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Using the two-body interactions obtained from a chiral constituent quark model, we study all ANN and XN N
states with / =0, 1,2 and J = 1/2, 3/2 at threshold, taking into account all three-body configurations with S
and D wave components. We constrain further the limits for the AN spin-triplet scattering length a, ;. Using
the hypertriton binding energy, we find a narrow interval for the possible values of the AN spin-singlet scattering
length a; > 0. We find that the ¥ NN system has a quasibound state in the (/, J) = (1, 1/2) channel very near

threshold with a width of about 2.1 MeV.
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I. INTRODUCTION

The chiral constituent quark model has been very successful
in the simultaneous description of the baryon-baryon interac-
tion and the baryon spectrum as well as in the study of the
two- and three-baryon bound-state problem for the nonstrange
sector [1]. A simple generalization of this model to the strange
sector has been applied to study the meson and baryon spectra
[2] and the £ N N bound-state problem [3]. Recently, a more
elaborate description of the model was developed in Ref. [4],
in which the AN N system was also studied.

In Ref. [4] we studied the ANN and XNN systems at
threshold by solving the Faddeev equations of the coupled
ANN-ZN N system in the case of pure S wave configurations
for the channels (/, J) with I =0,1,2 and J =1/2,3/2.
However, since the hyperon-nucleon and nucleon-nucleon
interactions contain sizable tensor terms, there is a cou-
pling between the £ = 0 and ¢ = 2 baryon-baryon channels
and between the hyperon-nucleon-nucleon channels with
£=0 and A =0 to the channels with { =2 and A = 2.
The importance of the tensor force at the two-body level
manifests itself dramatically in the case of the ¥~ p — An
process which is dominated by the X N({ = 0) - AN =2)
transition such that if one includes only the ¥ N({ = 0) —
AN(¢ = 0) transition it is practically impossible to describe
the cross section [3] (this problem was first observed in
Ref. [5]). Thus, one expects that also at the three-body level
the effect of the D waves will be important.

In Refs. [3,4] we considered all configurations in which
the baryon-baryon subsystems are in an S wave and the third
particle is also in an S wave with respect to the pair. However,
to construct the two-body 7 matrices that serve as input to
the Faddeev equations, we considered the full interaction
including the contribution of the D waves and of course
the coupling between the ¥ N and AN subsystems (which is
known as the truncated 7-matrix approximation [6]). In Ref. [4]
we found that our model with only S waves is able to predict
correctly the binding energy of the hypertriton, which is a
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bound state in the channel (/, J) = (0, 1/2). We also found
that the channel (1, J) = (0, 3/2) will develop a bound state if
the triplet AN scattering length a;,, ; is larger than 1.68 fm.
In the case of the ¥ NN system, the channel (Z, J) = (1, 1/2)
develops a quasibound state in some cases, while the channel
(1, J) = (0, 1/2) is also attractive but unbound.

In this work, we will further pursue the study of the
ANN-XNN system at threshold in which the three-body
D wave components are considered. We will analyze their
effects by comparing our results with those obtained when
using only three-body S wave contributions. The structure of
the paper is the following. In the next section we will resume
the basic aspects of the two-body interactions and present the
generalization of the Faddeev equations of Ref. [4] for arbitrary
orbital angular momenta. In Sec. III we will present our results,
comparing them to those of Ref. [4] to discuss the effect of
the three-body D waves. Finally, in Sec. IV we summarize our
main conclusions.

II. FORMALISM

A. Two-body interactions

The baryon-baryon interactions involved in the study of
the coupled X N N-AN N system are obtained from the chiral
constituent quark model [1,2]. In this model, baryons are
described as clusters of three interacting massive (constituent)
quarks, the mass coming from the spontaneous breaking of
chiral symmetry. The first ingredient of the quark-quark inter-
action is a confining potential (CON). Perturbative aspects of
QCD are taken into account by means of a one-gluon potential
(OGE). Spontaneous breaking of chiral symmetry gives rise to
boson exchanges between quarks. In particular, there appear
pseudoscalar boson exchanges and their corresponding scalar
partners [4]. Thus, the quark-quark interaction will read

Vaq(Fi)) = Veon(ri) + Voce(Fij) + Vi (7)) + Vs(Fij), (1)
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where the i and j indices are associated with i and j quarks,
respectively, and 7;; stands for the interquark distance. V, de-
notes the pseudoscalar meson-exchange interaction discussed
in Ref. [3], and Vj stands for the scalar meson-exchange
potential described in Ref. [4]. Explicit expressions of all
the interacting potentials and a more detailed discussion of
the model can be found in Refs. [2,4]. To derive the local
B B, — B3 B4 potentials from the basic g¢ interaction defined
above, we use a Born-Oppenheimer approximation. Explicitly,
the potential is calculated as

Vi, ByLsT)— BBy (R) = EL57T (R) — Ef 7T (00),  (2)
where
Stsr (R)
ror g 6 N =
_ (‘y1§3§94T(R)| Zi<j=1 qu(rij)|\p§lSBY;(R)> 3)
VRS RV R WL )
In the last expression, the quark coordinates are integrated out,
keeping R fixed; the resulting interaction is a function of the
B;—B; relative distance. The wave function W/ (R) for the
two-baryon system is discussed in detail in Ref. [1].

B. Faddeev equations at threshold

Our method [3] for transforming the Faddeev equations
from integral equations in two continuous variables into
integral equations in just one continuous variable is based
in the expansion of the two-body ¢ matrices

t(pi plie) =Y Pu(x)T]" (e)Pr(x)), “
where P, and P, are Legendre polynomials,
pi—b
X = s 5
pi+b ©)
/ pz{ —b
Xj = ——o, 6
Yopi+b ©)

and p; and p; are the initial and final relative momenta of the
pair jk, while b is a scale parameter on which the results do
not depend.

In Ref. [4] we give the integral equations for 8d scattering
at threshold with B =X or A including the full coupling
between ANN and N N states for the case of pure S wave
configurations, assuming that particle 1 is the hyperon and
particles 2 and 3 are the two nucleons. To include arbitrary
orbital angular momentum configurations, we consider the
total angular momentum and total isospin J and /, while o
(1) and o3 (t3) stand for the spin (isospin) of the hyperon and
the nucleon, respectively. In addition, ¢;, s;, j;, i;, A;,and J; are
the orbital angular momentum, spin, total angular momentum,
and isospin of the pair jk, while ); is the orbital angular
momentum between particle i and the pair jk, and J; is the
result of coupling A; and o;. If in Egs. (10)—(14) of Ref. [4] we
make the replacements

{ns2iz2} — {nlasy pizha o} = 12, @)
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{ms3is} — {mlzs3 j3i303J3} = ys, (8

{rsiir} — {rbisijiiiM i} = v, 9)

the three-body equations become

)
Tz}:zjl;ﬂ(QZ) = B%?J[;ﬁ(QZ) + Z‘/(; dqs
V3

1++01+03—852+T1+T3—i2 4 V213 .
X|:(—]) 2to1to3—s+T1+73 12A23;J,(612,C]3,E)

o0
+2Z/ dq1 A% (g2, 915 E)
0
Y1

x ATy7.(q1, g3 E)} (ESTICEN 10)
where TZ):ZJ 1.5(¢2) is a two-component vector

Tz}'/zjrz (92)
Tz};/ZJI;ﬁ(qZ) = (Tyz P 5
2;

(11)
JI;A;;(CIz)

while the kernel of Eq. (10) is a 2 x 2 matrix defined by

AR (g2, g3 E)

. Alz/ég/;I;zz(QL %;E) A}zgglj[;z[\(q% QS;E) (12)
A as(@ a3 E) AL 0 (2. g3 E) )

A% (g2, 915 E)
. (A?lj;/}l;zN(z)(CIZv 915 E) Agzl;y}l;zN(A)(CIZv q1; E)>

A ane)@2. au E) ALY (@20 15 E)
(13)
A (a1, 93 E)
= (Ai/IS?}I;NE(qlv q3; E) 0 ) (14
0 AN va@r, g3 E)
where
ALY 1op(@2. 433 E)
2 2l
q; \ 93
= Tél;zze'zsz Jainiof (E - E) 5 / dcosb
Ur —1
P55 D3 15(q2, 3, €05 6) Py (x3)
x ;
E + AESgn — p3/2us — g3 [2vs + i€
o, =2, A, (15)
Agzlz/}l;azv(ﬁ)(éha q1; E)
2 2l
q9; \ 4i
= T;sz’zszjziz;aﬂ <E - E) 7/ dcosf
Ur 2 -1
P(x3)D5 . 5(q2. q1. €08 0) Py (x1)
x ;
E+ AEdgn — P%/ZIM - q12/2v1 +ie
o, f =X, A, (16)
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AL 1vg(@1 g3 E)

ai \ %
= Tln;rlll/lsljlil;NN <E + AL = 2_\)1> 2

or
! Pr(xi)Dfé-/[f]-ﬂ(CIh q3, cos0) Py (x3)
X f dcos6 —— 5 —;
1 E+AE85A—p3/2pL3—q3/2v3.+16
B=X, A, 17
where
pi = s jiiidi Ji}, (18)
of = (s jiiihi Ji}, (19)
and n; and v; are the usual reduced masses
gy
m; + my
(20)

b — m;(m; + my)
Comitmy+my
In Egs. (15)—(20) the isospin and mass of particle 1 (the
hyperon) is determined by the subindex f. The subindex
aN(B) in Eq. (16) indicates a transition « N — BN with
a nucleon as spectator followed by a NN — NN transi-
tion with B as spectator. The angular momentum functions
ij.';'oj/l;ﬂ(qi, qj,cos @) are given by
ijf;’)]’l;ﬂ(q,-, qj,cos0)
= (_)i,-+1",-71 (21, + 1)(2[1 + I)W(ijkl‘[i; l,lj)
xy/2ji + D2j; + DRJ; + DRJ; + 1)
G xi L) |€;x; L
XY QL+ DS+ 1){si0: St {s;0; 8
LS Ji i J JjidiJ
x(—)sf'+”/_S\/(2s,- + 1(2s; + DW(oj0rSoi; sis;)
1 Y 0L
X Z Cfrz,ﬂ)tllé—m,»,Mcmj;M—m/,MFeimi F)LiM*mi

2L +1

Mm;m;

XFfjij)\jM—m, COS(—M@ — miGi + ijj), (21)

where W is the Racah coefficient, and I'y,, =0 if £ —m is
odd, while

_\+m)/2 -
Y Y ) G S
26((€ + m)/2)N((£ — m)/2)!

if £ — m is even. The angles 0, 6;, and 6; are given by

cosh = 19 (23)
qi4g;
cosg, = L7 (24)
qi Pi
cos@; = L Pi (25)
qjPj
with
- - ni -
pPi = —4q; — m_q“
‘ (26)
> > nj -
Pi=4qi+ m_qu
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i l]s;
of Legendre polynomials of the hyperon-nucleon ¢ matrix
Lt s jiisap (Pis p;; e) for the transition e N — BN, i.e.,

T v (e) are the coefficients of the expansion in terms

ar 2n+12r +1
Tiseitls jiissoB () = 2 2

1 1
x / dx; f A, P st s (P Pl P, (2T)
—1 —1

The energy shift A E is chosen such that at the 8d threshold,
the momentum of the od system has the correct value, i.e.,
_ [mptma)’ —(mo+ma)*(mp+ma)’*—(mg—mg)’]

AE 5
Bga(mpg+myg)

3

(28)
where [yq is the ad reduced mass.
The inhomogeneous term of Eq. (10), B;fj 1.6(q2), is a two-
component vector

B;/-ZJI-E (q2)
B, (g = /" (29)
2,J1:8 B;;Z‘]];Aﬁ(qZ)
where
r h 2
BY1ap(@2) = D B, pives (EF — 43/212)
Lrpio
X P.(x)) D5 5(q2. 0. 0)a, (q2),  (30)
and

po={,s1=1,j1=1,i=0,1 =0, J1}, 3D

which corresponds to a hyperon-deuteron initial state, ¢4.¢,(¢2)
is the deuteron wave function with orbital angular momentum
£y, E}jh is the energy of the Sd threshold, P,(x}) is a Legendre
polynomial of order r, and

7
wd2—b

R (32)
n
wd2+b

Xy =
Finally, after solving the inhomogeneous set of
equations (10), the Bd scattering length is given by

Apa = —7 ppaTpp, (33)
with

[
Tﬁﬂ =2 Z ) q%qu(bd:h(qZ)Pn(xé)

npjo P2

x Df:;?le,ﬁ(ov q2, O)Tzlf/lyﬂﬂ(qz) (34)

In the case of the ¥ NN system, even for energies below the
Y.d threshold, one encounters the three-body singularities of
the ANN system so that to solve the integral equations (10),
one has to use the contour rotation method in which the
momenta are rotated into the complex plane ¢; — gje™'?,
since as pointed out in Ref. [3] the results do not depend on
the contour rotation angle ¢.

We give in Table I the two-body channels that contribute in
the case of the six three-body channels (7, J) with I =0, 1,2
and J = 1/2, 3/2. For the parameter b in Egs. (5) and (6) we
found that b = 3 fm~! leads to very stable results, while for
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TABLE 1. Two-body £ N channels with a nucleon as spectator ({xsy jeisAsJs)y, tWo-body AN
channels with a nucleon as spectator (€454 jaiaraJa)n, two-body NN channels with a ¥ as spectator
(Unsn jninAnJIn)s,and two-body N N channels with a A as spectator (£ sy jninyAinJy)a that contribute
to a given X NN-AN N state with total isospin / and total angular momentum J.

I J  (Usssjsishsts)y (Casaainrada)n EnsnjnininIn)s (EnsnNINANIN)A
0 1 (0000t).(011104), (000tot),(011504), (000104 (011004 ),(211001),
211504 ), (011423), (211504).(011323), (011023),(211023)
(211423) (211423)
14 (000j01).(011304). (000d0t).(011501). (000104),(011001), (000104
211304 ), (011423), (211504).(011323), (211003),(011023),
211123),(000304), (211423) (211023)
011303 ),(211304),
(011323).(211323)
2 1 (00030%).(011304), (000103)
(211%0;),(01132%),
(211323)
0 3 (000i23).(011103), (000323).(01130%). (000123) (011004 ),(211001),
211503 ),(011423), (21130%).(011423), (011023),(011023),
(011525).(211323). (011423).(211423), (211023),(211023)
(211423) (211423)
13 (000523).(011304). (000423 ).(011501). (000123),(011001), (000123)
21110} (011%25 211303 ),(011423). (21100%),(011023),
o1l 23) (211323), (011323),(211423), (011023),(211023),
2111 §§ (00 ;2;§ (211423) (211023)
011304 ),(211304
011323),(011323
(211323),(211323)
2 3 (0002 z*i,(o 12 01§ (000123)
211304 ), (011323
011323 (211 23
(211329)

the expansion (4) we took twelve Legendre polynomials, i.e.,
0<n<I1l.

III. RESULTS

In Ref. [4] we constructed different families of interacting
potentials, by introducing small variations of the mass of the
effective scalar exchange potentials, that allow us to study
the dependence of the results on the strength of the spin-
singlet and spin-triplet hyperon-nucleon interactions. These
potentials are characterized by the AN scattering lengths a; ;,

and they reproduce the cross sections near threshold of the five
hyperon-nucleon processes for which data are available (see
Ref. [4]).

A. ANN system

The channels (1, J) = (0,1/2) and (0,3/2) are the most
attractive ones of the AN N system. In particular, the channel
(0,1/2) has the only bound state of this system, the hypertriton.
We give in Table II the results of the models constructed
in Ref. [4] for the two Ad scattering lengths and the
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TABLE II. Ad scattering lengths Ag 3/, and Ag;/ (in fm) and
hypertriton binding energy By, (in MeV) for several hyperon-
nucleon interactions characterized by AN scattering lengths a9
and a;;,; (in fm). We give in parentheses the results obtained in
Ref. [4] including only three-body S wave configurations.

aipo  dip Aoz Ao Bo1

248 141 31.9 (66.3) —16.0 (=20.0) 0.129 (0.089)
248 165 —728(1982)  —138(—17.2) 0.178 (0.124)
2.48 1.72 —40.8 (—=179.8) —13.3(—16.6) 0.192 (0.134)
248 1.79 —28.5(—=62.7) —12.9 (—=16.0) 0.207 (0.145)
248 187 —22.0(—382) —125(—154) 0.223(0.156)
2.48 1.95 —17.9 (-27.6) —12.1(—=14.9) 0.239 (0.168)
2.31 1.65 —76.0 (198.2) —17.1(=22.4) 0.113 (0.070)
255 165 —73.6(1982)  —13.6(—16.8) 0.185(0.130)
274  1.65 —72.1(198.2) —12.0(—14.4) 0.244 (0.182)

hypertriton binding energy. We compare them with the results,
in parentheses, obtained in Ref. [4] when only the three-body
S wave configurations were included. As a consequence of
considering the D waves, the hypertriton binding energy
increases by about 50-60 keV [7], while the Ag /> scattering
length decreases by about 3—5 fm. The largest changes occur in
the Ay 3/, scattering length where both positive and negative
values appeared, which means, in the case of the negative
values, that a bound state is generated in the (/, J) = (0, 3/2)
channel. Since this channel depends mainly on the spin-triplet
hyperon-nucleon interaction and experimentally there is no
evidence whatsoever for the existence of a (/, J) = (0, 3/2)
bound state, one can use the results of this channel to
set limits on the value of the hyperon-nucleon spin-triplet
scattering length a;,, ;. We plot in Fig. 1 the inverse of the
two Ad scattering lengths as a function of the spin-triplet
AN scattering length ay/,;. As one can see, by increasing
ai,1, one increases the amount of attraction that is present
in the system, since the three-body channel (1, J) = (0, 3/2)
becomes bound if a;/; | > 1.58 fm. Moreover, we found in
Ref. [4] that the fit of the hyperon-nucleon cross sections is
worsened when the spin-triplet A N scattering length is smaller
than 1.41 fm; so we conclude that 1.41 < a; 51 < 1.58 fm. This
range of values is narrower than the one found in Ref. [4].

0.04

0.02 J=32

0.00

) (fm)

-0.02

-0.04

1/A,

-0.06
-0.08

13 14 15 16

T
1.7 1.8 1.9 20
a1/2,1 (fm)
FIG. 1. Inverseofthe (1, J) = (0, 1/2)and (0, 3/2) Ad scattering
lengths as a function of the AN a,,, scattering length.
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TABLE III. Hypertriton binding energy (in MeV) for several
hyperon-nucleon interactions characterized by A N scattering lengths
a0 and ayp; (in fm) which are within the experimental error bars
By,1/2 = 0.130 £ 0.050 MeV.

01/2,121.41 01/2_121.46 a1/2v1=1.52 a1/2,1=1.58
ay ,0=2.33 0.080 0.087 0.096 0.106
aj,0=2.39 0.094 0.102 0.112 0.122
aip0=2.48 0.129 0.140 0.152 0.164

To show the dependence of these results on the spin-singlet
AN scattering length a;/, 9, we have also plotted in Fig. 1
the results of the last three rows of Table II where a;, =
1.65 fm and aypo = 2.31, 2.55, and 2.74 fm (they are
denoted by diamonds). As one can see, 1/Ag3/, almost
does not change, although there is a large sensitivity in
1/Ao,1/2. To try to set some limits to the hyperon-nucleon
spin-singlet scattering length, we have calculated in Table III
the hypertriton binding energy, using for the hyperon-
nucleon spin-triplet scattering length the allowed values
1.41 < ayjp,1 < 1.58 fm and using for the spin-singlet scattering
length 2.33 < ay/2,0 <2.48 fm, which leads to results for the
hypertriton binding energy within the experimental error bars
Bo,12 =0.13+£0.05 MeV.

With regard to the isospin 1 channels (7, J) = (1, 1/2) and
(1,3/2), we show in Fig. 2 the Fredholm determinant of these
channels for energies below the ANN threshold, where one
sees that the (1, 1/2) channel is attractive but not enough to
produce a bound state, while the (1, 3/2) channel is repulsive.
These results are very similar to those found in Ref. [4].

B. XN N system

We show in Table IV the Xd scattering lengths A’ 5, and
A/I,l ,. The Xd scattering lengths are complex since the in-
elastic AN N channels are always open. The scattering length
Al 5 s> depends mainly on the spin-triplet hyperon-nucleon

2.0
ANN I=1

~ 15 -
g I=3/2
R=
5 1.0
o
g =12
2
@ 0.5
=~

0‘0 T T T T T T T T

-45 -40 -35 -30 -25 -20 -15 -10 -5 O
E (MeV)
FIG. 2. Fredholm determinant for the ANN channels (I, J) =

(1,1/2) and (1, 3/2) for the model with a5 =2.48 and a,,,, =
1.41 fm and energies below the AN N threshold.
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TABLE IV. Xd scattering lengths A’ 5, and A}, , (in fm) and position of the quasibound state B , , (in
MeV) for several hyperon-nucleon interactions characterized by AN scattering lengths @/, and a;,,; (in
fm). We give in parentheses the results obtained in Ref. [4] with only three-body S waves.

aipo A Alsp Alyp Bl ip

2.48 1.41 0.14 +i0.24 (0.20 + i0.26) 19.82 +i16.94 (19.28 + i25.37) 2.92 —i2.17
2.48 1.65 0.28 +i0.27 (0.36 4+ i0.29) 12.08 +i38.98 (—1.55 +i42.31) 2.84 —i2.14
2.48 1.72 0.32 4+i0.28 (0.40 4+ i0.30) 2.92 4+i43.20 (—10.47 + i40.25) 2.82—i2.11
2.48 1.79 0.36 +1i0.29 (0.44 +i0.31) —8.00 4+ i42.58 (—17.33 +135.01) 2.79 —i2.10
2.48 1.87 0.40 4+i0.30 (0.49 +i0.33) —16.90 +i37.08 (—21.16 +i28.54) 2.77 —i2.09
2.48 1.95 0.454i0.31 (0.54 4+ i0.34) —21.73 +i29.48 (—22.44 +i22.44) 2.75—i2.08
2.31 1.65 0.28 +1i0.27 (0.36 + i0.29) 19.01 +i23.21 (14.95 +i31.61) 2.88 —i2.14
2.55 1.65 0.28 +i0.27 (0.36 4+ i0.29) —12.81 +i43.49 (—21.04 +i33.19) 2.79 —i2.11
2.74 1.65 0.28 +i0.27 (0.36 4+ i0.29) —26.01 +i17.95(—23.29+1i13.32) 2.73 —i2.09

channels, and both its real and imaginary parts increase when
the spin-triplet hyperon-nucleon scattering length increases.
The effect of the three-body D waves is to lower the real
part by about 20% and the imaginary part by about 10%. The
scattering length A} /2 shows large variations between the
results with and without three-body D waves, but this is due,
as we will see next, to the fact that there is a pole very near
threshold, a situation quite similar to that of the Ag3,» Ad
scattering length discussed in the previous subsection.

We plot in Fig. 3 the real and imaginary parts of the
¥d scattering length A’ , as functions of the spin-triplet
AN scattering length a1, since by increasing a;/>;; one
is increasing the amount of attraction that is present in the
three-body channel. As one can see, Re(A] | /2) changes sign
going from positive to negative, while at the same time
Im(A] | /2) has a maximum. These two features are the typical
ones that signal that the channel has a quasibound state [8].
Since in the case of the ¥ N N system we are using the contour
rotation method, which opens large portions of the second
Riemann sheet, we can search for the position of this pole
in the complex plane, which is given in the last column of
Table IV. As one can see, the position of the pole changes very
little with the model used to calculate it, and it lies at around
2.8-i2.1 MeV.

Im(A', ,1/2)

Re(A' 1)

A'l,l/z (fm)
S

T T T T T

1.4 1.5 1.6 1.7 1.8 1.9 20

4.1 (fm)

FIG. 3. Real and imaginary parts of the Xd scattering length
A’H/2 as a function of the AN a,, scattering length.

The diagram that gives the most important contribution to
the width of this state is the one drawn in Fig. 4, since the
process XN — AN is dominated by the transition 3S; —
3D,. For example, at pZ,; = 40 MeV/c, the on-shell transi-
tion potential Vsa(CS) — 3D)) = 4.542 x 1072 fm?, while
Vsa(CS) — 3S)) = —1.008 x 1072 fm?, a factor of 4 smaller.
The corresponding on-shell transition amplitudes are f54 S,
— 3D;) =8.520 x 1072 +i5.507 x 1072 fm?, and t5, (S,
— 38)) = —1.061 x 1072 — i8.961 x 1073 fm?, roughly a
factor of 8 smaller.

We show in Fig. 5 the real part of the Fredholm determinant
of the six (I, J) XN N channels that are possible for energies
below the Xd threshold. The imaginary part of the Fredholm
determinant is small and uninteresting. As one can see, the
channel (1, 1/2) is the most attractive one, since the Fredholm
determinant is close to zero at the Xd threshold, which as
mentioned before, indicates the presence of a quasibound state.
The next most attractive channel is the (7, J) = (0, 1/2). The
ordering of the two attractive X NN J = 1/2 channels can
be easily understood by looking at Table III of Ref. [4]. All
the attractive two-body channels in the NN, AN, and ¥N
subsystems contribute to the (7, J) = (1, 1/2) ¥ N N state [the
SN channels S, (I = 1/2) and ' Sy(I = 3/2) and the 36,1 =
0) N N channel], while the (7, J) = (0, 1/2) state does not have
contributions from two of them, namely, the 1So(I =3 /2) XN
and especially the *S;(I = 0) NN deuteron channel.

I _A
=0 (I £=2 N

d
N

FIG. 4. Diagram that gives the most important contribution to the
width of the ¥d (I, J) = (1, 1/2) quasibound state.
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(b) NN J=3/2

1=0
= %__J
=1

0.5— I=2

Fredholm Determinant
=
|

0.0 [ T N T N T N T N
-45 -35 -25 -15 -5
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FIG. 5. Fredholm determinant for the (a) J = 1/2 and (b) / = 3/2 XN N channels for the model with a5 o = 2.48 and a;,; = 1.41 fm.
The Xd continuum starts at £ = —2.225 MeV, the deuteron binding energy obtained within our model.

IV. SUMMARY

We have solved the Faddeev equations for the ANN
and XN N systems using the hyperon-nucleon and nucleon-
nucleon interactions derived from a chiral constituent quark
model with full inclusion of the A <> X conversion and taking
into account all three-body configurations with § and D wave
components.

For the ANN system, the inclusion of the three-body D
wave components increases the attraction, reducing the upper
limit of the a; 5,1 AN scattering length if the (/, J) = (0, 3/2)
AN N bound state does not exist. This state shows a somewhat
larger sensitivity than the hypertriton to the three-body D
waves. By including the three-body D wave configurations
of all relevant observables of two- and three-baryon systems
with strangeness —1, our calculation permits us to constrain
the AN scattering lengths to 1.41<ayp,; <1.58 fm and
2.33 < ai/2,0 < 2.48 fm.

For the X NN system, a narrow quasibound state exists
near threshold in the (7, J) = (1, 1/2) channel. The width
of this state, of the order of 2.1 MeV, comes mainly from
the coupling to the ANN system in a D wave three-body
channel.

The actual interest in two- and three-baryon systems
with strangeness —1 [9] makes it worthwhile to pursue the
experimental search of narrow peaks near threshold related
to the predictions of our model based on the description of
almost all known observables of the two- and three-baryons
with strangeness —1.
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