and the width of the
K0-peak had changed from 30 MeV to 10 MeV, enough to extract the signal
with the desired accuracy.
The background from 3π0 sequential decays remained present in the π0π0

invariant mass spectrum, and therefore this background was fitted with
a polynomial function. To determine the signal strength, the fitted back-
ground was then subtracted from the total π0π0 invariant mass spectrum,
and the remaining counts were integrated to find the peak contents.

8.1.3 Normalization

The absolute value of the K0Σ+ cross section was determined using an-
other reaction, which has been measured in the energy range of interest
by different groups[21, 22]:

γp → ηp (8.1)

The cross sections for this process are reproduced well by the CBELSA /
TAPS measurement over the entire energy range of interest, using only
one fit parameter (the flux) to fit all differential cross sections. The flux
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extracted in this way agrees with on-line measurements. Not only can the
flux be extracted reliably via this procedure, the fact that the shape of all
differential cross sections is reproduced well, means that the acceptance of
the system, as calculated via a Monte Carlo simulation, is well understood.

8.1.4 Acceptance

The calculated acceptance for the process γp → K0Σ+ → 3π0p → 6γp
was determined using a Monte Carlo phase space simulation. The result-
ing acceptance turns out to be roughly 14% and mostly independent of
the incoming photon energy and the center of mass angle of the K 0. Fur-
thermore, even for the most forward and backward angles the acceptance
remains around 10%. This means no extrapolations have to be made to
extract the excitation function. The reason for the flat acceptance is the
fact that both particles produced, the K0 and the Σ+, still decay. Even if
those particles are headed towards a region where the detector has no ac-
ceptance, such as the forward or backward angles, their decay products
will be emitted in different directions and can therefore still be measured.

8.1.5 Results

A comparison of the K0Σ+ cross section measured by CBELSA / TAPS
to the two published results by SAPHIR [16] and [15] generally confirms
the result published in the first reference mentioned. For the bins near
threshold, the CBELSA / TAPS result does not show the peak at forward
angles in the angular distribution shown by [16], and therefore the excita-
tion function is also somewhat lower in that region. The result by CLAS
[23] also agrees, although the forward angles of the differential cross sec-
tion were not measured in that case. The recoil polarization measured in
this experiment matches that of SAPHIR well, both in sign and strength.
To compare the data with the predictions made by the calculations using
the K-matrix approach, two sets of input parameters were obtained by
fitting the η photoproduction cross section from [21] once with and once
without the proposed third S11. The parameters concerning the S11(1535)
and the S11(1650) were not fitted as they are determined by the π sector
and cannot be changed. Both obtained sets of parameters describe the η
photoproduction data well. In addition, when applied to the K0Σ+ both
sets yield predictions that differ so little compared to the accuracy of the
data that it is impossible to find any clues regarding its existence. How-
ever, the data are sensitive to the presence of an additional P13 resonance.
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8.2 Conclusions

• This analysis of the reaction γp → K0Σ+ produced differential cross
sections, Σ+ recoil polarizations, and the excitation function in the
region between threshold (1050 MeV) and 2250 MeV in incoming
photon energy. More detailed results are listed in appendix A.

• The statistical accuracy of our measurement is comparable to that of
the two analyses (CLAS and SAPHIR) published during the course
of this work. For the most part, the results of the three analyses agree,
both in shape and in absolute height. The differential cross section
from threshold up to 1450 MeV are flat, while the SAPHIR differen-
tial cross sections are peaked at forward angles. For the recoil polar-
ization we were able to obtain results in a much finer binning than
any data published so far. The reaction was measured using the final
state K0Σ+ → 6γp, and is therefore independent from the other two
results.

• The acceptance of the detector system for K0Σ+ is largely indepen-
dent of the center of mass angle of the kaon and covers all angles,
which simplifies the analysis and gives more confidence in the re-
sults. Moreover, the η photoproduction data were reproduced very
well, so that the acceptance of the detector system is understood.

• Unfortunately, the K-matrix calculations by Scholten and Usov show
no sensitivity for an additional S11 in the γp → K0Σ+ channel. In-
clusion of such a third S11 does not improve the agreement between
prediction and measurement for the differential cross sections, nor
for the polarization.

• The predicted total cross section from the K-matrix calculations is
too high. Inclusion of an additional P13(1830) resonance improves
the agreement between theory and measurement for the differential
cross sections and the excitation function considerably. The Σ+ recoil
polarization does not have enough sensitivity for this resonance to
make any claims.




