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11 ccnellOB8HHe IT d-+ IT 'NN E4 • 12320 
peaKUHH B o6naCTH (3,3) pe30H8HCa 

Ha OCHOBe TpexqaCTHqHOI"O KB83BllOT9HUH8flbHOI"O llOllXOll8 

OposeLieHo accneaosaaae npoueccos pacceSJHHSJ naoHoB Ha LieArpoae 

C pa3B8fl0M ll9HTpOHa H nepe38pSillKOH B o6naCTH (3.3) pe30H8HC8 Ha OCHOBe 

TpexqaCTHqHOI"O KB83HllOTeHUH8flbHOI"O ll0llXOL18, YCll9WHO HCllOflb30B8HHOI"O 

paaee asropaMH LinSJ onucaHHSJ ynpyroro "d -pacceSJHHSJ, B npa6na)l{eHHH 

OLlHOKpaTHoro ~rN -pacceSJHHH, c yqeTOM HyKnoH-HyKnoaaoro B3BHMoaeA­

CTBHSJ B KOHeqHOM COCTOSIHHH, p8CCqHT8Hbl HHTerpanbHOe H llH<jlcjlepeHUHanb­

HOe ceqeuae paasana LieArpoHa llHOHOM H nepeaapSillKH. OoKaaaao, qro 3~ 
<jleKT NN -B38HMOLiel!cTBHSI B KOHeqHOM COCTOSJHHH .Q8eT CylUeCTBeHHbiH BKfl8.Q 

B ceqeHHSJ, HO BMeCTe C TeM peaynbT8Tbl pacqeTOB M8fl0 38BHCSIT OT 

BHe3HepreraqecKoro noBeLieHHSI t M8Tpau NN -B3aHMOLleAcTBHSJ, Paaaocrb 

Me)I{LlY nonHbJM ceqeaaeM H cyMMoA ynpyroro H ueynpyroro ceqeHHSJ ~rd­
pacceSJHHSJ cocrasnSJeT npaMepao 30% or nonaoro ceqeHHSJ. TeoperaqecKHe 

pacqeTbl KaqeCTB9HHO OllHCbiB810T HM910lUHeCSJ 3KCnepHMeHT8flbHbl9 .Q8HHble, 

Ope.QnO)I{eH HOBbJH cnoco6 pacqera norapa<j!MaqecKoA caarynSJpHocra B Tpex­

qacraqHbJX ypasHeHHSJX LlflSJ HenpepbiBHoro cneKrpa, 06cy)I{.QBIOTCSJ npaqHHbl 

paCXO)I{.Q9HHSI TeopeTHqeCKHX pacqeTOB C 3KCnepHM9HT8flbHblMH .QBHHblMH, 

Pa6ora Bbrnonaeaa B Jia6opaTopHH reoperaqecKoA <j!H3HKH OH.RI:1. 

Coo6meHHe 06'bellHH9HHOI"O HHCTHTyTa lUI9pHblX HCCfl9llOB8HHA, .Qy6Ha 1979 

Emelyanenko G .A. et al, E4 •. 12320 
Study of ~rd-+~r'NN Reactions in the (3,3) Resonance 
Region within the Three-Body Quasipotential Approach 

The ~rd -scattering processes with deuteron desintegration 
and charge exchange in the (3,3) resonance region are investi­
gated in the framework of the three-body quasi potential approach 121, 
successfully used before111 for the ~rd elastic scattering. The differen­
tial-and integral cross sections for the deuteron break-up and charge 
exchange reactions, and the momentum distribution of the scattered 
pions are calculated in the single ~rN- scattering approximation 
with taking into account the NN- final state interaction. It is shown 
that: 1) the NN-final state interaction gives an important contribu­
tion to the cross sections, but the results of calculations show 
a small dependence on the off shell behaviour of the NN collision 
matrix; 2) the difference between the total cross section and the 
sum of the elastic and nonelastic ~rd- scattering cross sections 
amounts about 30'}b of the total cross section; 3) the present theory 
gives only the qualitative description of the available experimental 
data for the differential cross sections. The reasons for this dis­
crepancy are discussed. A new procedure for handling with the 
logarithmic singularity is suggested. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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1. INTRODUCTION 

In the previous paper/11 we have considered 
the elastic rr d -scattering channel· in the (3.3) reso­
nance region on the basis of three-body quasipoten­
tial equations obtained in ref. 121 . This approach al­
lows us to study the channels with the three-particle 
final states. As to the account of the genuine pion 
absorption channel, it goes out of the framework of 
the Faddeev-type equations. However, by using the 
experimental pion absorption cross section (which 
amounts no more than 7o/o of the total cross section) 
and the calculated cross sections of the rrd-.rr'NN 
channels we can get an information on the influence 
of the absorption channel or others. Besides, the 
study of the three-particle channels allows us to 
explore the role of the NN -final state interaction. 
The characteristics of these channels should clearly 
be more sensitive to the off-shell behaviour of the 
NN -collision matrix than the elastic rrd -scattering 
channel. 

In the present paper we consider the rrd -scat­
tering with the deuteron desintegration and charge 
exchange processes in the (3,3) resonance region. 

2. THE TT d --- TT 'N N REACTION AMPLITUDE 

The antisymmetrized operator for the processes 
studied p 23 u o? 23 has the form. 

~3 tbt P23 = 0 ;
1

p23 + ~3 Tt 0 op23uu ~3 + P23T2Go u2+3,l23' ( 1) 
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where the antisymmetrized operator for elastic 
scattering P23 U11 P23 and auxiliary operator U 

2
+

3
,
1 

P
23 satisfy the following system of equations 

p23U11P23= p23T2GOU2+3,1p23 

-1 (2) 
U2+3,1 p23 = 20 o p23+ 2 TtGOP23UllP23- f23 T2GOU2+3l23' 

In (1) and (2) P23 is the permutation operator of 
particles 2 and 3 (nucleons), P23 =-f (1-P23 ) is the 
antisymmetrization operator, G 0 is the three-body 
free Green-function, T1 and T2 are the NN and rrN 
collision matrices. 

It is easy to see that the amplitude of the pro­
cesses studied TTl'l-->rr 'NN has a form (for the sake of 
convenielfllce spin-isospin quantum numbers are 
o'mitted) 

Tot (q~3 q ~; ql Po )=/2< li;3 q~ I P23 U 01 (Po ) P231 ¢ d q 1 > (Ja) 

=< w<~) <i{l p23 DuCfb )P231¢ct qt>, (3b) 
q23 

(-~ 
where cpd and qt_,, are the wave functions of NN 
system for the {!5tmd and scattering states, P

0 
is 

the energy for the three-body system in c.m.f., q
1 

is 
the incident pion momentum which coincides with the 
corresponding Jacobi coordinates in the three-body 
c.m.s., q 23 is the two-nucleon relative momentum in 
their c.m.s. For f4rther discussions we need the ex­
pression of the matrix element (3b) in the approxi­
mation U 11 :: ui:) =2T 2 . With the relativistic pion kine­
matics and in the nonrelativistic limit of nucleons in 
this approximation we have 

T<O (q' q' ·q P )=.2f'l' (-) CQ") y -;fcl~1) T (q' ii JIP~)x 
01 23 1 • 1 0 q' 23 (-->q' ) 2 3f~1 2 

23 w1 1 

. I w 1 (q31) d --> --> ) 

XV W (q) q23 rf>ct(q23 
1 1 

(4) 

4 

where 
.... I .... 2 

2 2 (q 23 + 1 2 ql) 2 2 .... --> 
p2 =Po- 2 Po(mN+ )+mN=oP2 (q23 ,ql), 

2mN 

..... ,, ..... 1 ( .... ' .... ) 
q23 =- q 23- 2 q 1- ql • 

~ = w1(q1) --> _ .... 1- w1(q1) _ 
31 .... q 23 q 1 ( .... ) -

mN +w 1(q 1) 2 (m N+ w 1 (q 1 ) (s) 

w 1 Ui1) .... .... 
-~-:.__-.... - q + q 0 • 

m +w (q) 23 31 
N 1 1 

.... q~1,. w1(tl_ 

mN + ru1 CCi!) 
C') .... .... , --> w1 ql _____ "' 

q -q +Q1 ( .... ')] 
23 1 2[mN+w 1 q 1 

w 1 (q 1) --- .... m -::;--q +-..t-o 
N + w ( q' ) 23 '!31 . 

1 1 

If we negl~ct !he dependence of the T 2 -matrix on 
momentum q 23 lthe approximation of the factorization) 

and of the corresponding factors yw
1 
(q;

1
)1w

1
(q'

1
), 

V w 
1 

(q 
3 1 

)/ w 
1 

( q 
1 

) then we get 

T (1 l (q, q, ; q' p ) = 
01 23 1 1 0 

(6) ( "''o) 
I (J.l 1 q 3 1 '0 o ;t ] =2 v---T2[q31'q31'P2(0,y1) x 

(J) (q') . 
1 1 

X\~~~- J qtq' [-q23- ~ ({i'1 -q1)) d({23rpd (q23 ). 
uJ

1
(q

1
) 23 

After the partial expansion in the separable model 
of the pair interaction for the partial t -matrices 
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we have 111 from (1) 

J ~ , , rt , s , J' ~ , 
To (q' q'a'. q a ·p ).gslJtJt (q' )lft 1 1 1[((PD1x 

1 23 1 1 ' 1 1 ' 0 L ' 23 
1 

J ~ ,_,. - . 1 3-2+ ~2 .... .... 'h 'h ~ 1 
xT11 (q1a 1 ,q1al'P0 )+-

2 
I(-1) ~~I lx 
a2 1 2 1 ~ ~2 ( 7) 

J oo A1A2 fl 
x \ I I G 1i a ia2; A 1 A2 fl) J h ( q' q' ; q P ) x /\0 2 fl 0 02 23 1 2 0 

2 2;a-L2Y2~2 2 J~ _ 
xqadq2 !C [((P2 )]T2+3,1 (qf2;qf1;Po ), 

where the term corresponding to the first term of 
the expression (1) is absent due to the energy co~ 
servation. The sys§em of equations for the ~lastic 
collision matrix T/1 and auxiliary matrix Ti_f

3 1 
is 

given in refs/2
•
31 . Here J and ~ are total angular 

and isospin momenta of the system, a 1 and a 2 are 
other quantum numbers of the " , NN an~ "N, N I ,,, ,,, 
system. In refs. 2 •31 the functions g 81J 1 1 , g:;s1J1 ~1 

J2~ 2 L2J2~2 L l l 
and $L2 , X 2 , which determine the NN and "N 
collision matrices in the separable model, are given 
too, The function h 02 is defined as follows. 

A A 'fl A A 1 
h 1 2 (q' q' ·q p ) =q' 2qLC lJ p (O)dO X 

02 23 1 , 2 0 1 2 'fl 
-1 

a (q;s -q2s) J2~2 
X g (q ) 

L1 +2 L2 L2 31 q' q (8) 
23 31 

,.\ L -A 
a 2(q31'q 2'PO )[q~¢ 23(q ~ q 20)] 1 (q 2¢31 (q ~q l)] 2 ~ 

w1 (q31 )w3 (q31)w 2 (q~3)w3 (q;3) y . 
w 1(q l) w3 (qJw2(q2) w3(q:) 

The expression of q 3 , q 23 , q 31 versus of q 
1 

, 

q2 '0 and the functions ¢ ij ' a i and a;2 are de­
fined in our previous pc1.pers 11,21 in two cases: 

6 

1) when the relativistic limits are used for all three­
pcl.rticles and 2) when non-relativistic limit for nuc­
leons is considered, 

In the present paper the 77d~77'NN processes are 
studied in the single 77N -scattering approximation. 
It means that in the equations (8) and (3a,b) we have 
t t ( 1) -1 ( 1) 
o pu U 2+3 ,1 = t12+3 , 1 =2G 0 and U u= u11 =2T2 . 

Such a kind of approximation turned out to be rather 
good for 77d elastic scattering 111, namely, it gives the 
main contribution to the elastic collision matrix T 11 . 
According to formula (3b) the desintegration matrix 
Tot can be obtained from the matrix T 11 by replacing 
the deuteron wave function ¢d by wave function of 
two interacting nucleons in the final states. This al­
lows us to hope that the single 1T N -scattering appro­
ximation will be rather good for the matrix T01 as 
well. By using this approximation in the sepc1.rable 
(isobar) model for the pair interaction from equations 
( 2) we have T(l)=2K 'l'-lK and T(l) -2K Ill 11 1~2 21 2+3,1- 21 . 
As a result from ( 4) we get for the matrix 

(1) -1 c;--1 c;--1 
TOl = 2 Ko2~2 K21+ 2 g1.~_,1 K12.~_,2 K21 (9) 

This expression is shown diagrammatically in Fig. A. 

-l\: 
-----

-

/ \_ 
diag. 1 diag. 2 

Fig. A 

The first diagram describes the "d~" 'NN pro­
cesses in the single 77N scattering approximation 
where the NN- final state interaction is neglected 
and the second one takes into account this interac­
tion, 

7 



3. THE NUMERICAL CALCULATION PROCEDURE 

In the calculations of the matrix To1 in the energy 
region studied only P33 -wave for rrN -interactions was 
used, as to NN -interaction, "ve limited to the 3 S 

1 and 1s0-waves. The total angular momentum was 
taken to be J ~ 6. As to the other quantum numbers 
of the rr , N N and rr N, N systems all the allowed 
values were included in the calculations. 

The first term of (9) has no singularity due to 
the absence of the NN -final state interaction and the 
calculation reduces to integration of the two-dimen­
sion integral. This term was calculated with about 
So/o relative automatic accuracy. 

The radial part of the second term of ( 6) including 
the final state NN interaction has the following form 
(for the sake of simplicity all quantum numbers are 
omitted) 

.. (a')oo 2d 
T (1)( ' '. p ) g ~3 f h ( , p ) ~~h ( p) 
NNq23q1,q10=--- ;-o 12qlq20 21q2q10• 

:BNJ.f(Pl )] :JjrrN [.f(~)] (10) 

where 

1 }( (q'q e.P )de 
h (q' q p ) ... h (q q' p ) .. I~ 1 2 o 

12 1 2 0 21 2 1 0 -1 . ' 2 2 ' 
Po +10-e(q1 ,q2,q1q28) 

e(q!~q2, 2qtq20)= ~ 
w1 (q?+w2 (q 2) + w3(q3hhe relativistic case 

q'2 q2 2q'q e 
2 m __::_L_ _2_ 1 2 m N + rr + 2 + 2 + 

2 
the non-

'1/1 .,2 ., 3 
relativistic case 

2 ,2 2 2 , e 
q3 .. q1 +Q2+ q1q2 the e~ression of the regular 
function }( 12 is given in ref. 1·21 . 

The function h 12(qi q 28) in th'e integral (10) has 
logarithmic singularity (the well familiar singularity 
for Faddeev type equation) related to the fact that 
_q '1 varies in the range 0 ~ q l < q 1 , where q

1 
and q ~ 

8 

are pion momenta in the initial and final states res­
pectively. For the numerical calculations the stan­
dard contour rotation method l4l was used with defor-

. m 1 ( I 5 ,6 I ) It t matron angle w ="2<1> max see, e.g., ref. • urned 
out that the results of the present calculations are 
more sensitive to the deformation angle <I> than for 
elastic rrd scattering 161. That is why for that reason 
we have handled the logarithmic singularity by using 
a new procedure described below. The expression 
(10) can be rewritten as 

(1)(, , • gNN(q~3) 1 ""!Z F(q20; qiq1; PO) 
TNN q23q 1 ,q to)= -----2-I dO Iq2dq2---------..--

:JjNN[.f(P1 )] -1 0 P0+i0-e(q'1 2,q~,2q;qJ7) 

where 

F(q28;q~q1;Po )=F(q 8)=}( (q'q O,P) h2fq2;q1;, Po2 
2 12 1 2 o 9) [ .f (P 2 )] · 

Let us instead of the variables 
new variables x and y defined 
Y=Q v'~~ Then we have 

2 

TTN 2 

q 2 and e =cos e take 
by X"' q 8 and 

2 

(11) 

gNN(q;3) 
T(lN) (~3q~ ; q1 p 0)"" g) [.f(P2)] 

oo ""ydyF(yx2+y2, __!___) 

I dx I P I v' x 2 + y 2 

N NN 1 
-oo 0 . 

Po-e(q~2.x2+y2, 2q'x) 
1 

00 -

-irr fydyF(v'x2+y 2, ~)8[P0-e(q~ 2.x 2 +y2,2qlx)]. (12) 
o yx2+y2 

In the first term of (12) the propagator - 1-- resulting 
Po-e 

in the logarithmic singularity, can be rewritten in the 
form 

1 

p0 -e(q'
1
2,x2+y2,2q1x) 

2., 
2
{x,y) 

y2(x)-y 2 
0 

2.,2 

y~(x)- y2 

the relativistic case 
(13) 

the non-relativistic case 

[E- w1 (q '1) -w 2(x 2+ y 2)+w 3(q 3)] I [E- w 1(q '
1
)+w

2
(x2+y .,]-w~qt 

'f/2(x,y). 8(E-w1(q~)]2 --

9 



where 

~ 
I [E-w 1(q, )]2 -q ,12_2qix12 2 

----"-4-if;-E.-::::_--(-;-)]2-w2(x) the relativistic case 
2 w1 q1 

Y0 (X)= (14) 
q, 2 x2 2qix 

2 77 2 1 E - i;;- - 2 - -2-- ] the non-re la tivis tic case. 
71 1 TJ2 'Tla 

The first term of (12) after using of (13) can be re­
gularized in the standard way 

oo F ( yix2+y2, x/y'x2+y2) 
p J ydy = 

o y g<x)- y2 

OQ 

=f dy 
0 

yF(ylx2 +y2, x )-y F(y'x2-+yg, 
ylx2+y2 o 

·----
y 2(x)-y 2 

0 

(15) 

The advantage of the above described regulariza­
tion procedure against the standard contour rotation 
method is that it does not include any additional pa­
rameter like the deformation angle. In addition now 
functions }{ 12 and }{21 are real. At the same time 
a new regularization procedure has a shortcoming: 
the function f (q 2 ) = ~2- 1 (q 2)J<21(q2,q1P)now depends on 
two variables (x ,y) instead of one q

2
. Note that the 

numerical calculations can be made to be faster if one 
at the beginning calculates the function f(q 

2
) in some 

main points q2 and then uses an interpolation pro­
cedure in formulas (13-15). In our calculations we 
have taken 20-43 main points of interpolation and 
have used Lagrange interpolation polynomials of se­
cond and third order and splines of third order. It 
turned out that the numerical calculation results de­
pend neither on the nunber of the main points nor 
on 'the interpolation procedure. All calculations were 
performed at the CDC-6500 and BESM-6 computers 
of JINR (Dubna). 

The above described regularization procedure of 
the logarithmic singularity could be used for the nu­
merical solution of equation (12) as well. But in this 
case it is more effective to use the interaction 
method 171 . 

10 

4. RESULTS AND DISCUSSIONS 

In this section we show results of the numerical 
calculations of the integral and differential cross sec-
tions of 77d-scattering with the deuteron break-up 
and charge exchange reaction in the (3.3) resonance 
region we have got in the single 77N -scattering 
approximation. All calculations were performed for 
the case when the> pion rolativistic kinomatics is 
completely taken into account ("FRPK" 111 

) and nuc­
leons aro considored in the non-rce>lativistic limit. 
For the 77 N -scattering matrix the expression given 
in ref. /5I was used. Results of the? cak:ul,"J.lions, ob­
tained by the standard contour t'Otiltion methcxl 1 41 

are shown in figs. 1-(i, Note that illl n'sulls dis­
cussed below except those in fir2. 'J ilt'e o' Jtninc•d 
by using the NN potential detPrminc'd in t'cf. 181

. 

In fig. 1 the cross section of the; dC'Ldcron 
des integration and ch<1rge> e>xdv1ngc• nYlctiot 1 <Ire 
shown in comparison with the total 77d sc<1tl<'ring 
Ct'oss section and the intc!2r<ll 0lastic sciltiPrinQ cross 
s<'ctiot1 olJl<1itlc'd in otH' pr;·~ious f:J<lp<•r 111 in ,t~H' 
sit1t2,le sC<ltl<•ring approxim<:.tlion. As one c<ln s<~c·, the 
diffen•t1ce 1 JC"twc'C'tl th<' loli1l 77d scaltc•ring cross s<•c­
tion i\nd tl1<' sum of tl1<' elastic cross section ilnd the 
d"ut<'t'on brc•ilk-t~p and ch<etrge (•xchull!ftf l'<•ilction 
cross sections is siz<1blC' 1 tF:tmrly <1t T;M c J()IJ Mr?V 
it i1tllOlHJls ilhot~t ()') mb - .lOo/o of the' total cross sec­
tiot 1. The Ciluse for this diffcronc<• could bP t!H• tlt~m­

!Jcot' of ilpproxim<ltion usc•d in 01 ~r calculations: nc'glPct 
II H' tllllltiplc 77 N -scilltPrin£1,, nc'glc"!ct <Ill !Jut S -wilvcs 
in the• NN -interactions, thc• P33-w<1ve i1pproxim<:t-
tion in the 77 N -interaction i_llld nc,glect thc• inflLtc•nco 
of the genuine pion nhsorption ch<1nnel on th(' oth,•r 
ch<H1n<'l. Note that pion i)_bsorption cross s(•ction by 
dc•itk·ron itself is relrttivcly small 19 · <tnd of thP 
same> order as charge exchange rci:lction cross sec­
tiot1. In ad'lition this difference is connected with the 
s epdri:lble approximation of pair interaction particular­
ly of NN interaction used· in the 77 d scattering study. 
This model has some physical foundations only near 
the resonance or bound state. 

11 



..200. 

~ 
.! 
~ ...... 
~ 

~ 
") 

Ill) 

~ 
~ 

~ 

(LIJ 

/i/1 

Z/1 

r-·--~ 

/ ·\_ 
. \ I . 

I \ 
. \ I . . \ 

I \ 
I \ 

I \ I 

, 

~ ~ ~ ~ ~ r~m~~ zuu ..22D 

Fig. 1. The lTd scattering c·oss section: - . - . -to-
tal cross section and - --- --- -- elastic integral cross 
section taken from ref/ 1 1. Curves 1 and 2 - deuteron 
break-up reactions. Curves l - final state NN inter­
action tK'glected, curves 2 - with NN interdction. 
Solid curve - chclrge-exchnnge rooction. 
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The comparison of the solid curves 1 and 2 in 
fig. 1 demonstrates the importance of the final state 
NN -interaction cvhich reduces the deuteron desin­
tegrati6n cross section. Note that the term (6) which 
stands for the final state NN -interaction does not 
contribute to the charge exchange cross section due 
to selection rules. The differential cross section for 
deuteron break-up shown in fig. 2 demonstrates the 
importance for diagram 2 in fig. A to be taken into 
account. The relative value of this effect depends 
essentially on the pion scattering angle (in particu­
lar, it is small at backward angles). If we compare 
the elastic scattering differential cross section cal-
culated in the single 7TN-scattering approximation 
and shown in the same fig. 2 with the deuteron des­
integration differeV'Itial cross section we can see 
that at small angles the deuteron break-up cross sec­
tion is rather smaller than the elastic cross section 
due to the NN final state interaction. As for the 
backward angle the situation is opposite and it 
does not depend on the NN final state interaction 
in the 7Td~ 7T NN channel. The 7Td~7T 'NN processes 
are characterized not only by the differential and 
integral cross sections but by the scattered pion 
momentum distribution (or qy the relative momentum 
distribution of nucleons in the final states) with the 
fixed incident pion energy. These distributions cal­
culated by us are shown in figs. 3 and ~ We see 
that the pi'on momentum distribution is concentrated 
in the narrow range around the allowed maximum 
value of the scattering pion momentum, and the NN 
final state interaction rnakes the peak more sharp. 
The increase in the incident pion energy leads to 
the same effect. 

Keeping in mind the sensibility of the different 
characteristics of the 7Td47T'NN processes to the 
final state interaction effect, it seems interesting to 
clear up the dependence of this effect on the choice 
of the NN -interaction potential. We hnve used: 
the Lamanuche type potential 181 and the

1 
UJ?itary 

pole approximation to the Rend potential· 10 · which 
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Fig. 3, The scattered pion momentum distribution: 
--- deuteron break-up with the final state NN 

interaction, - • - • - without NN interaction, - - -
charge-exchange reaction, 

describes NN -scattering phase shifts up to 200 MeV, 
and the energy-dependence potential I 11/ fitted to 
NN -scattering phase shifts up to 400 'VIeV, The 
comparison of curves in the fig. 5, where the energy 

dependence of deuteron break-up cross section for the 
different NN-pofential is shown, demonstrates 
cross sections NN potential dependence, which is 
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Fig. 5. The integral cross sections of deuteron break­
up reaction with the NN final state interaction for 
different NN potential: 181 , -·- 1111 and 

/10/ 

more apparent than in the 77d elastic scattering 
case. But at the same time it isn't enough to make 
the choice between different NN potentials. Likely, 
this is connected with the fact that ihe different po­
tentials used in our calculations have the same form 
and differ from each other only by parametrization. 
The importance of the NN final state interaction 
effect in the deuteron break-up reaction is seen from 
the results of ref/ 121 obtained under the following· 
assumptions: 1) neglect of the Fermi motion, i.e., 
the use of the transition matrix (6), 2) the asymptotic 
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(-) 
expre.ssion for the wave function 'I' i[' 

3 
is used, the 

parameters of which were determine~ in the scattering 
length approximation by orthogonalizing this function 
with the deuteron wave function, 3) the pion relativis­
tic kinematics and partial wave structure of the three­
body amplitude are treated approximately. In addition 
only one characteristic of the rrd -->rrNN reactions, 
the differential cross section, has been calculated, 

The behaviour of the scattered pion angular dis­
tribution in the deuteron break-up reactions at small 
angles is very important for clarifying the role of 
NN -final state interaction, Indeed, when the Fermi 

motion is neglected, taking into account the NN -final 
state interaction reduces considerably the small­
angles cross section due to the orthogonality of the 
wave f:_,tnction in the initial and final states of NN 
system, as we can see from formula (6), But if we 
take into account the Fermi motion, as it is done 
in the present study, then the cross section at small 
ang.<.es turned out to be rather large. Therefore the 
knowledge of the experimental differential cross sec­
tion for deuteron break-up reaction at small angles, 
allows us to check the validity of the approximation 
of the factorization (6). 

At present there exist some experimental data 
on the angular distribution of the scattered pions 
in the deuteron desintegration and charge-exchange 
reactions1131 . In fig. 6 the results of our calculations 
are compared with the experimental data at T ~ = 

=182 MeV. The theoretical curves give only a. qualita­
tive description of the experimental angular distribu­
tion, namely, for the break-up we have got deep 
minima and for charge exchange reaction two maxi­
ma, but their locations are shifted against the expe­
rimental one. Such a difference between theory and 
experiment is probably caused by the approximations 
mentioned above where the results for integral cross 
sections were discussed. It is clear that the diffe­
rential cross sections are more sensitive to these 
approximation than the integral cross sections. 
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Fig. 6. The comparison of the calculation results 
with experimental data at T ~M = 160 MeV: -- deu­
teron break-up reaction, - - - charge-exchange reac­
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As was mentioned the numerical results dis­
cussed above depend on the calculation method, 
namely, on the contour deformation angle <I>. For the 
illustration of the dependence of results on the in­
tegration procedure, in fig. 7 there are shown the 
integral cross sections for the deuteron break-up 
reaction calculated by the contour rotation method 
and by the new procedure described above. As one 
can see, there is some regular shift in the cross 
section value but the general feature is unchanged. 
Therefore all our conclusions about the reactions 
studied remain valid. 

The general conclusion we come to is as follows: 
Further investigations of 1Td scattering in (3.3) re­
sonance region are necessary to establish the rea­
son of the discrepancy between theory and experi­
ment for the differential cross sections of the deute­
ron break-up and charge-exchange reactions. More­
over, the same imput gives better results for the 
elastic 1Td scattering. The further study is necessary 
too for better understanding of the pion deuteron 
interaction dynamics, 
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