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We study the interaction of a neutron with the D%,(2317) resonance and look at the amplitude below
threshold and close above threshold. The study is done from the perspective that the D*;(2317) resonance
is a molecular state of DK in I = 0. To study this interaction, we use the fixed center approximation to
Faddeev equations that considers the DK molecule as the cluster and the neutron as the external particle.
We improve the fixed center approach to implement elastic unitarity around threshold, which is needed to
obtain scattering parameters and to evaluate the nD’,(2317) correlation function that we determine here.
One interesting result of the study is the appearance of a resonant state below threshold with a binding of
about 130 MeV and a width of about 80 MeV, which we suggest to look at in reactions measuring the

invariant mass of zZD. The ALICE collaboration has initiated studies of this type, by looking at the
pf1(1285) correlation function, and we can only encourage work in this direction, which should provide
much valuable information on the nature of many resonant states.

DOI: 10.1103/bb31-rdjb

I. INTRODUCTION

Correlation functions are gradually catching up as a tool
to learn about hadron interactions, particularly for pairs of
hadrons, which cannot be formed in scattering experiments
[1,2]. Theoretical work on this issue follows [3—-26]. The
combination of data from correlation functions and spec-
troscopy measurements has proved particularly useful to
learn about hadron dynamics [27]. A recent update of
theoretical and experimental papers on the issue can be
seen in Refs. [24,28]. Given the success of two body
correlations, the idea has been extended to the study of
three body correlations [29-34]. While certainly some
dynamical information can be obtained from these studies,
we take advantage to warn one about the goal of finding the
three body forces from there, since they are not an
observable, in the sense that they are tied to the implicit
off shell dependence of the two body amplitudes of the
model used to analyze the data. This has been discussed in
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Ref. [28] and the extreme model dependence of the induced
three body force has been shown in Ref. [35] (see also
Refs. [36,37]). Yet, we find quite instructive the study of the
correlation function of a particle, and a resonance, particu-
larly if this resonance is a dynamically generated state from
the interaction of two other particles. Work in this direction
has already begun with the measurement of the correlation
function of a proton and the f,(1285) [38]. The f;(1285)
state appears as a dynamically generated state from the
interaction of K*K — K*K in isospin I = 0 [39-44], and
experimentally it is observed from a cluster of KKz [38].

In Ref. [28] the theoretical study of the correlation
function for the pf;(1285) system was undertaken, and
it was found to have some sizeable structure, starting from a
value around 0.4 at threshold and converging smoothly to 1
around 300 MeV/c. The system was found to develop a
bound state around 40 MeV below threshold, with a width
of about 70 MeV, stemming mostly from the decay of pK
to #X. Most notably, it was also shown that the correlation
function and the possible state below threshold were quite
different if the f (1285) resonance were an ordinary meson
state rather than a molecule of K*K — K*K nature. In
Ref. [28], the correlation function was obtained using the
scattering matrices of a proton with a cluster of K*K, K*K
nature, which were obtained using the fixed center approxi-
mation (FCA) to the Faddeev equations [45-51]. One of the
issues raised in Ref. [28] was the one of the elastic unitarity

Published by the American Physical Society
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of the three body amplitude obtained. It was shown to be
satisfied only approximately, but it was restored by renorm-
alizing the amplitude with a factor close to unity. In the
present work we shall devote some attention to this problem
and provide a general framework that respects the elastic
unitarity, and apply the method to a different problem, the
interaction of a neutron with the D7(2317) state.

The D¥,(2317) state is again an example of a dynami-
cally generated state. It is generated from the channels
DYK*, DYK?, and D7 [52-59], being mostly a DK state
in isospin / = 0. This is also supported by lattice QCD
simulations [60-63], and a detailed analysis of lattice QCD
data done in Ref. [64] quantifies the probability of DK in
the wave function of the D%,(2317) around 72%. The state
is bound by about 42 MeV with respect to the D°K*
threshold and decays to the Dy z° channel [65], an isospin
violating mode, as a consequence of which the width is
extremely small (< 3.8 MeV).

We have chosen the nD?,(2317) instead of the
pD¥,(2317), for two reasons. One is technical, since the
system chosen has no Coulomb interaction, which sim-
plifies the formalism, and more important, we have the nkK
interaction, which is attractive and leads to the A(1405).
Then we can hope to get some bound state of nD*,(2317)
which will have repercussions on the correlation function
of this system, reflecting the molecular nature of the
D?,(2317) state. We should note that the system nDK
has been studied in Ref. [66] and a bound state of this
system is found. Our aim is different since we want to

This paper is organized as follows. In Sec. II, we explain
the improved formalism of the FCA to implement elastic
unitarity around threshold and to evaluate the nD,(2317)
correlation function. In Sec. III, we show our numerical
results, and Sec. IV is devoted to conclusions.

II. FORMALISM

A. FCA

The FCA has been often used to study three body
systems and in some cases it has been tested with results
using Faddeev or variational calculations aiming at getting
bound states of the systems. For instance, the DND* state
has been studied in Ref. [67] using the Gaussian expan-
sion method [68,69], and in Ref. [70] using the FCA, with
similar results. Similarly, the D*D*D* system has been
studied in Ref. [71] using the Gaussian expansion method
and in Ref. [72] with the FCA with similar results, and
also similar to those found in Ref. [73] using the ladder
amplitude formalism. The limits to the use of FCA can
also be seen when applied to obtain states above threshold
[74]. More information on the issue can be found in the
review paper [75].

In the FCA to n(DK)yger» With the cluster in I =0,
we have the diagrams as shown in Fig. 1. Taking into
account that the DK has isospin I = 0, the nD interaction
in Fig. 1(a) is given in Refs. [28,76-79] as

evaluate the correlation function of nD*,(2317) and the = Et(l) +1t0)
experimentalist isolates the D%,(2317) and the neutron, so 4 b= 4nb
we are dealing with a particular configuration in the whole ; 3 KO 1 X0 (1)
nD K system and study it above the nD,(2317) threshold. 2T 4k T gk
n D K D K n n D K
. 1 I L L/ N 1
\\\ / \k
5 ol N
N n |/ TSl
/ + A + e +
/,ﬂl II’/ /(/I
A | i S I S 1
n D K n D K n D K
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1 1 ; N 1 L 1 1
,4’/ \’\ 4
/ \\\ n ””,
+ S + TN + e +
\\)\\ \K\\ \\\k
i roN TN T\
D K mn D K n D K n
@ (e) ()
FIG. 1. Diagrams appearing in the FCA to the n(D K) . interaction.
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where t(l) i

=1
nD
tfllf)( the nK scattering matrix in the isospin /. We show these

matrices in the Appendix.

We divert a bit from the formalism of Ref. [28] and write
four partition functions, 7';; with i, j =1, 2. Ty, sums all
the diagrams where the neutron collides first with particle 1
of the cluster (the D) and finishes with a collision with
particle 1. T, sums all diagrams where the first collision is
with particle 1 and the last one with particle 2 (the K). T,
sums all diagrams where the first collision is with particle 2
and the last one with particle 1 and, finally, in 7’5, the first
collision is with particle 2 and the last one with particle 2. A
similar splitting of the partition functions was done
in Ref. [80].

With the previous definitions, it is easy to see the coupled
equations,

s the scattering matrix of nD in isospin /, and

T =t +1,GTy,

Ti = 1,GTa,
Ty = 1,GT)y,
Ty =t + 1,GT )y, (2)

where G in the nucleon propagator folded with the cluster
wave function that we detail below. Equation (2) have a
trivial solution as

Ty=—" Tyy=— 2
R T P
1t,G

Tpo=T)=——. 3
12=121 1= 1,507 (3)

The total scattering amplitude is given by

t+t + 26,6

T=T\+Tyn+Ty+Tp="—""—"2—~(4)

1 —1,1,G?

This is the same expression obtained in Refs. [28,76,77],
but the new separation shows the meaning of each term in
the total 7 matrix of Eq. (4).

Once again, following the formalism of Refs. [28,76,77],
we implement weight factors to go from the nD, nK frames
where the S matrix is written in terms of #;, #, amplitudes, to
the frame where the S matrix is written in terms of the neutron
and the cluster. This is easily implemented by substituting

. M, . M,
t =—S1, t I, =—Xt,, 5
17> h MDI 2D Mkz ()
and
F.(q)

3 [ dq My 1
)= | Gt m v @

(6)

where My and M, are the masses of the neutron and

the cluster, respectively, Ey(q) = /M3 +¢*, w.(q) =
V/M? + ¢*. InEq. (6), F.(q) is the form factor of the cluster
normalized as F.(0) = 1, given by

Fig) =19, )
with
B d’p 1
Fla) = /u,h, (2n) M, — o (p) — wg )
1
M. —anp-a)-oxp-a)" ®)
and

ver0- [ G maprae) © O

where ¢, 1S the regulator in the loop functions used in the
dynamical generation of the D},(2317) from DK. In
Ref. [20], we found ¢, = 710 MeV that produced the
right binding of the state. There is also a small change in
Eq. (6) with respect to former works, where a global factor
(2M )~ is substituted by (2w,(q))~" inside the integral and
also M, - w.(q) in the neutron propagator to take into
account recoil corrections, normally ignored in the FCA. The
T matrix is then written as

i+, +21,1,G

T= — =
1 -71,1,G?

(10)

We also need the arguments of the #; and ¢, matrices.
Following Refs. [28,76] we write

mp)? +2Empq°,
mg)* + 2Emgq°, (11)

s1(nD) = M + (
s,(nK) = M3 + (

with ¢° the neutron energy in the cluster rest frame,

¢
¢

_s—M; - M? M,

0 E= _
2M, ’ M[)—l—mf(’

q (12)
where the factor £ is introduced to account for the binding of
the DK state, assuming the binding in D and K proportional
to their masses. We can see that émg + émp = M. The
variables s, s, of Eq. (11) correspond to the invariant mass
squared of the nD and nK systems, respectively. They are
derived from, for instance, s, = (py + pg)* = M% +
(Emg)? + 2Emgq°. We have assumed the mass of the D
or K reduced by the binding. The evaluation of the invariant
s1, 5 is done in the cluster rest frame, for convenience, where

094019-3
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the products py -pp and py -pg vanish for the s-wave
function of the cluster.

Note that G(,/s) in Eq. (6) is just the ordinary G function
for the propagation of a neutron and a cluster, which is
regularized by the form factor F.(q), which provides a
natural convergence factor for the loop function.

B. Elastic unitarity of the T matrix

Take an extreme case where 7, is large and 7, negligible.
We would have

T="1. (13)

While this might be a good approximation for T at the
nD?,(2317) threshold and below, let us see what happens at
threshold. With the Mandl and Shaw normalization for
meson and baryon fields that we follow [81], we have

87\/s ou

T—_ ,
2My

(14)

where fM is the standard quantum mechanics form of the
scattering amplitude. Then

877[ T_l =

- 2MN qugm - iQCmv (15)
with g, the neutron momentum in the nD?, rest frame.
Equation (15) allows us to obtain the scattering length and
effective range for the nD?, collision. The elastic unitarity
resides in the factor —ig ., of Eq. (15).

Equation (15) using the extreme case of Eq. (13) can give
a reasonable value for a, but it does not provide the factor
—iq.m and then we cannot rely either on the term g2, that
provides the effective range. Then, we can also not trust the
correlation functions that we would obtain from this 7T
matrix. The rescue to the problem comes from nuclear
physics. In the interaction of a particle with nuclei, ignoring
the interaction of the external particle with two nucleons
(this would correspond to ignoring, in our approach, the
7,7,G term) one obtains the particle nucleus “optical
potential” as #p, with ¢ the scattering matrix of the external
particle with the nucleons and p the nuclear density. This, up
to a normalization, can be interpreted as t; + 1, + - - - + ty.
In our case of two particles, this would be 7, + 7,, which is
what we get for T in this case. But once the optical potential
is obtained, one uses it within the Schrodinger equation to
obtain the particle-nucleus scattering matrix [82—85]. This
means that in our approach we still have to consider the
coherent nD*, propagation. This is done in the following
way, accounting also for the multiple rescattering of the
particles. We should note that the terms 7,7,G already
contain some nD?, propagation through the G function.
This made the 7 matrix in Ref. [28] nearly unitary, and exact

unitarity was fulfilled with a renormalization factor close to
1. Here, we provide a more accurate and general approach.

To consider the coherent propagation of the nD%; system,
we would have the diagrams shown in Fig. 2. We define T,»j
as in Eq. (3) with ¢; - 7;. In Fig. 2 we implement the
coherent propagation of the 7 ; terms obtained before. We
omit the terms 7'; iGe T,, with j # k because this involves the
neutron going from particle 1 to 2 (or 2 to 1) in the cluster,
which is already accounted for by the 7,7,G terms of 7. The
sum of the terms of Fig. 2 is given by

Tam=T1GuT\ +T1,GuT 1+ TG T+ TG Ty
+T12G T2 +T12G 2T + TG Ty
+ TG 2T, (16)
where G.;(/s) and G, (4/s) are given by

d3q MN 1 [Fcl<q)]2
27)° En(q)20.(q) /s —Ey(q) —.(q) + i€’
(17)

Gd(ﬁ)—/(

d3q MN 1 [F02<q)]2
(27)*Ey(q)20.(9) /5 — En(q) — o (q) + i€’
(18)

which are regularized with the form factors F,. (q)
and F c2 (q)

We have to define F;(q) and F.,(q). In Fig. 2, let us take
the first term corresponding to 7'y, G, ;. In the lower box,
we have a nucleon as an external line and the other one
appears inside a loop. One has to see the form factor attached
to the diagram of Fig. 1(a). This is evaluated in Ref. [76]
when the two particles of the cluster have the same mass,
providing a form factor F.((k — k') /2). However, when the
masses of the particles in the cluster are different, this form
factor is different, and one obtains [86]

Gavs) =

my
Fcl_)Fc(m +m
1 2

k-0). 09

m
Fa=Fe (m
1 2

k-0)). (20)

Assuming that k is small compared to ¢ in the loop, we
obtain,

Fulg) = F. (#q) (1)
Folg) = F. (#q) (22)

094019-4
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T11G 1T T11Ge1Tha

\\ I l I l ///

+ %§) + %=}
S N

T12G 2T T12Ge2Ta

T51G 1T T51Ge1Tha

N L1
\\= % % %/'/
+ % ) = ,} + = ) % ,}
\\\ \\

| B I 1T

T22G 2T T22G e2Tra

FIG. 2. Terms entering the coherent propagator of the n[_)}‘o.

By using Eq. (7) we can check that, for an average value of
|k| ~ 150 MeV/c for the K momentum in the cluster
distributed isotropically, the changes from Egs. (20) to
(22) are about 3% as an average and much smaller from
Egs. (19) to (21). It should be noted that when the loop is
closed with the upper box in the diagram, we get an extra,
F.(-"*—(q—k')) or F.(-——(q — k)), with the external

my+my my-+my
k' neglected again because it is small. Hence, we get the
square of F.(q), F(q) in the loop functions of Egs. (17),
(18). We should also note that in the #,7,G term, the form
factor that appears when the masses of m; and m, are
different is

Fc(q— T

m1+m2 m1+m2

k’) L Flg). (23)

neglecting the momenta k and k' of the external particles. To
justify the use of the same form factors in the iterated
diagrams, one can see details in the Appendix A of Ref. [87].

The sum of the terms in Eq. (16) can be done in a
compact way by writing the matrix,

R T
T,.,_< 1 ) (24)

TZ] T22

and adding the T; ; terms obtained prior to the coherent
propagation, we have

T§§2> =T, +T1,G.T,;. (25)

where

Gg O
G.= < ! ) (26)
0 Gc2

Equation (25) is the expansion to second order of the
Lippmann-Schwinger equation.

The full unitarization (Lippmann-Schwinger equation)
means that the kernels Tij are iterated through multiple

nD?, intermediate steps, instead of the one step that one has
in Eq. (25). Similar to the Lippmann-Schwinger equation,
this is accomplished via

T:-j = Tij + Tl-jGCT’-- (27)
which in the matrix form has the solution,
T=[1-TG]'T. (28)
Finally, our unitary matrix has the form

Tom =Ty + Ty + T +Thy
B Thw42T o+ T+ (T3, - T1T») (G + Gp)
C 1=T1G =T0Gu— (T} - T1/T»)G Gy
(29)

In order to test the elastic unitarity, we look at the linear

terms in iq,,, that emerge from 7', in Eq. (29) close to

threshold. Since, close to threshold,

qgm MVIMC

=M M. R =
Vs Mot A vy

(30)
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with y the nD%; reduced mass, we check the exact unitarity
by looking if F,; = 1, where

87[ s + Clgm B 2 -1
Funi = lim |: (\/—th 2”) (Tgum (\/Eth + qﬂ))

qcm_’o 2MN Zﬂ

= S (P (V5 | (i) 31)

where the subscript “th” refers to the nD%,(2317) threshold
(My = M,). Note that

Gci(\/‘;) = Rchi(\/E) +iIm Gci(\/§)9 (32)
G(vs) = ReG(v/s) + ilm G(V/s), (33)

and we have

2My

ImG,, =———= F2. R 34
m Ccl 8”\/§qu Cl<QCm) ( )
i 2My
ImG = - F , 35
m Sr /s Lem (gem) (35)
with
1 2\ 2
Fc(Qcm) ~ ] _8<r >qu’ (36)

with (r?) the mean—square radius of the cluster wave
function and similar expansions for F.;(q.,)- Hence, up
to linear terms in ¢.,, ImG, (i =1, 2) and ImG are
identical. Then, close to threshold, an expansion in terms of

gcem 80€S as
T;um(QCm) = T/sum|th + iaqcm’ (37)

with a a constant. Hence, Eq. (31) is well defined. We have
checked that F,; = 1 within numerical accuracy. Then the
scattering length and effective range are obtained as in
Ref. [20],

My -
=7
a 877,\/5 sum |th»

T lovs | 2My

oV's

ro

(Pla) ™ + iqcm)} - (39)

th

C. Correlation function

Following the formalism of Ref. [15], which is in line
with the Koonin-Pratt formalism [88] adapted to our type of
amplitudes, the correlation function is written as

Con () =1 +4x [~ aris.(0)
St 0

Aldolpr) + (T4 + T5,)Gi(s.7)
+ (T + Th)Go(s. ][> = j3(pr)}. (40)

where G (s, ) and G,(s, r) are given now by

. - d3q 1 MN
Gi(s.r) _/(27;)32wby0(‘1>EN<‘1)

‘ Jolgr)F.(q)

Vs —awp,(q) — Ey(q) +ie’

~ B d3q 1 MN
Ga(s, r)—/(2”)3 2wp,,(q) En(q)

_ Jo(qr)Fe2(q)
Vi—ap, @) -En@ e P

with F.,(q) in Eq. (21) and and F,(q) in Eq. (22). The
reason for the new form of Eq. (40) is that the scattering
matrix needed here to reproduce the wave function is the
half-off-shell 7/ matrix. One line corresponds to momen-
tum p and the other to the variable ¢ in the loop. In our case,
this would be the on-shell 7/ matrix multiplied by the form
factors Fcl (p)Fcl (q) [Or Fc2<p)Fcl (q)]’ FCZ(p)FCZ(q) [Or

F.(p)F.(q)] but we assume F. (p)=Fq,p)=~1,
because p is small, and hence inside the loop function

we have F.(q) or F.(q), depending on whether the
T’ matrix finishes with the interaction in particle-1
(T, + T%y) or in particle-2 (T}, + T,).

The momentum p of the particles in the rest frame of the
pair is

(41)

s MR, )
p - 2\/5 ’

with A the Killen function. S1,(r) in Eq. (40) is the source
function, which encodes the probability that the two
particles of the correlation function are produced at relative
distance r. It is usually parametrized as

1 r
Sia(r) = 4k P <_4W> (44)

and the value of R is tied to the type of experiment used to
measure the correlation function, R ~ 1 fm for pp ultra-
relativistic collisions, R ~ 5 fm for heavy-ion collisions.
We shall thus take three values of R around R = 1 fm.
A recent paper [35] discusses that the source function is
not universal and depends on the model used to describe the
two-particle scattering matrix because of different off-shell
extrapolations of the various models employed. While this
statement is certainly correct, the use of realistic models

(43)

094019-6
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shows that the uncertainties are at the level of 2%—-5% in the
case of NN correlation functions [89], and 2%—-3% when
studying meson-baryon correlation functions [90], so we do
not worry about this issue here. We should note that the
factor j,(gr) in Egs. (41), (42) already acts as a regulator of
G; (i = 1, 2) and the use of the extra F_;(q) in Eqgs. (41),
(42) has a minor extra effect. As shown in Ref. [90],
where instead of the form factors F;(g) one has a step
function 6(qm. — |g|), a change of g, from 630 MeV to
1000 MeV produces changes in the correlation function of
the order of 2%.

III. NUMERICAL RESULTS

We show here results for the amplitude obtained below
threshold, the threshold scattering parameters, a and r, and
the correlation functions.

A. Resonance state below the nD},(2317) threshold

We take the 7%, amplitude and look at it below the
nD%,(2317) threshold. We show the results in Fig. 3. The
real and imaginary parts of the amplitude have the shape of
a typical Breit Wigner amplitude, with the imaginary part
having a peak and the real part going from negative to
positive at the peak of the imaginary part. The peak of
|T"um|? appears around 130 MeV below threshold and has a
width of about 80 MeV. This is already interesting because
if the D},(2317) state were an ordinary state, and there was
a nD*,(2317) bound state, we should expect it to be very
narrow, with a width coming from the natural decay of the
D?,(2317) into Dym, which is very small because the decay
is isospin forbidden. Instead we obtain a width of the order
of 80 MeV, far larger than the decay width of the
D?,(2317), which is smaller than 3.8 MeV, according to
the particle data group [91] (of the order of 100 KeV in
theoretical calculations [92]).

In the case of the D%,(2317) as a molecular state of DK,
the interaction of the neutron with (DK) involves the
interaction of the neutron with K, which gives rise to
the two A(1405) states [93,94]. The width originates from
the decay widths of these resonances, which comes from
decay to zX. The X channel according to the relationship
of s, and s in Eq. (11), opens up at /s = 3063 MeV, and is
visible in Fig. 3 as a kink in the real and imaginary parts of
T’ m- The thresholds for nK and nD appear for /s above
the nD*,(2317) threshold and lead to no visible structure.
We also find that the binding is larger than what we would
expect from the binding of the two A(1405) [around
45 MeV for the lower mass A(1405) state]. An explanation
on why one obtains bigger binding in the three body system
than in the two body one is provided in the Appendix of
Ref. [70] and has to do with the relationship of the invariant
mass of the external particle and the cluster, and the
invariant mass of the external particle with one particle

1.2
— |Tauml?

0.8 ——- ReTlm
g """ Im-f-s/um
2 04f
a // N

~
g -/ / \\~~_
o 0.0 !
c S / Bt
G ~~~_ L/
5 -04r SNOON
(v} N/
n N
-0.8 o
(Kn—nz) nDZ,
—-1.2 1 1 1 1
2900 3000 3100 3200 3300 3400
Vs [MeV]

FIG. 3. Scattering amplitude 7%, for the nD*,(2317) interaction

as a function of \/s. The red dashed line shows the real part of the
amplitude 77, the blue dotted line the imaginary part of 7%, and
the black solid line the modulus squared of 77,,,. The vertical lines
indicate the nD%,(2317) threshold and the appearance of the 7%

channel in Kn — 7%, corresponding to s, of Eq. (11).

of the cluster. Needless to say that the observation of this
peak in some reaction would tell us much about the nature
of the D?,(2317) state.

Since the width of the state that we find is related to the
KN — #Z transition, one should look at DzX, looking for a
peak in the mass distribution of these three particles. This is
a standard technique in the LHCb collaboration using pp
collisions at high energy and selecting trios of particles
to identify their origin. This is the way heavy hadrons
decaying to three particles are identified [95,96].

B. Scattering length and effective range
for nD}(2317) scattering

!

By looking at the amplitude 77, close to threshold, we
can determine the scattering length and effective range for
nD?(2317) scattering using Eqs. (38), (39). The obtained
scattering length a and effective range r, are

a = 0.60 — i0.29 fm, (45)
ro=1.14—i0.11 fm. (46)

These numbers are similar as those obtained in Ref. [28],
but the imaginary part of r( has the opposite sign to the one
obtained in Ref. [28] for pf;(1285) scattering.

C. Correlation functions

Next we look at the nD?,(2317) correlation function of
Eq. (40). We plot the results in Fig. 4 for three values of the
R parameter of the source function. By taking R = 1 fm for
discussion, we see that we obtain a typical correlation
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FIG. 4. Correlation function of nD?;(2317) for the different
values of R.

function for the case when one has some bound state below
threshold. One can see that the shape obtained in Fig. 4 is
similar to Fig. 3(d3) of Ref. [14], corresponding to the case
labeled there as a strongly bound scenario with real
potentials (see also Ref. [97]), or the K*X° correlation
function of Ref. [21], which is tied to the N*(1535) state
with a width more in line with the state found here. The
shape and strength are very similar to those obtained in
Ref. [28] for the correlation function of pf;(1285) scatter-
ing, where also a resonant state below threshold was found.
Experimentally the correlation function would be measured
by selecting a neutron and then the pair Dz with invariant
mass around the 2317 MeV of the D*,(2317).

IV. CONCLUSIONS

We have studied the interaction of a neutron with the
D?,(2317) resonance and evaluated the scattering param-
eters close to threshold, a, ry, plus the correlation function
for small neutron momenta in the nD?,(2317) rest frame.
We have also looked at the scattering amplitude below
threshold and have found a clean resonant state with
binding about 130 MeV and a width of about 80 MeV.
This is a distinctive feature due to the nature assumed for
the D%,(2317) state as mostly a (D K) bound state.

For the theoretical frame, we started using the fixed
center approximation to the Faddeev equations, where the
D?,(2317) was assumed to be the cluster and the neutron
the external particle. Yet, it was shown that the standard
amplitude of the FCA does not satisfy elastic unitarity close
to threshold, which is essential to determine the effective
range and the correlation function. The needed corrections
to the standard formula were obtained by looking at the
analogous case of particle-nucleus interaction, where one
obtains first an optical potential, by looking at the dynamics
of the problem, and then one solves the Schrodinger

equation (Lippmann Schwinger equation for scattering).
We identified the terms that had to be iterated through a
coherent propagation of the neutron and the cluster, and
finally we obtained a formula that contains the basic
features of the dynamics and fulfills exactly unitarity at
threshold. This is a novel aspect of the work, with a
necessary improvement of the FCA for application to
scattering above threshold, which opens the door to study-
ing many similar problems of scattering of external
particles with molecular states of any type.

Coming back to the state found below threshold, since
the width comes from decay of Kn to 7%, the state should
be investigated in the mass distribution of DzX. This is a
distinctive feature of the molecular picture because in the
case in which the D?(2317) was an elementary particle, if
there would be a nD?;(2317) bound state, it should be
found in the D,zn system and one should expect a much
smaller width than in the case that the D*;(2317) is a
molecular state.

The measurement of the correlation function, the scatter-
ing length and the effective range, together with the
resonant state below threshold, would provide very useful
information to test the predictions based on the molecular
picture of the D%,(2317) resonance, eventually giving it
extra support. We are looking forward to such experiments
in the future, which undoubtedly will improve our under-
standing of the hadronic spectrum.
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APPENDIX: KN AND DN SCATTERING
AMPLITUDES

We need the following amplitudes.
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1. KN, I1=0

We use the chiral unitary approach of Ref. [98] using the
coupled channels, KN, z%, yA, and KE. The transition
potentials are given by

1
Vij:_erDij(kO+k/0)’ f:115X93 MCV, (Al)
with k% and K the energies of the mesons,
2 _ a2
k():s—i—m%—M% k/O:s+mj_Mj (A2)
SN N

with m;, M; the initial meson and baryon masses for each
transition and m;, M; the same ones for the final meson-
baryon state. The coefficients D;; are given in Table 2

of Ref. [98]. The scattering matrix is obtained in matrix
form as

T=[1-VG]'V. (A3)

2. KN, I=1

Now the coupled channels are KN, nZ, A, nZ, and KE
and the transition potentials are given by

1
V” == F '(k0+k/0),

_4_f2 ij f:115X93MeV,

(A4)
with the coefficients F;; given in Table 3 of Ref. [98].
The amplitudes V;; of Eq. (A1) are based on the lowest
order chiral Lagrangian (see Ref. [99]) and the framework
to evaluate T';; requires just one parameter to regularize the
G function of Eq. (A3). Further developments incorporate

TABLE 1. Coefficients L;; in the D%°n—D" p basis.

Lij Don D_p
Dn -1 -1
D™ p -1 -1

higher-order Lagrangians involving many parameters that
are fitted to experimental data [100-105], and one aims at
describing data at higher energies. Yet, as can be seen in
Ref. [98], the description of KN data is exceptionally good
already at the lowest order level of chiral Lagrangians used
here, in the range of energies where we are concerned in the
present work.

3.DN,1=0, 1

The DN interaction is equivalent to the KN one, which is
also studied in Ref. [98]. Given the equivalent of
(K*,K% — (D° D), one finds then

1
— LK + k),

Vij = 4f2

f=93MeV, (A3
with the coefficients L;; given in Table I, which immedi-
ately leads to

1

V=0 — _4—f2L(0)<k0 + k), (A6)
1

V=1 _ _4—sz<1>(/¢° +K0), (A7)

with L®) =0 and L(V) = —2. We see that for I = 0 the
interaction is zero, whereas for / = 1 it is repulsive.

[1] L. Fabbietti, V. Mantovani Sarti, and O. Vazquez Doce,
Annu. Rev. Nucl. Part. Sci. 71, 377 (2021).

[2] A. Collaboration et al. (ALICE Collaboration), Nature
(London) 588, 232 (2020); 590, E13 (2021).

[3] K. Morita, T. Furumoto, and A. Ohnishi, Phys. Rev. C 91,
024916 (2015).

[4] A. Ohnishi, K. Morita, K. Miyahara, and T. Hyodo, Nucl.
Phys. A954, 294 (2016).

[5] V.M. Sarti, A. Feijoo, I. Vidafia, A. Ramos, F. Giacosa, T.
Hyodo, and Y. Kamiya, Phys. Rev. D 110, LO11505
(2024).

[6] K. Morita, A. Ohnishi, F. Etminan, and T. Hatsuda, Phys.
Rev. C 94, 031901 (2016); 100, 069902(E) (2019).

[7] T. Hatsuda, K. Morita, A. Ohnishi, and K. Sasaki, Nucl.
Phys. A967, 856 (2017).

[8] D.L. Mihaylov, V. Mantovani Sarti, O. W. Arnold, L.
Fabbietti, B. Hohlweger, and A. M. Mathis, Eur. Phys. J. C
78, 394 (2018).

[9] J. Haidenbauer, Nucl. Phys. A981, 1 (2019).

[10] K. Morita, S. Gongyo, T. Hatsuda, T. Hyodo, Y. Kamiya,
and A. Ohnishi, Phys. Rev. C 101, 015201 (2020).

[11] Y. Kamiya, T. Hyodo, K. Morita, A. Ohnishi, and W.
Weise, Phys. Rev. Lett. 124, 132501 (2020).

[12] Y. Kamiya, K. Sasaki, T. Fukui, T. Hyodo, K. Morita, K.
Ogata, A. Ohnishi, and T. Hatsuda, Phys. Rev. C 105,
014915 (2022).

[13] Y. Kamiya, T. Hyodo, and A. Ohnishi, Eur. Phys. J. A 58,
131 (2022).

[14] Z.-W. Liu, J.-X. Lu, and L.-S. Geng, Phys. Rev. D 107,
074019 (2023).

094019-9


https://doi.org/10.1146/annurev-nucl-102419-034438
https://doi.org/10.1038/s41586-020-3001-6
https://doi.org/10.1038/s41586-020-3001-6
https://doi.org/10.1038/s41586-020-03142-2
https://doi.org/10.1103/PhysRevC.91.024916
https://doi.org/10.1103/PhysRevC.91.024916
https://doi.org/10.1016/j.nuclphysa.2016.05.010
https://doi.org/10.1016/j.nuclphysa.2016.05.010
https://doi.org/10.1103/PhysRevD.110.L011505
https://doi.org/10.1103/PhysRevD.110.L011505
https://doi.org/10.1103/PhysRevC.94.031901
https://doi.org/10.1103/PhysRevC.94.031901
https://doi.org/10.1103/PhysRevC.100.069902
https://doi.org/10.1016/j.nuclphysa.2017.04.041
https://doi.org/10.1016/j.nuclphysa.2017.04.041
https://doi.org/10.1140/epjc/s10052-018-5859-0
https://doi.org/10.1140/epjc/s10052-018-5859-0
https://doi.org/10.1016/j.nuclphysa.2018.10.090
https://doi.org/10.1103/PhysRevC.101.015201
https://doi.org/10.1103/PhysRevLett.124.132501
https://doi.org/10.1103/PhysRevC.105.014915
https://doi.org/10.1103/PhysRevC.105.014915
https://doi.org/10.1140/epja/s10050-022-00782-y
https://doi.org/10.1140/epja/s10050-022-00782-y
https://doi.org/10.1103/PhysRevD.107.074019
https://doi.org/10.1103/PhysRevD.107.074019

NATSUMI IKENO and EULOGIO OSET

PHYS. REV. D 112, 094019 (2025)

[15] L. Vidana, A. Feijoo, M. Albaladejo, J. Nieves, and E. Oset,
Phys. Lett. B 846, 138201 (2023).

[16] M. Albaladejo, J. Nieves, and E. Ruiz-Arriola, Phys. Rev.
D 108, 014020 (2023).

[17] Z.-W. Liu, J.-X. Lu, M.-Z. Liu, and L.-S. Geng, Phys. Rev.
D 108, L031503 (2023).

[18] Z.-W. Liu, K.-W. Li, and L.-S. Geng, Chin. Phys. C 47,
024108 (2023).

[19] J. M. Torres-Rincon, A. Ramos, and L. Tolos, Phys. Rev. D
108, 096008 (2023).

[20] N. Ikeno, G. Toledo, and E. Oset, Phys. Lett. B 847,
138281 (2023).

[21] R. Molina, C.-W. Xiao, W.-H. Liang, and E. Oset, Phys.
Rev. D 109, 054002 (2024).

[22] R. Molina, Z.-W. Liu, L.-S. Geng, and E. Oset, Eur. Phys.
J. C 84, 328 (2024).

[23] M.-Z. Liu, Y.-W. Pan, Z.-W. Liu, T.-W. Wu, J.-X. Lu, and
L.-S. Geng, Phys. Rep. 1108, 1 (2025).

[24] P. Encarnacién, A. Feijoo, V.M. Sarti, and A. Ramos,
Phys. Rev. D 111, 114013 (2025).

[25] M. Albaladejo, A. Feijoo, I. Vidaia, J. Nieves, and E. Oset,
Eur. Phys. J. A 61, 187 (2025).

[26] N. Ikeno, Eur. Phys. J. A 61, 234 (2025).

[27] A. Feijoo, V. M. Sarti, J. Nieves, A. Ramos, and 1. Vidaiia,
Phys. Rev. D 111, 014022 (2025).

[28] P. Encarnacion, A. Feijoo, and E. Oset, Phys. Rev. D 111,
114023 (2025).

[29] R. Del Grande, L. §erk§nyté, L. Fabbietti, V. M. Sarti, and
D. Mihaylov, Eur. Phys. J. C 82, 244 (2022).

[30] S. Acharya et al. (ALICE Collaboration), Eur. Phys. J. A
59, 145 (2023).

[31] S. Acharya et al. (ALICE Collaboration), Eur. Phys. J. A
59, 298 (2023).

[32] S. Acharya et al. (ALICE Collaboration), Phys. Rev. X 14,
031051 (2024).

[33] E. Garrido, A. Kievsky, M. Gattobigio, M. Viviani, L. E.
Marcucci, R. Del Grande, L. Fabbietti, and D.
Melnichenko, Phys. Rev. C 110, 054004 (2024).

[34] E. Garrido, A. Kievsky, R. Del Grande, L. Serksnyte, M.
Viviani, and L. E. Marcucci, Phys. Lett. B 868, 139731
(2025).

[35] E. Epelbaum, S. Heihoff, U.-G. Meiflner, and A.
Tscherwon, arXiv:2504.08631.

[36] K.P. Khemchandani, A. Martinez Torres, and E. Oset, Eur.
Phys. J. A 37, 233 (2008).

[37] A. Martinez Torres, K. P. Khemchandani, L. S. Geng, M.
Napsuciale, and E. Oset, Phys. Rev. D 78, 074031 (2008).

[38] L. §erk§nyté, S. Kundu, and M. Korwieser (private
communication).

[39] M. FE. M. Lutz and E. E. Kolomeitsev, Nucl. Phys. A730,
392 (2004).

[40] L. Roca, E. Oset, and J. Singh, Phys. Rev. D 72, 014002
(2005).

[41] C. Garcia-Recio, L. S. Geng, J. Nieves, and L. L. Salcedo,
Phys. Rev. D 83, 016007 (2011).

[42] Y. Zhou, X.-L. Ren, H.-X. Chen, and L.-S. Geng, Phys.
Rev. D 90, 014020 (2014).

[43] L.-S. Geng, X.-L. Ren, Y. Zhou, H.-X. Chen, and E. Oset,
Phys. Rev. D 92, 014029 (2015).

[44] P.-L. Lii and J. He, Eur. Phys. J. A 52, 359 (2016).

[45] L. L. Foldy, Phys. Rev. 67, 107 (1945).

[46] K. A. Brueckner, Phys. Rev. 89, 834 (1953).

[47] K. A. Brueckner, Phys. Rev. 90, 715 (1953).

[48] R. Chand and R. H. Dalitz, Ann. Phys. (N.Y.) 20, 1 (1962).

[49] R. C. Barrett and A. Deloff, Phys. Rev. C 60, 025201
(1999).

[50] A. Deloff, Phys. Rev. C 61, 024004 (2000).

[51] S.S. Kamalov, E. Oset, and A. Ramos, Nucl. Phys. A690,
494 (2001).

[52] E. van Beveren and G. Rupp, Phys. Rev. Lett. 91, 012003
(2003).

[53] T. Barnes, F. E. Close, and H.J. Lipkin, Phys. Rev. D 68,
054006 (2003).

[54] Y.-Q. Chen and X.-Q. Li, Phys. Rev. Lett. 93, 232001
(2004).

[55] E. E. Kolomeitsev and M. F. M. Lutz, Phys. Lett. B 582, 39
(2004).

[56] D. Gamermann, E. Oset, D. Strottman, and M. J. Vicente
Vacas, Phys. Rev. D 76, 074016 (2007).

[57] F.-K. Guo, P--N. Shen, and H.-C. Chiang, Phys. Lett. B
647, 133 (2007).

[58] Z. Yang, G.-J. Wang, J.-J. Wu, M. Oka, and S.-L. Zhu,
Phys. Rev. Lett. 128, 112001 (2022).

[59] M.-Z. Liu, X.-Z. Ling, L.-S. Geng, En-Wang, and J.-J. Xie,
Phys. Rev. D 106, 114011 (2022).

[60] D. Mohler, C.B. Lang, L. Leskovec, S. Prelovsek,
and R.M. Woloshyn, Phys. Rev. Lett. 111, 222001
(2013).

[61] C.B. Lang, L. Leskovec, D. Mohler, S. Prelovsek, and
R. M. Woloshyn, Phys. Rev. D 90, 034510 (2014).

[62] G.S.Bali, S. Collins, A. Cox, and A. Schifer, Phys. Rev. D
96, 074501 (2017).

[63] G. K. C. Cheung, C. E. Thomas, D.J. Wilson, G. Moir, M.
Peardon, and S. M. Ryan (Hadron Spectrum Collabora-
tion), J. High Energy Phys. 02 (2021) 100.

[64] A. Martinez Torres, E. Oset, S. Prelovsek, and A. Ramos,
J. High Energy Phys. 05 (2015) 153.

[65] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.
90, 242001 (2003).

[66] J. Yamagata-Sekihara and T. Sekihara, Phys. Rev. C 100,
015203 (2019).

[67] S.-Q. Luo, L.-S. Geng, and X. Liu, Phys. Rev. D 106,
014017 (2022).

[68] E. Hiyama, Y. Kino, and M. Kamimura, Prog. Part. Nucl.
Phys. 51, 223 (2003).

[69] E. Hiyama, Prog. Theor. Exp. Phys. 2012, 01A204 (2012).

[70] V. Montesinos, J. Song, W.-H. Liang, E. Oset, J. Nieves,
and M. Albaladejo, Phys. Rev. D 110, 054043 (2024).

[71] S.-Q. Luo, T.-W. Wu, M.-Z. Liu, L.-S. Geng, and X. Liu,
Phys. Rev. D 105, 074033 (2022).

[72] M. Bayar, A. Martinez Torres, K.P. Khemchandani, R.
Molina, and E. Oset, Eur. Phys. J. C 83, 46 (2023).

[73] P. G. Ortega, Phys. Rev. D 110, 034015 (2024).

[74] A. Martinez Torres, E. J. Garzon, E. Oset, and L. R. Dai,
Phys. Rev. D 83, 116002 (2011).

[75] A. Martinez Torres, K. P. Khemchandani, L. Roca, and E.
Oset, Few Body Syst. 61, 35 (2020).

[76] L. Roca and E. Oset, Phys. Rev. D 82, 054013 (2010).

[77] C. W. Xiao, M. Bayar, and E. Oset, Phys. Rev. D 84,
034037 (2011).

094019-10


https://doi.org/10.1016/j.physletb.2023.138201
https://doi.org/10.1103/PhysRevD.108.014020
https://doi.org/10.1103/PhysRevD.108.014020
https://doi.org/10.1103/PhysRevD.108.L031503
https://doi.org/10.1103/PhysRevD.108.L031503
https://doi.org/10.1088/1674-1137/ac988a
https://doi.org/10.1088/1674-1137/ac988a
https://doi.org/10.1103/PhysRevD.108.096008
https://doi.org/10.1103/PhysRevD.108.096008
https://doi.org/10.1016/j.physletb.2023.138281
https://doi.org/10.1016/j.physletb.2023.138281
https://doi.org/10.1103/PhysRevD.109.054002
https://doi.org/10.1103/PhysRevD.109.054002
https://doi.org/10.1140/epjc/s10052-024-12694-w
https://doi.org/10.1140/epjc/s10052-024-12694-w
https://doi.org/10.1016/j.physrep.2024.12.001
https://doi.org/10.1103/3ycr-vzmd
https://doi.org/10.1140/epja/s10050-025-01650-1
https://doi.org/10.1140/epja/s10050-025-01716-0
https://doi.org/10.1103/PhysRevD.111.014022
https://doi.org/10.1103/s7g4-6lmv
https://doi.org/10.1103/s7g4-6lmv
https://doi.org/10.1140/epjc/s10052-022-10209-z
https://doi.org/10.1140/epja/s10050-023-00998-6
https://doi.org/10.1140/epja/s10050-023-00998-6
https://doi.org/10.1140/epja/s10050-023-01139-9
https://doi.org/10.1140/epja/s10050-023-01139-9
https://doi.org/10.1103/PhysRevX.14.031051
https://doi.org/10.1103/PhysRevX.14.031051
https://doi.org/10.1103/PhysRevC.110.054004
https://doi.org/10.1016/j.physletb.2025.139731
https://doi.org/10.1016/j.physletb.2025.139731
https://arXiv.org/abs/2504.08631
https://doi.org/10.1140/epja/i2008-10625-3
https://doi.org/10.1140/epja/i2008-10625-3
https://doi.org/10.1103/PhysRevD.78.074031
https://doi.org/10.1016/j.nuclphysa.2003.11.009
https://doi.org/10.1016/j.nuclphysa.2003.11.009
https://doi.org/10.1103/PhysRevD.72.014002
https://doi.org/10.1103/PhysRevD.72.014002
https://doi.org/10.1103/PhysRevD.83.016007
https://doi.org/10.1103/PhysRevD.90.014020
https://doi.org/10.1103/PhysRevD.90.014020
https://doi.org/10.1103/PhysRevD.92.014029
https://doi.org/10.1140/epja/i2016-16359-7
https://doi.org/10.1103/PhysRev.67.107
https://doi.org/10.1103/PhysRev.89.834
https://doi.org/10.1103/PhysRev.90.715
https://doi.org/10.1016/0003-4916(62)90113-6
https://doi.org/10.1103/PhysRevC.60.025201
https://doi.org/10.1103/PhysRevC.60.025201
https://doi.org/10.1103/PhysRevC.61.024004
https://doi.org/10.1016/S0375-9474(00)00709-0
https://doi.org/10.1016/S0375-9474(00)00709-0
https://doi.org/10.1103/PhysRevLett.91.012003
https://doi.org/10.1103/PhysRevLett.91.012003
https://doi.org/10.1103/PhysRevD.68.054006
https://doi.org/10.1103/PhysRevD.68.054006
https://doi.org/10.1103/PhysRevLett.93.232001
https://doi.org/10.1103/PhysRevLett.93.232001
https://doi.org/10.1016/j.physletb.2003.10.118
https://doi.org/10.1016/j.physletb.2003.10.118
https://doi.org/10.1103/PhysRevD.76.074016
https://doi.org/10.1016/j.physletb.2007.01.050
https://doi.org/10.1016/j.physletb.2007.01.050
https://doi.org/10.1103/PhysRevLett.128.112001
https://doi.org/10.1103/PhysRevD.106.114011
https://doi.org/10.1103/PhysRevLett.111.222001
https://doi.org/10.1103/PhysRevLett.111.222001
https://doi.org/10.1103/PhysRevD.90.034510
https://doi.org/10.1103/PhysRevD.96.074501
https://doi.org/10.1103/PhysRevD.96.074501
https://doi.org/10.1007/JHEP02(2021)100
https://doi.org/10.1007/JHEP05(2015)153
https://doi.org/10.1103/PhysRevLett.90.242001
https://doi.org/10.1103/PhysRevLett.90.242001
https://doi.org/10.1103/PhysRevC.100.015203
https://doi.org/10.1103/PhysRevC.100.015203
https://doi.org/10.1103/PhysRevD.106.014017
https://doi.org/10.1103/PhysRevD.106.014017
https://doi.org/10.1016/S0146-6410(03)90015-9
https://doi.org/10.1016/S0146-6410(03)90015-9
https://doi.org/10.1093/ptep/pts015
https://doi.org/10.1103/PhysRevD.110.054043
https://doi.org/10.1103/PhysRevD.105.074033
https://doi.org/10.1140/epjc/s10052-023-11207-5
https://doi.org/10.1103/PhysRevD.110.034015
https://doi.org/10.1103/PhysRevD.83.116002
https://doi.org/10.1007/s00601-020-01568-y
https://doi.org/10.1103/PhysRevD.82.054013
https://doi.org/10.1103/PhysRevD.84.034037
https://doi.org/10.1103/PhysRevD.84.034037

CORRELATION FUNCTION FOR THE ...

PHYS. REV. D 112, 094019 (2025)

[78] N.Ikeno, M. Bayar, and E. Oset, Phys. Rev. D 107, 034006
(2023).

[79] M. Bayar, N. Ikeno, and L. Roca, Phys. Rev. D 107,
054042 (2023).

[80] T. Sekihara, E. Oset, and A. Ramos, Prog. Theor. Exp.
Phys. 2016, 123D03 (2016).

[81] F. Mandl and G. Shaw, Quantum Field Theory, 2nd ed.
(John Wiley and Sons, New York, 2010).

[82] T.E. O. Ericson and W. Weise, Pions and Nuclei (Clar-
endon Press, Oxford, UK, 1988).

[83] R. Seki and K. Masutani, Phys. Rev. C 27, 2799 (1983).

[84] J. Nieves, E. Oset, and C. Garcia-Recio, Nucl. Phys. A554,
509 (1993).

[85] G.E. Brown and W. Weise, Phys. Rep. 22, 279 (1975).

[86] J. Yamagata-Sekihara, J. Nieves, and E. Oset, Phys. Rev. D
83, 014003 (2011).

[87] B. B. Malabarba, K. P. Khemchandani, A. Martinez Torres,
and S.-i. Nam, Phys. Rev. D 111, 016021 (2025).

[88] S.E. Koonin, Phys. Lett. 70B, 43 (1977).

[89] M. Gobel and A. Kievsky, Phys. Lett. B 869, 139835
(2025).

[90] R. Molina and E. Oset, arXiv:2506.03669.

[91] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,
030001 (2024).

[92] X.-Y. Guo, Y. Heo, and M. F. M. Lutz, Phys. Rev. D 98,
014510 (2018).
[93] J. A. Oller and U.G. Meissner, Phys. Lett. B 500, 263
(2001).
[94] D. Jido, J. A. Oller, E. Oset, A. Ramos, and U.G.
Meissner, Nucl. Phys. A725, 181 (2003).
[95] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 115,
072001 (2015).
[96] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 125,
242001 (2020).
[97] S. Cho et al. (ExHIC Collaboration), Prog. Part. Nucl.
Phys. 95, 279 (2017).
[98] E. Oset and A. Ramos, Nucl. Phys. A635, 99 (1998).
[99] G. Ecker, Prog. Part. Nucl. Phys. 35, 1 (1995).
[100] Y. Ikeda, T. Hyodo, and W. Weise, Nucl. Phys. A881, 98
(2012).
[101] Z.-H. Guo and J. A. Oller, Phys. Rev. C 87, 035202 (2013).
[102] T. Mizutani, C. Fayard, B. Saghai, and K. Tsushima, Phys.
Rev. C 87, 035201 (2013).
[103] M. Mai and U.-G. MeiBner, Eur. Phys. J. A 51, 30 (2015).
[104] A. Feijoo, V. K. Magas, and A. Ramos, Phys. Rev. C 92,
015206 (2015).
[105] A. Feijoo, V. Magas, and A. Ramos, Phys. Rev. C 99,
035211 (2019).

094019-11


https://doi.org/10.1103/PhysRevD.107.034006
https://doi.org/10.1103/PhysRevD.107.034006
https://doi.org/10.1103/PhysRevD.107.054042
https://doi.org/10.1103/PhysRevD.107.054042
https://doi.org/10.1093/ptep/ptw166
https://doi.org/10.1093/ptep/ptw166
https://doi.org/10.1103/PhysRevC.27.2799
https://doi.org/10.1016/0375-9474(93)90245-S
https://doi.org/10.1016/0375-9474(93)90245-S
https://doi.org/10.1016/0370-1573(75)90026-5
https://doi.org/10.1103/PhysRevD.83.014003
https://doi.org/10.1103/PhysRevD.83.014003
https://doi.org/10.1103/PhysRevD.111.016021
https://doi.org/10.1016/0370-2693(77)90340-9
https://doi.org/10.1016/j.physletb.2025.139835
https://doi.org/10.1016/j.physletb.2025.139835
https://arXiv.org/abs/2506.03669
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.98.014510
https://doi.org/10.1103/PhysRevD.98.014510
https://doi.org/10.1016/S0370-2693(01)00078-8
https://doi.org/10.1016/S0370-2693(01)00078-8
https://doi.org/10.1016/S0375-9474(03)01598-7
https://doi.org/10.1103/PhysRevLett.115.072001
https://doi.org/10.1103/PhysRevLett.115.072001
https://doi.org/10.1103/PhysRevLett.125.242001
https://doi.org/10.1103/PhysRevLett.125.242001
https://doi.org/10.1016/j.ppnp.2017.02.002
https://doi.org/10.1016/j.ppnp.2017.02.002
https://doi.org/10.1016/S0375-9474(98)00170-5
https://doi.org/10.1016/0146-6410(95)00041-G
https://doi.org/10.1016/j.nuclphysa.2012.01.029
https://doi.org/10.1016/j.nuclphysa.2012.01.029
https://doi.org/10.1103/PhysRevC.87.035202
https://doi.org/10.1103/PhysRevC.87.035201
https://doi.org/10.1103/PhysRevC.87.035201
https://doi.org/10.1140/epja/i2015-15030-3
https://doi.org/10.1103/PhysRevC.92.015206
https://doi.org/10.1103/PhysRevC.92.015206
https://doi.org/10.1103/PhysRevC.99.035211
https://doi.org/10.1103/PhysRevC.99.035211

	Correlation function for the nD&macr;s0*(2317) interaction and the issue of elastic unitarity
	I. INTRODUCTION
	II. FORMALISM
	A. FCA
	B. Elastic unitarity of the T&tilde; matrix
	C. Correlation function

	III. NUMERICAL RESULTS
	A. Resonance state below the nD&macr;s0*(2317) threshold
	B. Scattering length and effective range for nD&macr;s0*(2317) scattering
	C. Correlation functions

	IV. CONCLUSIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	APPENDIX: K&macr;N AND D&macr;N SCATTERING AMPLITUDES
	1. K&macr;N, I=0
	2. K&macr;N, I=1
	3. D&macr;N, I=0, 1

	References


