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THE NUMERICAL SOLUTION OF FADDEEV’S EQUATIONS AND
THE CALCULATION OF ND - SCATTERING CROSS SECTION
IN FUNDAMENTAL K-HARMONIC APPROXIMATION
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We have considered the problem of neuteron-deuteron scattering at low energies. Representing
solution of corresponding Faddeev’s equations as sum of asymptotic wave function and rapidly
convergencing series of hyperspherical harmonics, we have calculated basic term of this series with value of
full moment K = 0. The angular distribution of cross section for nd-scattering at 3,28 MeV neutron energy
has been computed and compared with the experiment.

At present in the number of papers [1 - 8] the method of hyperspherical functions is widely
used for solution of three-body Faddeev’s equations (also known as the K-harmonic method [9 -

11]). Each of the component of full wave function ¥ = ¥V + ¥ + w® which satisfies system of
three bounded Faddeev’s equations [11, 12], expands in series of full set of hyperspherical functions
[1-7]. Such series has rapidly convergence for bound states of three-body system, therefore in
practice one can take into account a few number of lower K-harmonics. However, K-harmonics
series has weak convergence (or divergence) for continuum, particularly for scattering problem
when impact particle interacts with two bounded ones. In that case, we have proposed to expand
difference ¥ —®@ in K-harmonics series, where @ is the asymptotic part of ¥ [7, 8, 13]. Such
expansion has the rapid convergence due to short-range pair potentials.

In this paper we consider nd-scattering at low neutron energy in non-spin approximation and
without taking into account of deuteron D-wave. All our further calculations are carried out for c.m.
system and A =c =1, table of symbols like paper [7]. Let the index number 1 corresponds to the
incident neutron and numbers 2, 3 — to the nucleons of deuteron. As NN potential we choose the
Hiilten one [11]
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The first approximation for expansions for ¥ — s, ¥® and ¥O s [7]
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where @; is the asymptotic wave function (plane wave) of three-nucleon system [14], p is the

vO =@ -
p

collective variable. The functions BY (p) (=1, 2, 3) combine into the system of bounded integral
equations which can be solved by mmerical computation. As an example, we calculated BY(p) for
neutron energy E  =0,5;1,75; 5,5 MeV in lab system (see Fig. 1).

Note, that any component of ImB(j)(p) is absent when value of relative E, less than

binding energy of deuteron € = 2,23 MeV . All dependencies B’(p) on Fig. 1 are characterized by
maxima at p — 0 and have monotone decreasing when p increases.
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Fig. 1. Radial dependencies of functions BY, Solid (dash) curves correspond to j =2, 3 (j =1).

Besides @;, the full wave function ‘W contains divergent spherical wave
B(p)=B"(p)+B® (p)+B (p)
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where m is the neutron mass, J,(kyp) is the Bessel function of second kind and H'’(k p) is the
2(Ky 2 (K

first Hankel one, ®(p'—p) is the Heavyside function, values Vi2.V31. V53, V1205 and V@ were

taken from [7].
The functions ReB(p) and ImB(p) for set of neutron energies are shown on Fig. 2.
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Fig. 2. Radial dependencies of computed functions B . Dot curves correspond to E, =3,28 MeV .
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Here the values of ImB(p) are monotone increasing at p— 0 when E increases, while energy
dependence of ReB(p) has more complicated behavior. The dot curves corresponding to
=3,28 MeV [15] will be necessary for our calculations below.

To obtain the expression for scattering amplitude one need to proceed from Schrédinger
equation

1 & 3 8% | y= =
E - ———=+V@) |+——= ¥, T) = V(1;) + V(&) |¥ (B, T), 5
{n [ ) ()J 4m6p1} (py,1) = [ (1) (31)] Py, T) (5)
where T=5; =% ~§, p; =1 — (%, +5)/2 is the relative vector between incident neutron and mass
center of deuteron, &, =% —%, =p;~1/2, §; =5 -5 =-p,—T/2. Assuming that T is finite and
p, >, we have V(r,)—>0, V()—0, ¥(p,.T) > @y =y(p,)ps(f) and the equation (5)
reduces to

n (6)
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From (6) it follows that

1 8%,(F)
m orl

T B 'ocB(oc+B) e —e P
0uD=0s0)= 2 S

The amplitude of nd-scattering A can be found by using (5) and asymptotic of ¥(p,,T)

—V([@es(F) =-e@4(t), £>0. ™)

The solution of (7), (1) is [11]

o " IPPI - 2
\P(pbr)ij( )(plsr)_)(b +A——p_s Ip|=§\/2mEn s pl —>®,
1
so we have [16]
m - - * + — —
A== [ [aF O3 [V + V()] ¥ 61 ®)

where kI’(J')(ﬁl,f) is exact wave function for three-nucleon system. According to K-harmonics
method [11], we can rewrite (8) as

\/_m

A= J.dpp [ d0cos’? Bsin” 0 J.dQﬁl “'dQF @q(r)e PPl x
)

x[V(p-F/2)+V(p +T/2D]¥ (), D), )

where six-dimensional function W' (5,,7) is
OB~ 940 + \/—B(p)
n

The differential cross section caz be found after partial integrations in (9), so we obtain
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do '
e zIJ“’(Q)H‘”(p)l q.=2psin(y/2), (10)
where y is scattering angle,
J(I)( )“ Idpl p, sin(qp,) Idrrz(pz(r) _fde(\/p1 +12/4- Apr )

1P(p) =
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Usually, the experimental distributions of do/dQ for low-energy nd-scattering (e.g. [15])
are characterized by monotone decreasing from angles 6 ~0° and 180° to wide minimum at

6 ~90-120°. Since we use zero-order approximation (K = 0) in our computations, it could expect a
qualitative fitting. Therefore our calculations of do/dQ values (10) and

dc

dQ o 2!J(l)(q)] (K-harmonic is absent), (11)

were performed for range of scattering angles 80° <6 <130° (see Fig. 3).

dc
do’

mb/sr -
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Fig. 3. Differential cross section of nd-scattering at E, =3,28 MeV .
Experimental data were taken from [15].

There are dash curve corresponds to (11) and solid one to (10), thus one could see some
improvement of experiment fitting just for the case when fundamental K-harmonic is taking into
account. As qualitative fitting of experimental data [15] is reached, our future aim is to take into

consideration both high K-harmonics with K > 0 in expansion for ¥\*?
particles.

Authors would like to express their gratitude to professors V.F.Kharchenko and
V. E. Kuzmichev for profitable consultations as to Faddeev’s equations.
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YUCEJbHUU PO3B’SI30K PIBHSIHb ®AJEEBA I PO3PAXYHOK HNEPEPI3Y
ND-PO3CISIHHSI B HABJIMOKEHHI OCHOBHOI K-TAPMOHIKH

B. K. Taprakoschbknii, B. I. KoBanbuyk, 1. B. Ko3noecbkwmii

[Ticnst mopanns poss’ssky pisuanb ®ajyieeBa Jis CHCTEMU “HEHTPOH - aeiTpoH” y BHIVIAAI CyMH
aCHMNTOTHYHOT XBMJTbOBOI (YHKLIl Ta wBHAKo3GDKHOrO psmy mo K-rapmonikam 6yio po3paxoBaHO
OCHOBHMH HJICH LIbOTO Psifly 3 MiHIMaJIbHHM 3HAYEHHAM MOBHOTO MoMeHTy K = 0. 3 BUKOpHCTaHHSM oaep-
JKaHOro HaOJIIKEHOrO PO3B’A3Ky OGYMCIEHO KyTOBH PO3MOALN HEHTPOHIB, PO3CisHUMX JNEHUTPOHAMU TIpH
exeprii 3,28 MeB, sike NopiBHIOETBCS i3 BIANOBIAHUM EKCTIEDUMEHTOM.

YHUCJEHHOE PEINIEHUE YPABHEHHMM ®AJIEEBA U PACYET CEYEHHUS
ND-PACCESIHUASA B INIPUBJIMKEHUNA OCHOBHOM K-TAPMOHWKH

B. K. Tapraxosckuii, B. . Kosaasuyk, H. B. Koznoscknii

Ilpencrasus pewenue ypasHenuii QanneeBa Lis CHCTEMb “HEHTPOH - NEUTPOH” B BHIE CYMMBI
ACHMITTOTHYECKOH BOMHOBOH (YHKUMH K GhICTPO cxomsierocs psana no K-rapmonukam, 6bin paccuuran
OCHOBHOM YIEH 3TOr0 psjga ¢ MHHHMAJIbHbIM 3HAaYeHHEM MoJHOro MoMeHta K = 0. C HCMOIb30BaHHEM
TOJTY4EHHOTO MPHOJIMKXEHHOT0 PELIEHUs DACCYMTAHO YITIOBOE pAclpeieNieHHe HEHTPOHOB, PACCESHBIX
NeHTPOHAMH TpH SHepruv 3,28 MaB, KoTOpoe CPaBHHBAETCA C COOTBETCTBYIOMIMM IKCTIEPUMEHTOM.
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