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In the last years the sensible progress in a model-independent
fdescription of properties of the three—nuoleon system has been ‘made.
The model-independent description is given by the oorreot dynamioal
equations - the Faddeev equations, and quite effeotive methods for

’the solution of these equations. v' : ' B
' Almost all the methods for solving the Faddeev equations can
be divided into two groups. The . first group oontains the methods’l/
»lwhioh enable one. to derive the. approximate solutions of the exact
- equations. The seoond group inoludes the methods/2 / for obtaining
.the exact solutions of oertain approximate equations. The above
approximation oonsists in the replacement of the exaot two~body
t-matrix by superposition of" the faotorized ferms, It means that.
within the seoond group methods the approximation of three-body
problem is made at the level of the two—partiole problem. This makes/‘
it poseible to introduoe there the oriteria to oharaoterize the
degree of approximation in. a way independent of the quantity :
.vcaloulated.,i RPN
Hereafter ‘one of suoh possibilities of solving the Faddeevy
'!equations baeed on the so-oalled Bateman method/3/ will be oonsidered
‘The prooedure developed turne out to be rather universal and permits
"one to solve the Faddeev equatione for the local potentiale of an
‘_ arbitrary shape. The method requires no ohangee if: one prooeeds

g ”from the bound-state desoription to the soattering problem.;
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Thus let the 1-si partial wave projectien of t'he*po't'e'nugl in -
the momentum representation be expressed as \/‘& (|< K'j
V K oe') = S (! z ‘
( ) 2 -z A K%)Ab(k 'z.)\/('z_)z dy -
Without loosing’ the community 1n assertions we oonsider the oase

1=0 foxr the Yukawa potentia.l.

As a point of departure we a.pply to the plot of the function

Using the. Batema’n technique 1et us cut the surface \/(“yngy the
planes whioh are parallel to the ooordinate pla.nes a.nd construot
the approxima.te surface V(K ¥ _) coinoiding with the exaot one

along the:lines of 1ntersections of those planes with the surface

Ve (K K) ~The funotion V(\( K) is of the form ‘ ,
Vk,<)= LZ—,[A JLA Vo(K,Sa)\/;(SJ,K') C W

where (1;_- —-V (S S, > and .S, are, for the moment, arbitrary

pa.rameters. ‘ _ |
In such a way we possess the approximate faotorized potential

(\4 K_)which coinoides with local one Vo (\( K)along N lines V(K s)
Hence, it is also olear that ohoosing nulpber Nksuffic:te’nt}y large

and plaoing the pbints S¢ 1in a proper way it is possible to



approximate as. good as neocessary - the local potential\/(k,h) by the
expression (l) It oan: be shown/a/ 1f one needs, that for the
appropriate ohoioe of the points S; the series (1) oonverges o
uniformly. So far-for all the short-range potentials the functions
4 %(K,K)deorease with inoreasing K and k! the convergence -
“of ) will be the faster the stronger this deorease. Finally, we
'shall fix the,parameters S; by minimizing the mean-square
deviation .xz ;of the approximate potential from the exaot one:

'Xi(si...s~)= SSlv(ka“')—c/’(“*")lzdkkd"" : 2
= | \S&\/z(k,z')a\zo\K' o

The quantity )( can serve for a oriterion of ocaloulation aocoura-
oy”) sinoe no other approximations are made.
' Now, solving the Lippman-Schwinger equation with a potential

“of the type (1) for the partial t-matrix t (%, 2) we find
h

N ) e o3
ty,&(k,@:{d__:‘i[c‘(z)};ﬂ(ns;)\écsé,w),

where .

Cy@= oLLA+8v/\«/.zld()z>A
K,S
I() SV,_(KS)L( Ktdw

o IzZ-L&
\and //Wz is the reduoed mass of the colliding partiocles.

. The expreesion (3) 15 the most convenient for the potentials ’

om)
i Note that the actual aocuraoy of oomputing some quantities can.
fbe gnd, in faot, is higher than an estimation of ).
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o:f whioh the Fourier transforms are expressed in the explioit
ranalytio :form (e.g., :for superpositions o:f the Yukawa potentials)
B Nevertheless, there exist phenomenologioal potentials suoh as,

:for insta.noe, the Hamadaﬁ]'ohnston potential to whioh the Bateman

e method oannot ‘be" applied immediately.,In this case the: funotions‘

(K S )in (1) ‘should ‘be replaoed, for example, by the interpola-
ting functions p(K ‘5) / /. ooinoiding with V(K S: )at the points

‘ 51>SZ> 5,4 Smn 5N4-H'

*a

Then- the expre ssion

V(KK) Z_. [d—] ( ‘)D(SA,K)
A \/(s )

ooinoides with the Fourier transform of potential at the points

(1a)

V(S,,,sd) V(Su i) :dt.é('.-f'-l»_\/ ;
v | \/(S-' S):V( ) Aé N+M
Just as : (l) the expression (ls) oonverges uniformly.

; - Next, 1f the t—matrix is ohosen in the form (3), the Faddeev
equations for the definite momentum states reduoe to the system of
the one—dimensional equations. In partioular, these were solved for
'the rollowing problems. three-baryon bound state: (H , Hej, AH3)'
and. nd—soattering at Zero energy of neutrons. Calculations were
v‘_vperformed with two “real‘istio" potentials desoribing 5 and S
'4 - phase shifts of NN-soattering in.the energy range from 0 up to

B 300 - l500 MeV as well as with a number of potentials without

L repul sion.

Let us. list here the potentials used



s

\/m(z) me. 2 )/;L 22 a- -2 )/am] = (4)/5/
,»M—_-A.,z;s. | S e

Table I. Parameters of theipotgntia1 (h);

s system »@, e V““ a‘"‘ 7"‘.“ '
T
Vit S, ,np -23. 67a+o 028 2.44+0, 11 61.99 o 3957 o 9365 :
V,, Lso‘, o ‘—17» +1 2.84+0.03 40, 38 0. 4799 1. 0531
V, 3  +5.39740,011 1,727+0, 013 119,49 0. _3408 0,8668 -
(Q.oy T, are the scattering length an&‘effeotiveﬂéaﬁge, respec—-
tively) . - Lo : ' '
' f/ﬁm R _/Qu3‘~‘ci ST T e
Ny (=) NS » o
2w (7') L Z T Az R €) LA
mzi,z,s‘

Table II, Parameters of the potential ).

Poten-

tial . System
Va1 ‘S.,hP R _-233 2.8 -264 739 155 3011
\Ve SeNp ~23.0 26 32?3 7333 1,307 3.66:
- 5.45 1.8 -3 22 7239 1.55. 311
Vis S, np ‘ o =



In Table III there are presented the oaloulation results for -
the doublet socattering length a, and the tritium binding energy’E
as functions of the singlet radius Zpg. These have been computed
for the following four types of potentials without repulsion. S -
square-well potential, G ~ the Gaussian‘potential, E - exponential
potential and H ~ the Hulten potentiali).

Table III.

*5

tes 20(s) @) () () E(S) Ei(S) ElE) E,(W)
»(‘f‘“) (§w) (£ v ($w) ($w)  (mav) (Mev)  (mev)  (mev)

2.5 0,33 =0.08 0.4 9,15 9.3 9.4

2.6 0.52 0,11 =0.21 8,93 9.15  9.12

2,704 . 0,71 0.285 -0.02 -1.8  8.72 - e.es © 9,02 1045
2,8 0.9 0.46 0.17 8,52 8,76 8.83 '

Two-particle parameters in Tabie III are as follows:
CL,;=—23.714 fm., ‘a°é= 51h,25 fm., 2,,‘=1.749fm.f

| anoughout all the oaloulations there has been used t-matrix
(3) with N=4y the gquantity \[-—j: being equal to 6%, but the
parameters Q.o and T, oalculated differ from the initial ones
only by about 1%.

To economize “paper space" we do not present here the results

*)The oaloulations were based on the separable representation of
the two—partiole t-matrix by the Bateman method for the S + E -
potentials and for the Hulten potential H the expansion (1a) was

used.



for the spinleSS’syetemsfcelculated”by the same method and only
point out the repid*eohvergenoe of the prooedure as for the
'soetteriﬁg lehgth so for the bindieg energy/7/. ‘

‘Further, Table Iv lists the oaloulation results for the doublet
soattering' length ZQ‘ and the' tritium binding energy &, as well
as the‘experimental data on “QL  and Er .
table IV.. '

w7 g
Do ) ata
g ‘,\/M.\/‘3 ARV ViVes

coon , 0.7:0.3/8/
20U (gm) 0.54 1.33 0,68 1.2 0.15:0.05/10/
' 0.4810.05/ 9/
E, (4eV) 9.12 8.10  8.90 8.56 - 8.48
Rog (Fm) 2.4k 2.7 2.6 2.8

From Table Iv it can be seen that for the "realistio" potentials
the dependenoe of the binding energy and doublet soattering length
on the magnitude of the singlet radius is considerably stronger
than on the funotional shape of potential. The above situation 1s
oompletely opposite thatvfor the calculations with the potentials
without repulsion (whiqh desoribe the data on "offective range"
only); where the shape dependenoe 15 more pronounoed (see Table III
and Refs./l’lz';J/). If this fact is not aocidental then computiﬁg
‘of zCL' and ‘E;T with the “"realistio" potentials epparently glves



no possibility to distinguish between various shapes of potentials._
If all. the results of : oalculations of E - and " OL - with the -
potentials S -~ H are. plotted as. E (2,5) and CL(Zog)then one-
obtains the’ straight lines and 1t turns out that the most close to
the realistio oase is Just the result oaloulated with the square— .
well potential without repulsion. V
Table IV indioates also that beoause of large ‘error the oldest
experimental dat&sgo not allow to fix the definite variant of oal—

- oulations - '. The most oonsistent with the experiment/g/ are the

calculations- with Zos =2 b, However, if the oorreot experiment is
the experiment/lo/ then the essential oorreotions to the present
knowledge about the nature of NN-interaotions are neoessary in order
to agree the experimental data with the oaloulations. One of the:
possibilities to obtain the above oonsistenoy with the experiment/lo‘
is ae follows. ' h ' i

If we take the potential of the form L
)56(1 2 )+‘~E('r_) ‘, 'z.f_-"z‘cf»
\/ ('z.) | ?.77.

pal

(6

\/(i>',=' :

then it is easy to'see that the phase shift of the seattering on

such potential does not depend on ,Ti? and NN~wave tunotion de—
rived with this potential (‘l’ #0) has the node \A.(z‘j 0. Choosing

the functions ¥ 1in the form W VJ'('Z 'Li),q{ =0 and the -
7.-4,4 e

‘ 4-\/1 R L&,

\/i(") ST T D

. (o 20 > L2 e b : - . :

where \}4_ : =§s .05 MeV, ' At =0.17 fm., . & =1.87 fm,

VP =323 MeV, 25 =0.177 fm, . 2§ =1.9 fm, = -

attraction as

10




we get the values ot the doublet soattering length a_.v' and tritium
binding energy E listed in Table v X0, I '

PR E

"Table V.
Voo a5 een.
10° . 0, 06 “=Tyl0™
107 . 2041 0.267 ~ 1045
4 '

10 L o.‘1u*g , 0.5 - s

Thus, we oan conclude that “the very" strong dependenoe of the
three-body quantities on the: off—shell foroee I{J- takes plaoe.,
This is due to the strong dependenoe of the behaviour of the ‘two—
-nuoleon wave’ funotion DL('L> on- the’ shape of" ":If at Zétg e
Since ‘the ‘behaviour of’ u,(’l-) at” 4'?.L ", at least in the case
of singlet soattering, 18 not known then it is quite possible to\
introduce the off-shell foroes 1&’ in singlet state of which the

"shape and parameters are derived from the- three-hody problem. -

'Further, ‘the. results of the following oaloulations. the chnrgo-
'and magnetio.radii of He3 and H3 nuolei, the: admixture of, the mixed
symmetry state Fgf ’ the quartet scattering length ‘and” axial matrix
element ‘S—’\ for beta—deoay of tritium with the potentials (4) and :
(5)/15/ are presented in. Table Vi. ‘

x)It should be noted that the potential (7) provides too low value
Of Zos ’2 15 fm. " .' e o S )



Table VI.

‘Poten— ' : ' . Experimental

tials \41\43 \&343 , oata |
Ds’ BRI 4.7% 2!%,
oL (4w) 6.35  6.3T 6.45+0.05
R (H)(4w) 1.52 1.71 1.7 +0.05
RN(\-‘c)(-Sr‘“) 1.48 © 170 1.74+0.05
A"‘lkd‘(ﬂc) RM\(\-\) 10.24 .26 11.140.58°
({212 2.63 2,83  2.8430.06/18/

Aside from thevquartet soattering length whioh is the samelfor»both
potentials all the given results testify to the potential (5):with-
the value Tog =2.8 fm. The reasons. of such a difference between the
4potentials (4) and (5) are as follows: First, the repulsion in the
singlet part of (4) 1s not enough that gives rise to increased ‘
values of the binding energy and decreased values of the eleotro-
magnetio radii. Seoond, . the attraotion in the triplet part of (4) isk
rather overrated because of which the value of P ! is rather higher
and the value of axial matrix element differs from that of experiment
for beta-decay. We also picture in Fig. I the. dependence of ratio of
charge form factors of nuolei H3 and 383 on the momentum transfer
squared under condition that the neutron form faotor is zero. Both
the curves relate to the calculations with the potential (5) but the
‘solid ocurve was found with the rough acoount of the Coulomb inter—~
action in He3 nucleus. The proocedure was as follows. As the protons
in He3 interact in the singlet state so we have assumed the Coulomb,’
potential to be responsible only for the deorease cf the singlet 4
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attraction. The deorease of attraotion was chosen in suoch & way that ‘
the Coulomb energy E? -O 76 MeV was reproduoed. ‘

The "body" form faotors F(q ) and F (qz) were oaloulated
by using the potentials (&) and (5) without the Coulomb interaot—
ion/15/ too. The curve for oalculations with the potential (4) is
higher than the experimental one, the disagreement inoreases ‘with the
growth of q whioh, in turn, shows the nonsuffioient repulsion in
the potential (4) As soon as the experimental data 719/ on the
eleotrio form faotor of He3 in the range 8 & q < 20 fm -2 beoame
available we computed this form factor with the potential (5). Our
calculations (as in the paper/ao/) do not result in the experimental’
minimum on the ourve lF;k<q )‘at q ~ 10 fn~2, This indioates pro-
bably the stronger repulsion at short distances than in the poten-
tisl (5). The above assertion has'been oonfirmed by the oalouls%ﬁgns
of form faotors of He3 and T with the Hamada-Johnston potential.
providing the minimum required experimentallj..”

‘ So, if for the moment we do not take into consideration ' the
recent eXperimental data on the doublet socattering length then we
ocan say that the potential (5) with 2°s=2.8 is .the most preferable.
The bound state wave funotions obtained by using this potential
apparently reveal in the most adequate way the low-energy properties
of the system. This has "inspired" us to compute the reuotion of

/u<—oapture'on Heq

nuoleus. If the nuclear wave funotions are known
the probability of this reaotion depends only on one unknown vari-
able ~ the weak coupling constant QP of'the'induoed pseudoscalar.
interaotion. By using the experimental value of probability equal
to 1468 seo -1 for the pseudosoalar ooupling oonstant we get

\_22 =533 B

gh : . .
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. rinally, we briefly review the problem of h‘rpertritium. There
exists the opinion (based-on the calculations of light hy'pernuclei
by the: variational method/17/) that the parameters of /\N—interaetion e
employed to obtain the binding energy of light hypernuelei are some~
- what different from those of /\N—potential describing the elastic
Asoa.ttering of I\ -partioles on protons at low energies. By the above
method we have oaloulatedlla/ the binding energy of H3 with the
- potentials of I\N- and NN-interaotions of the form (4) The parame-.
‘ters of /\N—potentlals were fixed in suoh a way that the binding
energy of /\ 3 and the oross section of /\p-seattering were repro—
duoed simultaneously. It turned out. that the agreement of these data
was possible only for the repulsion radius (i.e. the radius at whioh.
a potential ohanges its sign) _o. 55 or O. 65 fm. (for the potentials
of tvw‘o‘types). ’

+

2.2 ‘ . j .’ T
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