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Abstract. In present work, we investigated K~ + 3He reaction at low energies. The coupled-channel Faddeev AGS
equations were solved for K Nd — 7 Xd three-body system in momentum representation to extract the scattering am-
plitudes. To trace the signature of the A(1405) resonance in the 7' invariant mass, the deuteron energy spectrum for
K~ + 3He — wXd reaction was obtained. Different types of K N — wX potentials based on phenomenological and
chiral SU(3) approaches were used. As a remarkable result of this investigation, it was found that the deuteron en-
ergy spectrum, reflecting the A(1405) mass distribution and width, depends quite sensitively on the KN — 7% model
of interaction. Hence accurate measurements of the 73’ mass distribution have the potential to discriminate between
possible mechanisms at work in the formation of the A(1405).

PACS. 13.75.Jz, 14.20.Pt, 21.85.4d, 25.80.Nv describing text of that key

1 Introduction

An important issue in various aspects in strangeness nuclear
physics is the structure of A(1405) resonance, which has been
found to be a highly controversies topic in studying the antikaon-
nucleon interaction. The A(1405) resonance is a bound state of
KN, which exclusively decays into the 7X(I = 0) channel
via the strong interaction. The KN — nX¥ interaction, which is
a fundamental ingredient of the antikaonic nuclear clusters [1,
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16] is also strongly dom-
inated by A(1405) resonance. The existence of A(1405) reso-
nance was first predicted by Dalitz and Tuan [17,18] in 1959
showing that the unitarity in coupled-channel K N —7 X system
leads to the existence of A(1405). As early as in 1961 an exper-
imental evidence of this resonance was reported in the invariant
mass spectrum of the 7' resulting from K~ p — wwmX reac-
tion [19] at 1.15 GeV.

The K N interaction models which reproduce the mass of
A(1405) resonance and two-body scattering data can be di-

vided into two classes: those constructed phenomenologically [5,

6,20] and those derived based on chiral SU(3) dynamics [7,
8,9,10,11]. Even though the phenomenological and the chiral
SU@3) KN interaction models produce comparable results at
and above K N threshold, they differ significantly in their ex-
trapolations to sub-threshold energies [21]. The phenomeno-
logical KN potentials are constructed to describe the A(1405)
as a single pole of the scattering amplitude around 1405 MeV,
corresponding to a quasi-bound state of the KN system with
a binding energy of about 30 MeV. On the other hand, the
KN — 7% coupled-channels amplitude resulting from chiral
SU(3) dynamics has two poles. The two poles are commonly

characterized as following: the first pole in the complex en-
ergy plane is located quite close to the K N threshold with a
small imaginary part, around 10-30 MeV, and a strong cou-
pling to K N. In turn, the second one is wider, with a rela-
tively large imaginary part around 50-200 MeV, coupling more
strongly to the 723 channel and its pole position shows more
dependence on the specific theoretical model [22,23,24,25,26,
27]. This different pole structure comes from different off-shell
properties of the K N interactions. The K N interactions based
on the chiral SU(3) dynamics are energy-dependent, and that
in the sub-threshold become less attractive than those proposed
by the energy-independent phenomenological potentials [21].
The X mass spectrum is a suitable tools to study the K N
reaction below the K N threshold. As it is impossible to per-
form the scattering experiment in the 7' channel directly, the
resonance properties can be extracted by analyzing the invari-
ant mass distribution of the 7 final state in reactions that pro-
duce A(1405) resonance. During the past decades, many ex-
perimental and theoretical searches were carried out to investi-
gate the possible observation of A(1405) resonance. Braun et
al., studied the K ~d reaction and reported a resonance energy
around 1420 MeV [28]. In Ref. [29], the pion induced reaction
(m~p — K+7X) was investigated and the mass of the reso-
nance was found to be consistent with 1405 MeV. Using photo-
production reactions, the CLAS [30,31,32] and LEPS [33,34]
collaboration investigated the A(1405) resonance signal. Sev-
eral theoretical studies have been done to analyze the CLAS
data using different interaction models for K N system, which
are based on chiral SU(3) dynamics [35,36,37,38,39] and phe-
nomenological approachs [40]. Other interesting experiments
were also performed at GSI by HADES collaboration [41] and
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at J-PARC as an E31 experiment [42] to clarify the nature of
the A(1405) by using pp and K —d reactions, respectively. In
the E31 experiment, the 73’ mass spectra are measured for all
combinations of charges, i.e., 7+ XF and 7% X°. To establish a
theoretical framework for a detailed analysis of K ~d reaction,
different theoretical studies were performed. The theoretical in-
vestigations of K ~d — wX + n have been performed in [43,
44,45,46] using a two-step process. The differential cross sec-
tions of K ~d reaction were also studied in Refs. [47,48] us-
ing three-body Faddeev method and it was demonstrated that
the K ~d reaction can be a useful tool for studying the sub-
threshold properties of the K N interaction.

The K~ + 3He reaction was studied in Ref. [49] using
variational method. The Y7 invariant-mass spectrum in the
resonant capture of K~ at rest in 3He were calculated by a
coupled-channel potential for KN — 7% interaction. The re-
sults in Ref. [49] confirmed the A(1405) ansatz and the pro-
posed predictions by chiral-SU(3) (M ~ 1420 MeV/c?) were
excluded. The authors finally proposed more stringent test by
using a 3He target. An experimental search for X NN bound
state was performed at J-PARC by using the in-flight K ~+ 3He
reaction at 1 GeV/c [50]. In the E15 experiment, the 72X in-
variant mass spectrum resulting from K~ + 3He reaction was
measured for two combinations of charges, i.e., wiEﬂm. It
was shown that the production cross section of the A(1405)p is
~ 10 times larger than that of the K ~pp bound state observed
in Ap invariant mass which is an important information on the
production mechanism of the K ~pp bound state [50].

The purpose of the present work is to explore the 72 in-
variant mass spectra resulting from the K~ + 3He — 7Xd
reaction. The problem can be solved using methods developed
within three-body theories. To reduce the four-body K~ + 3He
system to a three-body system, we considered a p — d cluster
structure for 3He nuclei (Fig. 1). To study this reaction, the Fad-
deev amplitudes for K N d—m Xd system were calculated at real
scattering energies. One of the aims is to study the role of dif-
ferent off-shell properties of the underlying interactions as they
are realized in chiral SU(3) dynamics versus phenomenological
potential models. With this method, we investigated how well
the A(1405) resonance manifests itself in the three-body ob-
servable. To study the dependence of the K~ + 3He reaction
on the fundamental KN — 7 interaction, different interac-
tion models derived from chiral SU(3) and phenomenological
approaches, were included in our calculations.

The paper is organized as follows: in Sect. 2, we will ex-
plain the Faddeev formalism used for the three-body K Nd
system and give a brief description of scattering amplitude for
K~ + 3He — 7Xd reaction. The two-body inputs of the cal-
culations and the extracted results for 7’ mass spectra are pre-
sented in Sect. 3 and in Section 4, we give conclusions.

2 Three-body treatment of K~ + 3He
reaction

In the present work, the possible signature of the /A(1405) reso-
nance in 77X mass spectrum resulting from K~ + 3He — 7Xd
reaction was studied. We used the three-body Faddeev AGS
equations [51]. As there are three different particles in the sys-
tem under consideration, we will have the following partitions

of the K Nd three-body system, defining the interacting pairs
and their allowed spin and isospin quantum numbers

(1) K + (Nd)s:%;lzév
(2) : N+ (Kd) oy -y e)
(3):d+ (KN

)s=1:1=0-

The quantum numbers of the KNdareI =0and s = 2 ,in
actual calculations, when we include isospin and spin indices
the number of configurations is equal to three, corresponding
to different possible two-quasi-particle partitions.

The key point of the present calculations is the separable
representation of the scattering amplitudes in the two-body sub-
systems. The separable potentials for two-body subsystems are
given by

VI (k,K) = g7 (k) A" i (K), 0

where gil i(k) is used to define the form factor of the interacting
two-body subsystem with relative momentum & and isospin
and )\f defines the strength of the interaction. The two-body
interactions are also labeled by the ¢ values to define simulta-
neously the spectator particle and interacting pair. Using sepa-
rable potentials, we can define the two-body t-matrices in the
following form

2 =ghk) iz -2 ghw), @3

T (kK

(k' o
where the TZ-I’ (z)-functions are the two-body propagators em-
bedded in three-body system and p; is the spectator particle
momentum. The reduced mass 7); is also given by

i = mi(my; + mg)/(mi +m; + mg). )

The whole dynamics of K Nd three-body system is de-

scribed in terms of the transition amplitudes K;’ ,i jns Which
connect the quasi-two-body channels characterized by Eq.1.In
Fig. 2, the three different rearrangement channels of the KNd
are represented. The Faddeev AGS equations for K Nd systems

can be expressed by

Iglg Igln InTg
K,m;Kn ZMKmNr Nrr ,CN,W;K,n
Igly IiIg
+ Z MK m;d,r d(rr’)lcd,r/;l_(,n
rr!

INIg INIg Z InITg Tglg
]CN,m;I_(,n - MNm K.n + MNm K,r K(rr’)’cl_(,r’;f(,n
rr!

E InlIqg Idlk
+ Mder d(rr dr’;f(,n

rr!

Ialx Iilx Z Ialx Ixlx
Kd,m;K,n_Mden+ Mde'r K(rr’)’CKr’Kn
rr!

IdIN IN INIR
+ § MdmNT N(rr’ )ICN,T/;R,n'
rr!

&)

Here, the operators ICZ mej.n are the three-body transition
amplitudes, which describe the dynamics of the three-body K Nd
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Fig. 1. (Color on line) Diagrammatic representation for K~ + 3He — (7X) + d reaction using a p — d cluster structure for >He nuclei.

system. To define the spectator particles or interacting parti-
cles in each subsystem, we used the ¢,5 and k indices and
the isospin of the interacting particles is defined by I;. Since
some potentials are rank-2, the indices n, [, m are used to de-
fine, which term of the sub-amplitudes is used. The operators

Mf,{j jn are Born terms, which describe the effective particle-
exchange potential realized by the exchanged particle between
the quasi-particles in channels 7 and j. The Born terms are de-

fined by

I;1; Q]ij..
Mi,nz;j,n(piapj;z) = 2 ’
1 I; I;
+ d gz,ln(ql)g_],]n(qj)
x x 2 2 9 7
-1 s Pi P (PitPp))
2m; 2m; 2my
(6)

where the parameters {27, are the spin and isospin coupling
coefficients. The momenta g, (p;, p;) and g, (p;, p;) are given
in terms of p; and p;. We use the relations

m;

q; = —Ppj — ml’m
J (7
q; = Di e + me 5

where my, is exchanged particle or quasi-particle mass and x is
defined by x = p; - p;.

For the K~ + 3He reaction, the initial state in the labora-
tory frame contains an incoming kaon, the projectile, and one
3He, the target, at rest. There are three possibilities for the fi-
nal state. In one, the 3He survives scattering, i.e. the final state
contains a kaon and a ®He. This is called elastic scattering. The
other is where the system goes to (KN) + d and (Kd) + N
channel.

3 Results and discussion

Before we proceed to discus about the obtained results, we
shall begin with a survey on the two-body interactions, which
are the central input to our present three-body calculations. For
all two-body interactions, the angular momentum is taken to be
zero and all potentials have the separable form in momentum
representation.

Different phenomenological and chiral based potentials were
used to describe the K N — 7Y interaction, which is the most
important input in the K Nd — 7Xd three-body system. The
phenomenological potentials SIDD! and SIDD? from Ref. [53]
are constructed to reproduce the SIDDHARTA [54] experiment
results. SIDD! and SIDD? potentials reproduce the one- and
two-pole structure of A(1405), respectively. The potentials have
the following form

Vis(k k') = gh(k) N gh (k). ®)

Here, the strength parameters and the form factors of the
two-body potential are labeled by particle indices o and 3 to
take into account the coupling between K N and 72X systems.
To study the dependence of the results to the K N — 73" model
of interaction, we also used the potential given by Akaishi and
Yamazaki [1] and the new potential given in Ref. [55] which the
first one is an extremely deep potential. We referred to these po-
tentials as AY and Rev-A potentials, respectively. The Rev-A
model is a chiral based but energy-independent potential which
is a rather new and probably not well known. Five different in-
teraction models (A-E) are presented in Ref. [55]. As the A
model reproduce the lowest value of , the A version was cho-
sen to be used in present calculations. Most of chiral potentials
in the literatures are not suitable for Faddeev calculation or at
least will make the calculations difficult. The last KN poten-
tial that we used in our calculations is an energy-dependent
chiral potential (Chiral-IKS). The parameters of the energy-
dependent chiral based potential are presented in Ref. [11]. In
Table 1, the pole position(s) of the K N system for all models
of interaction are presented.

Two models of interaction were used to describe the pd in-
teraction. The first one is a two terms potential, which includes
the short range repulsive part of the interaction

2
VAR E) = ghd (k) ANS, gX, (k) ©)

m=1

where the functions g¥?(k) are the form factors of pd interac-
tion and are parametrized by Yamaguchi form [56]:

1
Nd
(k) = ——=- 10
gA,m( ) k2+(Ai\(gn)2 (10)
We refer to the two-term potential as VJ¢. The parameters
of the V' potential are adjusted to reproduce the p — d phase-
shifts [57]. The physical values for data fitting were obtained
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Fig. 2. (Color on line) Diagrammatic representation for different partitions of the K Nd system. Defining the interacting particles, we will have
three partitions, namely K + (Nd), (Kd) + N and (K N) + d. The anti-kaon is defined by green circle, the nucleon by red circle and the

deuteron by brown circle.

Table 1. The pole position(s) (in MeV) of the KN system for different phenomenological and chiral based models of the & N — 7 interaction.
X! and X2 stands for a one- and a two-pole version of the SIDD potentials. The quantities p; and pz represent the first and second pole of

KN — X system for each potential.

SIDD! SIDD? Chiral — IKS AY Rev — A
p1 1428.1 — i46.6 1418.1 — 456.9 1420.6 —420.3  1407.6 — i20.0 1422.0 — $20.0
P2 - 1382.0 — i104.2 1343.0 — i72.5 - -

by solving the Lippmann-Schwinger equations without inclu-
sion of the Coulomb interaction into the p — d system. We used
also a one-term potential for pd interaction and its parameter
are adjusted to reproduce the 3He binding energy and pd scat-
tering length. We refer to the rank one potential as V2'¢. The
parameters of the the V¢ and V¢ potentials are presented in
Table 2

Table 2. The parameters of V{'¢ and V' potentials to describe the
pd interaction. The range parameters are in MeV and the strength pa-
rameters are in fm 2.

VA4 potential:

A AL AN ANd
115 152 -0.0404  0.2967
V24 potential:
PLCHEIY.C
139.1  -0.0037

We need also a potential model to describe the interaction
between antikaon and deuteron. A one-channel complex poten-
tial with rank-2 were used to describe K ~d interaction

2
VKd(kﬂ k/) = Z gfrf,d(k) )‘TKn§iComplex grirgd(k/) (1 1)
m=1

The parameters of this potential are given in Ref. [58]. The
complex strength parameters and range parameters of the po-
tential are adjusted to reproduce the K —d scattering length
ax -4 and also the effective range r?{, 4 [98].

3.1 The one-channel AGS calculation of the
KNd —7mXd

To take the coupling between KN and 7% channels into ac-
count, the formalism of Faddeev equations should be extended
to include the 7w X'd channel. In the present subsection, the 7X'd
channel of the K N d system has not been included directly and
one-channel Faddeev AGS equations are solved for three-body
K Nd system and we approximated the full coupled-channel
interaction by using the so-called exact optical K N (—mX) po-
tential [52]. Therefore, the decaying to the wX'd channel is
taken into account through the imaginary part of the optical
KN(—nX) potential. To study the possible signature of the
A(1405) resonance in the 79X° mass spectra in the K~ +
(Nd) — 7mX + d reaction, first we should define break-up
amplitude. As we do not include the lower lying channels di-
rectly into the calculations, the only Faddeev amplitude, which
contribute in the scattering amplitude is C; ;. Therefore, the
break-up amplitude can be expressed as

2
T s)+dei+(Nd)(Kd, Pa, Pi; 2) = Z 955 (ka)

n=1 (12)
Lg)KO%

I=0 5o
X T("TEV_(KN)(Z a 277d d,l;k,’rn(pd’pK’ Z)7

where k; is the relative momentum between the interacting pair
(jk) and pg is the initial momentum of K in K Nd center of
mass. The quantity Kf(i;) i) is the Faddeev amplitude, which

is derived from Faddeev equation (5).
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Fig. 3. (Color on line) The 7% mass spectra for K~ + %He — 7°X° + d reaction. Different types of KN — 7% potentials were used.
The kaon incident momentum is around p%"* = 50 — 250 MeV/c. In panels (a), (b), (c) and (d), the values of Py are 50, 100, 150 and 250
MeV/c, respectively. The blue dashed and red dash-dotted curves show the mass spectrum with SIDD* and SIDD? potential, respectively. The
extracted results for Chiral-IKS, AY and Rev-A potentials are also depicted by black solid, brown dash-dot-dotted and green dash-dash-dotted

lines, respectively.

Using Eq.(12), we define the break-up cross section of K +
(Nd) — d + (m°X9) as follows:

o
dEq

W(Nd)WEK MzMxMmg

— A2, O pak
P mﬂ+mx+md/ palitkaPdld

(13)
X T ey racier(vay (Kas Pas Dics 2) [
if

where F; is the deuteron energy in the center-of-mass frame of
w2/, which is defined by

P2

Ed =mgqg + )
214

(14)

and the energies w(q) and w are the kinetic energy of K and
Nd in the initial state.

_ Since the input energy of the AGS equations is above the
K Nd threshold, the moving singularities will appear in the

three-body amplitudes. To remove these standard singularities,
we have followed the same procedure implemented in Refs. [59,
60]. Using the so called “point-method”, we computed the cross
section of K~ + (Nd) — wX + d reaction.

Starting from Faddeev AGS equations 5, the 7°X° invari-
ant mass for K~ + (Nd) — wX 4 d reaction was calculated. In
our calculation, we studied the dependence of the mass spec-
trum on the fundamental X N — 7% interaction by using five
different interaction models reproducing various pole structure
for A(1405) resonance. With this method, we extracted the
w2 mass spectrum for different incident antikaon momentum
p#E* = 50 — 250MeV /c. The extracted mass spectrum for mo-
menta pi" = 50 —150MeV /cis strongly affected by threshold
effects, but for the momentum pi—{m = 250MeV /c the signature
of the resonance is clearly visible. Furthermore, it was found
that the 72’ mass spectrum, reflecting the A(1405) mass distri-
bution and width, depends quite sensitively on the KN — 7%
model of interaction.
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A definitive study of the three-body K Nd system could be
also performed using the standard energy-dependent &K N input
potential, too [11]. The energy-dependent potentials provide
a weaker K'N attraction for lower energies than the energy-
independent potentials. Therefore, the quasi-bound state in K N
system resulting from the energy-dependent potential happens
to be shallower. In Fig. 3, a comparison is made between the
results obtained for the chiral-IKS KN — 7% and the calcu-
lated mass spectra for other potentials. For energy-dependent
potential the peak structure is not located at the position of the
first pole given in table 1. These results are in agreement with
the statement that the A(1405) spectrum is the superposition of
two independent states and one can not see two different pole
structure in the A(1405) spectrum [22,26].

The key point in the present calculations is the detection of
deuteron which is a loosely bound system. Although, for large
momenta the signal of A(1405) overcomes the kinetic effects,
at these energies, the probability for the deuteron (as a loosely
bound system) to survive the reaction will decrease and one
would expect a rather low reaction rate for K~ + 3He — 7Xd
reaction. Therefore, an accurate measurements of the 72’ mass
distribution at an optimized value of momentum in a possible
future experiment could give a good reaction rate and less kine-
matical effects.

To study the dependence of the 7 invariant mass on the
Nd model of interaction, in Fig. 4, we calculated the 72 mass
spectra for two different Nd interaction, including a one-term
(VA4 ) and a two-term (V') potential. Comparing the ex-
tracted invariant mass spectra for one-term potential and the
corresponding mass spectra for the two-term potential, we can
see that the Nd interaction can affect the mass spectra espe-
cially, for energies above the K + Nd mass threshold. How-
ever, the mass spectrum in energy region around the K N pole
position did not change seriously by changing the Nd model
of interaction.

o0
7

O SIDD'(A)
—— SIDD'(B)

Py =250 MeV/e

do/dE, (10" MeV™)
~

O’\l\\\\|\\\\|\\\\|\\\\|\\
1350 1400 1450

M (MeV/c))

Fig. 4. (Color online) The invariant mass spectra for K ~ + 3He reac-
tion. We used the one-term (solid curves) and two-term (square sym-
bols) potential for Nd interaction to study the dependence of the 7%
mass spectra to the Nd model of interaction. The symbols A and B
are corresponding to V4% and V4'?, respectively. In our calculations,
the one-pole version of SIDD potential was used to describe the K N
interaction.

3.2 The coupled-channel AGS calculation of the
KNd—nXd

In subsection 3.1, we solved the one-channel AGS equations
for K Nd system and the decaying to the lower lying chan-
nels is included by using the so-called exact optical potential
for KN interaction. In one-channel Faddeev calculations the
effect of the 7, x_ . » amplitude was excluded. Based on chi-
ral unitary approach, the first and second pole of A(1405) have
clearly different coupling nature to the meson-baryon channels;
the higher energy pole dominantly couples to the K N channel,
while the lower energy pole strongly couples to the 7.3’ chan-
nel. Due to the different coupling nature of these resonances,
the shape of the A(1405) spectrum can be different depending
on the initial and final channels. In the K N — 7% amplitude,
the initial & N channel gets more contribution from the higher
pole with a larger weight. Consequently, the spectrum shape
has a peak around 1420 MeV coming from the higher pole [22,
26]. This is obviously different from the 72" — 7' spectrum
which is largely affected by the lower pole. Therefore, the ex-
tracted mass spectra in subsection 3.1 can not reproduce ex-
actly the possible experimental mass spectra. To calculate the
exact X mass spectra for K + (Nd) reaction, we solved the
Faddeev equations for coupled-channel K Nd — 7Xd system.
In addition to the above mentioned reaction, we need an inter-
action model for X'd and 7d subsystems. In present calcula-
tions, the effect of wd interaction is neglected. To describe the
X’d interaction, we used a one term complex potential in a form
given in Eq. 11. To define the parameters of the 3'd interaction,
we used the 3'd scattering length, which can be extracted from
the Faddeev equations of the three-body X'(NNN)s=1,r=¢ Sys-
tem. The antisymmetric Faddeev equations for X'd system can
be given by

I,s I// //I// s"1".s' T’ 1" ST
E M5 ( - S
X, N1 Np,¥ Na, X
s
1,8'I' 1,8'I' 1,8'I'
’Cf\[ls o ICS s _ 2Ms s
s, a”]” s ”I” s”[”,sll/
+ oMy K
s
SI,S”I” //I// S”I”,S/I, S”I”,S,I/
- Z MN17N2 TN ( N, % VN, Y )
ST
15)

where the Y'd scattering length is given by

axq = 4% ppa K32 (p = 0,9/ = 0,2 = —Ey)  (16)
where (154 is the reduced mass of X'd and Ej is the binding en-
ergy of deuteron. To solve Eq. 15, we need as input a potential
model for YN — AN and N N interactions. In our three-body
study, to describe the singlet and triplet 2N interaction, we
used the potentials given in Ref. [52] and for triplet NN in-
teraction, we choose a potential of PEST type [61], which is a
separablization of the Paris potential. The X'd scattering length
value obtained with the two above mentioned YN — AN and

NN potentials is

axqg = —1.59 +i0.71 fm™* (17)
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The whole dynamics of coupled-channel K Nd—n X d three-
body system is described in terms of the transition amplitudes

K?fnljlg . The superscripts o, 8 = 1, 2 are included to take into
account the coupling between KNd and 7Xd systems. The
Faddeev AGS equations for K Nd — wX'd system can be ex-

pressed by

WIgle LIgln 11y ~1LINTg
ICK mKn T Z<MR,m;N,TTN(T’T ]CNT Kon
rr/

LIgly 11,04 11,I40% LIgly 12,04 -21,I40%
+MKmdr d(rr’)’cdr/Kn+MKmdr d'rr’)lCdr/Kn)
NI _ pqLInTe Z MUV TR LIk o1k

Nm;K.n NnL K.n Nm; K r K(rr/) K, r';Kon

1,INIg 11,14 411 IdIK 1,INI4 12,14 121041
+Mde1 d(rr’) ICdr’Kn+Mder d(rr’ ’Cdr Kn)

Wilalg _ plilalg Z Miale Lk jlhiglg
dm;K,n den d,m;K,r K(rr/) K, Kon
L;lqIN llfN 1IN T
+MdmNr N 'rr’)ICNr’Kn)
jc2lilalg ZMQ Talx 220 20l g
d m;K,n d,m;m,r Tr (rr")" Mmoo Kon
Wilalp 2l 0y 2214 201l
mm;Kn Z(Mﬂ' mid,rTd rr/)’Cd ;K.
rr!
21 1q 21314 1-1131q1
+M7rmdr d(rr’) K:dr Kn)
(18)
The break-up amplitude for K+ (Nd) — (7 X)+d reaction

in terms of the Faddeev transition amplitudes can be given by
Tinsy+de(Nay+ & (Kds Pas Prs 2)
=3 91 (ka)T50 g
n
+ Z 9rs (Ka

+> (r@ Xm0 @d | 7@ (£ @ d=1)gss' (kx)

n

11;,01
z = Ea(pa))Ky 1., (Pa, Pr; 2)

21;;04

)7—7{;9—#2(2 - EN(pd))ICd 1,K.n (pda Pf{; Z)

= 21;1% —
X Téd}—zd(z - Eﬂ(pﬂ))’cﬂ’l;]g(}n(pﬂ'a PI_(7 Z)7
19)
where the momenta p,. and k. are given by
My
Pr=ki— ———Dpa
My +my 20
e — mq ko my(my +mx +mg) 20)
T myx +my d (mgz +mx)(ms +mg)

As one see from Eq. 19, in coupled-channel calculations

1;;03 21;;0%

plus the K AR m amplitude, the effect of the K AR m and
IC21’1 2 are also included which accordingly, produces a more

T, 1;Kn
precise mass spectrum for 7 X, Inserting the new break-up am-
plitude (Eq. 19) in Eq. 13, we can calculate the 72" mass spec-
trum for K + (Nd) — (7X) + d reaction. In Fig. 5, we cal-
culated the 7)) mass spectrum using different potential mod-
els for KN — nX interaction. As one can see from Fig. 5,
in the fully coupled-channel calculations the resonance part of

the mass spectrum is stronger and a more clear peak structure
can be seen in 77X invariant mass. However, the observed peak
structure of each model of KN — 7Y interaction is located
at lower energies than those presented in Table 1, due to the
momentum distribution in p — d subsystem. By comparison of
results using one-channel and coupled-channel Faddeev equa-
tions, it may be possible to study the effect of 7 x_, > ampli-
tude on X' invariant mass. As can be seen in Fig. 5, the ex-
tracted mass spectra in coupled-channel calculations are rather
different from those by one-channel Faddeev calculations and it
may be possible to discriminate between these two approaches.
Therefore, the one-channel Faddeev calculations cannot be a
strong tool to study the dynamics of A(1405) resonance in
K + (Nd) — (%) + d reaction.

As one can see in panel (B), an accurate measurements of
the 7% mass distribution at pr— = 100MeV /c can differen-
tiate the AY and Rev-A potentials from the others and study-
ing K~ + 3He reaction at pg- = 250MeV /c, one have a
chance to discriminate between the other three potentials un-
der the consideration. Looking at Fig. 5 one can clearly that for
chiral energy-dependent potential, the magnitude of the mass
spectrum above the K N threshold is considerably smaller than
those by other potentials for all kaon incident momenta. There-
fore, such a combined study at two different initial energies
shows a big potential to discriminate between possible mecha-
nisms of the formation of A(1405) resonance.

4 Conclusion

In summary, the Faddeev-type calculations of K Nd system
with quantum numbers I = 0 and s = % were performed. Solv-
ing the one-channel and full coupled-channel Faddeev equa-
tions for KNd — ©Xd system, we calculated the 7% mass
spectrum resulting from K ~ + 3He — 7Xd reaction by using
the deuteron mass spectrum. The logarithmic singularities that
appear when solving the AGS equations for the real scattering
energies have been successfully handled by making use of the
point method. To investigate the dependence of the resulting
mass spectrum on models of KN — 7Y interaction, different
phenomenological and chiral based potentials having the one-
and two-pole structure of A(1405) resonance, were used. We
have examined how well the signature of the A(1405) reso-
nance manifests itself in the 7}/ invariant mass. By comparison
of results using different interaction models, it was found that it
may be possible to discriminate between different approaches
describing the K N interaction.

The 72 mass spectrum was calculated for kaon incident
momentum p§. = 50 —250 MeV/c. However, the kinematical
effects are important at low momenta and the signal of A(1405)
is masked, we have found that within our model for momenta
above the 250 MeV/c, a clear bump produced by A(1405) res-
onance appear in the K~ + 2He — 7Xd cross section in
the energy region between the K N and 7% thresholds, which
strongly suggests that the clear signals of A(1405) resonance
should be detected by measuring of 7% invariant mass distri-
butions at the relevant energies.

By performing the fully coupled-channel calculations for
KNd — 7Xd system, we studied the dependence of the 7%
mass spectrum on the 7, x_, .5 amplitude. It was shown that
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Fig. 5. (Color on line) Same as Fig.3, but in the present calculations, the full coupled-channel Faddeev AGS equations for K Nd — 7w Xd system
are solved.

the full coupled-channel calculations can produce a consider-

ab

ly different mass spectrum and the inclusion of the 7y, »

amplitude is important for an exact study of the A(1405) reso-

na

nce structure.
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