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FIG. 2. (Color online) Total cross section for the K− + p → K+ + Ξ− reaction. (a) The solid blue line represents the result
of the full calculation of the present model. The red dashed line shows the combined Λ hyperons contribution. The magenta
dash-dotted line shows the combined Σ hyperons contribution. The brown dotted line shows the combined Λ and Σ hyperons
contribution. The green dash-dash-dotted line corresponds to the contact term. (b) The solid red line represents the combined
Λ hyperons contribution that is the same as the red dashed line in (a). The dotted and dashed lines show the Λ(1116) and
Λ(1890) contributions, respectively. (c) The solid magenta line represents the combined Σ hyperons contribution that is the
same as the magenta dash-dotted line in (a). The dotted, dashed, dot-dashed, and dot-dot-dashed lines show the contributions
from the Σ(1193), Σ(1385), Σ(2250), and Σ(2030), respectively. The experimental data (black circles) are the digitized version
as quoted in Ref. [50] from the original work of Refs. [29–34, 36–39, 41–43].

shown in the same figure. We find that the contact term
rises quickly from threshold peaking at around 2.1 GeV
and falls off slowly as energy increases. It dominates the
cross section except for energies very close to threshold
and above ∼ 2.7 GeV, where the hyperon resonance con-
tributions are comparable. The Λ hyperons contribution
is strongest near threshold and falls off very slowly as en-
ergy increases. The Σ hyperons contribution is relatively
small over the entire energy range considered, except in
the interval of 2.0–2.3 GeV, where it becomes comparable
to the Λ contribution. Near threshold, there is a strong
destructive interference between the contact term and
(mainly) the Λ hyperons contribution. At higher ener-
gies, the data indicates an existence of a bump structure
at W ∼ 2.3 GeV. Our model reproduces this feature via
delicate destructive and constructive interferences of the
contact term and the hyperon resonance contributions.
We also mention that we have explored the possibility
of a much smaller contact amplitude contribution than
shown in Fig. 2(a) considering various different sets of
hyperon resonances from Table I; however, we were un-
able to find a solution with a fit quality comparable to
that of Fig. 2(a).

Figure 2(b) displays the individual Λ hyperon contri-
butions. We see that the ground state Λ(1116) is, by far,
the dominant contribution which is due to the tail of the
corresponding u-channel process. Analogously, the indi-
vidual Σ hyperon contributions are shown in Fig. 2(c).
Here, the relatively small cross section near threshold is
due to the destructive interference between the Σ(1192)
and Σ(1385). The enhancement of the cross section in

the energy interval of 2.0–2.3 GeV is mostly due to the
Σ(2030) resonance. The Σ(2250) leads to a little shoul-
der in the total Σ contribution. We note that any non-
negligible contribution from the hyperons for energies
above ∼ 2.3 GeV is due to the u-channel processes.

In Fig. 3, we show the total cross section results for
the neutral Ξ production process, K− + p → K0 + Ξ0.
Here, the data are of such poor quality that they impose
much less constraint on the model parameters than the
corresponding data in the charged Ξ− production. The
resulting dynamical content shown in Fig. 3(a) is similar
to that for the charged Ξ− production discussed above,
i.e., it is largely dominated by the contact term. How-
ever, we see a quite different feature in the Λ and Σ reso-
nance contributions as compared to that for the charged
Ξ− production [cf. Fig. 2(a)]. One notable difference
between the charged and neutral Ξ production reactions
considered here is that the u-channel Λ hyperon contri-
bution is absent in the Ξ0 production case. Also, the
relative contribution of the Σ hyperons is much larger in
the neutral Ξ0 production than in the charged Ξ− pro-
duction, especially, in the near threshold region.

Figures 3(b) and 3(c) show the individual hyperon con-
tributions. As mentioned before, due to the absence of
the u-channel Λ exchange in the neutral Ξ0 production,
the Λ(1116) contribution is insignificant, leading to a neg-
ligible contribution of the Λ hyperons. Due to the isospin
factors here, the Σ(1192) and Σ(1385) hyperons interfere
constructively, especially near the threshold. Recall that,
for charged Ξ− production, these hyperons interfere de-
structively [cf. Fig. 2(c)].
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FIG. 3. (Color online) Same as Fig. 2 for the K− + p → K0 + Ξ0 reaction. The experimental data (black circles) are the
digitized version as quoted in Ref. [50] from the original work of Refs. [30, 37–40, 43].
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FIG. 4. (Color online) Total cross section results with individual resonances switched off (a) for K− + p → K+ + Ξ− and (b)
for K− + p → K0 + Ξ0. The blue lines represent the full result shown in Figs. 2 and 3. The red dashed lines, which almost
coincide with the blue lines represent the result with Λ(1890) switched off. The green dash-dotted lines represent the result
with Σ(2030) switched off and the magenta dash-dash-dotted lines represent the result with Σ(2250)5/2− switched off.

In Fig. 4 we illustrate the amount of the above-
threshold resonance contributions of the present model
to the total cross sections. We do this by comparing the
full results shown in Figs. 2(a) and 3(a) to the result
found by switching off one resonance at a time. We see
in Fig. 4(a) that the largest effect of Σ(2030) on the cross
sections is in the range of W ∼ 2.0 to 2.4 GeV. This res-
onance is clearly needed in our model to reproduce the
data. It also affects the recoil polarization as will be dis-
cussed later. It should be mentioned that this resonance
also helps to reproduce the measured K+Ξ− invariant
mass distribution in γ + p → K+ + K+ + Ξ− [24], by
filling in the valley between the two bumps in the in-
variant mass distribution that would appear without it;
such a feature clearly is not observed in the data [19].
The Λ(1890) affects the total cross section in the range
of W ∼ 1.9 to 2.1 GeV, and the Σ(2250)5/2− contributes

around W ∼ 2.2 GeV, where it is needed to reproduce
the observed bump structure. A more accurate data set
is clearly needed for a more definitive answer about the
roles of the Λ(1890) and Σ(2250) resonances. Figure 4(b),
for the neutral Ξ0 production, also shows a similar fea-
ture observed in the Ξ− case for the Σ(2030) resonance.
Here, the influence of the Σ(2250)5/2− is smaller and
that of the Λ(1890) is hardly seen. Recall that there is
no u-channel Λ contribution in the neutral Ξ0 produc-
tion.

The results for differential cross sections in both K−+
p → K+ + Ξ− and K− + p → K0 + Ξ0 are shown in
Figs. 5(a) and 5(b), respectively, in the energy domain up
to W = 2.8 GeV for the former and up to W = 2.5 GeV
for the latter reaction. Overall, the model reproduces the
data quite well. As in the total cross sections, the data
for the neutral Ξ0 production are fewer and less accurate
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LT : 40 cm
⇢T : 0.071 g/cm3

T :100 days

�⌅ ⇡ 20µb

4% efficiency

1.2% efficiency

KL rate: 3⇥ 104KL/s

FKL :250⇥ 109 KL

L:4.4⇥ 1035 1/cm2

⌅ produced: ⇡ 9⇥ 10
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KLp ! K+⌅(p⇡�X) ⇠ 0.36⇥ 106

KLp ! K+⌅(p⇡���) ⇠ 0.1⇥ 106


