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We have calculated the cross section for the proegss: nd in the region near threshold, within the
framework of a three-body model. We studied the dependence of the cross section to the production mecha-
nism and to the initial- and final-state interactions. We found that the magnitude of the cross section is highly
dependent on the reaction mechanism. However, its shape is essentially determinedul fthal-state
interaction alone. This strong signature in turn directly provides information abouglthscattering length.

For a variety of reaction mechanisms it is verified that ige— »d experimental data can only be explained
if the »N scattering length has a small real part, as it happens, for instance, inNhateraction model
proposed recently by the lich group.
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[. INTRODUCTION reproduced the particular energy dependence of the cross
section forpd— 7°He with the value Ref,y)=0.55 fm.

The reactiomp— nd has been measured recently in the More recently[16] a model from the Julich group ascribes
region near thresholfl,2]. Since the cross section shows a Re(@,y)=0.42 fm.
strong enhancement at threshold, as compared with the pre-
dictions based on a two-body phase space, it has been specu-
lated that this could be a signal for apNN quasibound
state, predicted some time ag|8]. However, as we have A. Two-body interactions
pomted out recerjtlﬂ4,5] th.e solutions of the Faddegv €AU8 " \we will consider a nonrelativistic three-body model of the
tions for d elastic scattering do not support the existence of

: . 7NN system, where the elementapN interaction will be
a n_NN_qua5|bound state. Neverth_elv_ass, the strahglr_lter- obtained from a separable potential model of the coupled
action in the resonarf;; channel is indeed responsible for

X i _ nN-7N-oN system. Here,oN represents effectively the
an enhancement of the elastic scattering amplitude negf channel, which is a decay mode of tBg, resonance,
threshold. Accordingly, it is logical to assume that in thecorresponding to a 10% branching ratio. Therefore, we will
reactionnp— »d near threshold theyd final-state interac- gke m,=2m_. Thus, we have replaced the three-body
tion will produce a similar enhancement. In this work we N state by an effective two-bodyN state. A more real-
investigate such a threshold effect by testing, in a three-bodjtic description of therN channel could be obtained by
calculation for thenNN system, differentsN dynamical  using for theo the | =J=07 resonance with an energy-
models based upon recent data analysis of the coupled reagependent width determined by ther Swave phase shift
tions mN— zyN, 7N— N, and yN— z#N. The nd— »d [17]. However, since therwN channel represents only about
three-body transition matrix, describing the multiple scatter10% of the width of theS;; resonance such a more sophis-
ing series for thepd final-state interaction, is obtained by ticated treatment may not be required.

solving the Faddeev equations for thBIN system(for such In Refs.[4,5] we constructed and used six different phe-
types of calculations see also, e.g., Rg&7]). In addition, nomenological models of the coupledN-=N system, which
the present calculation provides some information on thevere fitted only to theyN— »N amplitudes of recent data
large uncertainty region for thg@N scattering lengtha,y . analyse§11-14. In the present work we modified and ex-
The width of this region is defined by the considerable distended these models by

persion of empirical values originated by different data (i) including a third channelthe oN channel which rep-
analysis. resents therN inelasticity,

In 1985 Bhalerao and Liy8] constructed a coupled- (ii) fitting not only the yN— N amplitude but also the
channel model for threshold pionic eta production on az_p— »n cross section, which is a direct source of infor-
nucleon, which provided for the real part afy the value  mation on the nondiagonal transition amplitug®— 7N,
Re(@,n)=0.27 fm. Later, Bennhold and Tanafg], in a  and
study of » photoproduction reactions from nuclei, found a (iii) considering the new amplitude analysis of thécku
similar value, Red,y)=0.25 fm. Also, a calculation ofy  group [16] which leads to ayN scattering length with a
and K photoproduction by Kaiseet al. [10] gave Reg,y) much smaller real part.
=0.20 fm. Other analysefl1-14, based onwN— =N, The six models based on the analygEs-14 are labeled
7N— 7N, andyN— »N amplitudes, generated values within 1—6. They are updated versions in the sense of péined
the higher value 0.721.07 fm region. In 1993, Wilkin15] (i) above, of the corresponding models 1-6, introduced in

Il. FORMALISM
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TABLE I. Parameters of theyN-7N separable potential models fitted to tBg resonant amplitudes given in Ref46,11-14.

Model Reference a,n a, A, b a, A, N a, g
0 [10] 0.42+i0.34 538 4274065 —402.494242 0.85 0.084033 -—0.103387 4.0 —31.393844
1 [7] 0.72+i0.26 11.51 13.721 902 —3409.633910 2.5 0.333333 —0.233452 8.0 —337.208 962
2 [8] 0.75+i0.27 34.0 727.456 846 —9680.979572 7.65 0.125 —303.773097 8.0 —949.290 930
3 [9](D) 0.83+i0.27 37.0 1375.158782 —5714.431017 7.9 0.126 582 —355.276 424 8.0 —768.503 721
4 [9](A) 0.87+i0.27 29.0 725.390 756 —2970.266 050 8.05 0.124223—397.637 234 8.0 —613.614 034
5 [91(B) 1.05+i0.27 6.0 31.656 004 —4.875780 9.0 0.104 602 —686.689 630 8.0 —187.838543
6 [91(C) 1.07+i0.26 5.5 209.617 836 —0.044430 9.6 0.113636 —823.579746 8.0 —159.526 035
Ref. [4]. The model based on the'liblh data analysis is p)
newly considered here and is labeled by “0.” G,(E)= f 2 (12
The potentials describing the meson-nucleon transitions in E P /2/.1,774- ie
all the models built here are of separable form,
, o G.(E)
(pIViilp"y=Nigi(p)gi(p") (i=n,7,0), N )
_ fw 24 97(p)
with (12
A,+ p? G,(E)
9,(P)= —2—=3, () 7
(a' +p9) 2
- foopz i 92(p)
A+ p? 0 E+my+m,—Jmi+p?—Jymi+p?+ie
9.(p)= 2 N2 (4)
(az+p%) (13
B p 5 In the equations above we have used relativistic kinematics
9,(P)= (a’>+p?)?’ (5) for the 7N andoN channels.

The parameters of thgN, 7N, and oN form factors
given by Eqs(3)—(5) are given in Table I. In Fig. 1 we show
while the oN form factor corresponds to B wave, as re- the comparison between our models and the amplitudes of
quired by parity conservation. Refs.[16,11-14 as well as the prediction of our models for

The Lippmann-Schwinger coupled-channel equations fothe w_p— »n cross section. We note that the fitting proce-
the meson-nucleon system generate from the poteritials dure in Ref.[4] used only the data analysis of thegN
and(2) the meson-nucleohmatrices are — N transition. Thus, only Eq(6) was used for the fit,

while theg,, coupling appearing in Eq$7) and(8) was only

where thenpN and N form factors correspond t8 waves,

(plt,,(B)p")=9,(p)m2(E)g,(p), (6)  indirectly fixed through its presence i [Egs. (10)—(12)].
\ In contrast, in this work Eq(8) is additionally used to con-
N / straing,, andg, by the w_p— »n total cross-section data.
{Pltz+(E)[P") )\,,g”(p)TZ(E)g”(p ), ™ In Sec. Il A, t?le results obtained show a relatively small

importance of therN channel. Nevertheless, further studies
may be needed in this respect, involving a nonzero width of
the o.

The separable potential for tiéN subsystem in theéS;
channel is the so-called PEST modl8],

Ao
(plty=(B)p") =% \/579,(P)2(E)Ga(P"), (8
7

I\,
(PItye(B)P) =% \[1=9,(P)T2(E),(P"),  (9)
n

(PIVinlp")=—=gn(P)ON(P"), (14)
where7,(E) gives the dresse8,, resonance propagator, its so that the nucleon-nucledrmatrix is
inverse corresponding to a sum of a Dyson series, for the
nN, =N, andoN channels, (Pltan(E)p")=—gn(P) T2 (E)gN(P'), (15
1 with
Tz(E) - )\_ n(E) w(E) 77 ()'(E) (10) 1 5
B 2 In(pP)

. o —=—1- pdp—h (16

with E the #N c.m. kinetic energy, and 71(E) 0 p/mytie
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FIG. 1. Comparison of thegN— N amplitudes produced by the separable potentials of Table | with the amplitude analysis of Refs.
[16,11—-14. Also shown are the predictions of the models for thep— 7n cross section, where the experimental data have been compiled

in Ref.[11].
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intermediate statéformed by a pion and aNN state in the

3S, channel of isospin 1, whereas thgd final system has
isospin 0. Moreover, the intermediate state where a pion is
the spectator and theN state is in the'S, scattering state
cannot proceed either, due to the fact that this state has total
spin 0, while thend system has total spin 1. As for the
meson, it also does not contribute as a spectator to the scat-
tering series due to conservation of parity, since we are re-
stricting the orbital angular momentum between the spectator
and the pair to be aBwave, and the final system has a total

FIG. 2. Faddeev equations faid elastic scattering. negative parity.
The integral equations of Fig. 2 are written analytically as

The form factor of the PEST interaction is given by

6 T2(d2;E)=K21(d2,910;,E) + fo 05°d 05K 3(05,05;E)
ON(P)= 2, Z7 o2 17 2
"t P X 1y(E—03%/2v5) To(05; E)

with the parameters given in R¢f.8]. This model yields the + f 05d0;K24(02,01;E)

same deuteron wave function as the Paris potential. 0
X 71(E—q3/2v1) T1(a1;E), (18

B. Faddeev equations forpd scattering
We consider the system of three particleg (\, andN),

where two of them are identical, and all three interact T Ey=2 * 2da.K =

through pairwise interactions. We represent these interactions 14 B) = 0 02002K1(01,02; )

with separable potentials. As for the possible three-body

channels, we restrict the orbital states between spectator par- X 7-2(E—q§/2v2)T2(q2;E). (29

ticles and the center of mass of interacting pairStwaves
(A=0). In particular, for the channels with an being a
spectator, this truncation is a good approximation for ener-
gies near threshold, where the effect of the centrifugal barrier The functionT,(q,;E) represents the transition ampli-
has to be small. As for the relative orbital momentum of thetude from thezd state to a state with a nucleon andsg
states for the different pairs, we also restrict these stat&s tojsobar while the functior;(q; ;E) represents the transition
waves, with the exception of the-N pair case: due to the amplitude from thend state to thend state.
intrinsic parity of theo (two pions, the contribution to th& The kernels of the integral Eq&l8) and(19) are given by
wave of theyN— »N amplitude yielded by @-N interme-
diate state comes necessarily fromPawave. For thexnd
system, the relative orbit&8-wave states for the interacting
pairs are the;; channel for the eta-nucleon pair, and ft&y ¢ (01,02 E) = }fl d cosd In(P1)9,(P2)
channel for the nucleon-nucleon pair. 12 A2 2)1 E—pi2mi—Qil2v, +ie’
We will identify particle 1 with then and the identical (20
particles 2 and 3 with the two nucleons. The Faddeev equa-
tions for »d elastic scattering are shown diagrammatically in
Fig. 2. In the second equation of this figure, there is a term
with the nucleon-nucleon interaction proceeding while amey ¢ o -g)= Ejl d cosd 9,(P2)9n(P1)
son is a spectator. That meson can only besthéndeed, the ah Az AL 2] E— p§/2,u2—q§/2v2+ ie’
term with a pion as the spectator meson would imply an (21

1 9,(P2)9,(Pa) 1 9x(P2x)9x(P3x)
K .0aE :—f d cosé 7 7 . ——f d cosé
2402:0578)= 3 -1 E—p3/2u,—5l2vo+ie 2] -1 E+m,—m,—p3./2m,—03/2v, +ie

go’( p20’)g¢r( p3a’) C05023

1f1
+=| dcosé
2) -1 E+m,—m,—p5,/2u,—05/2v,+ie 3

(22
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FIG. 3. Model of thenp— nd process.(a)
Direct-production diagram and box diagram in-
cluding », 7, o, and heavy meson exchanges.

(b) NN initial-state interaction angd final-state-
interaction diagrams.

e - QL T@
e
e

(b

ui andv; are the reduced masses

orbital angular momenta are equal to zero, then following the
reduction procedure of Reff19,2Q leads to the result that

_omymy the kernelk ,; must by multiplied by a factoF,5, where
= (23
m; + M Iden=spin—isospin
Fog=Fa3 Fo3 Faz ", (28
- mi(mj +my)
ViT m; + mj + mk’ (24) and
and the relative momentg andp; are Flden= —(—)s1¥ss=Sptirtiz=lz (29)
u? " 1/2 _
pi=(—'zq?+qf+2—'qiqjcoso) , 25  F35"=(—)%"% 525+ 1)(2S:+ HW(55,59;S,Ss),
mj my (30)
A o2y 2 ok . FopoPin= (—)'3 %7121+ 1) (203 + 1) W(i3i 11i 53151 3)
p;= Rqﬁqi +2quiqjcos¢9 . (26) (31)
The corresponding relative momenta and reduced massggth W the Racah coefficient, arsl, S;, andS(i;, |;, and

with subindexw or ¢ are obtained from Eq$23)—(26) by
taking for m; the mass of ther or ¢ meson, respectively.

Finally, cosé,s is given by
2
o]
(27)

Even though for the two-body subsystems thend the

m

(o8

COSB,3= 2
23 21“30'p30'p20'

30

M35P24 2
m .

( M3502

Voo o

I) are the spingisosping of particlei, the pairjk, and the
three-body system. It is straightforward to see that the factor
Fo3 is equal to 1 when particle 1 is & but it is equal to

—1 when patrticle 1 is ar. In the case of ther the orbital
angular momentum of the pair and the total orbital angular
momentum aré=L =1 so that the derivation of the kernel is
slightly more complicated as shown, for example, in Ref.
[20] with the result that appears in the last term of E2R).

o are treated relativistically, in the case of the three-body

equations all particles are treated nonrelativistically.
Notice that in Eq.(22) the contribution of they comes
with a plus sign while the contribution of the comes with

C. The production mechanism

In Fig. 3 we represent the model considered in this work
for the mechanism of thenp— nd reaction. Figure &)

a minus sign. These signs come from the reduction of thehows the driving terms for the meson production reaction,
Faddeev equations when one has two identical fermionwhich consist of the direct-production diagram and of the

[19,20. Since we are assuming that the meson is particle
so that 2 and 3 are the two fermions and for thand » all

box diagram, containing the rescattering of thew, ando
mesons plus other heavy meson exchangeserically la-
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beled byM) through excitation of thé&,; resonance. Figure f, m,\ - -
3(b) shows the distortion of the driving terms by the initial- B v (35
and final-state interactions. K N
The initial-state interaction is calculated using a two-body >, .
NN distorted wave function wherep is the relative momentum between the meson and

the nucleon and the approximation that we have mﬁQe,

1 =Kky+k,~Ky, is exact for the direct term at threshold
v =—o(qQn— +——7F—T BE), S N .
Ano(n) a3 (Gn o) GPo—q3+ie€ Nn(anE) wherek,=0. Similarly, themNN and oNN vertices are
(32
f, m,\ - --
whereqy, is the NN on-shell momentum given by V”NN_m_W I+ my 7P P (36)
(2my+m,+E)? Voun="f,. 3
qﬁ0:+_mﬁ, (33) aNN o ( 7)

If instead we start with pseudoscalar coupling we would
mN/(qﬁO—qﬁﬁe) is the Lippmann-Schwinger propagator 9€t
of the NN system, and'yn(dy; E) is the half-shell nucleon-
nucleont matrix which will be discussed in the next subsec- v :Q
tion. NN m,
As for the final-state interaction, it is treated using a three-
body distorted wave involving;(E—q/2v;), the propaga- where k, is the momentum of they, and similarly for the

tor of anNN isobar and a spectatoy defined by Eq(16),  pjon. We will introduce a form factor that regularizes the
andTl(ql;E), the 77d—> 77d three-body Scattering amplitude vertices at large momenta as
obtained from the solution of the integral E4$8) and(19).

The effect of the initial- and final-state interactions is thus A2+ p2

1

o -

7 (39

given by the two-loop calculation VmNNHVmNNAsz, (39
Knpﬁnd: jwqidqlquﬁdq,\l[iz 8(01—910) wherep, is the on-shell momentum. We took for the cutoff
0 0 a: parameterA =1800 MeVk which is a typical value for
meson-exchange mod¢’l,22. The on-shell momentum,
+ Tl(E_q%/ZVl)Tl(ql;E)}Anp—wyd(ql,QN) is given by
1 pzz[s—(M—u)z][S—(M +up)?] 40
X[ =7 8(An—Ano) + 57— Trn(an:E) |- ° 4s '
AN Ono—Ontle
(34  WhereM andu are the nucleon and meson masses, respec-
tively, and
The production amplitude without initial- and final-state )
interactionsA,,_. ,4(01,9n) Which appears in Eq(34) is s=M*~. (41)

shown diagrammatically in Fig.(8). In order to make the
Feynmann diagrams in this figure consistent with the FadThe meson-nucleon couplings with tf8g, isobar are speci-
deev diagrams of Fig. 2 their nonrelativistic limit is taken fied by the separable potential models of the coupled
and their projections on the initidlN *P; channel and final 7N-7N-oN system described above. We also included in
nd 3S, channel are performed. the driving terms the contribution of the heavy mesoyis

If we start with pseudovector Coup”ng for the and the ando’ with masses of 958 and 980 MeV, and nucleon vertex
7 the 7NN vertex in the nonrelativistic limit becomes the functions similar to Eqs(35) and(37), respectively. We note
Galilean-invariant form that the coupling vertex of one of these mesons withShe
is the coupling vertex of the other one with the nucleon, due
to parity. We took thewNN coupling constant valué .

f,oo - m, . . ! :
V,,Nsz—”a- k,— 2mﬂ (kn+k{) =0.079, andm,=2m, and f,=0.798, as given in Ref.
N
K [23].

Ts g Mg . .

m, 7 my N D. The NN initial-state interaction

f K —mK The initial-state nucleon-nucleon interaction for this prob-
=_7 1+% o MKy~ MK lem is needed at energies well above the pion-production

m, My my+m, threshold, and no realistidN potential built so far is valid

034606-6
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for this energy range, and describes satisfactorily the non- TABLE Il. 7d scattering lengthin fm) predicted by the seven
vanishing nucleonic inelasticities. Therefore,we constructegeparable potential models of the couplgd-7N-oN system. We
give the results obtained including onty exchanges and = ex-

tial, to those energies, by including an energy dependent aghange, and;-7 ando exchange in the driving terms of Fig. 2.

a purely phenomenological extension of the Phré poten-
justable imaginary term

pp’
(a®+p?)(a?+p'?)

V(p,p")=Vparis(p,p") iy
(42)

The parametery=0.6 anda=0.75 fm * were obtained by
fitting the experimental amplitude of Arndit al. [24] very

near then production energy threshold. TiéN amplitude
in the P, initial nucleonic channel could then be calculated

from the Lippman-Schwinger equation with the complex po-

tential above tuned this way. As a result, thé&l initial-state

Model a,n 7 n+a ntmt+ao

0 0.42+i0.34 1.0%i1.24 1.00-ri1.28 0.99-i1.28
1 0.72+i0.26 2.53-i1.51 2.56+i1.51 2.5%i1.51
2 0.75+i0.27 2.75-i1.64 2.75-i1.62 2.76+i1.62
3 0.83+i0.27 3.28-i1.93 3.28+i1.91 3.30ril1.91
4 0.87+i0.27 3.55-i2.07 3.56+i2.05 3.5#i2.04
5 1.05+i0.27 49%i2.72 4.92i2.70 4.93-i2.70
6 1.07+i0.26 4.7#i2.25 4.79%i2.25 4.79%i2.24

interaction yields a suppression of the cross section of a fac- Table Il evidences that thg contribution is the dominant

tor 5 (i.e., the cross section gets multiplied by a factor 0.2

one, with thew and o contributions having a very small

approximately a constant reduction factor, as usually aseffect on thesd scattering length.
sumed for the nucleon-nucleon interaction at high energies In the previous work of Re{5] the pion contribution was

[25,26].

much larger, due to the fact that th@N— 7N transition

It is interesting to compare our tratment of the initial-stateamplitude was not sufficiently well constrained by the sepa-
interaction with other methods proposed in the literaturerable potentials. Consequently, those first models lead to a

Hanhart and Nakayanm27], for example, neglect the prin-
cipal part in the last integration of E(B4), i.e., they assume

My
JRo—Ontie
Fddt and Wilkin [28], on the other hand, multiply the pro-
duction amplitude by the factee™'™(5,) so that the cross
section gets multiplied by the fact@ 2'™M(5,). With our

potential (42) we get at they threshold a®P; nucleon-
nucleon amplitudgin Argand diagram normalizationof

— — mimy8(dio—93)- (43

T_pP— mNn Ccross section two to three times larger than the
experimental one shown in Fig. 1. Our new results exhibit a
smaller effect from the pion rescattering contribution and are
thus consistent with the results found by Fix and Arerdio
[29] and Wycech and Gredi30].

In spite of the new feature just mentioned, the new results,
as the previous ondgl,5], do not imply the existence of a
7NN quasibound statevhose signature is that the real part
of the nd scattering length becomes negative while the
imaginary part becomes large

We show in Fig. 4 thepd elastic cross section predicted

(—0.244,0.583). Using this amplitude, the Hanhart and Naby the seven models. The figure illustrates that the cross
kayama prescription gives a reduction factor of 0.233 whictsection at threshold increases by one order of magnitude,

is 17% larger than our reduction factor of 0.2. ThedEand

from model O to model 6, i.e., from Re,\=0.42 fm to

Wilkin prescription, on the other hand, gives a reduction facRe a,n=1.07 fm: the strength of thed final-state interac-
tor of 0.515 which is more than twice the reduction factortion in the reactiomp— »d depends naturally on the value
obtained with either ours or Hanhart and Nakayama’'s preef Rea,y

scriptions.

Ill. RESULTS
A. The nd elastic channel

We started by calculating thed scattering length and

elastic cross section in order to compare with our previous

results[4,5].
We present in Table Il the predictions for thel scatter-

model 0

L T ~model 1------ model 2 model 3
i model 4 model 5 model 6
& “‘c

£
©

ing length of the seven separable models for the couplec
7N-7N-oN system. We show the results obtained consider-
ing

(i) » exchange only in the Faddeev equations of Fig. 2
[only the first term in the right hand side of E@2)], : ' ' ' ,

(i) » and 7 exchangdthe first and second terms in the
right hand side of Eq(22)],

(iii) -7 ando exchangéall three terms in the right hand
side of Eq.(22)].

30
E, .. [MeV]

FIG. 4. 5nd elastic scattering cross section obtained using the
seven models of the couplegN-7N-oN system.
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" data = data
120 [------ mggz: (1) """"" model 2 -~ model 3 120 model0 PS = - = model 0 PV
—————— model 1 ----------model 2 -———-model 3

110 model 4 model 5 model 6 5 10 |- model 4 model 5 ——— model 6 -
100 |
ol (]
80 | -
ol A

o [ub]
& [ub]

120 0 20 40 60 80
E,.[MeV]

0 20 40 60 80
E,.[MeV]

100

120

FIG. 5. Cross section of the reactiorp— »d for the seven FIG. 7. Same as Fig. 5 but with the inclusion of the heavy
models described in the text as compared with the data of Refgpseudoscalar mesom' .
[1,2].
the cross section at higher energies.

It is clear from Figs. 5 and 6 that

Our model of thenp— d reaction depicted in Fig. 3 has (i) the very low-energy region<10 MeV in the c.m). is
the NN coupling constant as an input. However this cou-not the suitable kinematic domain for ting— 7d reaction
pling is poorly known. The situation is no better for the to probe the severahN dynamical models, since the data
coupling constants of the heavy mesons with the nucleon andoes not distinguish and select between them;
with the S,, isobar. Therefore, at the first stage of our study (i) however, the higher-energy region clearly favors
we consider the model of Fig. 3 without heavy meson ex-nodel 0, the only one which describes the data reasonably
changes and use the datargi— »d to try to fix the y)NN  well throughout the full energy range.
coupling constant. In this attempt we noticed that the results Besides, as we will see below, this preference of the data
differ considerably whether one uses the pseudovector vertder a model with small Re, is to a large extent indepen-
(35) or the pseudoscalar or(@8). This vertex dependence dent of the production mechanism, indicating that the char-
comes exclusively from the direct production diagram of Fig.acteristic shape of the experimental cross section is a signa-
3(a), since the box diagram gives almost exactly the saméure of the »d final-state interaction alone, whereas its
results with either type of coupling. We found that at thisabsolute value involves the contribution of several different
stage the pseudoscalar vertexhich leads to a negligible processes. This result is not so surprising since as we men-
contribution for the direct terjnallows us to obtain a better tioned in the Introduction this system has a very strajuy
description of the experimental data. We show this result in

B. The reaction np— 5d

Fig. 5, where after having fitted for each model the very- " data
near-threshold regiofsee Fig. & we predicted from there model 0 PS = = = model 0 PV
120 [------ model 1 = model 2 === model 3 ;
o . . S 10 model 4 model 5~ model 6 ]
Hor ® data —— -~ two-body phase space ] -
100 [ model 0 ]
whk |- model 1 -+ model 2 model 3 ]
ol [ model 4 model 5 ——— model 6 4

60

o [ub]

10
]

70

50-
40-
30-
20-

G [ub]

E

- m[MeV]

20 40 60 80
E,..[MeV]

FIG. 6. Same as Fig. 5 but for the region very near threshold. mesono”’.
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interaction in the final state and therefore it follows from therefore the results would be similar to those of Fig. 7.
Watson's theorerfi31] that the shape of the cross section will  Finally, we conclude from the results of Figs. 7 and 8 that
be determined basically by this final-state interaction. different short-range mechanisms can be adjusted to the
The values of theyNN coupling constant that we extract magnitude of the cross section. Most importantly is that, nev-
from this analysis aré,=10.0, 6.16, 8.03, 7.1, 6.77, 7.52, ertheless, the good description provided by model 0 for all
and 11.9, for models 0 to 6. These coupling constants argnergies, and essential for thel dynamics in the final state,

very large since if we consideg,=(2my/m,)f, we will s independent of the production mechanism considered.
get for model 0g;/4mw=93.2. This quantity is not well

known but certainly it must be much smaller. For example,
the Bonn potential32] requires Zgi/4w<7, while the ]
Nijmegen potentia[33] usesg?/47=0.25, and the photo- We calculated theip— 7d cross section by

C. Conclusions

production process gives k@,2/4w<1.4 [34] or even (i) _doing a three-body Faddeev calculation of the final-

smaller valueg35] from more recent data. Also, the light Staté interaction, S

cone QCD sum rul§36] gives g2/4mw=0.3+0.15. Thus, it (i) generating an initial-state wave function with a com-
: .3+0.15. :

seems that other processes have to contribute substantially jX phenomenological two-nucleon potential, which repro-
the production mechanism, in order to allow for a smallerduces well the'P; phase shifts and the nucleonic inelastici-
7NN coupling constant as dictated by several sources ofies in the region near thg production threshold, and
evidence. The present lack of knowledge on these processes (iii) testing severahN interactions consistent with recent
prevents the prediction of thgeNN coupling constant from data analyses of the empirigN— 7N transition amplitudes,
the study of thenp— »d reaction at this stage. and also with the measureel p— #n total cross section.
Accordingly, we include the exchange of a heavy meson We first verified that the determination of thgNN cou-
(isoscalar, scalar, or veciom the production mechanism, pling strength from this reaction depends crucially on the
but used the fixed valud,=1.5, which corresponds to meson production mechanisms. Moreover, a reasonable
gf,/47r=2.l, i.e., the lower limit determined from the Bonn value for that coupling demands the contribution of short-
potential. We show in Fig. 7 the results that are obtained byange processes; thus effort is still needed to further narrow
allowing in the production mechanism a pseudoscalar exthe experimental uncertainty on thg\NN coupling constant

change corresponding to thg’ meson. Once more, the from other processes, such that fixing the strength of these
shape of the cross section can only be reproduced at all €8hort-range mechanisms becomes possible.

ergies by model 0, and the theoretical cross sections are ac- The general concluding remarks from this work are

tually very similar to those of Fig. 5. We adjusted the product  (j) the shape of thep— »d cross section within a wide

of the coupling constants of thg' with the nucleon and with energy range can only be explained by aN interaction

the S;; for models O to 6. Since thgNN coupling constant  model corresponding to a small scattering len¢gty the

is now much smaller, the relative importance of the directjijich mode); this is independent of the meson production

term in the prOdUCtion amplitude is reduced and the diﬁermechanisms Considered, and

ence between pseudovector and pseudoscalar coupling be-(jj) in the region very close to thresholec(L0 MeV), the

comes less drastic. This is shown by the thick-dashed line ignhancement effect due to the final-stat interaction can

Fig. 7, which corresponds to model 0 and the coupling conpe predicted by #N interactions with very different

stant values of the solid line, but where the pseudovectogirengths, provided that the production mechanisms are con-

vertex(39) is used instead. _ _ veniently adjusted,; it is the higher energy region which ex-
We show in Fig. 8 the results obtained when instead of th|ydes the large scattering lengfiN models. It follows that

7' the mechanism of meson production includes the exnhoth domains of energy have to be taken into consideration

change of as’ [the f4(980)]. The product of the coupling iy any data analysis, as done in REf6,37, for instance.
constants of ther’ with the nucleon and with th&;; were

adjusted again for models 0 to 6. Once again, only model O ACKNOWLEDGMENTS
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