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%ith the double purpose of improving the theoretical description of md observables and of obtain-
ing information on the hN interaction parameters, we add to sets of amplitudes obtained from
three-body calculations of md scattering the contributions due to the short range hN interaction in
the intermediate state. The full amplitudes are used to fit the experimental data on differential cross
section and vector analyzing power at 142, 180, and 256 MeV pion kinetic energies, while the free
hN parameters are determined, with attention given to possible resonant forms in the J~=2+, 3
and 4+ states. Our results, for two independent sets of three-body amplitudes, show that the b N in-

teraction in the S2 and I'3 waves give very important additional contributions, with remarkable im-

provement in the description of the data. However, in the limited conditions of our experimenta-
tion, we cannot prove the existence of a clean resonant character in these interactions. The contribu-
tions of other hN low orbital angular momentum waves, such as 'S~ and 'D&, give additional im-
provements to the fittings, but we must be aware that quantitative conclusions about the correspond-
ing d N parameters may be affected by uncertainties in the background amplitudes.

I. INTRODUCTION

The measurements of polarization observables in nd re-
actions and the question of the possible existence of di-
baryonic states have reinforced the need for more com-
plete and more reliable theoretical calculations of std am-
plitudes. Although Faddeev calculations of trd scatter-
ing' give in general a reasonable description of the dif-
ferential cross section, except for the well-known devia-
tions in the region of large momentum transfers, they are
not consistent with each other in the individual ampli-
tudes, and consequently in the values predicted for the
vector polarization and other observables. On the other
hand, the importance of the b, excitation and of the hN
dynamics (which are expected to play a fundamental role
in the formation of dibaryonic states) is not fully account-
ed for in the conventional three-body Faddeev calcula-
tions.

The investigation of nonstandard contributions, like the
formation of exotic six-quark states as intermediate con-
tributions to nd scattering, can only be made using as
background a reliable set of conventional theoretical am-
plitudes, which should include all 4N dynamics, besides
the 1'V4 and Nm interactions used in the description of the
three-body NNtt system. The description of the b, as a
composed Nm system while moving inside the nuclear
matter (even in the deuteron) is not necessarily realistic
and may not account for important contributions. The
fully consistent inclusion of the 4 particle in the theoreti-
cal calculation would lead us to a four-body problem,
which is not yet accessible to a practical treatment. A
first approximation towards the treatment of this problem
consists in adding to the Faddeev amplitudes the contri-
butions of the diagram of Fig. 1, which represents the ef-

fects of the b,N interaction in the intermediate state of std
elastic scattering. %e must remark that, in order to avoid
double counting, these added contributions can only refer
to terms which cannot be reducai to a succession of NN
and Nm scatterings and thus contain mainly the short
range b,N contributions, including possible effects due to
dibaryon formation. It is important to note that the dia-
gram of Fig. 1 only accounts for conventional states of
baryon number 2, i.e., states formed of two strongly in-
teracting distinct baryons.

Unfortunately we do not know enough about the b,N
system to make a quantitative evaluation of the above
mentioned terms. The studies of the coupled channel NN,
Nb„and b,b, systems have not yet been able to give
unique information on the b,N parameters. We can then
invert the problem, and use the nd system as a laboratory
to extract information on the b,N system. In previous pa-
pers we have obtained expressions for the contributions
to the md helicity amplitudes due to the diagram of Fig. 1.
We have evaluated form factors FL(s) which represent
contributions due to the hN interaction in a relative orbi-
tal angular momentum I., and have shown that FL(s) de-

FIG. 1. Skeleton diagram representing contributions due to
the hN~d N interaction in the intermediate state of md elastic
scattering. I and S represent the relative orbital momentum
and the total spin, respectively, of the hN system.
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TABLE I. Angular momentum and spin states used in the
present stork for the investigation of the AN interaction. Only
the waves with lowest possible I. values for each J and parity
quantum numbers are considered.

0+
1+
1

1

2+
2
2
3
4+

creases sharply with increasing values of L, so that the
strongest contributions to the diagram are expected to
come from the lowest L values.

The purpose of the present work is to use the b,N in-
teraction to fill up discrepancies between the theoretical
and the experimental values for the hard observables of dif-
ferential cross section and vector analyzing power iT».
We treat the b,N interaction in the zero width approxima-
tion for the b„ i.e., we treat the b as an elementary had-
ron. This is consistent with the interpretation of the 6 as
a genuine three-quark state. In the propagator for the
evaluation of the vertex function the finite width has been
taken into account as explained in Ref. 6. We describe the
hN interaction in each partial wave listed in Table I
through a set of free parameters (phase shifts and absorp-
tion coefficients), which are determined through a best fit-
ting procedure. We search simultaneously for the contri-
butions of resonant dibaryonic interactions in the states
shown in Table II, and determine the strengths of the
relevant couplings. However, our calculation of addition-
al contributions to the md amplitudes is not committed to
the existence of these dibaryonic states.

In our dynamical scheme, dibaryons may couple to the
hN and NN systems, not directly to md. The unitarity re-
strictions which constrain our evaluation of the diagram
represented in Fig. 1, as explained in detail in Refs. 5—7,
and the energy dependence of the evaluated contributions
(largely determined by the vertex functions representing
the triangular structures) are characteristic of the dynami-
cal model adopted here. This is in contrast with the in-
vestigations where elementary m-d dibaryon couplings
have been assumed.

In the present work we make use of two independent
sets of three-body ird amplitudes, which we identify,

TABLE II. Possible dibaryon resonances vvhich have been in-
cluded in our investigation of the LN interaction.

Mass
mg (GeV)

2.15
2.23
2.48

Width
I g (GeV)

0.10
0.14
0.15

0,2,4
1,3,5
2,4,6

respectively, as RS (from Rinat-Starkand') and Lyon am-
plitudes. In Sec. II we present the formulae for the
corrections to the ~d helicity amplitudes due to the hN
interaction in the intermediate state, according to the
dynamical model of Fig. 1. In Sec. III we present the re-
sults of the fittings to the experimental data on the ob-
servables of differential cross section and vector analyzing
power. We work at the pion kinetic energies of 142, 180,
and 256 MeV, which cover the relevant range, and where
data ' and background amplitudes are available. We do
not include the tensor polarization tzo in the fitting, due
to the present ambiguities in the experimental data. In-
stead, from the fittings of d aid 0 and i Ti i, we evaluate
the expected values for t20. Finally, in Sec. IV we sum-
marize and discuss the results obtained.

II. CONTRIBUTIONS TO THE md AMPLITUDES

We evaluate the full scattering amplitude as a sum of
the background amplitudes derived from a three-body
Faddeev calculation plus the contributions from the dia-
gram represented in Fig. 1. The form of these contribu-
tions has been derived in Ref. 6 for the J =2+, L=O,
S=2 state (L is the relative orbital angular momentuin
and S the total spin of the hN system), with a detailed
treatment of the deuteron wave function. The vertex
functions corresponding to b,N interaction in states of ar-
bitrary orbital angular momentum have been obtained
neglecting the small d wave component in the deuteron
wave function and somewhat simplifying the Fermi
motion corrections in the evaluation of the triangular dia-
grams. These simplifications were seen to introduce
modifications of the order of only a few percent in the
amplitudes, and allowed us to obtain very transparent ex-
pressions for the vertex functions representing the dynam-
ical structure.

We now write the expressions for the contributions of
the hN interaction to the md helicity amplitudes, in the
general case. For transition from initial k to final A,

' heli-
cities, the form for these contributions is

f„,(e)=g g',„(q.(' g [r, ( )res'"(SL;aO~n)(1, 1;ZO~Sa)
as' s

)&Fg (s)E (S'L', A, '0
~
IA, ') ( 1 1;A,'0

~

S'A, ')MaN' aN (s}]di'i (8)

This form generalizes Eqs. (5}and (6) of Ref. 6. The defi-
nition of the vertex functions FL (s) is presented in Ref. 7,
where their numerical values are also given, for the ener-
gies of interest for the present work. For the case L=0,

the vertex function I'L(s) coincides with I '(s) of Ref.
6, except for the above mentioned simplifications in the
calculation.

The coefficients K' ' for the two possible spin states are
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sions for the fitted observables, which are the differential
cross section

1 for S=2

N' hN($ ) =
2R TL,L;

MNEFla 2Re qa
(3)

q„represents the pion momentum in the nd center of
mass frame, and $ is the usual Mandelstam variable. For
the EN' coupling constant we use g J,N /4n =20.4
QeV

For the b,N —+b,N amplitudes we use either general
forms defined through phase shifts and inelasticity pa-
rameters, or Breit-Wigner resonance forms. Thus, for a
transition between two b,N states of the same I.,S values,
we write

d~
= i Q I f2.2. I

'
A, A'

and the vector analyzing power

iT, )(8)=—&61m[f*,0(f„—f, i+f00))/(3do/dQ) .

t20(8)=~&( Ifii I
+ If i —i I

—If io I

—
I f00 I

')/(3dtr/d&),

t»(8) =1/6Re[f io( —fii+f i —i

(10)

Once the b,N parameters are chosen, we evaluate the

components of the tensor polarization in the c.m. system

where

TL,L;s,s($) ~ ( 9L,seJ 2I'S~~ S (4)

+f00)]/(3 do/1 0),

For a resonant interaction with central mass mz and
width I ~ we write instead

~sL;s'L', J( )
ir J,L',s'

N~gN S g
mNHlg

X
1

g J,L,S

(mti $) i I—Jim—ti
2

t22(8) =~&[2Re(fiif i-i ) —If i0 I
']/(3 «/d&) .

(12)

The experimentally observal values of the tensor polariza-
tion t2'0 are determined through

t20 (8)= —,
' (3 cos p —1)t20 —v'3/2sin(2p)t2i

The coupling constants g ' ' of the b,N system to the di-

baryon states are parametrized in the form

g
J,L =J—2,S=2

gJCOSEJCOS

g ' ' =gJsi11EJcosEJcosHJ,

g
J~L J+2 s 2

g sins sinl cos+

+v 3/2sln pt22,

where p is the angle given by

P= 8, —8i,b n 8 8i,b—— ——

With

(13)

(14)

g
J'L J'S I =g S1 H

In the transition amplitudes defined by Eqs. (3) and (4)
no assumption is made of a resonantlike energy depen-
dence in the bN interaction. Transitions between states
with different values of I. (and same J) do not occur for
the selected set of states in Table I. Transitions betwixt:n

states with S=2 and S=1 may occur, but our numerical
work has shown that the possible cases (see the 1 and 2
states in Table I) are not at all relevant. Therefore, to
avoid unnecessary formal complications, we have written
Eq. (3) without including such transition terms.

In Eq. (3) the 5 momentum in the center of mass frame

q~ is evaluated through

qa= [($ +tnt —M N) —4$tita]
1 2 2 2 2 1/2

21/$

with complex b mass ma —(i/2)l ~. Numerically, we use
m~ ——1.211 GeV and I ~——0.1 GeV.

The fitting procedure searches for the best values of gJ,
EJ, FJ, and HJ for each resonance, and for the phase
shifts 5J L s and absorption coefficients rtJ L s for each of
the states listed in Table I.

The full helicity amplitudes, determined by the sum of
the background Faddeev amplitudes with the contribu-
tions evaluated through Eq. (1), are taken into the expres-

tan8i» ——2m q~s sin 8/[( 1 —cos8)($ +m d
—m ~ )] .

For 8=0, one takes 8i,b n /2—
III. RESULTS

The sets of nd amplitudes obtained by Rinat and Star-
kand' (here called RS amplitudes) and by the Lyon group
were used separately as backgrounds to test the effects of
the b,N interaction in the intermediate state. We have ex-
perimented with all hN states shown in Table I and II.

%e have considered two principal cases:

(1) First we took only into account the contribution of
the conjectured dibaryon states with spin and parity
J~=2+, 3, and 4+ (see Table II). These states may cou-
ple to the hN system in orbital angular momentum
L, =J—2, J, I. +2 and total spin S=1 or 2.

(2) Secondly, we took the b,N interaction of the general
form of Eq. (3) with unconstrained energy dependence of
the phase shifts 5 and absorption parameters 11. In that
case we took only into account the contribution of states
with the lowest possible I. value for a given I, since ac-
cording to our previous analysis these values of I. give by
far the most important contributions. We have also con-
sidered, in addition to these low L, partial waves with un-
constrained energy dependence, the contributions of possi-
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bly resonant higher partial orbitals.

We found it very important to fit simultaneously the
experimental data for do/10 and iTi, (8), since a fit of
iTi i alone may lead to very bad results for the differential
cross section.

The fitting of the experimental data was made with the
CERN MINUIT program, searching for values of the
phases 5J L, s, the absorption coefficients rizL s, and the
resonance coupling parameters.

The values of the tensor polarization t20 are not taken
as quantities to be fitted, but are instead obtained as a pre-
diction. We thus intend to check which of the two
discrepant sets of measurements' ' is favored by our
analysis.

The theoretical curves for do/d0 and iT» calculated
with the pure Faddeev amplitudes are represented by the
cross-dashed lines in Figs. 2 and 3 for the RS case and in
Figs. 4 and 5 for the Lyon case. For do/dQ we see that
the RS and Lyon results present similar structures, with
the Lyon amplitudes giving better description of the data
at 180 MeV; at 256 MeV both theoretical calculations are
far from the data at middle and large angles. As for the
values of iTii, the RS amplitudes reproduce the data
more closely than the Lyon amplitudes. The differences
in the two background sets of amplitudes may lead us to
somewhat different information about the b,N interaction
in the intermediate state.

We describe below a selection of results obtained from
our numerical work. %e present separately the results
based on the RS and on the Lyon sets.

A. Influence of dibaryon resonances

50 60 90

/

r ~ I
~ ~ ~ ~

0 =

256 MeV

I2 0 l 50
e (de g)

1. RS background

The effects of the 4+ resonance are negligible, even if
only a separate fitting of the observables at 256 MeV is
performed. This is in accordance to the conclusions of
our previous analysis. The 2+ and 3 contributions,
however, lead to a noticeable improvement of the differen-
tial cross section at 180 and 256 MeV [see the three dot-
dashed curves in Figs. 2(b) and (c)], the other observables
remaining practically unaltered. For both 2+ and 3 res-
onances we obtain the best (but by no means good) fit for
Fz-0 and EJ -90, i.e., dominant coupling to the L =J
orbital. The spin S=2 value is favored over $=1: with
HJ left free we obtain H2 =—12, H& ———24'.

FIG. 3. (a)—(c) Vector analyzing po~er i Tl l at three values
of pion laboratory energy, evaluated with background of RS am-
plitudes plus contributions from the AN interaction. For mean-

ing of curves see caption to Fig. 2. The experimental points are
from Smith et al. (Ref. 12). In (a) the dotted and the dot-
dashed lines coincide for small angles and between 90 and 120
degrees. In (c) the dotted and dot-dashed curves are distinct,
respectively, from the dashed and the full lines only in the re-
gion about 100 degrees. The pure resonance case (corresponding
to the three dot-dashed line in Fig. 2) results are worse than the
pure background at all energies, and the corresponding curves
are not drawn.

2. Lyon background

Here the contributions of the dibaryon resonances tend
to improve the iT~ ~ values at 180 and 256 MeV, with very
small effect on this quantity at 142 MeV. However, at the
same time the fits of the differential cross sections tend to
become worse. In the joint fit of iT» and do. /dQ, prac-
tically the only gain occurs at 256 MeV, where the 2+ res-
onance improves slightly do/dQ, and the 4+ resonance
improves iT~&. However the effects are unimportant, and
are not represented in the figures.
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l40Me V

TABLE III. EN interaction parameters (phase shifts) ob-
tained from the fitting using the background of RS amplitudes.
All absorption parameters gJ L g result equal to one.

0.4—
T (MeV) Vs (GeV)

1+,0
5 {deg)

2+,0
5 (deg)

3, 1

5 (deg)

142
180
256

2.14
2.18
2.24

—60
—65
—5

46
39
18

68
49
13

O. I—

60 90

X X~

l20 l50
e, {deg)

B. Influence of unconstrained interaction
in the low L partia1 waves

We have experimented with all states of Table I, using

up to five waves simultaneously.

(b)
I80 Me V

1. RS background

/

a

I .
'

I

(,X i, , ' ()

X i/
I'

0.2-

O, I—
8 ~

0 ~x

30
I

90
I I

I 20 I 50
e, {deg)

0.5—
(c)

i I

X

I X
X

x

X

256 MeV

0.1—

0—

30 60 90 I 20 I 50
e, {deg)

FIG. 5. (a)—(c) Vector analyzing power iTI~ at three values
of pion laboratory energy, evaluated with background of Lyon
amplitudes plus contributions from the hN interaction. For
meaning of curves see caption to Fig. 4. The experimental
points are from Smith et al. (Ref. 12). In (a), case (ii) (dashed)
almost coincides with {i) (dotted) and is represented only at an-
gles near 80 degrees; for angles larger than 90 degrees, cases (i)
and (ii) are indistinguishable. In (c), case (ii) (dashed) practically
coincides with case (i) (dotted) and is not represented. The full
line (iii) is not represented where it coincides with the dotted
line.

our numerica1 analysis showed that in order to obtain a
reasonable agreement with experiment the 2+ (L =0) and
3 (L =1) waves cannot be absent: 2+ is essential to iin-
prove d(r/dQ at 180 MeV, and 3 for iT)i at all ener-
gies. The improvements are shown in Figs. 2(b) and
3(a)—(c) in dotted lines, and in Fig. 2(c) in dot-dashed
lines. Inclusion of the 1+ (L =0) contribution leads to
further improvement of do /d0 at 142 and 180 MeV.

The differential cross section at 256 MeV cannot be fit-
ted even with such a large number of parameters. This
shows how strongly limited are the effects of the free
choice of parameters in the b N interaction.

The phases and resonance parameters obtained for the
b,N interaction with this fitting are shown in Tables III
and IV. For all L =J—2 waves we obtain no absorption
(ri=1) and no indication of resonance behavior of the
phases. The resonances are more likely to couple to the
S=2, hN state: when left free, Hq takes sinall values.

TABLE IV. Values obtained for the resonance parameters gJ
(in GeV) and HJ (in degrees) in the case of RS amplitudes. For
both resonances FJ——n./2 and FJ——0, which means that the
I.=J orbitals are the most strongly coupled.

JP

gJ (GeV)
HJ {deg)

2.8
—1

2. Lyon background

The general picture is similar to the RS case discussed
above. Again the 2+ (L =0) and the 3 (L =1) contri-
butions are the most effective ones, being responsible for
almost all improvement that can be obtained. The 2+
contribution is more important for iT» at 142 MeV and
for d(7/dQ at 256 MeV, while the 3 wave is more effec-
tive for i T» at 180 and 256 MeV and for der/d0 at 180
MeV.

The additional 4+ (L =2) contribution (in addition to
the 2+ and 3 waves) leads to further improvement in

iT&i at 142 and 180 MeV. The results obtained with the
joint contributions of these three waves are shown in
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TABLE V. hN interaction parameters (phase shifts) obtained from the fitting using the background
of Lyon amplitudes. All absorption parameters gj L ~ result equal to one.

T (MeV)

142
180
256

i/s (GeV)

2.14
2.18
2.24

1+,0

5 (deg)

—21
—35

2+,0

6 (deg)

57
25
44

3, 1

5 {deg)

60
40

110

4+, 2

5 {deg)

—82
94

—35

C. Predictions for t20

The available experimental data for tz'll at the large an-

gle 8=144' are shown in Fig. 6. At 142 MeV, two
groups' ' have made measurements, with contradictory
results, giving opposite signs for the value of t'i'G. At 180
and 256 MeV, only one experiment has been made. The
results of our analysis are shown in the same figure. At
142 MeV, the calculation with the Lyon amplitudes, with

TABLE VI. Values obtained for the resonance parameters gJ
(in GeV) and HJ (in degrees) in the case of a background of
Lyon amplitudes. For both resonances I'J ——0, which means
that the observables are insensitive to the resonance couplings to
the highest I.=1+2 orbitals.

gP

gJ (GeV)
HJ (deg)

3.0
—19

dashed lines in Figs. 4 and 5.
Including the 1+ (L =0}wave as a fourth contribution

leads to some improvement in both do/dQ and iTII at
142 and 186 MeV, but not at 256 MeV. The results are
shown in dotted lines in Figs. 4 and 5.

Adding to this set of four unconstrained waves the con-
tributions of the dibaryon resonance couplings in the
L =J and L =J+2 orbitals, the only remarkable effect is
seen in the differential cross section at 180 MeV, mainly
due to the contribution of the 3 resonance. The fitting
results are shown in solid lines, in the cases when they
differ appreciably from the dotted lines. Concentrating
on the J=2 and J=3 states, we have also tried the fit-
tings with the two unconstrained waves in the presence of
the resonance couplings. The results, which are not
represented in the figures, are the same as when the 4+
and 1 waves are also present, i.e., only do/dQ at 180
MeV is remarkably influenced by the resonance couplings
in the L =J, J+2 orbitals.

The phases and resonance parameters are given in
Tables V and VI. There is no absorption (fl =1), and the
3 (L =1) phase shift passes through 90' near the posi-
tion of the 3 resonance. We must observe that the rather
strong values of the phases for the 4+ (L =2) 4N interac-
tion, in spite of the comparatively small influence of this
wave in the results of the fitting, is due to the rather low
values of the vertex function Ez (s) for L =2, as compared
to the 1.=0 and I.=1 ones.

IV. CONCLUSIONS

The presently available (e.g., RS and Lyon) Faddeev
calculations of frd scattering do not include short-range
b,N interactions and show significant discrepancies with
respect to experiments. This has given us motivation for

0.5—
t Iab

20

0—

t I

KONIG et al. (Ref. I3)

UNGRICHT et al. (Ref. 14)

—0.5—

-I 0— k-&&-e

—l.5 —
)

l00
I I

l50 200
T {MeV)

FIG. 6. Comparison of theoretical calculations of t2o with
the two existing sets of experimental results. Pure Faddeev cal-
culations are shown in open squares (RS amplitudes) and open
triangles (Lyon amplitudes) ~ The predictions made from the
best fittings of der/dQ and iTII are shown in full squares
(background of RS amplitudes) and full triangles {background of
Lyon amplitudes).

or without the b,N interaction (full and open triangles,
respectively}, gives values around zero, which are closer to
the experimental points of Konig et al. ,

ti while the RS
amplitudes plus the b,N interaction (full square) reproduce
the experimental point of Ungricht et al. )4 At 180 MeV,
both sets of amplitudes plus the b,N contributions give re-
sults in perfect agreement with the experimental point.
At 256 MeV, no agreement is obtained with the data
point, the hN interaction contributions taking the theoret-
ical points upwards and away from the data. We recall
that the differential cross section has also been impossible
to fit with our b,N contributions at this energy and angle.
It is remarkable that at the same time iT~i is well repro-
duced, as can be seen in Figs. 3(b) and 5(c). It is clear that
some ingredient is missing in the Faddeev calculation of
the n.d elastic amplitudes at 256 MeV.
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the present work, where we have introduced a unitary
form for the h,N interaction, which is incorporated into
the md scattering amplitude through the dynamical model
of Fig. 1, whose evaluation is explained in detail in Refs. 6
and 7. The additional terms are small as compared with
the unitarity limit, hence an addition of them to the Fad-
deev amplitudes does not violate the unitarity constraints
essentially (see the Appendix for more details}. In general
they give only comparatively small corrections to the indi-
vidual amplitudes, as can be seen from the fact that the
differential cross sections in the forward hemisphere are
hardly affected. On the other hand, we have shown that
the quantities whose values result from cancellations
among a large number of partial waves (such as der/dQ
at large angles} or from differences between helicity am-
plitudes (such as iT») are noticeably modified and thus
may be used for an investigation of the b N interaction pa-
rameters.

The results of the attempt to improve the agreement be-
tween theory (Faddeev-type three-body calculations) and
experiment in elastic md scattering through the hN inter-
mediate state interactions depend necessarily on the set of
background amplitudes chosen.

For the RS background amplitudes we may get quite
satisfactory agreement with experiment, except for the
backward scattering cross section at 256 MeV. The main
improvement stems from nonresonant interactions in the
2+ (L =0) and 3 (L =1) bN states. Additional waves
and resonance contributions improve the agreement in de-
tail, but not essentially. Especially, we find no indication
for a 4+ resonance. The latter result is in full agreement
with our more general findings, where we concluded that,
independently of the background amplitudes, a 4+ reso-
nance with the couplings parameters of Ref. 8 cannot be
accommodated in the conventional dynamical picture
represented by Fig. 1. The predicted values for t2'0" are in
satisfactory agreement at 142 and 180 MeV, and in strong
disagreement at 256 MeV, with respect to the experimen-
tal data of Ref. 14. Our results agree also qualitatively
with those of Rinat, ' who found that nonresonant b,N in-
teractions can improve the agreement with the experimen-
tal values of the vector analyzing power substantially.

In the case of the background of Lyon amplitudes the
most remarkable improvements are obtained for do/d0
at 180 MeV and for iT» at 256 MeV. The experimental
differential cross section at 142 MeV and the vector
analyzing power at 142 and 180 MeV are not satisfactori-
ly reproduced. As occurs with the RS case, the main im-
provements are due to the 2+ (L =0) and 3 (L = 1) b, N
interactions. Additional waves contribute to details, with
the 4+ (L =2) and the 1+ (L =0) coming first in order
of importance. The resonance couplings in the L =J and
L =7+2 orbitals can hardly have their effects noticed,
except for do/dQ at 180 MeV, where the 3 resonance
has its influence seen. We must remark that perhaps the
lowest orbital L =J—2 coupling of the 3 resonance is
responsible for the resonantlike behavior of the 3
(L = 1) phase, as shown in Table III.

In general, we can observe that for quantities in which
the theoretical calculations present strong discrepancies
with respect to the experimental data (or with respect to

each other), the hN contribution can hardly lead to a sa-
tisfactory fitting. We must interpret that in such cases
there are problems with the evaluation of the Faddeev am-
plitudes used for background. This is certainly the case
with the differential cross section at 256 MeV.

We find that it is remarkable that the b,N interaction in
2+ (L =0) and 3 (L =1) states play a fundamental role
for the fitting results, in both cases of RS and Lyon am-
plitudes. We observe that these are the states in which
there has been observed resonant behavior in the phases of
proton-proton scattering. The corresponding values ob-
tained for the b,N phases shown in Tables II and III are
quite compatible with each other at the energies of 142
and 180 MeV; of course no quantitative results for the hN
parameters can be extracted at 256 MeV, due to the
remaining strong discrepancies between the theoretical
and experimental results at this energy. It is also interest-
ing that our results for the b,N phase shifts are compatible
with those obtained for the 2+ (L =0) b,N state by
Laget' in an analysis of pion photoproduction on deute-
rons, and are also compatible with the b,N phases ob-
tained" through the coupled channel E-matrix analysis of
the NN phases in the 'D2 state.

We must observe that our information referring to the
4+ (L =2} state can only be considered as qualitative in-
dications at the present, because the I'i vertex function is
rather small for L=2 (as compared to the values of the
vertex function for L=O), and the level of discrepancies
and uncertainties in the background amplitudes and in
other quantities are still rather large.

Our present analysis refers only to the elastic b,N in-
teraction represented in Fig. 1. The important hN~NN
transition amplitudes can be studied through their contri-
butions to the md~NN process. %'e are now working in
this direction.

This study stresses the importance of the effects of the
bN interaction in n.d physics, as it is already known to be
the true of n-nuclear physics in general. It also stresses
the need for a more complete and reliable description of
the md system as a three-body system, since the back-
ground of well determined amplitudes is an essential re-
quirement for the investigation of additional dynamical
eff~ts.
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Akademischer Austauschdient (DAAD) (Federal Repub-
lic of Germany) and by Financiadora de Estudos e Pro-
jetos (FINEP) and Conselho Nacional de Pesquisas
(CNPq) (Brasil).

APPENDIX

In this appendix we explain the role of the unitarity
constraints in our calculation. The dominant contribution
to the s-channel unitarity relation of elastic md scattering

i(hard~ &+ —'r~ md)= g (nd~ T ~z)(z
~

T+
~
md)

is the intermediate NNm channel. Therefore the old
fashioned impulse approximation, ' represented by the di-
agram of Fig. 7(a), not only gives a fairly good description
of the process' but also satisfies the unitarity condition
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N

FIG. 7. (a) Skeleton diagram for the impulse approximation
contribution. (b) A typical contribution missing in our ap-

proach, which should be included in a fully unitary treatment.

reasonably well. The impulse approximation calculation
is improved by solving the Faddeev equations. This last
procedure can be viewed as an inclusion of corrections to
the simple graph in Fig. 7(a) which are required to
guarantee unitarity.

However, the contribution of the diagram in Fig. 1,

representing short range hN interactions in the intermedi-
ate state, has not been included in the Faddeev calcula-
tions, and it would be technically rather involved to do it.
We have therefore just added the contribution of the
graph in Fig. 1 to the Faddeev amplitudes. This approach
does not take into account the influence of the short range
AN interaction on the corrections to the impulse approxi-
mation, i.e., we have neglected contributions such as those
represented in Fig. 7(b).

The contributions due to the hN interaction have been
studied in Refs. 6 and 7. As can be read from Table II
and from Eq. (27) of Ref. 7, the helicity amplitudes can at
most reach about ten percent of the unitarity limit (taking
the hN phases as 90 degrees). The corrections to the im-

pulse approximation are of similar order of magnitude,
i.e, the effects of the combined contributions, which are
not taken into account but are present in the unitarity re-
lation, can be estimated to be of only a few percent.

It should be emphasized again that the phase of the
short range b,N contribution is fixed completely by the di-

agram of Fig. 1. This has imposed severe restrictions on
our fit.
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