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1 Institut für Kernphysik, Forschungszentrum Jülich, 52425 Jülich, Germany
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Abstract. A combined analysis of the published data on thepp → dK+K̄0 reaction at excess energies of 47.4 MeV
and 104.7 MeV is presented. Evidence is found for both the production of thea+

0 (980) scalar resonance and for a strong
K̄0d final state interaction.

PACS. 13.60.Le Meson production – 13.75.Jz Kaon-baryon interactions – 14.40.Cs Other mesons withS = C = 0,
mass< 2.5 GeV

1 Introduction

The nature of the light scalar resonancesa0(980) andf0(980)
is still far from being understood [1]. One reason for this isthe
lack of precise information about their coupling to the hadronic
channels and especially to theKK̄ final states [2]. It has been
argued that the knowledge of the couplings might allow one to
establish whether these light scalars are genuineqq̄-mesons, or
four-quark, or molecular states [3,4]. In the case of thea0(980)
resonance, many precise measurements have been performed to
explore theπη-channel. On the other hand, the data available
for theKK̄ channel are quite limited, with large statistical er-
rors and poor mass resolution. Further experimental data are
therefore necessary in order to clarify the current situation and
this was the motivation for the study ofa+

0 (980) production in
thepp → da+

0 → dK+K̄0 reaction.
However, kaon pairs can also be created through thepp →

K+pY 0∗ reaction, where the hyperon decaysvia Y ∗ → K̄0n.
A final state interaction between the produced neutron and pro-
ton can then lead to the deuteron observed in thepp → dK+K̄0

reaction. There are, of course, several excited hyperons that
could contribute to such a process. Of particular interest for
low energy production are theΣ(1385) and theΛ(1405). Al-
though the central values of their masses are below theK̄N
threshold, their widths extend well above, and these hyperons
will certainly influence spectra through āKN final state inter-
action.

There is an extensive program at the COSY COoler SYn-
chrotron of the Forschungszentrum Jülich to study the produc-
tion of the a0(980) and f0(980) resonances, as well as the
Σ(1385) andΛ(1405) hyperons, in nucleon-nucleon collisions.
Using the ANKE magnetic spectrometer and its associated de-
tector systems, placed at an internal target position of thestor-
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age ring, positive kaons can be identified against a very high
pion and proton background with the help of dedicated∆E-
E telescopes [5]. These allow coincidence measurements with
other charged particles to be performed.

The pp → dK+K̄0 reaction was investigated at the two
proton beam energies ofTp=2.65GeV [6] and 2.83 GeV [7],
corresponding to the excess energies ofǫ = 47.4 MeV and
104.7MeV, respectively. In both cases theK+ and the deuteron
were measured directly, with thēK0 being identified through a
missing-mass peak.

At energies close to the reaction threshold, only a limited
number of partial waves can contribute in the final state. How-
ever, conservation laws demand that there be at least onep-
wave in thedK+K̄0 system. This requirement can be expressed
in one of several different but equivalent coupling schemes.
The data analysis presented in Refs. [6,7] considered ans-wave
in theKK̄ system in association with ap-wave of the deuteron
with respect to the meson pair,{(K+K̄0)sd}p, and ap-wave
K+K̄0 pair being in ans-wave with respect to the deuteron,
viz. {(K+K̄0)pd}s.

It should be noted that thea+

0 (980) can contribute only to
the{(K+K̄0)sd}p configuration, and the separate analyses of
the two data sets revealed the dominance of this channel at both
energies. However, when these results are transformed intoa
basis of the type{{K̄0d}ℓK

+}ℓ′ , it is seen that the{K̄0d}
system is also dominantly in thes-wave, with theK+ being
in thep-wave. This suggests that the data might be influenced
simultaneously by the production of thea+

0 (980) and theK̄0d
final state interaction.

The relationships between the amplitudes and observables
in the different coupling schemes are discussed in Sec. 2. A
combined fit to the data at the two energies is presented in
Sec. 3, where it is assumed that the relative strengths of theam-
plitudes are constant in Q, apart from the angular momentum
factors. It is to be expected that the shapes of the correspond-
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ing spectra would be distorted by both thea+
0 (980) resonance,

and theK̄0d final state interaction and the theoretical forms of
these are the subject of Sec. 4. The possible influence of these
two distortions on thepp → dK+K̄0 data is studied in Sec. 5,
where it is suggested that both contribute significantly to the to-
tal cross section, though their effects tend largely to maskeach
other in theK+K̄0 mass spectrum. On the other hand, the ra-
tio of theK̄0d to K+d mass distributions seems to depend pri-
marily on theK̄0d final state interaction and only weakly on
the parameters of thea+

0 (980) resonance. Our conclusions and
suggestions for further work are outlined in Sec. 6.

2 Amplitudes and observables

Since the available data [6,7] were taken quite close to thresh-
old, we here analyse them in terms of the lowest allowed partial
waves. The application of angular momentum and parity con-
servation laws, together with the Pauli principle in the initial
state, shows that the final particles in thepp → dK+K̄0 reac-
tion cannot all be in relatives-states. The first permitted final
states are thereforeSp andPs, where the first label denotes the
orbital angular momentum between theK+K̄0 pair and the
second that of the pair relative to the deuteron. In either case
the initial pp pair must have spin-one and be in an odd partial
wave. The most general form of the reaction amplitudes corre-
sponding to these transitions are then:

MSp = aSp(p̂ · S)(k · ǫ†) + bSp(p̂ · k)(S · ǫ†)

+cSp(k · S)(p̂ · ǫ†) + dSp(p̂ · S)(p̂ · ǫ†)(k · p̂). (2.1)

MPs = aPs(p̂ · S)(q · ǫ†) + bPs(p̂ · q)(S · ǫ†)

+cPs(q · S)(p̂ · ǫ†) + dPs(p̂ · S)(p̂ · ǫ†)(q · p̂). (2.2)

Hereq is the relative momentum between the two kaons,k
the deuteron cms momentum, andp̂ is the unit vector parallel
to the beam direction, also in the centre-of-mass system. The
polarisation vectors of the initialpp pair and the final deuteron
are denoted byS andǫ, respectively. The two sets of coeffi-
cientsa, b, c andd are independent complex amplitudes which
may, in principle, depend upon the scalar kinematic quantities
q2, k2, andk · q.

Since no spin dependence has yet been measured in the
pp → dK+K̄0 reaction, the square of the matrix element must
be averaged over the initial and summed over the final spins.
This leads to an expression in terms of the three-momenta that
characterise the system:

|M(k, q)|2 = Ck
0 k2 + C1(p̂ · k)2 + Cq

0q2 + C2(p̂ · q)2

+ C3(k · q) + C4(p̂ · k)(p̂ · q) . (2.3)

TheC-coefficients are bilinear combinations of the ampli-
tudes of Eqs. (2.1) and (2.2) [8]:

Cq
0 = 1

2
(|aPs|2 + |cPs|2),

Ck
0 = 1

2
(|aSp|2 + |cSp|2),

C1 = |bSp|2 + 1

2
|bSp + dSp|2

+Re
{

a∗
SpcSp + (aSp + cSp)

∗(bSp + dSp)
}

,

C2 = |bPs|2 + 1

2
|bPs + dPs|2

+Re {a∗
PscPs + (aPs + cPs)

∗(bPs + dPs)} ,

C3 = Re
{

aPsa
∗
Sp + cPsc

∗
Sp

}

,

C4 = Re {(aPs + cPs + bPs + dPs)
∗

×(aSp + cSp + bSp + dSp) + 2b∗PsbSp)} . (2.4)

It is seen from Eqs. (2.4) that onlyKK̄ p-waves contribute
to Cq

0 andC2 and onlys-waves toCk
0 andC1. The coefficients

C3 andC4 represent thes–p interference terms. In a first ap-
proximation it might be assumed that close to threshold theC
are constant, and the data were analysed on the basis of this
ansatz [6,7]. However, whereas the spectra obtained at the two
different energies could be fitted well individually, a combined
analysis of both data sets was not possible while keeping the
assumption that the aforementioned coefficients are constant.

The coefficientsC must be such that the absolute square
of the matrix element of Eq. (2.3) should not be negative any-
where in the allowed(k, q) space. In practice it is sufficient to
impose the somewhat weaker condition:

4(Ck
0 + β C1)(C

q
0 + β C2) ≥ (C3 + β C4)

2 (2.5)

for all β in the range0 ≤ β ≤ 1. This positivity requirement
was not met by the earlier analyses [6,7].

The presence of thea+
0 (980) could distort theK+K̄0 s-

wave amplitudes of Eq. (2.1) and hence introduce a momentum
dependence into some of theC coefficients of Eq. (2.3). How-
ever, this basis is not optimal if the variation with momentum
is due mainly to a final-state interaction between theK̄0 and
the deuteron. For this it is better to couple first theK̄0d system,
i.e. use the basis

{

{K̄0d}lK
+
}

l′
. The relationship between the

amplitudes in the two bases is easily found by definingQ as the
relativeK̄0d momentum andK as the momentum of theK+

in the overall cms. Non-relativistically, these are connected to
the original momenta through

k = Q − αK,

q =
(

1 − 1

2
α
)

K + Q, (2.6)

where the kinematic factorα = md/(md+mK) depends upon
the deuteron and kaon masses [8]. The desired expressions are
then found by inserting Eq. (2.6) into Eqs. (2.1) and (2.2).

The spin-averaged matrix element squared has exactly the
same general structure as that of Eq. (2.3) but in the new vari-
ables:

|M(K, Q)|2 = BK
0 K2 + B1(p̂ · K)2 + BQ

0 Q2 + B2(p̂ · Q)2

+ B3(K · Q) + B4(p̂ · K)(p̂ · Q) . (2.7)

The interpretation is also completely analogous, withBK
0

andB1 representing thēK0d s-waves andBQ
0 andB2 thep-

waves. The transformation of the observables between the two
bases is given by

BQ
0 = Ck

0 + 1

4
Cq

0 + 1

2
C3,

B2 = C1 + 1

4
C2 + 1

2
C4,

BK
0 = α2Ck

0 + 1

4
(2 − α)2Cq

0 − 1

2
α(2 − α)C3,

B1 = α2C1 + 1

4
(2 − α)2C2 − 1

2
α(2 − α)C4,

B3 = −2αCk
0 + 1

2
(2 − α)Cq

0 + (1 − α)C3,

B4 = −2αC1 + 1

2
(2 − α)C2 + (1 − α)C4 . (2.8)
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Fig. 1. Best combined fit to the efficiency-corrected numbers of events in the 47.4 MeV data on the basis of the constant amplitudeansatz
of Eq. (2.3). Here(θK+ , θd, θq) are the c.m. angles of theK+, deuteron, andK+K̄0 relative momentum with respect to the proton beam
direction. The angle between theK+K̄0 relative momentum and the final deuteron momentum is denotedby θdq.
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Fig. 2. The same as Fig. 1 for the 104.7 MeV data.

It should be noted that if the positivity conditions of Eq. (2.5)
are imposed in the

{

{K̄0K+}d
}

basis, they are automatically
satisfied in the

{

{K̄0d}K+
}

basis, andvice-versa.
The amplitudes are normalised such that, for a fixed total

c.m. energy
√

s, the total cross section is given by

σ =
1

64π3s pp

∫

√
s−m3

m1+m2

p3 p∗1 〈 |M2| 〉dM12 , (2.9)

where〈 |M2| 〉 is the angular-average of the squared transition
matrix element of Eq. (2.3) or (2.7). The momentumpp of the
incident proton andp3 of particle-3 are evaluated in the overall

c.m. frame, while that of particle-1,p∗1, is considered in the rest
frame of the(12) system, where the effective mass isM12.

3 Solutions with constant coefficients

In order to determine theC parameters defined in Eq. (2.3), we
performed fits of the measured observables using GEANT sim-
ulated data samples. This method, which is described in detail
in Ref. [7], works directly with the distributions uncorrected for
acceptance, which is then taken into account in the simulation.
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The results of making separate single-energy fits, as well asof
a combined study of the two energies, are shown in Table 1.

Table 1. Results of the fits to the shapes of the differential distributions
on the basis of Eq. (2.3) with constant coefficients. The parameters are
measured with respect toCk

0 , whose value is put equal to unity. The
fits pushCq

0 and C3 to the limits allowed by Eq.(2.5) and so they
have here both been fixed at zero. The probabilitiesP of the different
partial-wave configurations have typically uncertaintiesof ±5%.

Q [MeV] 47.4 104.7 combined

Cq
0 0 0 0

Ck
0 1 1 1

C1 0.2+0.33
−0.28 2.5+1.8

−0.95 0.83+0.34
−0.24

C2 1.1+0.39
−0.34 3.9+2.2

−1.15 1.95+0.28
−0.30

C3 0 0 0
C4 −1.9+0.44

−0.50 −6.4+1.6
−3.1 −3.30+0.38

−0.44

P
(

{{K+K̄0}sd}p

)

80% 79% 84%
P

(

{{K̄0d}sK
+}p

)

64% 72% 65%
P

(

{{K+d}sK̄
0}p

)

23% 16% 21%
χ2/ndf 74.5/42 126/55 251/100

The current fits include the positivity constraints expressed
by Eq. (2.5), which were not taken into account in the previous
analyses [6,7]. Fortunately, the influence of these constraints
on the observables is not very large and the main results are
largely unaffected.

The lowest value ofχ2 would be achieved at both ener-
gies with a negativeCq

0 coefficient. As shown in Eq. (2.4),Cq
0

is given by absolute squares of amplitudes that cannot be nega-
tive. We therefore setCq

0 = 0 in the fit which, as a consequence
of Eq. (2.5), means thatC3 must also vanish. The results of the
combined fit to the numbers of events for different observables,
corrected for chamber efficiencies, are shown in Figs.1 and 2
for the two energies.

The most obvious and striking of the results reported in Ta-
ble 1 are the probabilities for the different partial-wave con-
figurations. TheK+K̄0 subsystem is overwhelmingly in the
s-wave, with only about 15% being in ap-wave. It is there-
fore clear that thea+

0 (980) channel is strongly favoured in this
reaction. However, it is equally evident that, since thes-wave
probability forK̄0d of about two thirds is three times that for
K+d, the antikaon is also strongly attracted to the baryons.

As a cross-check on the analysis, the shapes for the distri-
butions obtained with the best global fit parameters were com-
pared with those published in Ref. [7] and reasonable agree-
ment was found. Since the previous analysis was done on the
basis of acceptance-corrected data, the accord means that there
is little ambiguity in the results originating from the uncertain-
ties in the very non-uniform ANKE acceptance.

Figure 3 shows the differential cross sections in terms of
the three two-particle invariant masses for the 104.7 MeV data
compared to the results of the global fit. These acceptance-
correctedK̄0d andK+d distributions are very different, with
lower masses being strongly favoured in the former case. This
is even more obvious if we compare the ratio of theK̄0d to
K+d distributions which, to eliminate the effects of the kaon
mass difference, is shown in Fig. 3 as a function of the mass
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Fig. 3. Invariant mass distributions of thepp → dK+K̄0 differential
cross sections at 104.7 MeV. These are compared with the constant
coefficient solution of the combined fit whose parameters aregiven in
Table 1. Also shown is the ratio of thēK0d andK+d distributions,
plotted as a function of the mass excess∆M = Minv(Kd)− mK −
md.

excess∆M = Minv(Kp) − mK − mp. The ratio falls very
fast with∆M in a way that is very similar to that found for the
ratio of theK−pp andK+pp invariant mass distributions in the
pp → ppK+K− reaction [9]. In this case the strong variation
could be explained in terms of aK−p final state interaction,
perhaps driven by theΛ(1405), though it should be noted that
the angular momentum constraints are far weaker there.

Although the overall description of thepp → dK+K̄0 re-
sults shown in Fig. 3 is reasonable, it is clear that the data are
lower than the fits for high̄K0d and lowK+d masses and this
is particulary striking in the plot of their ratio. A more satisfac-
tory description of these data would be achieved with a some-
what largers-stateK̄0d probability, as indicated by the single
energy fit shown in Table 1. However, the disagreement may
also be a reflection of the distortions introduced by thea+

0 (980)
resonance and thēK0d final state interaction, to which we now
turn.

4 Influence of the a
+

0 (980) resonance and
K̄

0
d interaction in final state

Because the mass of thea0(980) resonance is very close to
theKK̄ threshold, its shape is not described satisfactorily by
a Breit-Wigner form. The energy dependence of the width is
taken into account in the standard Flatté parameterisation for
the propagator [10]:

Ga0
(qKK̄) =

N

M2
a0

− m2
KK − iMa0

(ḡπηqπη + ḡKK̄qKK̄)
,

(4.1)
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whereḡπη andḡKK̄ are dimensionless coupling constants and
very often it is their ratioR = ḡKK̄/ḡπη that is quoted [2].
For convenience, the normalisation constantN is chosen here
such thatGa0

is equal to be unity at theK+K̄0 threshold. The
nominal mass of the resonance isMa0

, mKK̄ is theKK̄ in-
variant mass, andqπη is theπη relative momentum in thea0

rest frame. It is important to note that the relative momentum
in theKK̄ channel,

qKK̄ = 1

2

√

m2

KK̄
− 4m2

K (4.2)

is positive imaginary below theKK̄ threshold.
The uncertainties in thea0(980) parameters as extracted

from the data collected in the different experiments are rather
large, as can be seen from the compilation given in Ref. [2].
Although the statistical errors for each experiment are small,
there are significant discrepancies between the quoted values
of the coupling constants. This might indicate either largesys-
tematic uncertainties or be a consequence of a certain scale
invariance of the Flatté parameterisation [2]. The picture is,
however, little changed if one uses instead a parameterisation
based on more fundamental theoretical ideas [11,12,13]. That
of Achasov [11] takes into account the so-called finite-width
corrections to the self-energy loop. As shown in Ref. [2], these
different parameterisations are equivalent in the non-relativistic
limit. To illustrate this, we show in Fig. 4 that the spectra of
both Ref. [11] and Ref. [12] can be well described by a non-
relativistic Flatté distribution with modified parameters. With
the currently available data it is not possible to distinguish be-
tween the relativistic and non-relativistic forms.

It is to be expected that thepp → dK+K̄0 amplitudes
leading to thes-waveK+K̄0 final state should be modified
through the introduction of Flatté propagatorGa0

. This effec-
tively introduces a momentum dependence into some of the
amplitudes of Eq. (2.2) and hence into the corresponding ob-
servables through Eq. (2.4).

There is also significant uncertainty in the low energyK̄d
interaction, which is nicely summarised in Ref. [14]. TheK̄d
scattering lengths quoted there are typically

aK̄d ≈ (−1.0 + i1.2) fm , (4.3)

though the spread is quite large, depending upon the theoretical
assumptions and the experimental data.

In the scattering length approximation, the amplitude for
the production of ans-waveK̄d pair should be multiplied by
an enhancement factor

FK̄d(Q) =
1

(1 − iQaK̄d)
, (4.4)

which depends on the relativēKd momentumQ.

5 Fit procedure and results

With the inclusion of final state interactions in both theK+K̄0

andK̄0d s-wave systems, one should study the contributions
indicated symbolically in Fig. 5 as well as higher order rescat-
terings.

Mπη  [GeV/c
2
]

|A
|2   [

a.
u.

]

0.88 0.92 0.96 1 1.04

8

4

0

0.88 0.94 1 1.06

8

4

0

Mπη  [GeV/c
2
]

|A
|2   [

a.
u.

]

Fig. 4. Upper panel: The Achasov parameterisation (solid line) [11]
compared with a non-relativisticK+K̄0 Flatté function (dashed line)
with the following parameters:̄gπη = 0.614, R = 1.650, Ma0

=
1.020 GeV/c2. Bottom panel: The same for the Oller parameterisa-
tion [12] with following parameters:̄gπη = 0.698, R = 1.463, and
Ma0

= 0.959 GeV/c2.

It is important to stress at the outset that the final state inter-
action factors of Eqs. (4.1) and (4.4) involve unknown overall
normalisations and will, at most, only describe the momentum
dependence of the correspondings-wave observable. In par-
ticular, one cannot determine the modifications to thes-wave
probabilities induced by the final state interactions. For this
purpose one would need fullKK̄ andK̄d “potentials” or their
equivalent. We therefore limit ourselves here to the study of
how the combined final state interactions distort the mass dis-
tributions of Fig. 4. For this we follow the procedure of Ref.[9]
and assume that the final state interaction factors are multiplica-
tive.

In principle, only thes-wave amplitudes should be mul-
tiplied by the corresponding final state interaction factorof
Eq. (4.1) or Eq. (4.4). However, we have seen from Table 1
that thes waves are dominant in both theK+K̄0 and K̄0d
channels. We therefore make the drastic simplification of mul-
tiplying the matrix-element-squared〈 |M2| 〉 by the product of
the absolute-squares of the final state interaction factors:

〈 |M2| 〉 −→ 〈 |M2| 〉 × |FK̄d(Q)|2 × |Ga0
(q)|2 . (5.1)

This ansatz means that thep-waves are also modified even
though there should be no final state interactions in these chan-
nels. On the other hand, the procedure avoids the introduction
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Fig. 5. Diagrams forpp→dK+K̄0 reaction: a,b) correspond to direct
a0(980) production involving strong(πη,KK̄) coupled channel ef-
fects, c) reflects non-resonantdK+K̄0 production corrected by the
K̄d final state interactions. d) includes both “rescattering” effects.

of extra parameters that depend upon the relative phases of the
s andp waves.

A new combined fit to the two data sets was undertaken on
the basis of theansatz of Eq. (5.1), and the results for the in-
variant mass distributions at 104.7MeV are shown in Fig. 6
for both the Bugget al. [16] and Teigeet al. [15] parame-
terisations of thea+

0 (980) which correspond, respectively, to
a wide and narrow resonance. TheK+K̄0 spectrum is better
described when the widera+

0 (980) is used but the major im-
provement seen from the introduction of these distortions is
in the K̄0/K+ ratio, where the excellent description depends
relatively little on the parameters chosen for thea+

0 (980) reso-
nance and almost entirely upon thēK0d fsi.

Owing to the relatively small phase space volume, the data
at 47.4 MeV are not sensitive to thea+

0 (980) parameters (Fig. 7).
The ratio of theK̄0d andK+d distributions is enhanced at the
low mass region. However, this enhancement is weaker than
the result of the fit which is based on Eq. (5.1).

At low energies both theK+K̄0 andK̄0d systems must be
in regions where the cross section is enhanced by the twofsi.
As a consequence, the total cross section predicted using the
ansatz of Eq. (5.1) shows a slower energy variation than when
the constant coefficients are used. This is seen clearly in Fig. 8,
where the results at the two measured energies [6,7] are com-
pared with predictions that are normalised to the 104.7MeV
point.

The introduction of eitherfsi increases the cross section at
the lower energy by a similar amount and the inclusion of both
effects improves significantly the agreement with the 47.4 MeV
point.

6 Conclusions

We have presented a combined analysis of the measurements
of thepp → dK+K̄0 reaction made with the ANKE spectrom-
eter at COSY at excess energies of 47.4 and 104.7 MeV. The
application of the Pauli principle, combined with the conser-
vation of angular momentum and parity, shows that an overall
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Fig. 6. Invariant mass distributions of thepp → dK+K̄0 differen-
tial cross sections at 104.7 MeV compared with predictions of the
combined fit, wherefsi distortions are introduced using theansatz
of Eq. (5.1) with the Bugget al. [16] (dashed curve) and Teigeet
al. [15] (chain curve) parameterisations of thea+

0 (980). The results
of the constant amplitude approach of Fig. 3 are presented for orienta-
tion (solid line). The fit to the ratio of thēK0d andK+d distributions
is insensitive to the parameters of thea+

0 (980).

Minv(K
+d)  [GeV/c2]

dσ
/d

M
  [

µb
/(

G
eV

/c
2 )]

Minv(K
+K0)  [GeV/c2] Minv(K

0d)  [GeV/c2]

Minv(Kd) - md - mK  [MeV/c2]

0 10 20 30 40

1

0.99 1.01 1.03
0

0.4

0.8

1.2

2.37 2.39 2.41 2.43
0

0.4

0.8

1.2

2.36 2.38 2.4 2.42
0

0.4

0.8

1.2

dσ
/d

M
  [

µb
/(

G
eV

/c
2 )]

dσ
/d

M
  [

µb
/(

G
eV

/c
2 )]

(d
σ/

dM
K

0 d)
 / 

(d
σ/

dM
K

+
d)

Fig. 7. As for Fig. 6 but at an excess energy of 47.4 MeV.

s-wave is forbidden in the final state. There must be at least
onep or higher wave. The data clearly demonstrate that both
theK+K̄0 andK̄0d systems are dominantly ins-waves, while
p-waves dominate theK+d channel. The big difference be-
tween the kaon and antikaon interactions with the deuteron is
seen most clearly in the ratio of the differential cross sections in
terms of theKd invariant mass. This ratio seems to depend pri-
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Fig. 8. Total cross section for thepp → dK+K̄0 reaction as a func-
tion of the excess energyǫ. Points with errors are the cross sections
measured with the ANKE spectrometer [6,7]. The dashed line,which
is normalised on the 104.7 MeV point, shows a phase space simula-
tion with the fixed partial wave contributions, as defined by the joint
fit of Table 1. The solid line shows the corresponding energy depen-
dence after the introduction of thefsi in both thea+

0 (980) and K̄d
channels. The inclusion of either thea+

0 (980) or K̄d alone leads to
almost identical results, which are shown by the chain curve.

marily on theK̄d interaction. The fast variation observed there
is similar to that found in theK−pp/K+pp ratio measured in
thepp → ppK+K− reaction.

The effects of thea+
0 (980) scalar resonance are more sub-

tle, though the fact that theK+K̄0 is almost entirely in ans-
wave is a strong indication of its influence. The shapes of the
differential distributions are little changed from those of the
constant parameter solution provided that both theK̄0d and
K+K̄0 final state interactions are taken into account. It is then
clear that thea+

0 (980) fsi compensates thēK0d distortion of
the K+K̄0 spectrum so that there is a delicate interplay be-
tween these twofsi. More theoretical work is clearly necessary
here to get a fuller understanding and attempts have been made
to study this problem on a more fundamental level [20].

The two final state interactions taken together enhance the
ratio of the total cross sectionσ(47.4 MeV)/σ(104.7 MeV) and
lead to a better description of the published data. Within the
framework of the simple approach presented here, even greater
sensitivity would be achieved if we had total cross section data
closer to threshold.
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