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Discussion

In this chapter the experimental results will be discussed. They are com-
pared with other available data and with theoretical predictions from the
K-matrix calculations.

7.1 Comparison to other data

During the time the measurements were performed and analyzed two
other results have become available. The first was a result from CLAS
[23], who measured the reaction γp → K0Σ+ using the following decay
chains:

K0Σ+ → (π+π−)(nπ+) (7.1)

K0Σ+ → (π+π−)(pπ0)

The second result is an analysis from the SAPHIR collaboration [16], iden-
tifying the reaction via the same final states as CLAS, using a different data
set with a considerably higher statistical significance compared to the data
set used for their former publication in [15]. Moreover, due to a more exact
determination of the contribution of background present in the data, the
measured cross sections are almost a factor of two lower than reported in
the earlier publication.
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Figure 7.1: The excitation function for K0Σ+ photoproduction as a function of
the energy in the center of mass W. Data of this work are indicated by the solid
squares. The open triangles are the CLAS result, the upside-down triangles show
the SAPHIR result.

7.1.1 Excitation function

Ignoring for the moment the result of the ABBHHM collaboration [14], as
the accuracy of that measurement is low, and the older SAPHIR result [15],
as it disagrees with all other measurements, there are now three results,
namely the new SAPHIR result mentioned above, the CLAS result, and
the CBELSA / TAPS data presented in this work.

The result of this work agrees well with each of the other two as far as
the general shape of the excitation function is concerned, as shown in fig-
ure 7.1. Compared to the CLAS result, our data are somewhat higher. A
possible reason for this discrepancy is the limited acceptance of the CLAS
detector, which is not able to measure the reaction for the most forward
and backward angles. As the acceptance is not complete a linear extrapo-
lation of the differential cross sections has been made in order to calculate
the integrated cross section. This introduces uncertainties which are hard
to estimate. As shown in section 6.3 the acceptance of the CBELSA / TAPS
setup covers all angles, so that no extrapolation is necessary. The energy
bin closest to threshold was not measured by CLAS.

The results from CBELSA / TAPS are generally in between the other two
measurements, but at threshold they are lower than the SAPHIR result.
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7.1.2 Differential cross sections

To investigate the discrepancy between the excitation functions measured
by SAPHIR and CBELSA / TAPS in more detail, one has to compare the
differential cross sections for the two experiments, which are plotted in fig-
ure 7.2. It is clear that the discrepancy near threshold between the CBELSA
/ TAPS and the SAPHIR measurement shown in figure 7.1 stems from the
fact that the latter experiment measures forward peaked angular distribu-
tions in that energy range, while the CBELSA / TAPS result is mostly flat.
Also shown in figure 7.2 are the CLAS differential cross sections, and the
effect of the limited acceptance is clearly visible there.

7.1.3 Recoil polarization

The recoil polarization for the Σ+ is shown in figure 7.3. The CBELSA /
TAPS data, the closed squares in the figure, and the SAPHIR data for this
observable agree. Here, the available energy binning of the SAPHIR data
is shown, although our data are available in finer bins (see figure 6.23).

7.2 Comparison to theory

7.2.1 Resonance composition

First, the excitation function is compared to the calculations based on the
K-matrix approach as described in section 2.1.2 using all the known reso-
nances in table 2.4. The peak in the cross section is predicted too high by
almost a factor 2. When taking an additional P13(1830) into account, much
better agreement is obtained. This is caused by destructive interference ef-
fects between the new resonance and the P33(1855) already present in the
model.
The effect is shown in figure 7.4. The dark, dashed line in this figure shows
the prediction made by the model without the P13(1830). The solid line
is the same model, now with the extra resonance included. Looking at
the differential cross sections in figure 7.5, it is clear that these are also
described better after inclusion of the P13(1830), except for the two bins
between 1250 and 1450 MeV.
The recoil polarization (figure 7.6) is predicted rather well by the model,
but unfortunately there is not enough sensitivity in this observable to dis-
cern between the model with a P13(1830) and without.
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Figure 7.2: Differential cross sections from this work (closed squares), compared
to the cross sections measured by SAPHIR (upside-down triangles) and CLAS
(open triangles).



125

)CMθcos(
-1 -0.5 0 0.5 1

Po
la

ris
at

io
n

-2

-1

0

1

2
1050 MeV - 1550 MeV

)CMθcos(
-0.5 0 0.5 1

1550 MeV - 2250 MeV

Figure 7.3: Σ+ recoil polarization from this work (closed squares), compared to
the recoil polarization measured by SAPHIR (upside-down triangles).
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Figure 7.4: The excitation function for K0Σ+ photoproduction, compared to the
predictions of the K-matrix calculations of Usov and Scholten. The dark, dashed
line shows the results of the model containing the standard resonances. The
lighter dashed line shows the result including the extra S11. The solid line is
the result including the additional P13(1830).
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Figure 7.5: Differential cross sections from this work, compared to the predictions
of the K-matrix calculations of Usov and Scholten. The dark dashed line shows
the results of the model containing the standard resonances. The lighter dashed
line shows the result including the third S11. The solid line shows the result in-
cluding the additional P13.
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Figure 7.6: Σ+ recoil polarization from this work, compared to the predictions
of the K-matrix calculations of Usov and Scholten [33]. The dark line shows the
results of the model containing the standard resonances. The lighter line shows
the result including the extra P13.

Naturally, this additional resonance also has an effect in the channel γp →
K+Σ0 the strength of which is related to the contribution in the γp →
K0Σ+ channel by the relevant Clebsch-Gordon coefficient. Because this
extra contribution would destroy the agreement with experimental data
for the former channel, the coupling constants for the P33(1855) have been
adjusted such that the net effect for the channel γp → K+Σ0 is zero, while
the effect for γp → K0Σ+ is the desired destructive interference.

Considering isospin, the K0 and the K+ form an isospin doublet, and their
isospin bra vectors 〈I, I3| can be written as:

〈K0| = 〈1/2,−1/2| (7.2)

〈K+| = 〈1/2, 1/2|

The Σ0 and the Σ+ are part of an isospin triplet (together with the Σ−) and
are written as:

〈Σ+| = 〈1, 1| (7.3)

〈Σ0| = 〈1, 0|

The P13 is part of an isospin doublet and the P33 belongs to an isospin
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quadruplet, written as follows:

〈P13| = 〈1/2, 1/2| (7.4)

〈P33| = 〈3/2, 1/2|
Here the fact that both isospin vectors have the component I3 = 1

2
follows

from the fact that this quantity is conserved. Using the above notations we
can write the relations between the different P-wave resonances in terms
of isospin using the Clebsch-Gordon coefficients:

〈1/2, 1/2| →
√

1

3
〈1/2,−1/2|〈1, 1| +

√
3

2
〈1/2, 1/2|〈1, 0| (7.5)

〈3/2, 1/2| →
√

2

3
〈1/2,−1/2|〈1, 1| −

√
1

3
〈1/2, 1/2|〈1, 0|

Because the sign of the Clebsch-Gordon coefficient in the two decays into
K+Σ0 is opposite, one can choose coupling constants such that the addi-
tional strength introduced by the P13 is exactly canceled by a change in
coupling constant for the P33. In the other decay (into K0Σ+) the signs are
equal and therefore the cancellation does not occur.
There is also evidence for such an additional P13(1830) from other analy-
ses. Janssen en Ryckebusch [66], using an effective Lagrangian approach
to p(γ,K+)Y report an improvement of their description of the p(γ,K+)Λ
data after inclusion of a P13 state with a mass around 1.9 GeV.

7.2.2 Evidence for an extra S11

To investigate the effect of the proposed third S11 resonance on the γp →
K0Σ+ channel, new coupling constants have to be fitted using η photopro-
duction data. This new parameter set can then be used to investigate the
effect of the third S11 resonance on the K0Σ+ photoproduction data.
Therefore, all model parameters have been fitted using the CBELSA η pho-
toproduction data [4] once with, and once without the third S11 at the mass
proposed by [12]. The coupling constants for the first two S11’s (at 1535
and 1650 MeV) were not fitted, as they are fixed by the π sector. If agree-
ment is to be kept in that sector, the parameters of these two resonances
cannot be modified. Also the resonance widths and positions of the other
resonances are not refitted.
The fitted parameters therefore were the η coupling constants for all other
resonances plus the nucleon, and the width of the third S11. The position
of the third S11 was kept fixed at 1729 MeV, the mass found by Saghai [12].
Table 7.1 shows the fit results for all fitted parameters.
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Resonance Parameter without with
third S11 third S11

N gNη 2.387 2.296
P11(1750) gNη 10.69 11.77
P13(1750) gNη -0.130 -0.136
S11(1729) gNη 0.090
S11(1729) width 0.100
D13(1515) gNη 1.209 1.255
D13(1700) gNη 0.142 0.177

Table 7.1: The two parameter sets obtained by fitting all resonances which were
not constrained by the pion-sector to the η photoproduction data: once with and
once without the third S11.

Figure 7.7: The excitation function for η photoproduction, compared to the pre-
dictions of the K-matrix calculations of Usov and Scholten. The dark line shows
the results of the model containing the standard resonances. The lighter line
shows the result including the extra S11.
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It is found that both with and without the third S11 the data for η photo-
production can be described accurately. In figure 7.7 the fit is compared
with the η-photoproduction data from [21]. When applying the two sets
of fitted parameters to the K0Σ+ photoproduction data, it is found that
both sets of parameters yield the same predictions for the cross section as
shown in figure 7.4 and figure 7.5.
In the excitation function the third S11 resonance has impact only in the
immediate vicinity of the threshold. The required sensitivity of an exper-
iment seems not easily within reach. Our data therefore does not show
evidence of a third S11 resonance.

7.2.3 Improving the sensitivity to resonances

In order to increase the sensitivity of the measurements to different reso-
nances such as discussed in the previous text, more polarization observ-
ables should be explored. The measurement of cross section data alone
is often not enough to find compelling evidence for the existence of reso-
nances. Although the recoil polarization has been measured, the reaction
should also be measured using a polarized target and a polarized beam.
The three polarizations and combinations thereof can often be sensitive to
resonance properties, to which the cross section data are not.
At the CBELSA / TAPS experiment the beam asymmetries have been mea-
sured for the reaction K0Σ+ and analyses is underway. Next generation
experiments will also attempt to measure the reaction using a polarized
target.


