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We have solved the Faddeev equationssfdrelastic scattering using realistic separable interactions for the
NN and couplednyN-7N subsystems. We found that including explicitly the pion channel in the integral
equations drastically reduces the attraction that is present in the system. As a consequence, the existence of a
7NN quasibound state is excluded by the modghh amplitude analysis.
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The possible existence of NN quasibound state in the In Ref.[9] we constructed six different phenomenological
nd system was first suggested by Uddd. He solved the models of the coupledN-7N subsystem which were fitted
Faddeev equations of elastigd scattering using separable to the amplitudes of recent data analy§@es8]. All six po-
interactions for theNN and coupledyN-7N subsystems. At tentials have separable form
the time of Ueda’s prediction, however, very little was

known about theyN channel, so that he fitted higN and (PIV,,lp" ) ==9,(P)g,(p"), (1)
7N interactions basically to theN data only. He found that

his model predicted the existence offBIN quasibound state PIVaslp )=—0(p)9.(p"), (2
very near threshold with a mass of 2430 MeV and a width of

10-20 MeV. (PIV ") =%9,(p)g.(p"), (3)

More recent calculationf2-5] have used in the case of
the couplednN-7N subsystem only the;N subsector by With
means of a Yamaguchi separable potential with a complex

energy-dependent strength. They found that the existence of _ A+p?

the quasibound state depended strongly on the value of the 9,(P)= \/)\—’7(a27+ p?)?’ @
real part of thepN scattering length, such that Rgy~1 fm

is required in order for the quasibound state to exist. This

value of Rea, is within the range of values given by mod- 9.(p)= \/)\—waszz )

ern »N amplitude analysi§6—8|.
However, in a recent papg8] we have pointed outthata e parameters of the six models are given in Table Il of

true measure of the attraction or repulsion present in athreehef_ [9]. If one substitutes the potentiald)—(3) into the

body system can only be obtained by assuming tWO'bOdY_ippmann-Schwinger equation of the coupletl-=N sub-

interactions which are real and energy mdependent. Ther system one obtains that tAematrices are of the form
fore, in Ref.[9] we constructed separable potential models o

the couplednN-7N subsystem in which the strength of the (pItM(E)Ip'>=g,y(p)Tz(E)g,,(p’), (6)
potentials is real and energy independent, so that the imagi-

nary part of theyN scattering length is generated by the (Plt(E)p'Y=g.(p) 2(E)g.(p"), 7)
coupling to therN channel. These models were required to

fit not only the N scattering length but also theN ampli- (plt,(E)lp")=*0,(p) m2(E)g(p"), ®)

tude in the vicinity of theS;; resonance as obtained by the

recentyN data analysi§6—8]. In Ref.[9] we used the diag- \where

onal yN— yN part of the fullyN-7N amplitude to calculate

nd elastic scattering in a truncated approximation where the (E)=[—-1- Gn(E)—GW(E)]‘l, 9
pion was not included explicitly in the integral equations but

only implicitly through his contribution in the propagator of %

the »N interacting pair. We used for tHéN interaction in G”(E)=J p%dp
the 3S; channel the so-called PEST separable potefitia] 0
which takes into account tHéN repulsion at short distances. 2
We found in Ref[9] that the truncated model does not give G.(E)= fmpzdp 9%(P) (11)
rise to ayzNN quasibound state for any of the models based " 0 E+ pS/ZM,T— P22, +ie

on modernyN amplitude analyses. However, two questions

that immediately arise ar@) how important is the explicit u, andu,, are thenN and7N reduced masses, respectively,
contribution of the pion? antb) is it attractive or repulsive? while pg is the N relative momentum at thgN threshold,
We will answer these two questions in this paper. ie.,

2

g5,(p)
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n n Si1 TABLE I. 7d scattering lengtliin fm) for the six models of the
""""""""" = m nN-7N subsystem. The first column indicates the reference of the
l n»N-7N amplitude analysis on which the model is based, the second
d d column indicates theN scattering lengtliin fm) of that model, the

third column givesA 4 from the impulse approximation, the fourth
column givesA, 4 from the full model without pion contribution,
and the fifth column give#, 4 from the full model with pion con-

ﬂ ““““ _ 1 tribution.

Ref. a,n Impulse Full @)  Full (p+ )

. \mf\) »»»»»»» [6] 0.72+i0.26 1.33-i0.36 2.46ri1.62 1.55-i0.49
) [7] 0.75+i0.27 1.37%i0.36 2.6%i1.72 1.65-i0.53

[81(D) 0.83+i0.27 1.48-i0.34 3.10-i2.03 1.96-i0.62

o~ [8(A) 0.87+i0.27 1.52-i0.34 3.36-i2.19 2.12-i0.67

+ _\_m [8](B) 1.05+i0.27 1.74-i0.30 4.8%i3.19 3.03-i0.96
e [8(C) 1.07+i0.26 1.76-i0.29 5.02-i3.14 3.17%i0.98

FIG. 1. Faddeev equations fayd elastic scattering.

enters an even number of times at every order of iteration of
, (12) the integral equation in Fig. fi.e., Eq.(15)]. Therefore, the
4sg ambiguity in sign in theyN— 7N transition amplitude, ex-
plicit in Egs. (3) and(8), is immaterial for this calculation.
The most important point in Eq15) is thatK,; andK7,
So=(m, +my)>2 (13) appear with opposite signs. These signs come from the_re-
K duction of the Faddeev equations when one has two identical
Thus, the Faddeev equations fd elastic scattering take fermions[11,12. Since we are assuming that the meson is
the form diagrammatically depicted in Fig. 1. In the secondparticle 1 so that 2 and 3 are the two fermions and all orbital
equation of this figure, there is only a term with a nucleon-angular momenta are equal to zero, then following the reduc-
nucleon interaction proceeding while a meidne 7’) is a tion procedure of Refill,la leads to the result that the
spectator, since the term where the spectator meson is a pi#§nelKyz must by multiplied by a factor of 3, where
involves an intermediate stat®ormed by a pion and &N o o
state in the3S; channel of isospin 1, while thepd system F pg= Figenticalpspingisospin (16)
has isospin 0. Similarly, the intermediate state where a pion
is the spectator and tH¥N state is in the'Sy channel can g
not proceed either due to the fact that this state has total spin
0, while thend system has total spin 1.

2_[50_(m77+ mN)z][SO_(mﬂ'_mN)z]
Po=

with

identical__ __ «_ \s;+sS3—Sy+iq+iz—|
The integral equation depicted in Fig. 1 has the analytical F23 (=)o PR (17
form
) F35"=(—)%"%875 (25, +1)(2S;+ 1) W($55:5%:S,Sy),
T2(02;E)=2K»1(02,010,E) + fo 95°dg,M(dy,05;E) (18
X 1o E=ay*12v,) To(a5:E), (14 FEPoPN=(—)'3ta {20+ 1)(21 5+ 1) W(igiglizil ol o),
where the kerneM(q,,q5;E) is given by (19
M(d,.q5 E)=K a5 E)— K005 E with W the Racah coefficient, argl, S;, andS(i;, I;, and
(G202 F) =Kze(02, 621 E) ~ K02, 62 F) I) are the spingisosping of particlei, of the pairjk, and the
® _ three-body system. It is straightforward to see that the factor
+2 o 91d0a:K21(02,015E) of F,3is equal to 1 when particle 1 is & but it is equal to
—1 when particle 1 is ar. All other spin-isospin recoupling
X 1(E—q2/2v1)K15(01,95;E). (15)  coefficients that would appear in Eq$4) and(15) are equal
to 1.
If one drops the ternk3;, Eqs.(14) and(15) are identical to In Eq. (14) the propagatot,(E —q,%/2v,) is the one ap-

Egs.(2) and (3) of Ref. [9]. The kernelK;; have been de- propriate for azN interacting pair sinces, is the reduced
fined in[9] and the new terniK7; is equal toK ,3 except that mass of a nucleon and &N pair. In principle, one should
particle 1 is now ar instead of az. have two amplitudesT,(q,;E) corresponding to the two

We note at this point that theN— 77N transition ampli-  possibilities of decay for th&,; isobar, into ayzN or a 7N
tude, describing a pion exchange followed byzaaxchange, pair. However, if one assumes that
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1000 ¢ - - - - - 3 tion and for the full calculation with and without the pion
. ] contribution. As one sees, the effect of including the pion
,,,,,,,, IMPULSE ] channel explicitly is quite large and it reduces thé scat-
—————————— THREE-BODY 1 exchange only || tering length. This reduction is a direct consequence of the
— THREE-BODY n+= exchange minus sign in front of the kernek 7, representing the pion

contribution. The equations foyd elastic scattering without
the pion contribution were not attractive enough to produce a
»NN quasibound stat¢the signal that a quasibound state
exists for a given model is that the real partAofy becomes
negative while the imaginary part becomes laygeut it
: turns out that the inclusion of the pion reduces even further
' . ' . ' . ] the attraction, completely ruling out the existence of a qua-
sibound state in this system. It is worth pointing out that the
minus sign for the second term of the right-hand side of
FIG. 2. Integratedyd elastic cross sections of the three-body €duation(15) is critical: if one takes the pion contribution
model with the pion contributiorisolid lineg, of the three-body ~With @ plus sign instead of the correct minus sign, the six
model without the pion contributiotdashed lines and of the im-  models of the coupledyN-7N subsystem will give rise to a
pulse approximatior(dot-dashed linasfor the six models of the quasibound state in thed system.

Celas [fmz]

Ec mIMeV]

yN-7N subsystem, as a function of the c.md kinetic energy. We show in Fig. 2 the results for the cross sectiondf
elastic scattering in the region near threshold again for the
Tz(E—QQ2/2V2)=Tz(E—QQZ/ZVw), (20) cases of the impulse approximation and the full calculation

with and without the pion contribution. As one sees, the
wherev, is the reduced mass of a nucleon aned pair, strong enhancement of the cross section near threshold is
one obtains a single equation. We have checked numericallyreatly reduced when the pion contribution is included. Un-
that the effect of separating E(L4) into two equations, that expectedly, one reencounters here the pattern of cancellation

is of considering between ther and » rescattering processes found in Ref.
" ' [15], in a one-loop calculation for thed— 7NN reaction.
T E=03"2v5) # To(E—03%/2v ), (21) To conclude, we have shown that the explicit contribution

. . . of the pion drastically reduces the amount of attraction that is
is to produce changes in thgl scattering length of less that P y

) : A resent in thepd system, such that there is no possibility for
0
1%. We should point out that in a relativistic Faddeev theor;}; 7NN quasibound state to exist in this system.

[13] the energy of the isobar is independent of the mode into
which it decays so that the equivalent of EG0) always
holds. This work was supported in part by COFAA-IPN
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