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We have conducted a model independent analysis of the K+K̄0 pair correlation function obtained
from ultra high energy pp collisions, with the aim of extracting the information encoded in it related
to the KK̄ interaction and the coupled channel π+η. With the present large errors at small relative
K+K̄0 momenta, we find that the information obtained about the scattering matrix suffers from
large uncertainties. Even then, we are able to show that the data imply the existence of the a0

resonance, a0(980), showing as a strong cusp close to the KK̄ threshold. We also mention that
the measurement of the π+η correlation function will be essential in order to constrain more the
information on KK̄ dynamics that can be obtained from correlation functions.

PACS numbers:

I. INTRODUCTION

Femtoscopic correlation functions are emerging as a
powerful tool to learn about hadron interactions. In pp
or pA collisions at very high energy, pairs of particles are
measured and their production probability is divided by
the equivalent probability of uncorrelated events, eval-
uated through the mixed event method [1–6]. There is
already much experimental work on this field [7–19] and
theoretical work goes parallel [20–35], showing that sig-
nificant information about the interaction of the mea-
sured pairs is obtained from correlation functions. While
most theoretical works compare models with the results
of the correlation functions, it has only been recently that
model independent methods have been proposed to ex-
tract the information encoded in these correlation func-
tions [36–39], such as to conclude the possible existence
of bound states, and determine scattering parameters like
the scattering length and effective range of the involved
channels in the interactions.

In the present work we take advantage of the existing
measurements of the correlation function for K0

sK
± pro-

duction [40, 41] and extract from there properties about
the K0K−, K̄0K+ interaction, among them, the exis-
tence of a resonance very close to the KK̄ threshold,
the a0(980). Uncertainties in observables obtained from
the correlation function are evaluated through the re-
sampling method, determining the precision demanded
on the experimental data in order to get more precise
values of these observables.

There is already some theoretical work on this correla-
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tion function using data from Pb−Pb collisions [42] and
applying the Lednicky-Lyuboshitz approximation [43, 44]
where a good reproduction of the data was obtained
by using different conventions for the correlation func-
tion, that did not allow the authors to be very conclu-
sive on the information that can be obtained from these
data. Here we employ instead an improved theoretical
approach based on the original Koonin-Pratt formula
[45, 46], modified to include the range of the interac-
tion [32] and take the data from pp collisions of the more
recent paper [41]

II. FORMALISM

A. Brief summary of the chiral unitary approach

In the chiral unitary approach [47–50], one uses the
KK̄ and πη coupled channels and the scattering matrix
given by,

T = [1− V G]−1V , (1)

with V given by [51],

VK+K−,π0η = −
√
3

12f2
(3s− 8

3
m2

K − 1

3
m2

π −m2
η) ,

VK0K̄0,π0η = −VK+K−,π0η ,

Vπ0η,π0η = −m2
π

3f2
,

VK+K−,K+K− = − s

2f2
,

VK+K−,K0K̄0 = − s

4f2
,

VK0K̄0,K0K̄0 = − s

2f2
.

(2)
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Given the isospin multiplets: (K+,K0), (K̄0,−K−),
(−π+, π0, π−), one can easily find, for the channels, (1)
K+K̄0, and (2) π+η,

VK+K̄0,K+K̄0 = − s

4f2
,

VK+K̄0,π0,η =

√
3

12f2
(3s− 8

3
m2

K − 1

3
m2

π −m2
η) ,

Vπ0η,π0η = −m2
π

3f2
. (3)

In Eq. (1), G is the diagonal meson-meson loop function,
with the diagonal elements, Gi, i = 1, 2, given by,

G(s) =

∫ qmax d3q

(2π)3
ω1(q) + ω2(q)

2ω1(q)ω2(q)

1

s− (ω1(q) + ω2(q))2 + iϵ
(4)

being qmax is a regulator of the loop function which in
[51] is taken around 600− 700 MeV. The T -matrix gives
rise to a cusp like structure around the KK̄ threshold,
in agreement with the shapes obtained in recent experi-
ments [52, 53]. The approach allows to reproduce dif-
ferent experiments where the a0(980) is produced, as
the χc1 → ηπ+π− [54], the D+

s → π+π0η decay [55],
D0 → K−π+η [56], among others.

B. Correlation functions

Following Ref. [37] we write the theoretical correlation
function,

CK̄0K+(pK+) = 1 + 4πθ(qmax − pK+)

×
∫ ∞

0

drr2S12(r)
{
|j0(pK+r) + T11(E)G̃1(r;E)|2

+ |T21(E)G̃2(r, E)|2 − j20(pK+r)
}

(5)

with

S12(r) =
1(

R
√
4π

)3 e− r2

4R2 , (6)

and,

G̃i(r, E) =

∫
d3q

(2π)3
ω1 + ω2

2ω1ω2

j0(qr)

s− (ω1 + ω2)2 + iϵ
, (7)

referring the subindices 1, 2 to the two particles in chan-
nel i, and ωl =

√
q2 +m2

l . In Eq. (6), R is the size of
the source function where the particles are assumed to
be formed.

C. Inverse problem

We will make a fit to the data of the correlation func-
tion without assumming any specific interaction. The

scattering matrix between the two channels, K+K̄0, and
π+η, is given by Eq. (1), taking a general V function,

V =

(
V11 V12

V21 V22

)
. (8)

Since we are only interested in the region close to KK̄,
we assume that the elements Vij are constants. Then, in
order to calculate T and the correlation function we have
a total of five parameters, three coefficients Vij , qmax and
R. These parameters are fitted to the data.
When performing a fit to the data, one obtains the 5

parameters with large errors. This is due to the large
errors of the data at small momenta but also to the
strong correlations between the parameters1. In order
to quantify uncertainties in the observables, we conduct
a bootstrap procedure [57–59], generating random cen-
troids normally distributed and with the same error bars.
Then we carry a fit in each case, determine the parame-
ters and from them the values of the observables. After
that, we calculate their dispersion, which gives us the
uncertainties with which we can hope to obtain these
magnitudes.

D. Observables

As we will show in the next section, we get a cusp-like
structure corresponding to the a0(980) resonance in the
|T11|2 element of the scattering amplitude. Then, we also
evaluate the scattering length and effective range, a, r0
for the K+K̄0 and π+η channels, given by [36]

−1

a
= −8π

√
sT−1|s=sth

r0 =
2

µ

[√
s
∂

∂s

(
−8π

√
sT−1 + ik

)]
s=sth

, (9)

with

k =
λ1/2(s,m2

1,m
2
2)

2
√
s

, (10)

evaluated for T11 and T22. Since for K+K̄0 the channel
π+η is open for decay, the values of the scattering pa-
rameters, a, r0, are complex for this channel, while for
the π+η channel, they must be real.

III. RESULTS

In Fig. 1 we show the correlation function obtained
from Fig. 5 of Ref. [41], taking an average of the data for

1 It is easy to see by using one channel the existence of strong cor-
relations between the Vij parameters and qmax. Indeed, in that
case, T−1 = V −1 − G, and we can change V and G simultane-
ously (through qmax), such that V −1−G does not change at the
KK̄ threshold.
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Fit I

UChPT, qmax = 630 MeV, λ = 1

UChPT, qmax = 630 MeV, Fit (λ)
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FIG. 1: Comparison of the result of Fit I with the one of
UChPT, taking qmax = 630 MeV and fixing the λ = 1, or
leaving λ as a fitting parameter.

√
spp = 5.02 TeV and

√
spp = 13 TeV, and summing the

systematic uncertainties (given by boxes in Fig. 5 of [41])
to the statistical errors2. Instead of using the theoretical
correlation function given by Eq. (5), an experimental
parameter λ [41], called correlation strength, assumming
the role of an experimental efficiency, is introduced. The
function to be fitted to the data is3

C̃(pK+) = N [λC(pK+) + (1− λ)F ] , (11)

where C(pK+) is the theoretical correlation function of
Eq. (5), with N a normalization factor around 1, and F
a flat factor also around 1. We take F = 1. For N = 1,
when C(pK+) ≃ 1, C̃(pK+) is also 1 which is the case of
the correlation data beyond 300 MeV/c.

We perform the following fits (where we have at least
six free parameters, three Vij elements, qmax, R, λ) :

- Fit I. N = 1 and λ is a free parameter.

- Fit II. λ is restricted in the interval (0, 1), as it
should be for an experimental efficiency, and N is
a free parameter.

- Fit III. λ is restricted in the interval (0, 1) and we
take N = 1.

In Fig. 1 we show the result of Fit I in comparison
with the one of UChPT, taking qmax = 630 MeV and
fixing the λ = 1, or leaving λ as a fitting parameter.
The value obtained is λ = 0.09 ± 0.01. We show the

2 The statistical errors are evaluated by taking the maximum
between the average of the errors for

√
spp = 5.02 TeV and√

spp = 13 TeV and the difference of both centroids at these
two energies divided by two.

3 We are thankful to Valentina Mantovani and Albert Feijoo for
instructing us on these details.
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FIG. 2: Comparison of the result of Fit I with the one of
UChPT taking qmax = 630 MeV.

|TK+K̄0 |2 element in Fig. 2. The best fit is shown as
a blue continuous line, while the error band is obtained
from the resampling. We obtain a cusp like structure
around the K+K̄0 threshold. However the strength of
the peak is more than two orders of magnitude larger
than that of the UChPT (which is around 5000), and
once the error band is calculated, it falls much below the
result from Fit I.

In Tables I and II we show the values of the parame-
ters of the interaction of the best fit, and also the result
for the scattering parameters, a, r0 for the K+K̄0 and
π+η channels, with the uncertainties evaluated from the
resampling method. Each new fit of the bootstrap pro-
cedure returns a set of parameters that take automati-
cally into account the existing correlations. After every
fit we determine the values of the observables, and from
many such fits we evaluate the dispersion of these observ-
ables. As we can see, the errors of the free parameters
obtained are very large, see Table I, indicating that there
are strong correlations between the parameters. As we
have mentioned, this is not a problem since we are inter-
ested in the values of the observables, not in those of the
parameters.

We show the results of Fit II also in Tables I and II.
In this case the λ parameter is restricted to the interval
(0, 1) and the normalization factor N in Eq. (10) is also
a free parameter. The result for the correlation function
is shown in Fig. 3. The normalization obtained is very
close to one, N = 1.000 ± 0.006, but the error band has
become somewhat bigger. The result for the scattering
amplitude is shown is in Fig. 4. Similarly to Fit I, a cusp
related to the a0(980) is clearly visible from the fit. Still
the scattering amplitude for UChPT, also shown in Fig. 5
for clarity, is below the result of Fit II, but much closer
to the error band than in the case of Fit I.

Next, we fix the value of N = 1, and restrict the pa-
rameter λ ∈ (0, 1), performing Fit III. The results are
shown also in Tables I and II. These are very similar to
the ones of Fit II, but the error bands for the correlation
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Fit II
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FIG. 3: Result for the correlation function in Fit II.

Fit II

UChPT

700 800 900 1000 1100 1200

0

50000

100000

150000

s (MeV)

|T
K
+
K_

0
2

FIG. 4: Comparison of the result of Fit II with the one of
UChPT taking qmax = 630 MeV.
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FIG. 5: Absolute squared value of TK+K̄0 of UChPT taking
qmax = 630 MeV.

Fit V11 V22 V12 qmax R λ

I −100+110
−50 −270+200

−200 −110+110
−44 1304+150

−900 0.73
+0.17
−0.08 0.08

+0.04
−0.04

II −70+80
−50 −10+340

−300 −31+30
−40 660+750

−400 0.74+0.3
−0.06 0.08

+0.16
−0.05

III −70+60
−80 −8+310

−40 −30+180
−110 650+760

−320 0.74+0.17
−0.07 0.08

+0.02
−0.03

IV −100+100
−100 −270+520

−6 −110+140
−140 1272

+200
−800 0.75+9

−0.3 0.08+0.02
−20

V −71+16
−200 −13+120

−260 −29+110
−91 660+340

−390 0.80+0.8
−0.8 0.08+0.2

−0.1

VI −72+50
−10 −12+280

−280 −29+30
−140 658+400

−260 0.75+4
−0.07 0.08

+0.04
−0.08

TABLE I: Values of the parameters obtained from Fits I-VI
as described in the manuscript.

function and scattering amplitude obtained (omitted here
since these don’t introduce new information) are slightly
narrower.

In the following, we make some consideration about
the errors of the experimental data. Given that the ex-
perimental data of the first three points from Fig. 5 of
Ref. [41] contain systematic errors which are indeed quite
large, it is surprising that there are not such errors for
energies above p = 60 MeV. It is also shocking that the
result of UChPT is completely different in strength, apart
from the fact, that both show a cusp close to the mass of
the a0(980). Thus, we propagate the systematic error of
the third point around p = 50 MeV to the rest of data
for higher energies, and perform similar fits, labeled as
IV, V, VI, in the same way as I, II, III but with the new
errors. The results for the free parameters and scattering
parameters are shown in Tables I and II. The correlation
function and scattering amplitude are depicted in Figs. 6
and 7, in comparison with the UChPT result, where we
also show in Fig. 6 the result from fitting the λ parame-
ter for the UChPT case. We obtain λ = 0.1± 0.03. The
error bands obtained in this case are very large, over-
lapping with the result of fitting the λ parameter with
UChPT for the correlation function, Fig. 6, and also for
the scattering amplitude and around the peak, as shown
in Fig. 7. However, as shown in Table I, in this case we
observe that some samples in the resampling lead to value
of λ out of the range (0, 1), that shouldn’t be the case in
principle4. Thus, we conduct Fits V and VI, restricting
this parameter to (0, 1). In Fit V, we leave N as a free
parameter. We obtain, N = 1.0+0.01

−0.015. The results for
the correlation function and scattering matrix, shown in
Figs. 8 and 9, are similar to the previous cases, except for
the fact that the error band of the scattering amplitude
has become larger for lower energies, and the strength of
the peak is slightly higher.

4 Note that this only happens when the experimental errors are
larger and λ is a free parameter as in Fit IV.
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Fit IV

UChPT, qmax = 630 MeV, λ = 1

UChPT, qmax = 630 MeV, Fit (λ)
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FIG. 6: Result for the correlation function in Fit IV.
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FIG. 7: Comparison of the result of Fit IV with the one of
UChPT taking qmax = 630 MeV.

Fit V

UChPT, qmax = 630 MeV, λ = 1

UChPT, qmax = 630 MeV, Fit (λ)
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FIG. 8: Result for the correlation function in Fit V.

Fit r1 r2 a1 a2

I 0.44−0.4
−0.4 − i 0.12+0.1

−0.1 −0.8+0.7
−0.7 1.0+4.0

−1.5 − i 2.6+2.6
−0.6 0.45+0.4

−0.01

II 0.70+0.2
−0.3 − i 0.11+0.2

−0.2 1.1+0.9
−0.9 1.2+2.7

−2.7 − i 2.7+2.7
−0.3 −0.3+0.9

−0.9

III 0.7+0.10
−0.14 − i 0.11−0.2

−0.2 1.1+0.3
−0.3 1.3+3.4

−1.7 − i 2.7+2.3
−2.3 −0.25+2.0

−0.5

IV 0.45+0.3
−0.1 − i 0.11+0.14

−0.13 −0.73+1.3
−0.7 1.0

+2.0
−2.5 − i 2.6+2.6

−2.6 0.5+2.2
−0.2

V 0.71+0.2
−1.7 − i 0.09+0.1

−0.1 1.3+1.6
−1.6 1.4+4.0

−6.0 − i 3.0+3.0
−3.0 −0.3+2.0

−2.0

VI 0.70+0.1
−0.7 − i 0.09+0.03

−0.03 1.3+0.8
−0.8 1.6+1.5

−1.5 − i 2.8+1.0
−1.0 −0.3+1.0

−1.0

TABLE II: Scattering parameters, r, a0, for Fits I-VI in units
of fm for both channels 1, K+K̄0 and 2, π+η.
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FIG. 9: Comparison of the result of Fit V with the one of
UChPT taking qmax = 630 MeV.

IV. CONCLUSIONS

We have used the present data on the correlation func-
tion for the K+K̄0 (K −K0) production in high energy
pp scattering and have conducted fits to the data with the
purpose of extracting the information on the interaction
of these pairs encoded in the correlation function. We
have used a model independent analysis which provides
the scattering amplitudes of these pairs, from where we
have seen the structure of these amplitudes and deduced
the scattering length and effective range, also for the cou-
pled channel π+η. What we observe is that the present
accuracy of the data renders an information with very
large uncertainties. Within these uncertainties, it is still
possible to see that the strength of |T |2 peaks around
the KK̄ threshold, indicating that these data corrobo-
rates the existence of the a0(980) resonance, which shows
in recent experiments as a strong cusp around the KK̄
threshold. It is clear that more precision is needed for
the data at small relative momenta of the pair. Yet,
this might not be sufficient to get good information. We
believe that these data should be complemented with
data on the correlation function of π+η. We base this
conclusion in the experience obtained from the analysis
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of correlation functions for the D∗
s0(2317) [36] and the

N∗(1535) [39]. Indeed, in the former case, the analysis
of the correlation functions of D0K+ and D+K0 (which
are quite similar) allowed one to determine the existence
of the D∗

s0(2317) state bound by about 40 MeV, with an
accuracy of only 20 MeV (assuming errors in the data
typical of present measurements of the correlation func-
tions). On the other hand, for the latter case, using the
correlation functions of the K0Σ+, K+Σ0, K+Λ and ηp,
one could determine the position of the N∗(1535) state,
bound by about 75 MeV with respect to the K+Λ and
150 MeV with respect to the K+Σ0 threshold, with an
accuracy of 5 MeV. It is clear that the combined informa-
tion of the correlation functions of coupled channels to
which the state couples, is far richer than the information
from one channel alone. The large uncertainties of the
results obtained here are in line with the results of [42],
where the correlation function from Pb − Pb collisions
was reproduced with multiple, quite different scenarios,
to the point that the conclusion of the authors was, “as
far as we understand, it is not easy to achieve progress
in this field”. Instead of using different models, we have
performed a model independent analysis, with a statis-
tical resampling method, that allows to tell us which in-
formation we can obtain and with which uncertainties.
While these are definitely very large, it is still reward-
ing to see that the data provide information about the
existence of the associated a0(980) resonance. We are
also more positive, in the sense that we show in which
direction more information could be obtained, which is,
more precision at small relative momenta, and the mea-
surement of the π+η correlation function. One result of
the study is that the present data seem to be incom-
patible, or barely compatible, with the results of chiral
unitary theory for the a0(980) resonance, which has been
very successful to explain different reactions where the
a0(980) resonance is explicitly seen. While the results of
chiral unitary theory are qualitatively in agreement with

the data for the correlation function, the apparent dis-
agreement stems from small discrepancies in the region
of p = 100 − 200 MeV/c, given the extremely small ex-
perimental errors of the data. The success of the chiral
unitary approach concerning the a0(980) should be a rea-
son to revise the data, or most probably the algorithm
that should be used to compare with the data. Actually,
the procedure to construct the correlation function divid-
ing the probability to find a pair from a single event, by
the probability of the mixed events, might require some
revision, since the mixed event probability is not fully
absent from correlations.

The results and discussion carried here should serve
as a motivation to perform new measurements and also
look for an adequate theoretical algorithm to compare
with experiment. This would also allow one to obtain
low energy data for the KK̄ and π+η interaction, as scat-
tering lengths and effective ranges, which would be most
welcome.
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