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ABSTRACT. A comparison is made of results of calculations of *d 
elastic scattering cioss section using multiple scattering and three-
body equations, in relation to theix ability to reproduce the experi
mental data at intermediate energies. It is shown that the two methods 
of theoretical calculation give quite similar curves for the elastic 
differential cross sections, and that both fail in reproducing backward 
scattering data above 200 MeV. The new accurate experimental data on ird 
total cross section as a function of the energy are confronted with 
the theoretical values obtained f. -.. the multiple scattering calcula
tion through the optical theorem. Comparison is made between the values 
of the real part of the forward amplitude evaluated using dispersion 
relations and using the multiple s altering method. 

RESUMO. Comparamos os resultados los cálculos de seção de choque para 
espalhamento elástico ird, tendo em vista sua capacidade para reproduzir 
os dados experimentais a energias intermediárias. Mostramos que os 
dois métodos de calculo teórico p-oduzem curvas muito semelhantes para 
a seção de choque diferencial elástico, e que ambos falham na descrição 
de espalhamento a grandes ângulos em energias acima de 200 MeV. Os 
dados experimentais recentes em s *çío de choque total ifd como função de 
energia são confrontados com os valores teóricos obtidos no cálculo de 
espalhamento múltiplo através do teorema ótico. Fazemos também a 
comparação entre os valores da parte real da amplitude para a frente 
calculados usando relações de dispersão e usando o método de espalhamento 
múltiplo. 
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1. INTRODUCTION 

Scattering and absorption of mesons by deuterons 

are the simplest non-elementary processes available for 

studies in strong interaction physics. Here we are obviously 

restricting ourselves to low and intermediate energies, where 

hadrons can be considered (at least in the phenomenological 

level) as structureless objects. These processes are important 

to particle physics, because the deuteron is the simplest, and 

hopefully a treatable, system containing neutrons. They are 

also of interest to nuclear pnysics, because they set the 

natural test-ground for ideas and methods which are to be 

applied in the study of the interaction of particles with 

nuclear matter. A third important reason for the interest 

in hadron-deuteron processes is the study of the fundamental 

three-body problem in quantum mechanics. These varied lines 

of motivation have given a long standing importance to the 

physics of hadron-deuteron interactions, which is over twenty 

years sld.C1~5] 

From the theoretical point of view, pion-deuteron 

scattering was the first, and has been the most, extensively 

studied among the processes in which deuterium is used as a 

target. The reason for this concentration of effort rests in 

the fact that, given the charge independence of the strong 

interaction, the basic ingredients of all two-body forces 

needed to describe pion-deuteron as a three-body system (in 

a non-relativistic limit) can be obtained from other two-body 

experiments. However, measurements of pion-deuteron scattering 
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have not been made, during these twenty years, with the 

desired comprehensiveness and accuracy. The rate at which 

experimental data are becoming available has now been in

creased, as a consequence of the operation of accelerators 

which produce medium energy pica beams of high intensity 

(these are the so-called meson factories - LAMPP in California, 

USA; TRIUMF in Vancouver, Canada; and S.I.N, in Villigen, 

Switzerland). We refer to these data later. 

On the other hand, several accurate kaon-deuteron 

experiments in the intermediate energy range have been 

made during the last twenty yasrs. This experimental effort 

is justified, as one is forced to make use of the K d inter

action to obtain information on the isotopic spin 1 = 0 

F 7 81 
state of the kaon-nucleon system. ' However almost all 

applications of the recent theoretical development in the 

theory of three-body systems have been directed to the nd 

system. The reason for this diversification is in that the 

development of theoretical irethods is still in a preliminary 

stage, and the applications are made as a test on its . 

validity, which requires that the basic knowledge of the two-

body interactions be given as an input, and not obtained as 

an output, of the calculations. Actually, as we shall see 

later, no theoretical calculation has up to now given a 

satisfactory description of ird scattering in the intermediate 

energy range. 

In what follows we shall be concerned mainly will 

pion deuteron elastic scattering, as this process has received 

most attention in the theoretical work made up to now. in 
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sections 2 and 3 we discuss briefly the two main theoretical 

methods which have been used at intermediate energies, namely 

the multiple scattering expansion and the solution of three-

body equations of Faddeev type. We review the results of 

different calculations, showing how they compare among them

selves and with the experimental data. In Sec. 4 we discuss 

the problem of the evaluation of the elastic differential 

across section at large angles, which has up to now resisted 

all attempts of solution. In Sec. 5 we describe the existing 

data, and mention experiments now in progress which will 

provide more data in a near future. Finally in Sec. 6 we 

report on the results of an analysis of the angular momentum 

states contributing to ird scattering at the energy of the 

TN resonance. 

2. THE MULTIPLE SCATTERING METHOD 

The multiple scattering method, based in the impulse 

approximation introduced twenty five years ago by Chew and 

r o-] 
Goldberger , is the classical framework for the description 

of particle-nucleus interaction. The first applications of 

the method to pion-deuteron scattering were made in the 

fifties ' ', and since then a number of calculations of the 

same sort followed, varying in details and in sophistication. 

The availability of large computers has made it possible to 

include in the calculations double scattering contributions 

and fermi-motion effects in the evaluation of meson-

nucleon amplitudes, and to test the influence of different 
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kinds of deuteron wave-functions, of kinematical ambiguities 

and of the off-energy-shell extrapolation of the meson-nucleon 

amplitudes. 

Starting from the Faddeev equations, the three-body 

transition matrix T(z} for the scattering of particle 1 by 

the bound pair of particles 2 and 3 can be expanded in the 

form of a multiple scattering series 

T(z) « t2(2) + t3(z) + t; (z)g0(z)t3 (z)+t3(z)g0(z)t2(z) • .- (1) 

where t2(z) represents the scattering of particle 1 by 

particle 3 (in the presence of the spectator particle 2), 

t3(z) represents the interaction of particle 1 with particle 

2 (in the presence of particle 3 as an spectator), and 

9o(z) * (z - H 0)~
l is the resolvent for three free particles, 

all operators being defined in the three-particle Kilbert 

space. The terms of the above expansion are obviously 

interpreted as representing single and double scattering of 

the Incident particle. The evaluation of the terms of the 

series as matrix elements between three-particle states is 

then made through their reduction to matrix elements of two-

body operators. There appears a shift in the argument of 

the operators, corresponding to the energy of the particle 

which is an spectator in each collision. Thus, let E 

be the value of the total pion-deuteron kinetic energy in 

the centre-of-mass system, let pj, p2 and p; be the initial 

momenta of the three particles and pj, p£ and pj their final 

values. The term of the series with particle 2 as an 

spectator then gives 
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q2 

<P,1rP2'»p;it2(E)iPi,P2,p,> = ô(q'2-q2)5(í'-í) <*Mt2<E H £2> 
* 2mj 

(2; 

where 

* = Pi + P2 • P3 (3} 

is the total momentum of the system in the initial state 

(with £' for the final state}, 

q2 " Í im\ +»3)P2 -nt2 <Pi +P3> J/(»! + m2 + ai3) (4) 

(and q'} is the initial (final) momentum of the spectator 

with respect to the centre-of-ntass of the whole systen, and 

ic2 (or ic') given by 
2 

^2 = ím3Pi " »iP3;/(n»i + m3) (5) 

is the initial (or final) momentum of the meson (particle 1' 

relative to the centre-of-mass of the interacting raeson-nucieon 

(particles 1 and 3) system. In Eq. (2), t2
 i s t h e usual two-

body operator for the interaction of particles 1 and 3. 

The shift (E - q2/2m2) in the value of the energy at which 
2 

this operator is evaluated is very important, and has beer. 
r i n -t 

shown to have a healthy effect in the results of multiple 

scattering calculations. 

Recent calculations1 applying the multiple 

scattering method to all existing data, from the lowest up 

to about 300 MeV pion incident energy, show the relative 

success and the limitations of the method. With account for 

•ingle and double scattering contributions, effects due to 
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nucleon notion, and presence of d-state in the deuteron 

wave-function, the calculations give a fairly good descrip-

tion of the e.lastic differential cross section data at 85L J, 

142C111 and 182 [ 1 2 j HeV. Below 65 MeV the multiple scatter

ing formalism does not provide an adequate 

method to describe *d scattering, due to the relatively 

large importance of the effects of the binding of the two 

nucleons. At these low energies a three-body calculation 

based on the solution of Faddeev integral equations provide 

the recommended framework. At 256 MeV there are discrepancies 

at large scattering angles (larger than 70°) between the 

theoretical curves and the experimental points.L ' As we 

shall see later, all kinds of Calculation of rd elastic 

scattering show these backward angle discrepancies above 

200 MeV. Figs. 1, 2, 3 show the theoretical curves 

at 142, 182 and 256 MeV, together with the experimental 

data. 

The impulse approximation has also been applied 

r i4i 

successfully to wd break-up reactions (wd •* npn) at 

energies around and below the P33 resonance. Unfortunately 

the available experimental data at 85C2:i, 142 [ 1 1 1, 182 C 1 2 i 

and 224 MeVL are rather old, and not as accurate and 

complete a? required for a test of the method of calcula

tion. The values obtained for the cross sections are sensitive 

to the final state interaction of the two nucleons, parti

cularly at the lowest energies. The results depend also on 

tiie treatment given to the kinematical ambiguities present 

in the problem, which shows that these break-up processes 
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are a valuable tool for the understanding of the behaviour 

of three-body systems. More accurate experiments measuring 

*d break-up cross sections at intermediate energies are 

needed, including the observation of the energy spectrum of 

the emitted particles. The observation of the momentum 

distribution of the spectator particle, with proper account 

taken for the final state interaction effects, is an important 

instrument for the study of the deuteron wave-function. 

3. THREE-BODY CALCULATIONS 

The Faddeev equations" are the proper theoretical 

framework for the description of a non-relativistic three-body 

problem. Pion-deuteron scattering is a natural process where 

to apply these equations, and attempts have actually been 

ri7i 

made in this direction. In these applications the Faddeev 

equations are separated in partial waves, and the two body 

UN and NN) t matrices are parametrized in a separable form, 

so that one arrives at a set of coupled one-dimensional 

integral equations. These are then solved numerically. The 

data on wd differential cross section at 47.5 MeVC183 

obtained at TRIUMF have been well described within this 

schema, in a calculation where the pion kinematics is 

given a relativistic form. 

Very recently1- J the non-relativistic Faddeev 

equations ware applied to describe the *d data at 142 MeV. 

The pion is treated with relativistic kinematics, and the 

calculation is very complete in the sense that it accounts 
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for the d-wave part of the deuteron wave function, all s 

and p *N partial waves are included, the nucleon-nucleon 

interaction is taken into account, and the couplings 

between the t = J+l and ;. • = J-l channels of the *d 

system are not neglected. The fitting of the data is good, 

as shown in Fig. 1. The authors shown that the couplings 

of the t * J+l and «.' = J-l channels give important contri

butions to backward angle scattering, and that the approxi-

mation cf restricting the -s interaction to the P33 wave 

only has a strong and harmful effect in the quality of the 

fitting to the data. 

New experiments, presumably of higher accuracy, 

with pions in the low energy region «from 20 to 65 MeV} are 

at present being performed at Saclay." This experimental 

information will be important to test details in the appli

cation of non-relativistic Faddeev equations to the -d 

system. 

The relativistic generalization of Faddeev equa-

C211 tions is obtained summing up ladder-type diagrams in 

which only three particles propagate, so as to obtain a seu of 

equations which are similar in form to the Faddeev equation?. 

A three-particle propagator is introduced which guarantees 

two- and three-particle unitarity, and the four dimensional 

integral equations are reduced to three-dimensional ones. 

The equations obtained are then amenable to numerical solu

tions based in the same techniques already developed for the 

non-relativistic Faddeev equations. Introducing a partial 

wave decomposition and assuming separable forms for all two-
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body amplitudes, the equations are reduced to a system of 

coupled one-dimensional integral equations. The ingredients 

of an specific calculation of the scattering cross section 

include the structure of deuteron wave-function, and assump

tions on the off-energy-shell behaviour of the two-body 

amplitudes. 

There are results of two independent calcula-

tionsL ' of Ttd scattering in the intermediate energy 

region» with confrontation with the data at 142, 132 and 

2S6 MeV, using these relativist:c extensions of Faddeev 

equations. With the purpose of reducing the amount of 

involved numerical work, these calculations restrict the -N 

interaction to the P33 wave. This is a severe limitation at 

142 and 256 MeV, which are not quite close to the energy of 

the P33 resonance. Actually the calculation at 142 MeV by 

Giraud et ai ' J using non-reiativistic Fadâeev equations 

has shown that the *N waves other than the P33 wave affect 

remarkably the results. We can expect these contributions 

to be important also at 256 MeV. The effect of the nucieon-

nucleon interaction in the three-body calculation is shown 

to be important at 142 MeV, but not s . much at 2 82 and 

256 MeV. The authors do not agree, however, on the strength 

of the effect, which reduces the backward cross section at 

142 MeV by a factor 3 in one of the calculations, and by oniy 

30% in the other one. This difference does not seem to be 

due to the fact that in one of the calculations only the 'S 

and 'So waves are taken into account, while in the other 

case only 3Sj and 3Dj are assumed to contribute, since in 

either case the dominating effect comes from the same ^S. 
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wave. The presence of d wave component in the deuteron has 

its maximum effect in backward scattering, reducing the dif

ferential cross section by up to 30% at 182 MeV. Both groups 

of authors report that pion-nucieon rescatterings give very 

snail contribution. 

There are also results of relativistic calculations 

at the»e energies around the resonance region, performed by 
r24l 

Brayshaw" using the boundary condition formalism. In 

this work only P } 1 and P 3 3 ?N waves are taken into account, 

P + 
and the scattering parameters are obtained only for J - 0 

and 2 «d states. 

In another relativistic calculation at 182 MeV D', 

based in the quasi-potential method, with the -N interaction 

limited to the P33 wave, and NN binding effect only the 3St 

channel, the results do not reproduce the data very well. 

Prom Pig. 1-3 we may conclude that, as a whole, 

there is not much difference between the results of the 

multiple (single plus double) scattering calculation reporter; 

before1 and of the relativistic three-body calculations, 

as far as a fitting to the presently available data is 

concerned. It seems that the inclusion of all tN partial 

waves, which is done inexpensively in the multiple scatterinq 

calculation is more important to the final results then the 

sophistications of the relativistic three-body formalism. 

An attempt which seems to us worth exploring 

f 26"; 
further is that ' of combining the good features of both 

multiple scattering and three-body equations methods in the 

sane calculation. In this mixed framework, the parameters 
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of the low J waves in :d scattering are evaluated with the 

three-body formalism, while the sum of all higher waves is 

obtained from the multiple scattering amplitudes (by extracting 

from these amplitudes the contributions due to those low j 

waves). It has been shown" tnat the oombir̂ d set of amplitudes 

give a better fitting to the data than what has been obtained 

using either method separately. 

It is remarkable that, although different calcula

tions produce differential cross section curves which seen 

reasonable when compared to the data, and not very different 

from each other, the individual T,d partial waves often differ 

wildly from one calculation to another. An example of this is 

f 1 9 i 
the result obtained by Giraud et ai. ", that the couplings 

r 22 23 
of l * J+l waves are important, while other authors ' 

neglect them. This shows that the comparison of theoretical 

results must be made also in the amplitude level, and not 

only by checking which calculation fits better the (up to 

now, poor) differential cross section data. This also shows 

that it urges a phase shift analysis of nd scattering, which 

of course requires more accurate data than those available 

at the present, including polarization measurements. 

We believe it would be worthwhile to apply the 

three-body equation?! to obtain ird break-up cross sections, so 

as to have a test of self-consistence of the method. We knew 

of no calculation of this sort, and find they would also be 

welcomed for providing another line of comparison with multiple 

scattering calculations. 
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4. THE BACKWARD SCATTERING PROBLEM 

For incident pion energies above 200 MeV, and for 

scattering angles larger than 70 degrees, there are very 

large discrepancies between any of the calculations and tht-

experimental data, with the theoretical values lying too 

high by a factor which varies from 3 to 5. These discre-

pancies are seen markedly at 256 MeV, and are confirmed1" 

by the recent LAMPF data'271 at 234 and 325 MeV. The 

experimental differential cross sections show a marked dip 

at 90-100 degrees lab scattering angles, which is not 

present in the theoretical curves. The effect seems to be 

increasing with the energy, and at 325 MeV is quite dramatic. 

There is a clear theoretical problem to be faced 

here. The multiple scattering method and the three-body 

equations seem to be unable to explain the data with our 

present knowledge of deuteron structure and of other 

characteristics of the system. It seems that some ingredient" 

is missing, or that some new idea is needed. 

A possible cause of the problem may be in our 

insufficient knowledge of the deuteron wave function. In 

backward scattering above 200 MeV we may have entered a # 

region of momentum transfer in which the deuteron structure 

has not been previously investigated with the necessary 

detail. 

The contributions due to meson resonances in the 

intermediate state (the pion propagating between the first 

and the second scatterings is replaced by o, o, « and so on) 
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have been evaluated as a possible source of th^ charac-

r 291 
teristic momentum dependence observed in the differential 

cross sections at very large angles, which shows a maximum 

at around 700 MeV/c. However, in the 250 MeV region, where 

the backward scattering problem is dramatic, these diagrams 

contribute very little. For example, the p contribution 

has been evaluated in the P33 resonance region, giving 

an estimated contribution of less than 10 percent of the 

differential cross section at large angles. 

There are other diagrams, which are not contained 

in the usual multiple scattering or three-body calculations, 

and which may play an important role in backward scattering 

at the energies considered. Thus we may have pion production 

in a nN collision, with its subsequent absorption by the 

other nucleon, as in the diagram of Fig. 4a. Or we may have 

important contributions from u-channel di-baryon (NA,NN) 

resonances, as in the diagram of Fig. 4b. Special cases c-f 

this last kind of graphs have been studied by Klemm and 

Weber [39]. 

5. COMMENTS ON EXISTING AND EXPECTED DATA 

The experimental data on the plon deuter on inter

action at low and intermediate energies have been produced at 

slow pace during twenty years. This has been an infortunate 

situation, in view of the fundamental importance of this 

system. Until two years ago only the differential cross 

section data at 61C3], 85C2:i, 1 4 2 C U ] , 182C12], 224C15], 
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256 C 1 3 1, and 330 MeVl-j2'3ii, and the backward scattering 
r "! a i 

measurements above 375 MeVLi'J were available. The occuracy 

of the measurements has reached the 10 percent level in only 

one of these experiments'" ~ , and only in a few points of 

the angular range. It is hopec that •-.his situation has now 

started to change, with the active operation of three meson 

factories (LAMPF, TRIUMF and S"i.i) and also renewed Interest 

at CERN and Saclay for this kind of experiments. There are 

now new dataLl8] from TRIüMF at 47.5 MeV, and from LAMPFr27j 

at energies from 2 34 to 515 MeV. 

A new standard in what concerns the quality of 

the data may now have been established, as indicated by 

the excellent measurements taken at SINL of n d and n d 

total cross sections with better than 1 percent accuracy in 

the wide energy range from 70 to 370 MeV. The real part of 

the nuclear forward scattering amplitude is also obtained, 

via a forward dispersion relation calculation. Fig. 5 shows 
1 + + the average total cross section a . * j [o(ir d + n d) + 

+ o{*~d -t-Trd)] as obtained in this experiment. The curve 

presents a large peak at an energy close to the P33 

resonance, but we must notice that this behaviour does not 

come from an enhancement in the contribution from one parti

cular angular momentum state, as the angular distribution at 

this energy is highly asymmetrical, as can be seen in Fig. 2. 

It is interesting to remark that the nd cross section at 

the peak is o , « 230 mb, while for the sum of the cross 
*d 

sections of the two separate nucleons we have a + a_ • 280 nt>. 
irp im 

The 20 percent difference is due to the complications 
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arising from three-body effects such as interference, binding, 

fermi motion, and so en. 

The multiple scattering calculation of the imaginary 

part of the forward amplitude with proper treatment given 

to the kinematical variables ' produce, through the optical 

theorem, the results shown in Fif. 5. We must remark that 

in this calculation almost the whole contribution comes from 

the single scattering term, as double scattering has negli

gible effect in forward scattering. We see that the multiple 

scattering method give very good results for the total cross 

section at energies above 130 MeV, but: fails at lower 

energies, possibly due to an inadequate account of binding 

corrections. It would be nice ..o know how well the imaginary 

forward amplitude obtained with the Faddeev-equation method 

fit these accurate total cross section data. 

The real part of the forward amplitude, derived 
r "Í A "* 

from the same experimental results J, is show in Fig. 6 as 

a function of the energy. In the same figure we draw the 

curve for the Ref(0) obtained from the multiple scattering 

calculation. In both cases Ref(0) changes sign, with a 

shift in the value at which Rec(Q) = 0 occur. Again here, 

it would be interesting to know what the three-body calcula

tions produce for this quantity. 

Experiments measuring ird differential cross sections 

at low and intermediate energies are now in progress in 

several laboratories. In Saclay measurements are being made 

in the low energy range (from 30 to 65 MeV) , an in 

LAMPF at energies up to 550 MeVC27]. At CERN and SIN, 
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complementary experiments cover the range from 100 to 300 Me/, 

with large angle measurements {• > 130 ) maãe at CERN, and 

low angle data (e < 130 ) obtained at SIN. Another 

kind of experiment is in progress at SIN1" J, in which 

it will be measured the tensor polarization of the recoil

ing deuteron after scattering of 300 MeV pions. These 

polarization experiments are planned to give information 

on the d-wave component of deuteron wave-function, but it 

would be nice if they could also become useful for the 

amplitude analysis of the wd interaction. 

6. AMPLITUDE ANALYSIS AT 182 MeV 

The fu l l description of pion deuteron sca t ter ing 

requires the knowledge of amplitudes in the individual 

relevant angular momentum s t a t e s . For a sa t i s fac tory 

understanding of the problem, experimental r e s u l t s and 

theore t ica l calculat ions should agree in the determination 

of these quan t i t i e s , which fix both e l a s t i c and break-up 

cross sec t ions . The complete angular momentum analysis 

requires r e su l t s of deuteron polarizat ion measurements, 

which are not yet avai lable . On the other hand, d i f f e ren t i a l 

cross section measurements are not accurate enough to allow 

the determination of the contributions fran higher angular momentum waves. 

In spite of these limitations, useful information can be obtained from 

the existing data. An example of what can be done in this direct ion 

i s represented by a recent analysis of the experimental 

data a t 182 MeV in terms of he l ic i ty amplitudes [37], 

The rea l part of the forward sca t te r ing amplitude 
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goes through zero at 162 MeV L 34 ]. T'uis result was obtained 

under the assumption thai: forward scattering is dominated by 

the single scattering contribution (in which case fn = foo» 

where f,,t represents the amplitude for scattering from 

helicity state A to helicity state \'). Another relation 

of simple form for the amplitudes is written based on the 

fact that the elastic backward scattering cross section is 

very small at Tunis energy. Non homogeneous equations 

for the helicity amplitudes are obtained using the experi

mental values of the integrated elastic cross section C12] 

and of the total cross section [34]. This last value gives, 

through the optical theorem, information on the imaginary 

part of amplitudes. 

The scattering amplitude from a state of helicity 

X to a state of helicity >' can be written in the form 

K «J ütl/i! 

and the experimental values for the total and elastic cross 

sections at 182 MeV are respectively 

4ir 

a_ - (229.1 + 0.8)rob « 3.0 * — (7) 

and 

"elastic ' í65 Í 3>mb * — ^ (8) 

Assuming that only J = 0,1,2,3 angular momentum states 

contributes to the scattering at this energy, the following 
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set of equations for the a, , amplitudes are obtained 

a0 + a2 = 0. + i x 1.5 (9) 
00 ÜO 

a1 + a3 » 0. + i * 1.5 (10) 
00 00 

a1 + a2 + a3 = 0. + i * 3,0 (11) 
ii li li 

a'* * a1 + a3 (12) 
1,-1 i»-i i,-i 

and 

J XX' (J+i) * 

These equations lead to a set of constraint 

unequal!ties for the imaginary parts of the amplitudes 

2(lm a0 ) 2 + jr (Im a2 ) 2 s 2.33 (14) 
00 5 00 

|(Im a1 ) 2 + 4 (Im a3 ) 2 < 2.04 (15) 
3 00 ' 00 

4 (Im a1 ) 2 + i (Im a2 ) 2 + 4 (Im a3 ) 2 * 0.98 3 n 5 ii 7 11 
(16) 

which can be used respectively with the imaginary parts of 

the constraint equations (9), (10), (11) to determine the 

possible ranges of values for these quantities. One inter

esting conclusion of this analysis is that the J * 3 wave 

cannot be neglected in the scattering at 182 NeV. 
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FIGURE CAPTIONS 

Fig. 1 - Differential cross section for wd * »d scattering 

at 142 MeV. The experimental data are from 

reference 11. The solid curve shows the results of 

the theoretical calculation in reference 10, using 

the multiple scattering method. The dashed curve 

shows the values obtained in the three-body calcu

lations by Giraud et al. (reference 19 and private 

communication). 

Fig. 2 - Differential cross section for trd elastic scattering 

at 182 MeV. The experimental data are from 

reference 12. The solid curve shows the results 

obtained in the multiple scattering calculation of 

reference 10. The dashed and dotted curves show 

respectively the results of the three body calcula

tions of Giraud et al (reference 19 and private 

communication) and of Rinat and Thomas (reference 23). 

Fig. 3 - Differential cross section for nd elastic scattering 

at 256 MeV. The experimental data are from 

reference 13. The solid curve shows the results 

obtained in the multiple scattering calculation of 

reference 10. The dotted curve represent the results 

of the relativistic three-body calculation of 

Rinat and Thomas (reference 23), 



4 - Diagrams representing contributions not taken into 

account in the usual multiple scattering and three-

body calculations of *d scattering. In Fig. 4a a 

pion produced in t.-.e TN collision is subsequently 

re-absorbed. Fig. 4b exemplifies contributions of 

u-channel di-baryon resonances. 

5 - Total cross section for -*d scattering. The solid 

curve represents the experimental data of reference 

34. The dotted line shows the values obtained 

through the optical theorem from the multiple 

scattering calculation of reference 10. 

It is interesting to notice that the two curves are 

similar in shape, with one shifted by 10 MeV 

along the horizontal axis with respect to the other. 

6 - Real part of the forward amplitude for *d scattering 

as a function of the energy. The solid curve 

represents the values obtained (reference 34) 

through dispersion relations front the measurements 

of the total cross section (see Fig. 5). The 

dotted curve shows the values for Ref. 10 obtained 

in the multiple scattering calculation of reference 

10. 
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