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1. The wave functions for the nd-scatterinG can be found by 

solving the l!'addeev integral equations 1 in the momentum space.'rhe 

'~:ernels of these equations are expresse,; via the two-uody t-m::.trl-

ces off the energy sl]r.ll. These two-body t-matrlces depend both 

on the initial and :!'inal momentum and on the ene:re;y. }'or :>olvinr, 

the Faddeev equations are widely applied the methods which usc 

an approximate factorh;ation of the two-body t-matrice,;. 'fhc"~ 

methods allOY/ one to obtain from the Faddeev equatJ.on,; a set of 

one-dioensional integral equations for a three-!mrticle system. 

In the effective range approximation to the two-body 

interaction the t-matrix does not depend both on an initial and 

on a final momentum, so one can extremely easily obtain the 

one-dimensional equations for the momentum representation of tht: 

wave functions. 

Skornyakov and Ter-Martirosyan (S'l'M) considered the ncl-

-scatterinr, in the zero approximation on the NN-inter~ction 

range (ZA NNIR). They obtained the one-dimensinnal in.t ''r:r.'tl 

equations for the nd-scatterinr; amplitudes 2 • 'l'h" ]cr,yr•elo ni' the 

ST!.! equations (STME) have a simple analytical structure v1hich 

is originated just from the kinematics of the system of three 

free particles. 

For the S-wave nd-scatterine in the doublet st,o.tc ( the total 

spin equals 

T = 1/2 ) 

$ :=:: 1/2 and the isotopic spin of the system equals 

J,4 the STI.!E fail to have a unique eiolution so do 

the equations in the a;rproximation linear in the Hll-int er:J.ction 

rani'J! (ZANNIR) 5 
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For the quartet state ( S=J/2, T=J/2) the solution both of 

the S'ft.IE and of the equations in the .AL.NNIR is unique and thus 

it is possible to solve these equations numerically to find 
' 

the nd-soattering phase shifts. 

2. The integral equations in the approximation linear in the 

interaction range were obtained by Danilov 5 • In ref. 6 suoh 

equations for the quartet nd-scattering were obtained straight

forward from the Faddeev equations, just the S-component of 

the nucleon-nucleon t-matrix in the triplet state having been 

taken into account. 

( It would be remarked here, that for reason of the quartet 

state symmetry the set of the Faddeev equations degenerates into 

the single integral equation for this state). 

For the S-component of the nucleon-nucleon t-rnatrix 

we might apprehend the following expression 

t(k,p;Z) 
i 

t_ ( Z )= -(d-.+~ V'F )+!-t-o (at._+~) 

This expression is well-known in the effective range theory of 

nucleon-nucleon interaction and is valid if 

d-.. "to <<. :i and 'to .J/iJ << :1.. 
where c:l .fl ( F'-.l) is the deuteron binding energy and 'Lo(F') 

(1) 

(2) 

is the effective range for the NN-interaction in the triplet state. 
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The substitution of expression (1) in the Faddeev integral 

equation for the quartet state should in fact allow one to reduce 

this equation to the one-dimensional integral equation in the 

momentum space for the function 1f ( p, Pc) , where Po is the 

incident neutron momentum. However expression (1) has an extra 

irrelevant pole at the enere,y Z =- (~0 - ct) ~ which does not 

relate to any physical state in the two-nucleon system. The 

nucleon-nucleon t-matrix enters into the Faddeev equation as 

the function t (zf') ,where Zf = E- (3/1) p"'and E is 

the energy of the three-nucleon syst~a. So the straightforward 

use of eq. (1) is seen to be impossible in the relevant Faddeev 

equation. To obtain the correct equation linear in ~0 one must 

make use of the following expression ( instead of (1) ): 

-t{z) -i G i 
cL+ Ll~ L i +~to (at-~ -v'F) J 

This expression is equivalent to (1) if conditions (2) are 

fulfilled and, on the other hand, does not contain the super-

fluous non-physical pole. Another way to tackle the problem 

in question is to split the funcrion 'f ( p, po) into two parts 5 

~(p,po) = tfo (p,po) + ri (p,po)' (4) 

where lf! 0 ( p 1 po) is the solution of the problem at "[0 = 0 
( i.e. ,the solution of the respective STU equation) and Y:t.(P,po) 
is the correction due to the finite range of the NN-interaction. 
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We have followed here the second way. 

J. For the quartet S-scattering of neutron with the initial 

momentwn fo on deuteron the equations in the ALNNIR for the 

functions 

\fJo(p, Po) and "'\f!.t ( p, fo) are as folllows 6 

~ . J._- t-rz; 1/l.(p,po)=- Go (p,po) 

~ppo 

00 

i ) l~d I G-o(p,p') 1. 1fe ( I ) 

][ F f f f' • f''--po,_-iO o p,po ; 
0 

3 ___ i 

1(' cL-i.l{Zf lf~ (p,po) = ~ to y;o ( p, Po)-

00 

1... 
-:Jt 

~ p''--Jr' G-o ( p, p') 
p p' 

1.. 

f'-1-_fo~-i 0 ?j{(p;po), 

where 

0 

~o(p,p) 

??' 

+1. 

j lx. 
:1. I :t_ I f +? + ff<X. - % 

-i 

6 

(5) 

(6) 

~ 

I 

and 

%.=E+i..0· 
' '1r = :t- (3/Lt)p~. 

E = -~.t.+ (3/'t)p/· is the total energy of the system 

in units F- . 

The function r (f,?o) in (4)is normalized by the cond.i.tion 

( 
1.. ~c:.s---r fo ,po) = . . ( e - 1 ) 

~ (...fo ' 

where ~ is the nd-scattering S-phase shift in the quartet 

state. 

(7) 

(8) 

The energy of the n+d system is positive ( E > 0) above the 

deuteron break-up threshold. Therefore the value of G-o ( p, p') 
is complex and one can split d-o {p,p~ into the real and 

imaginary part 

(9) 

,A ( ') "' ( J.J ( ') . ~ r <.tJ; ') ~o f,f = LT p, P + L.JL \.'f" lp,p , 

where 

(1) 

G- (p,p)= & 
pj_ + p' :2 + p pI- E 

(10) 

p'-- + p':t_ f p'- E 

and 

4- (:t)( f\ p') () P:~.+ p':t- E 
- ( pp' ) 
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with the wide-spread designation 

8(cx:) = {: 
<_f :X>O 

L{ x<O 

So the kernels of equations (5) are possessed at E :::::::-- 0 by the 

lop,aritlunic singularities of whiclJ. the positions on the ( p, p') 
plane are ·determined qy the equations 

p"- + p' .:t ± F p' - E = 0 

0 - '< ;L--{E' in the domain,where ~ p, p -- ~ 
To treat correctly these "movine" singularities we have 

applied, for solving equations (5) at E '::>' 0 1 the interpolation 

method that was considered in ref. 7 

We r;olved eqs. (5) at different energies of the incident 

neutron above the deuteron break-up threshold to get the values 

of the quartet nd-scattering S-phase shifts, 

4. Figure 1 shows the dependence of K C- t:J (~~) (F'-1) 
( S' is the quartet s- phase shift as defined in (8) ) on the 

incident neutron c,m.s, energy \<. .:t(F-:t). Curves 1 and 2 

relate to the zero and linear in the triplet effective 

range approximation, respectively. 

The following experimental values were used in our 

calculations: 

cL = o.2Jl6 F-1 'to 1.75F , 
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Fig.l, 

IU~ Hctg(Red4 ) 

ot 

J 

H' 

( b 
K d3 (ReS) (P-} on K :t( p-.2) 

..c 
Depe:adence of 

is the quartet nd-scattering S-phase shift and 

is the incident neutron c.m.s. energy). Curve 1 is for 

the zero appro~tmation on the NN-interaction 

range (ZANNIR). Curve 2 is for the approximation linear 

in the NN interaction range (ALNNIR). Curve J is from 

ref. 11 
• The experimental data 8 are pictured here as the 

circled points, 
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The calculated data below the deuteron break-up threshold 

were taken from ref. 6 ( the threshold is situated at 

~!'L= j ci.._~=O.Dtf'fF-"-on the energy axis). The part of curve 1 

at energies above the threshold is taken from ref. 7 

As one can see from :fir;.l the theoretical results for 

K~ (Re~) in the ALlHIIR (curve 2) fit well the experimental 

data 8 ( the latter are represented by the circled points on 

fig.l).In the ZANNIR ( curve I) we have only qualitative agreement 

bet\'lccn the theo:::etic'l.l results and the experimental dependence 

of ',(C~ (Reo) on 

lencth is equal to 

K.t • In the ZI\NNIR the quartet scattering 

a 1 = 5.o9 F 

considerably off the e;cperimental one 

In the 1\LlllliR we have a4 -= 6.o6 F 

2•9 • This value diverts 

a_'f = 6.35:!;0.02 F 
6 
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For comparison with our results in fir;.l there is dravm 

the curve J exhibiting the dependence of ~eX~ {Red-) 
on K~ which has been obtained by solving the Fadcleev equation 

for the case of the two-body square well potentials 11 • The 

calculations with the potentials of Yamar;uchi type produce 

analogous results 12 , so do the ones with the soft-core poten

tials 12 • 

Eqs. (5) in the AUlNIR are correct if, strictly speakinr;, 

conditions (2) are fulfilled, i.e. if in the wave function 

the impo:::tru1t momenta are of the va1·1e p ~ p , where pt0 ~<..i 

and p is the greatest of the characteristic momenta of the 

system p+d at a fixed energy. These conditions are fulfilled for 

the quartet nil-scattering below the deuteron break-up threshold 6 • 
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The correction lf;L ( P~ p.) is small enough in that case as 

compared with to (p,po) 6
• 

Above the deuteron break-up threshold the important momentum 

fo (p, Po) is p~ p~« 
results from ref. 7 • !lot always the value of p t 0 

·range for the wave function 

as is small 

then,and, for example, at the incident neutron lab.energy 

fit.= 14.1 !.leV the value of pt 0 is of the order of unity. 

3o the condition (2) is violated and the correction 't-:~. ( p, Po) 
to the Yo {f,fo) ( see (4) ) appears, in our calculations, to 

be of the order of the function ~ (p, po) itself. 

However, the ALNNIR in the form of (5) provides good 

agreement for the calculated quartet nd-scattering S-11hase shifts 

with experiment both below and above the deuteron break-up 

threshold. 

We ma;r consider the scheme used here for calculations as 

a species of an optical model adjusted to the nd-scattering 

problem. From this point of view it seems t.o be more reasonable 

to insert into the relevant Faddeev equation ju•t the expression 

(J) for the nucleon-nucleon t-matrix and not to make the 

splitting (4) o.f the wave function into two parts. 

In conclusion we thank Dr. V.B.Belyaev for useful 

and valuable discussions. One of us (E.G.T.) expresses his 

profound gratitude to Dr. V.Efimov ( Institute for Nuclear 

Physics, Leningrad, USSR) for the discussion of the results of thi6 

work, and to Professor N.A.Perfilov and Dr. O.V.Lozhkin for 

their stimulating interest in the work and their regular support. 
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