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We show that effects of dibaryon resonances can be clearly seen in the data on the 

differential cross section of red elastic scattering. Giving the formulation of the Glauber 

model with the resonance formation term in red direct channel in detail and analyzing all 

the data presently available by this model, we find that at least two resonances are needed 

in red direct channel in order to explain the data. One of them may be 'F, (2. 25 GeV) 

state of two nucleons which was found at Argonne and the other has mass value around 

~.5GeV. The data are not enough to determine the spin-parity of the latter but ()' seems 

somewhat preferable. The branching ratios of the resonances into red system are also given. 

\3 l. ln trml uetion 

The theoretical discussion on the existence of dibaryon resonance is ample in 

literature. 11 - 81 There are not a few experimental evidenc.es for its existenc.e. 91 ~ 1 n 

The work in this field has been much intensified espec.ially by recent experiments 

using the polarized proton beam and target where the strong evidence of diproton 

states in 3 F 3 and 1 D, waves was reported. 11) -
131 We expect these dibaryon resonan

ces to give a wealth of information about hadron physics, though the nature of the 

dibaryon resonances has not yet been clarified. The question whether the re

sonances should be treated as a system of six quarks or as that of nucleon and 

its isobar or as the threshold effect has been discussed but is left unsettled. It 

seems necessary to us that properties of the dibaryon resonances should be m

vestigated not only in the PP elastic scattering but also in other processes. Since 

the dibaryon resonance 3F 3 has small elasticity, there remain many decay channels. 

It is of particular interest to study the channels including deuteron whic.h 

contains six quarks. The analysis of the coupling between dibaryon and deuteron 

might tell us the resemblance or the difference between them. The simplest of 

these processes is the pion deuteron elastic scattering. Other processes are less 

advantageous for the study of dibaryon resonances because the analysis depends on 

unconfirmed models, such as the Y ao modeP41 for the reaction r.:d--'>PP, which 

contain the triangle diagram and the results become highly model dependent. 

In Ref. 15) we• hal'e poinlt'd that the clibarynn resonances r·an affe<"t the r:d 

elastic sc.attering and in Ref. 16) we have shown that the features of the differen-
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154 K. Kanai. A. Jfinalw. A. iValwmura and II. Sumiyoshi 

tial cross section of the scattering at 441 MeV jc can be explained as the effect "£ 
the dibaryon 3F 3• The aim of this paper is to give the detailed formula to treat 

~d elastic scattering when clibaryon resonances are present in the intermediate stale 
and to show that there is very strong evidence £or the existence of at least two 
resonances in this process by analyzing all the experimental data presently a\"aila
hle. 

The deuteron is usually thought of as a system which 'almost certainly con
sists of a neutron and proton'. 17l Taking the scattering of the pion off the neutron 

and/or the proton in the system as a background. we will analyze the dibaryon 
formation process. Many theoretical calculations have been proposed to clescrihe 

the elastic scattering. Among them the easiest is the Glauber prescription131 ~ 221 and 
any other more ambitious calculations 231 cannot give better fits to the present data 

than this model. It is easy in this model to employ the ~JV scattering amplitude 
including all the partial waves and to utilize well-established deuteron form factor. 

Though the Glauber theory is not expected to hold for low energy and large 
angle. it can reproduce the differential cross section data over the wide energy 
range and often over the entire solid angle. See, for example, Ref. 20) and Fig. 
2 in this paper for ~d elastic scattering. vVithout entering into discussion about 
this unexpected agreement. we take the Glauber amplitude as the reliable back

ground for the dibaryon formation process. 

vVe assume the S-channe! helicity amplitude of the ;:d elastic scattering is 

giVen by 

(1 '1) 

,,-here J~~v stands for the helicity amplitude calculated on the basis of the Glauber 
theory and f,~ is the clibaryon formation amplitude in rrd direct channel. The 
normalization of the amplitudes is chosen so that the unpolarizecl cross section is 

g1ven by 

d I i n _ 1 '\' I/' ,, (J ( J~cm- ---- ~ . foV I • 
3 /l.V 

(l· 2) 

The unitarization of the amplitude is not considered m this paper. 

In § 2 we construct the Glauber amplitude in the spin state and transform it 

into the one in the helicity state to obtain f,~v· We present the dibaryon formation 
amplitude f//v using the Breit-Wigner formula in § 3. On the basis of the formula 
(1 · 1) we analyze the experimental data of the ~d elastic scattering in § 4. Section 

5 is devoted to cone! usion and discussion. 

§ 2. Glauber amplitude 

In 1 his sectio11 we will derive the s-chiinnel be licit~ ampliwcle "r the ;:d 
elastic scattering, f 1 ~" using the Glauber model. 
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Elastic Pion-Deuteron Scattering and Dibaryon Resonances 155 

z 

Trout 

I< 

y 

Fig. 1. Definition of the coordinate axes in the laboratory frame. 

2.1. Glauber amplitude in the spin state 

Here we use essentially the same amplitude as derived by Michael and Wil

kin.191 But in order to get the helicity amplitude, we have to recalculate it in 

more detail. 

First we give the Glauber amplitude in the laboratory frame. The orientation 

of the axes is chosen as shown in Fig. 1. The momentum transfer q lies along 

the z axis, i.e., the quantization axis. In the Glauber theory the rrd scattering 

amplitude is expressed as the sum of the single scattering term T~k' and the double 

sea ttering term T'iJk,; they are given by 

(2·1) 

and 

7'(') ( ) z J d2 ' rT ( ') 
JHf' q = 4rrk q :::lJ!W q, q ' (2·2) 

where 

+F.p(~ -q')F.n(~ +q') 

-FaEX(~ -q')FaEX(~ +q')](J)M,(r) (2·3) 

with 

(2 . .J) 

The rrN elastic scattering amplitudes, F,P and F,n. take the form 

(2. 5) 

m the laboratory frame, where Q is the mean of the incident and outgoing mo

menta of the pion and ad· and b.N are written in terms of the invariant amp lit ucles 

A. 11• and B.N as 
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15G K. Kanai, .:1. "~Iinaka . .'L 1\lalwmura and li. Sumiyos/zi 

JU ( t \ lj2 ( 1 f) Q ) lj2 a,N(t)=-N 1-
2 ) --_em A~N(t) 

4n - 4m N ' · s fJQJab 
(2 · 6a) 

and 

(2· c-ib) 

where 

(2·7) 

s. t and I2cm represent the square of the c.m. energy, the momentum transfer squared 
and c.m. solid angle of the n1V system, respectively and m,y is the nucleon mass. 

The deuteron wave function with the spin projection JI is 

I]) - ) _ u (r) y ( -.) ('1!2 1_, 1 , P , , J.II(r - ou r 'm 1 m2 r.t/Cm1hm~ 
r 

, w (r)'" ( ') C'' 1 -r - 1 2,Jf--rn 1 m 2 1 fll-m 1 - nt~ m 1 -m 2 ill 
r 

where c~.\ (n',5I are the Clebsch-Gordan coefficients and x:~. and x~., are proton and 
neutron Pauli spinors with spin projection m 1 and 1Jl2 • The S and D radial wave 
functions, u (r) and zv (r), are chosen to be real and are normalized as 

(2·9) 

The explicit forms of T}i:W, and Tfi~r' are given in the Appendix. 
In order to construct the n1V invariant amplitudes, .!l,,v and B",\-, we ha\·e 

used the results of phase shift analysis of both SACLA Y and CMU-LBL, but we 
found that the results of our calculation using both analyses differ only slightly. 
We shall only report the results using the former analysis because it covers wider 
energy region than the latter. 

It is not unambiguous to determine the energies at which the n.N scattering 
takes place, because the target nucleons inside the deuteron are different from the 
free ones. Here we take the energies following Ref. 20): 

E"N= l {[(n 2 +m"2 -t/4) (mN'-t/4)]I12 -t/4}, (2 ·10) 
JJlN 

where 

(2.] 1 ) 

Here li,Jab and /~Jab are the energy and the momentum of the pion in the laboratory 
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Elastic Pirm-neu!eron Scattcrinp: and Dibaryon Resonancr's l:J/ 

frame and t stands for the momentum transfer squared in ;:d scattering. The pirJil 

mass and the deuteron mass are denoted by ill" and m,1, respectively. 

For the deuteron form factor we use Reid's hard core wave function. 2 '' ~A.s a 

check we llaYe also examined Humberstone's 19 ' and Monn-csik's fit to the Garten

haus wave function. 251 We find that the result is not so sensitiYe to the choice 

of the wave functions. 

2.2. Glauber amplitude 111 the lzclicity state 

Now \Ye transform the Glauber amplitudes 111 the laboratory frame g1ven 111 

§ 2.1 to the s-channel helicity amplitudes, ./ 1 ~, (0, q)), ·where the direction of the in

cident deuteron is chosen as o::-axis and () and r/J are the polar and azimuthal angles 

of the recoiled deuteron in the c.m. system. The indices Y and /1 represent the 

helicity of the incident and the recoiled deuteron, respectively. A simple calculation 

(0, r/JJ =I; (;1 L Jl' Jf'l (Tw + T 1'') !JJ) 
."~f.,_l[" 

(2 ·12) 

(2 · Ba) 

and 

(iliiRiv)=_CJ),\r,( -- ~, ~' -¢). (2·13b) 

Tlw definition of the angle :;- is sho1yn in Fig. 1. 

§ 3. Diharyon resonance formation amplitude 

ln this section given are the s-c·hannel helicity amplitudes of the diharyon 

resonance formation. 

The l1elicity amplitudes have the following partial wave decomposition: 

I 'D~- 1 '\ 1 ')' [ (2L + 1) (2L' 11) J lfZCL,,.:_._·_,~CL,.,"'.'.:: 
• /IV - -~ 2 p ~ ,;.._j - . . " 

J LL' 

:< .fD~,(r/J, 0, --rp)T'{I/, (3·1) 

where P is the momentum in the center-of-mass frame and J and L are the total 

spin and the orbital angular momentum of the ;rd system. By parity conservation 

the partial waYes Tfu are divided into tvvo classes, which respectively contain the 

amplitudes of the form Tj±l,.J±t (natural parity) and T.J., (unnatural parity). 

\V e parametrize the partial \Va\·e amplitudes as follows: 

(3. 2) 
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15R K. Kanai, A. lo.1inalw, ;1. lValwmura and Fl. Sumiyoshi 

~where m 11 is the mass of the dibaryon resonance and BL is the branching ratio 
into L wa \·e nd system. We take aC'count of the threshold factor as 

lor p<p*, 

for fJ> jJ*, 

where p* Is the Yal ue of jJ at the resonance energy and we put 

for L=L', 

for L~L'. 

Summing the Glauber amplitude (2 ·12) and the dibaryon formation amplitude 
( 3 ·1), we get the total helicity amplitude (1·1). 

§ ·i. Comparison with experimental data 

4.1. Glauber model 

First the predictions from the Glauber model without dibaryon resonances are 
compared with the experimental angular distributions in the C'enter-of-mass frame. The 

0 30 60 90 120 150 
ANGLE (c.m.) 

Fig. 2. The angular distributions of rrd elastic 

scattering at (a) 245 MeV I c and (b) 290 

MeV/ c. The dashed lines show the results 

of the Glauber model. The introduction of 

the clibaryon resonances given in Table I 

little affects the results and then the case,; 

are not shown. The data are taken from 

f\eb. :?fi) ancl 27). 

results are shown in Figs. 2"-'5 by dotted 

lines at the incident momenta bebveen 

245 and 895 MeV I c. The experimental 

data are taken from Refs. 26) "-'30). 

In the lower energy region, i.e., 245 and 

290 MeV lc, the Glauber model repro

duces the data cruite well all over the 

angles. (See Figs. 2 (a) and (b).) How

ever, as incident energy increases, the 

signifiC'ant deviation between the theory 

and experiment appears in the baclnvarcl 

region. At 343 and 370 MeV I c, the 

calculated curves agree with the data in 

the forward direction but lie lower in the 

backward direction. In the case of 441 

and 539 MeV I c, both the dip structure 

seen around 100° and backward enhance

ment cannot be reproduced by this model. 

At the incident momentum 637 MeV I c, 

the theoretical curve is lower than the 

data not only in the backward region but 

also in the forward region. Moreover 

it gives no sign of any clip structure as 

i5 shown in Fig. 5 (a). As the em·rg\· 
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Elastic Pion-Deuteron Scattering and Dibaryon Resonances 159 

0 30 60 

343 MeV/c (2.22 GeV) 

370 MeV/c (2.24 GeV) 

0 

+---

10 

--- 0.1 

0.1 - ....... 
....... .............. 

90 120 150 
ANGLE (c.m.) 

Fig.:\. The angular distributions of ~:d elastic 

scattering at (a) 343 Me Vic and (b) 370 

MeV/c. The clm;hed lines show the results 

of the Glauber model, while the results with 

both n'sonanccs given in Table I are shown 

by the solid lines. Data are taken from Refs. 

:29) ami 2R). 

~ 

V1 

'
D 

E 

0.1 

~~----..------------- -----------, 

\ 

\ o 441 MeV/c (2.30 GeV) 
~ 
~ b 539 MeV/c (2. 37 GeV) 
~ 

~ 

\ 
\ 
~ 
\ 
\ 

~' 
t 

O<"~~~ 
0 30 60 90 120 150 

ANGLE (c.m.l 

Fig. 4. Same as in Fig. :i but at (a) 441 MeV ,. 

and (b) 539 Me V/c. Data are taken from 

Ref. 29). 

becomes higher, hovvever, it can again reproduce the data rather well except for the 

angular region around 70c. 

The outstanding disagreements are observed in the energy region 2.2::=; yls <2.6 

Ge V where the recently reported clibaryon resonances exist. In Fig. 6, the calculated 

curve of the differential cross section at 180c is shown with the experimental data'" 

as a function of the laboratory momentum of the incident /r. 

4.2. E.ffect of diharyon resonances 

We introduce the dibaryon resonances according to the formulation glVen m 

§ 3. Each dibaryon resonance amplitude has five (or six) parameters; the mass 

lilR, the total width Fa, the Spin J, the parity and the decay branching ratio 

(ratios) BL into the rcd system. After some trials we take two resonances whose 

parameters are given 111 Table I. The results are shown in Figs. 3~6 by solid 

lines. 

First we discuss the effect of the "F, resonance which was found in polari;:;ed 

jJjJ scattering. w We have fixed the spin and parity and roughly estimated the 

\-;tlnes of mass and total width of this resonance following the results in Ref. 13). 
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L 

tJ1 
'-. 
D 
E 0.1 

0.01 

0 30 

a 637 MeV/c (2.45 G&V) 

b 895 MeV!c (2.63 GeV) 

a 

60 90 120 150 
ANGLE (c.m.) 

Fig. 5. Same as in Fig. 3 but at (a) 637MeV/c 

and (b) 895MeV/c. In Fig. (a) the result 

with the JP=3- resonance is given by 

the dot-dashed line. Data are taken from 

Rek ~9), 9) and 30). 

100 

t;J 

"~ '- '\ 
" ' 

\ "-

G 

\ ' . 
\ \/ " \ )· \ 

\ I \ . -~ r., t 
\j.J \ \ T . 

' \ ~· 

\_, \.. \ l 1 
\ ./ 

o. 1 '-"'co""o~-'---~~-~- loo0__1:::::.._ 

k lab (M&V/c) 

Fig. 6. The energy dependence of the differential 

cross-section at 180'. The meaning of the 

lines is the same as in Fig. 5 (a). Data are 

taken from Ref. 9). 

Table I. Resonance parameters 

------------

JP mR(GeV) r,(GeV) BJ+r BJ-1 
----· 

3- 2.25 0, 18 0.08 0.01 

o+ 2.50 0.08 0.16 

In the lo,ver energy region, i.e., at 245 and 290 MeV lc, this resonance has little 

influence on the cross section as we have expected and the agreement with the 

data is still good. At 343 and 370 MeV I c there can be seen some improvements. 

(Strictly speaking, it is doubtful whether the agreement with the data at 370 MeV/ c 

is really improved. There is, however, a controversy on the data31l and we should 

be careful in extracting conclusions from the data at 370 MeV I c.) The effect of 

the dibaryon resonance 3F 3 is most pronounced at 441 and 539 MeV I c. The sharp 

clip structure around 100° and backward enhancement can be reproduced, though 

it shows a little discrepancy around 60~v80'. Note that the experimental data at 

448 MeV I c32 > is higher at this region. In the still higher energy region, it im

proyes slightly but the backward enhancement is not sufficient at 637 MeV I c. 
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Elastic Pion-neuteron Scatterinf.( and Dibaryon Resonances 161 

lf we take the branching ratio into D wave rrd system larger than that into 
G wave, the clip structure at 441 MeV/c cannot be reproduced. From the data 
on energy dependence of the differential cross section at Ocm = 180°, shown in Fig. 
6, we can safely say IOO::=;T0$250 MeV, though we need the data for lower 
energy in order to estimate the value more precisely. The prominent effect of 
this resonance is to produce a sharp dip structure only above the resonance energy. 
The sharp clip structure is observed at 441 MeV /c but not at 370 MeV/ c. Then 
we can conclude that the mass of the resonance 3F 3 lies between 2.24 and 2.30 

GeV. 

vVith only the resonance 'Fs included (the dot-dashed cun·e in Fig. 6). the 
shoulder structure around 700 MeV/ c in the data on the energy dependence of the 
differential cross section at Ocm = 180o cannot be reproduced. Another resonance 
seems to be required around 2.5 Ge V. The analysis of PP scattering also shows 
the existence of the resonance in this mass region which may be 1G4 or 1S 0.lll.l3! 

vVe have examined all possible cases ·with J<5. We have determined total width 
and branching ratio to fit the data in Fig. 6 and compared the results with the 
differential cross section at 539 and 637 MeV/ c. When there are two possible 
,,.a,·es in rrd system (natural parity with .J>O), we have studied only three 
cases for each J; one of the branching ratios, B.n 1 or B,, h does vanish or they 
are equal in magnitude. Though the available experimental data in the backward 
region around this energy is not enough to determine the spin and parity of this 
resonance decisively, we find the cases of 0 and 1- are somewhat favorable. In 
Figs. :~~6 \YE' present the results in the case of 0- by the solid lines. This 
resonance little affects the data below 5:39 MeV /c. 

vVe also examined the resonance 1D 2 (2.17 Ge V) reported in 1\.efs. 11 J ;,nd 
1:3). This resonance is expected to affect the data in the region from 2-15 to ::3-t) 
1\!f e V /c. In this energy region, however, the Glauber model can reproduce the 
experimental data successfully over the whole angle. Therefore the branching 
ratio of 11J2 into -:=d channel should be small; it may be at most 5%. 

§ 5. Concluding remarks 

Aboye the J (12:12) resonance region, JriV amplitudes include many partial 
w<~ves. In this energy region, it is difficult to explain the observed deep and 
large dip of the ;zd differential ~ross section around 100° on the basis of multiple 
scattering formalism. We h<n·e presented the formalism which includes direct
channel resonance states with I= 1, B = 2. The theoretical calculation based on 
this formalism can reproduce the prominent feature of the experimental data, though 
the results around 600 MeV/ c are far from satisfactory. The structure in the 
differential cross section at 180° was thought as the effect of the rr1V resonances, 331 

while our calculated curve without dibaryon resonances (the clashed line in Fig. 6) 
is far lower than the data. Though the Glauber calculation may be unsound at 
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162 K. Kanai, A. Minaka, A. Nakamura and H. Sumiyoshi 

180°, it may still give some reasonable results, because Faddeev type calculations, 

for example, show the results similar to those of the Glauber model even in the 

backward region. 

We found that the dibaryon resonances have a large influence on rrd scattering. 

Hence theories of rrd scattering should take the existence of the dibaryon states 

into consideration. The differential cross sections are sensitive to parameters of the 

resonances; in this respect rrd elastic scattering experiments are very advantageous 

for the examination of the dibaryon resonances. 

In order to study characters of the resonances in much greater detail, both 

theoretical and experimental developments are required. More reliable model for 

the background provides more reliable results about the resonances. We have 

employed the Glauber model to calculate the background amplitudes, f%v, while it 

is worth while calculating them on the basis of, for example, Faddeev type model. 

Needless to say, precise measurements to large angles are extremely valuable. 

In this paper we have assumed the couplings between rrd system and dibaryon 

resonance to be real, for simplicity. Generally speaking, they have imaginary parts 

due to unitarity. We will investigate effect of unitarity correction to the amplitudes 

in a forthcoming paper. (If one wants to analyze experimental data in a model 

independent way, the branching ratios may be treated as free complex param

eters.) 

Experiments using polarized deuteron targets are expected to provide us much 

more information about the dibaryon states. For example, the measurement of the 

angular dependence in the backward region would enable us to determine the 

spin-parity of the resonance unambiguously. We present in Fig. 7 the calculations 

Fig. 7. The angular distribution of rrd elastic scattering at 441 MeV/c in case the initial 

deuteron has definite spin polarization. Figures (a) and (b) show the results of the 

Glauber model and those with the dibaryon resonances given in Table I, respectively. 

The quantization axis is taken to be perpendicular to the scattering plane in the 

laboratory frame. 
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Elastic Pion-Deuteron Scattering and Dibaryon Resonances 16:3 

of the differential cross section for v"<Hious initial sp1n orientations with and without 

the clibaryon resonances. 

Aeknowledgements 

It is a pleasure to thank many people for sharing their knowledge and vvisdom 

with us, without which this work -vvo uld not have been possible. We vvould like 

to express our appreciation to Professor M. Uehara for valuable comments on the 

dibaryon formation amplitudes, to Professor S. Furuichi for useful discussions on 

the results of jJp phase shift analysis and the dibaryon resonances, to Professor A. 

Masaike ~who kindly explained the present status of polarized deuteron targets, and 

to Professor Y. Oyanagi for helpful discussions regarding rcN phase shift analysis. 

We wish to thank Professor M. Kawaguchi and Professor M. Fukawa for hospita

lity at National Laboratory of High Energy Physics and to Mr. S. Y ashiro for 

valuable advice and hospitality at the KEK computer center. One of the authors 

(A.N.) is much indebted to Professor T. Kohmura for helpful discussions on the 

structure of rc-nucleus elastic scattering, and to Professor M. Namiki and Professor 

S. Ishida for their interest in our work and encouragement. Two of us (K.K. and 

A.N.) would like to thank the members of the Research group of Young High 

Energy Physicists in Tokyo (S. Date, I. Hashizume, S. Hirabayashi, N. Suzuki and 

S. Suzuki) for discussions and encouragement. One (K.K.) and two (A.M. and 

H.S.) of us acknowledge the financial support of Japan Society for Promotion of 

Science and National Laboratory of High Energy Physics, respectively. This vvork 

was started as one of the Annual Project of the Research Institute for Fundamental 

Physics in 1977, "Study of High Energy Hadron-Nucleus Interaction". 

Appendix 

--Glauber Amplitudes--

In this appendix we give the explicit form of the Glauber amplitudes m the 

laboratory frame. 

(1) Single scattering term 

+ 
Tgl= (arrp+aon) (¢a 0 >+r/;b' 1>+2v-T¢,u1 -¢d' 0 ), 

TJ5l = {q (b"P + brrn) /v2} (- r/Ja '11 + ¢b "1 /2- ¢c '11 /v 2 - r/;dw /2), 

:mel others are gJVen through the relations 

(A -1a) 

(A ·1b) 

(A ·1c) 

(A·ld) 

(A-2) 
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(A·3) 

where k is the beam momentum in the laboratory frame and the amplitudes ac.~- (q) 
and brrv (q) are given by Eq. (2 · 5) or (2 · 6). The form factors are defined as 
follovvs: 

where 

and 

(q/2). (i-~a.h.c.d) 

rp"(jy) ··~·So dr .io(iH) lu(r) '", 

r/J,, (!)! = r dr J"Ct,r!: w Cr! I'. J, 

rp,(f'J = f"dr J~,(t,r)u(r)·w(r) 
~L 

r/Jr~(fJ) = r·dr .izCtJr) i<dr) Jll 
(2) Double seal tering term 

(t\·4) 

(A· f1a) 

(A ·fib) 

(A·5c) 

(A· 5d) 

Restricting the two-vector q'. which appears m Eq. (2 · 2), 111 the .r-.-:: plane 

m the laboratory frame sh01vn in Fig. ] . i.e .. 

q' = (q' sin a. 0. q' coset), (-;:<a~;:) 

we get 

(A·7) 

wlwre the kinematical boundary is given by 

IJ;nax = 2_ [- !JI cos a I : { ( 4 + ,t':r:~x I /m \')I t;;;;;x! - c/ sin' a} 1/ 2]. (A ·8) 
2 

1\etaining the even part in a, we h:l\'P 

+ rf;b 12 > [ ~1 + B (3q'- 12q''- 4q'' sin' a)/ 40] 

- 0/'\FZ [AP, (cos cr) + B (3q' + 4q'') sin' a/8] 

+ 0r~ r,, [.LiP, (cos ct) /2 + B {3c/ (7 sin' ct -- 2) /112 + c/ 2 (6 + 7 sin' ct) /28}] 

+ y), "' (:-3 /4;:/35) B[ (q'/ 4- q'' sin' a) { v/10 Y12 (a. 0) -- 2Y4o (a, 0)} 

(A·9a) 
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Elastic Pion-Deuteron Scattering and Diharyon Resonances 1();) 

':ion= y6, '''[A+ B{q'/4+ q" (1- 2 cos' a)}] 

+ r/Ju"' [Ll+ B{q' -2q'' (1 +cos' a)} /lOJ 

tq),'''v2 [A 2P, (cos a)+ B{c/P,(c.os a) 1 2-q'' (1 ,cos' a)} J 

:-'Pn(2)[--/lP,(cosa) +B{c/(21 sin 2 a-R) -t4q' 2 (1 7cos 2 CL)}j56j 

+ rf;/'' (6J 4r./35) B[ (q'/ 4- q'' cos' ct) {2Yw (a, 0) - Jlo Y, (ct. 0)) 

+ 4q'' sin' aY, 0 (a, 0) + 2y :'l q'' sin 2a Yu (a, 0)], (A·9b) 

H/;/" [- Gq (l- :3 sin' cr) 2 + Hv' 2 c/ cos a] 

_j_r/;1 " 1 [- Gq (1 <3 sin' a) /2+ Jlq' cos a] (A·9c) 

J1.- 1 = r/Jo "' B (c/ /4-- q'' cos' Ct) 

_j_rj;,,"'B(c//4- q'' cos 2 a) /10 

) [-A ;) sin' a+ B { - q'P, (cos a) /2 + q'' (3 cos' a) ) J 

tr/Jr~''' (1/28) [Ll21 sin' cr+ R{c/(15 sin' Ct-4) l4+q' 2 (7 cos 2 ct- :-l)} J 

+ rf;/2 ' (:3 vi 4r /35) B [ (q'/ 4- q'' cos2 a) { Yw (u:, 0) - vffo Y 42 (et, 0) 

+ V/0 Y,, (Ll, 0)} --2 vlClq'' sin' a Y,, (cr. 0) 

+ v' :1 q' 2 sin 2a { YJJ (a, 0) -vi 7 Y13 (a, 0)} J, 

·where the form factors are given by 

and 

rf;;"'=r/;i(q'), (i=a,h,c,d) 

_, (2) 

'i'e (q') = r~dr .i4(q'r) :w(r) I'. 
.Jo 

I be amplitudes "l, 13, G and l1 ar~- defined as follo\vs: 

A=I(a,a), 

B= 1(6, b), 

G= {I(a, b)+ l(b, a)} /2vZ, 

11- UCu.l~) ](/~,u)},2v ~, 

where 

(c\·10) 

(A ·11) 

(A ·12a) 

CA·l2b) 

(A·l2c) 
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I (a, b)= {3a,P ( +) b,n (-) + 3arrn ( +) b"P (-) 

- a,P ( +) b,P (-) -~a,., ( +) b,, (-)} /4 (A-13) 

with 

(A-14a) 

and 

(A-14b) 

In Eqs. (A· 9) we have neglected the terms which come from the u" component 

in Eq. (2 · 5) and in this case we get the relation (A· 2) for the double scattering 
terms. 
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