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The renewed method of accounting of the contributions to the breakup reaction amplitide due to Coulomb
interaction in the external spatial region, that takes into account the corrections of the first and the second orders due to
the finiteness of radius of interaction of two clusters which form a decaying projectile particle, is proposed. The
application of this method as a component part of the coupled channel method with discretization of continuum would
match reduce the required model space as well as the number of coupled equations to be solved. It is shown that an
approach not using the method of infinitesimal linear-fractional transformations for algebraic presentation of the main
part of amplitude of Coulomb desintegration as a re-sult gives more cumbersome expressions, than with the use of this
method. Thus, as a result of double emp-loying of indicated transformations to the integral for the Coulomb
desintegration amplitude which is defined in zero-radius approximation, algebraic expression of the simplest form is
derived.

1. Introduction

In our recent work [1] a new method of calculation of the amplitude of the direct Coulomb breakup in
two charged particles was proposed. This method uses the zero range approximation for the interaction of
clusters that form a projectile particle and takes into account the corrections of the first and the second orders
to that approximation. We intend to incorporate it in the method of con-tinuum discretized coupled channels
(CDCC) for simplifing the calculus.

The method of CDCC has been successful in describing nuclear reactions including weakly bound
projectiles [2 - 9, 14]. CDCC has been attracting much attention since the advent of experiments with
radioactive beams, because projectile breakup processes are essential to many of such reactions. CDCC plays
an important role in the spectroscopic studies of radioactive nuclei through the nuclear reactions involving
such nuclei.

It has been shown that CDCC is the first-order approximation to the distorted Faddeev equations, and
corrections to the converged CDCC solution are negligible within the region of space in which the reaction
takes place [10]. In CDCC the continuum of momentum k states of relative motion of the projectile

desintegration fragments is exposed to discretization on finite interval [0,%__] for every relative angular

> max

momentum [/, when /[0 ], at interval [0<r<r_ ] of relative radial variable. Then the system of

L
integro-differetial coupled equations for the waves functions ¥, ,(K,,R), which describe the scattering of
the center of masses of desintegrating projectile with a target nucleus is to be solved. As for the discretization
methods, three ones have been proposed so far: the average (Av) [2 - 4, 11], the midpoint (Mid) [4, 12], and
the pseudo-state (PS) [2, 13] methods.

From a practical point of view, however, CDCC calculation including long-ranged Coulomb coupling-
potentials requires extremely large model space. For example, to determine S,,(0)-factor from an analysis of

*%Pb(*B, p +'Be)*”Pb at 52 MeV/nucleon [14] it has required the resulting number of scattering-channels of

138 and the maximum values of », R, and L has been, respectively, 200 fm, 1000 fm, and 12000.

More over, typically the number of partial waves amounts to 15000 for the MSU data [15]. Although
interpolation technique for angular momentum reduces the number of CC equations to be solved in terms of
J , those with huge angular momenta are rather unstable and careful treatment is necessary. In this sense, it
seemed almost impossible to apply CDCC to the GSI data at the energy 250 MeV/nucleon [16], where J_

is expected to exceed 100000.

In order to treat both Coulomb and nuclear breakup processes at intermediate energies with high accuracy
and computational speed, a new method was proposed in Ref. [17], namely, a hybrid calculation with the three-
body CDCC method and the eikonal-CDCC (E-CDCC) method. E-CDCC describes the center-of-mass motion
of the projectile relative to the target by straight-line approxi-mation (or by using Coulomb wave functions
instead of plane waves) and treats the excitation of the projectile explicitly by CDCC with the momentum-bin
method or the PS method. E-CDCC drastically reduces computation time and eliminates many problems
concerned with huge angular mo-mentum in solving coupled-channel equations.
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In our proposing variant of the method CDCC the model space on the variable R and on the angular
momentum L is limited to the largest radius R, >>max(7,, ,R, ) and to the value of K R for the

scattering of the chosen loosely bound projectile (or ejectile in two step reactions). Here R, is the largest

ax 2

radius of the nuclear interaction, K

max

corresponds to the scatterring energy in the center of masses. The

model space on the relative variable of r, on the relative mo-mentum of 4 and on the relative angular
momentum of ¢ of particles from the breakup assumes to be of such, what is required for discretizing in the
internal region [0, 7] of enough number of desintegration channels.

In an internal region the partial breakup amplitudes are calculated with the aid of one of three afore-
mentioned methods of the continnum discretization and of solving of the coupled discrete channels
equations. In an external region the DWBA-approaching is used to determine contributions of the purely
Coulomb breakup by the method of Ref. [1], contributions of six types of amplitudes taking into account
nuclear-Coulomb interference, and of yet one amplitude of nuclear-nuclear interference in the region of
Coulomb interaction. As a formula for the main part of the Coulomb breakup amplitude in [1] and for
corrections of the 1-st order to such amplitude embrace an integration over hole internal region of R, then
expansions of these amplitudes over composite spherical basis must be subtracted, after disretizing on the
same basis, from the amplitude of breakup, found by means of the CDCC method. The corrections of the
second and higher orders to the Coulomb breakup amplitude it is possible to calculate by the straight
integration in suitable curvilinear space coordinates. Certainly, one could somewhat amount R, and L

for decreasing contributions from an external region and for improving an exactness of calculation of
aforementioned corrections. In the next sections starting from the DWBA expression for purely Coulomb
breakup amplitude we shall find the analytical approximation for that amplitude and shall investigate its
main properties.

2. Approximations for purely Coulomb breakup amplitude

We assume that a projectile nucleus is clustered and is in the ground state with a zero orbital momentum
of the clusters relative motion. We assume also, that its wave function and wave func-tions, which describe
the motion of each cluster relative to the projectile center of masses by a form are close to the own functions
of the Shrodinger equation with oscilaton potentials frequencies of which are identical. Then in the cluster
expansion of the projectile own function it is enough to take into account only the first member. In the
distorted-wave approximation we also neglect here the polarizing potential addition [V, (r,)—V,(R,/5)] to

the interaction in the final state in the expression for the internal matrix element. Then the transition matrix
for the reaction of elastic breakup A(c,ba)A is represented in the following form:

T, = Ny lim( [[e " Ok, 7Y ¥ (G,.R,) x
(1)
X (PGP (EN NV, (.66 8.7, ENVF (G, R) d’rd R)

In the integrand of an expression (1) functions ¢, (&) and ¢, (&,) are antisymmetric own wave functions
of the ground states of ejected nuclei b and a, ¢.(7,&,,&,) is an antisymmetric own wave function of a
projectile ¢, V, (7,&,,6,) is a total interaction of particles a and b in the final state of the reaction; it is
assumed to be equal to an interaction between corresponding clusters bounded in a projectile ¢; V,(r,) is a
total interaction of a particle b with a target nucleus ¢. The coefficientN, ,,, is the decaying cluster
amplitude. Upon integrating in the expression (1) at first the folding procedure with respect to internal
coordinates & and &, of the ejected particles has to carry out.

Here for the inpute channel the relative Jakobi coordinates are chosen to be {F,R} , where ¥ =7, -7,
R= —Ii , and for the output channel the systems of pairs {17(7,11} and {17b,1§a} will be used. A vector 7, is
directed from the center of masses (c.m.) of a target ¢ to c. m. of a particle @, and a vector Rb is directed

from c. m. of a particle b to c. m. of the subsystem (a +¢) . In the similar manner a vector R; is directed from
a target nucleus ¢ to c. m. of the subsystem (a +b).
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The dimension is chosen such that Z=c=1.

If one takes into account solely the Coulomb breakup and accepts that all particles invol-ving in the
reaction have electric charges, all the functions ¥ in the expression (1) come to the fun-ctions describing the
motion of each of particles a, b, ¢ in the Coulomb field of a target nucleus ¢. For example, the wave function
of a projectile ¢ can be expressed [18] in terms of the degenerate Kummer hypergeometric [19, 20] function

v G, R)=A@n,) e D(-in,; 1; iz, (R). b
Here the following notations are introduced:

MM, e*(Z,+2,)Z, ‘

A@m)=e " *r(+in,), z.(R)=q,R—-@G,R), n,=
(MC +M,)qc

3)

The wave functions of the output channel are expressed [18] throught respective wave functions with an
asymptotic in a form of a sum of the incident plain wave, distorted by the Coulomb interaction, and of the
incoming waves. These relations can be written for complex conjugated func-tions in the following form:

YO (k,,7) =¥ (~k,

o7 PG R) =¥ (=4, R,). )
The Zommerfeld parameters in these functions are determined as follows:

_MM, 7,7, _ MM, ez,
(M, +M)k,’ s (M, +M,+M)q,

M. Q)

Further, like a manner of Ref. [1] we substitute a function (2) and functions (4), expressed in the same
form, in the integrand in the right-hand side of (1). As we do so we use the following relations between the
Jacobi coordinates in the inpute and breakup channels

7 =R-yF, R,=38R,, R,=R+¢&F, 6)

were
_ M, _ M, 5:Ma(Ma+M,,+M[) ;
Ma+Ml’7/ M, +M,’ MM, +M,) )

In the result of changing of the spatial coordinate in hypergeometric part of the wave function of the
particle b this part will depend on the following parameters:

MM}e’Z,27,
(M, +M )M, +M,+M)p,

P, =0G,, 2.(R)=p,R. +(p,R), 1, = (8)

Moreover, we introduce the following denotations for the particle momenta relative to the center of
masses of the three body system (a+b+1), as well as a denotation for a product of three Zommerfeld

parameters

7 Maq.b _Mbqa

_':_.'i‘_’,_’:_’,__’,k: ,Aa, :c:AaA Ac'
49,=9,%49,> 9=9.—9; MM, (m,,1m,-m.) = A(n,) A(n,) A(n,.) 9)

To trasform a product of the plane waves in the integrand in the expression (1) we use the following
relations, which connect with each other sums of scalar products of particle momenta and their conjugate
coordinates in different Jacobi coordinate systems,

(k,7)+(G,R,) = (k,7,) +(q,R,) = (k) +(d, R). (10)

In the result we carry out the following representation for the trasition matrix
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Ty = A1,517,5 1IN, }}E} UemRH(M) D(—in,; 1; iz,(R))
(11)
x j N, 0, |V, (M 4.(7) D(=in, 3 102, (7)) @(=in,; 1; iZ, (R, ) d*r d 3R]-

Now, making use well known exponential operators in the internal integral, we expand both
hypergeometrical functions, which depend on coordinates 7, and ﬁx, with respect to powers of their
deflections from a vector R . Further, as differential operators in the exponents operate on different variables

and so they commute, we combine a product of exponential operators into one with the following total
exponent:

—(7-p)=-r(yV,=¢V,). (12)

As a result we derive the following integral form for a total differential operator:
frk=ip)= [ 47,0, 1V, (N 4.0 e P dr (13)

Operators of gradients V, and V_ act on arguments 7, and Rx of hypergeometric functions,

respectively, and after that these arguments are put to be equal to the vector R . Expanding now the second
exponential function in powers of its exponent to the second order inclusive and integrating term by term a
sum of integrals, we obtain an approximate representation of the operator (13). This representation takes into
account up to the second order the corrections due to a finite interaction radius between the clusters. We
mark that Kummer hypergeometric functions do not depend on the momentum k of relative motion of the
clusters. Therefore we can write the result as follows:

frk=iP)= f,(k)=i(V, fy(k)- P) —%(Akfo(k))i?2 - %(ﬁ'vk)z Jo(F). (14)

We shall mark that if corrections of the first and the second orders (from an external region) are taken into
account, it is necessary to take into account also contributions from the Coulomb part of polarizing potential
[V, (n,)=V,(R,/5)]. As a result we will obtain the polarizing addition to breakup amplitude in a form of the
integral over an external region, involving the result of action on the wave functions of ejecting particles
with the following differential operator:

S ®B)= [ (0,0, 1V, (F.R) | .(r) e TP dr

V.F R =€2,Z,| = ! —— _1 — .
R+(1=p)F| |R+SF|

This contribution is especially important if a target nucleus has not very much large atomic weight.
A function f,(k) is expressed through an integral of the product of the spherical Bessel function and the

decay formfactor:
So(k) = 4ﬁfrzjo(kr)<¢b¢a V(M) @.(r))dr . (15)

Using explicit expressions for arguments z, (7,) and Z_ (Ex) , in the expression for the result of action of
operator p on a product of hypergeometrical functions we replace gradients with respect to coordinates 7,

and Rx by operators of gradients with respect to momenta Ea and Rx, respectively. Then, taking into

consideration the first two addends in (14) and using formulas (16), (17) from Ref. [1], the transition matrix
of the Coulomb breakup, which takes into account the first-order corrections due to a finite interaction
radius, can be written as follows:
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0
Tﬁ(w) = A(na’ﬂb’nc)Ncaba[lii%(_ﬁ)(k)%_

(16)
— iV, fo() [y k, (k-V, ) =& p, (kY , D)X, ],

1 B R R
=|—e —in,;l5iz —in,; iz -z :
Xy o = e IO D (in s 1582, (R) D (=i 112, (R) P (i3 1 iz, (R) R a7

0, w

3. Alternative representation of the overlap integral

For integrating over a space of coordinate R we use instead of each degenerate hypergeo-metric function
in the integrand of (17) its representation in a form of a contour integral in the plane of complex variable

(0+)

cb(—m;l;iz)=—ﬁ [ e o=y, (18)
1

under the condition Re(1+i7)> 0. This relation directly ensues from the formula (6.11 (2)) of a book [20].
All powers interpret in the principal value sense, i.e. with the smallest absolute value of the argument of a
base of a power function'. The integration contour starts at the point =1 and encircles the point =0 in the
positive direction.

Now we substitute three integral representations of the form (18) with proper indexes instead of the
Kummer functions in the integrand of the expression (17), and then we change the integration orders ( the
four-fold integral converges because @ >0 ). After some simplifications we obtain as a result the overlap
integral X , of such a form:

. (0 0
; (0+) (0+)

Koo =~ a7 J (=s) """ (1—-5)" j (=) (1= )" x

(19)

(0+)

—1-ir i 1 —pR+i(K-R
X j (-7)" ’c(l—r)”vj—e PRAKD g3 R dr dt ds .
1 R
The following denotations for linear combinations of wave numbers and wave vectors are here introduced

p=w—i(tk,+sp,+1q,), IZ=é+t1€a+sﬁb—rc7C. (20)

After integrating of internal integral over volume in right-hand side of (19) we find, taking into account
the relations (20), that the overlap integral (19) can be expressed in the following form:

(0+) (0+)

i —l-in in —1-in in
X = - ) b 1- S b —t a(1- ) ¢ x

(21)
x I (-7) "e(1-1)"[a—cs—bt—dr+ fst+hst+gtr] " drdtds .
1
The values of the new parameters are the following:
a=q +o, b=-2(G-k)+2iok, c=-2(G-p,)+2iop,, d=2(G-G,)+2iog,,
(22)

f=2(k,b,) -2k, p,, g=-2(k,-G.)-2k,q., h=-2(D,"G.)—2p,q. -

"In Ref. [1] the words “of the argument” are missed mistakenly after “absolute value”.
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We now perform in the three-fold integral (21) three linear-fractional transformations of the following

forms:

r=— P = s=—" 23
pa—a+1 ufp—p+1’ vy—y+1 (23)

Similar replacements of integration variables were executed in Ref. [1], and the details of such
transformations are expounded in it. Therefore here we bring at once a result over

0+) (0+)

X, = _#a(l_ay%(l_ﬁ)%(l_y)% [ e a-n™ J (—u) e (1= u)"e x

1

L im( vlay—c) u(af-b) plaa—d)
< Jep e (1_ a-)  a(f-1)  a(@-1)
(24)

uv(f—cf-by+apfy) +up(g—ba—dﬂ+aaﬂ) N vp(h—ca—dy+aay)
a(f-D(y-1) a(a-1)(-1) a(a=1)(y-1)

uwvp(fa+hB+gy-cPa-bya-dBy+afya) j_l dpdudv.
a(a-D)(B-D(y-1)

Further we choose free parameters «, £,y such that corresponding coefficients of products uv,up,vp to
be equal to zero. Then these parameters are determined as solutions of the following algebraic equations

system:
{f—-cB-by+afy=0, g—ba—-dpf+aaff=0, h—ca—dy+aay=0}. (25)
Two sets of solutions look like:
_)l d+ (bd —ag)(cd —ah) ,,B—)l bt (bc—af)(bd—ag) ,
a bc—af a cd—ah
(26)

7_)1(ci\/(cd—ah)(bc—af)]‘
a bd—ag

For coefficients of remaining addends in the denominator of the integrand in (24) we shall use new
denotations:

p_@h=b) _(ay-o)  _(ae-d)
' o@p-a) ' (ay-a)’ ' (aa-a)’

27)
= fa+hfB+gy—cfa—-bya—-dpfy+afya
1 a(l-a)(1-B)(1-7)
As a result of the transformation of the integrand in the internal integral (with respect to o ) in the right-

hand side of (24), we find that this integral can be taken using a residue method. Assuming that a pole
(1-byu—c,v) / (d, —r,uv) is found to be out of integration contour, we find
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(28)

O 5\ (12 5)' e l—ub —ve, ) 1—d, —ub, —ve, +uvr,)
_ (=p) (1-p) [ _ y 1 1} dp :_21.71_( 1 1 1 1) ‘
| —ruv

1 (d, —ruv) (1-ub, —vcl)m%
Taking into account the equalities (25), (26), (27) in the integrand of (24), in the result of the substitution
of (28) in (24) we obtain
1 (0+)

Xy = =—(=a)" (1= )" (1= )" [ () (1=0)"x
' za 1
(29)
(0+) . ) . )
X J. (—u) " (1-u)" (1—ub —ve,))” " (1—d, —ub —ve, +uvr,) ™ dvdu .
1
Assuming that the following relations take place:
[b,1<1 and |b,/(1-¢)|<1, (30)
we carry out such an expansion in a Taylor series:
—1-i e - (1+177c)n n n —1-n—i c
(1=ve, —ub,) ™ —;T(—bl) ()" (1=ve)) " 31)
Substituting (31) in (29), we find
1 i i i
Xop ==— A=) (1= )" (1= )" x
ma
> (1+im,), ,,(OH i, in, —n-l-in
x Db [ A (v (32)
n=0 . 1
04)

x j (—u)"il*i"“ (1—u)" (1- d, —ve, —ub, +uvr, ) e du} dv.
1
To expand the third power function in the internal integral (with respect to variable «) we use the method

of infinitesimal linear-fractional transformation. At first we perform in (32) the following linear-fractional
transformations:

s t
e LA B (e VI 9
As a result we obtain such a form of the representation of the overlap integral:
Xy, = = (=) (1=d) " (1= (=) (1= 8)"
) [(1 L)y 1=y [ (1) (1 e J ’
por n! 1 o-1
(34)

—n-l-in . (0+) —-n—-1-in
S(5 —C ) ¢ n—l-in in tA ¢
-7 —t “(1-¢)"| 1 ——— X
( — j [ a-n ( P

y [1_ s(e,—6(1-d))) b -4A(-d) . st(=6b, — e, +6A(1—d, +,~1))}"% dtdtds}.
(1-9)(1-d,) (A-A)(1-4d) (1-6)(1-4)(1-4d,)
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We next choose the values of parameters 4 and & such that in the last power function in the integrand in
(34) a coefficient of st is equal to zero, and a coefficient of s tends to zero in the limit:
G
1-d,
Then dependences & and A on a infinitesimal parameter & lookes like:
bye, +(d,—Dr, b,

S g, Ao- + 35
1-d, e(d, —1) 1-d,” (35)

1

-0=¢—0.

o—>

We denote a coefficient of the variable ¢ in the same power function as f,. Then in the linear
approximation on & we obtain
bl_/l(l_dl) (l_dl)(b1+d1_1)

T aeha—dy Y e —amdon (36)

Now at t#1 the examined power function can be expanded in powers of a small parameter
se/(1-8)(1- £,1)) . The result can be written as follows:

lT]c
[ 1, - 5] = S EEIe gy mam sy -y (7)
m=0

Performing the substitution of the expansion (37) in the integral (34) and changing the orders of
summation and integration, we integrate the series generated by the expansion (37) termwise. Then the
expression (34) trasforms to a double-fold series, the terms of wich include the product of two contour
integrals, either of the latter is integral representation (46) from Ref. [1] of the Appell function of two
variables [20]. The integral representation (34) then becomes

Xo,a) = 4.77[((1_a)(1—dl))fﬂc(1_13)1'77‘1 ((1_}/)(1_5))1'7717 y

lngi(aﬂm) L)y o gy z((—iwm(—im)m )

X
nln! o m!m!
(38)
0 O-c
x (1=-0)"&"F,|m—in;—nn+1+i m+1— L x
(1-9) 1( My 1.5 5o 51)
X

Fl(n—ina; —in.,n+1+in;n+1; fl’iﬂl)D

After substituting of the relations (35) and (36) in (38) and taking the limits at £ — 0, we find, that, in
force f, —1, only the second Appell function, the first argument of which becomes equal to 1, transforms
to a Gauss hypergeometric function of ,F;. Although the first Appell function, depending on a finite at
& — 0 value of a parameter 6 , does not transfom to a Gauss function, it can be represented as a binomial

sum with the growing upper limit » and with elements including Gauss functions. Thus, in place of two-fold
series, as in Ref. [1], in this approach as a result we obtain the following three-fold series:

~B) b, +d, =D (1= ) (=, —d, +1) "
d -1 1-d,

in 1
X,, = 47”((1—a)(1—d.)) {(

¢ +d —1 s (m—n)!n! l—c¢

) ((1—c1)(b1+d1—1)J S znam[z< in, ,,,n(1+znc>n[ b, J
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(¢, +d,-1)(b, +d, -1

byc, +(d, —1)r,
X
1-d,

m-—n b
)j 2Fl(lﬂ'na,n+1+i770;m—n+l;—1j X

N (_iﬂb)mfn(l"'iﬂb)k n ¢ '
* kz::; (k+m—n)! (k}( J * (39

x ,F, k+1+i77b,n+l+inc;k+m—n+1;cl—d' )
(I-¢)(1-4d))

Parameters b,,c,,d, are defined by the relations (27), and parameters «, S,y are defined above as one of

two solutions (26) of the system of quadratic equations (25). And, finally, the parameters included in right-
hand side of the relations (27) and (26) are expressed through wave vectors by means of the relations (22).

Here it should be noted that very ordinary power expansion of the function (1-vc, — ubl)_l_m" gave rise to an

appearance of the Appell function, not reducing to the Gauss hypergeometric function, and to an appearance
of the additional limitations (30).

4. The simplest analytical representation of the overlap integral

Contrary to that, the application of the method of infinitesimal linear-fractional transformations to expand
as well a power function (1-vc, —ubl)flfmf results in the final analysis in the Gauss hypergeometrical
function instead of the Appell function in the terms of the two-fold series. We have showed that we obtain
then, within denotations for intermediate parameters, the same representation for the overlap integral (17) as
found in Ref. [1]. Such result, in actual fact, is to be expected. Indeed, as a result of applying of three linear-
fractional transformations to the initial three-fold contour integral (21) and of obtaining of the internal
integral by taking of a residue in a pole, we find the equivalent representation (29) of the overlap integral
(17). But parameters, including expressions that depend on particles momenta are expressed throught
radicals in according with (26) and (27).

In spite of that, when we apply the method of infinitesimal linear-fractional transformations to expand
both power functions in (29) in the process of transition to limits with respect to infinitesimal parameters all
the above mentioned radicals disappear from limiting expressions. Then overlap integral (17) is presented in
a form of the following two-fold series:

4 cﬂa—b—d+gﬂa—c—d+h)Hm(l_b—g)%(l_c—hjﬁx
e a—d (a—b)(a—c)(a—d) a—d a—d

X

i[(—im)m(—im)mi (+in), in),, ( be-af j

s m!m! s n! (m—n)! \(a—b)(a—c)
(40)
Sd-a)teb-g)=hb-g) - F|\1+in, n+1+in,; m+1; _bd-ag X
(a-b-d+g)(a—c—d+h) 2 @ < " (a-b)(a—d)

| 1+in,, n+1+i776;m+1;(:d;ah .
(a—c)(a—d)

As a result of comparison of the relations (22) with the similar relations (26) from Ref. [1] we find such
substitution's relations:

a—>a,, b>b,c—d,, f—>-h,d—>a —-c, g—>b—-f,h—>d —-g, .

0?
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Executing these replacements, we will find algebraic representation of the our overlap integral in the
following form:

I+in, l+i17€ in, in,
X — 4_72- C() _gO al)(cl) _f‘O) I_L 1_& b ><
R (a,-b,)(a,~d,) ¢, ¢,

Z( l77( nzn(1+l77c)y; bd +ah !
& mm (m-m!  nl |(a,~b)(a,~d,)

X

[
,-\
§
v
,-\
§

(41)

Jo8o *,h, | 1+in, ,n+1+in,;m+1; ———>= a,Jo=bsC, X
(c, =), —g,) (a—b)c

X

K 1+i77b,n+1+i77€;m+1;a”g”—% .
¢,(a,~d,)

We have derived exactly the same representation, that in Ref. [1], with the same definition of initial
parameters, namely:

a, > ¢ +o*, b, >-2(G-k)-iwk,)), d, >-2(G-p,)-iop,),
¢, > ¢’ +@’ -2((§-G,)+iwq,), f,—>2(~(Gk,)+iok, +(k,G.)+k,q,), (42)

8, 2(-(G-p)+iop, + (B 4)+ P,a). k> 2(k,p,~ (B k).
Obviously, that an expression (41) is more simpler than even an expression (40).
5. Conclusions

The method of calculation of Coulomb desintegration of a projectile in an external region, offered in this
work, uses the distorted waves approximation while the main part of a Coulomb breakup amplitude is
determined in zero-range approximation for interaction of clusters composing a projectile. The effects of its
structure can be taken into account by the corrections of the first and second orders due to a finite radius of
clusters interaction. In the presented method these corrections are determined by expansion of wave
functions of ejecting particles with respect to powers of relation (r/R), which is assumed to be small in
external region. Then a characteristic quantity which determines an exactness of calculation of a Coulomb
breakup amplitude will be (7, / R_.)*, where rpy and Ry, set the radial sizes of the model space in the

CDCC method. Then, for example, applying our method to the treatment of data [16] of the GSI experiment,
for good channels discretizing it is possible to choose 7y, = 200 fm and R,.x = 800 fm. In this case K.x =
=279 fm™" and L. = 22311. Such an order of values of angular moments requires the special method of
solving of the coupled equations system of discretized channels.
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Ob AJIBTEPHATUBHOM NOAXOAE K AHAJIMTUYECKOMY HNPEACTABJIEHUIO
AMILIATY bl KYJIOHOBCKOI'O PA3BAJIA

A. Il. Unpun

[MpennoxxeH 0OHOBJIEHHBIM METOJ] yUeTa BKJIaJa KYJIOHOBCKOIO B3aMMOJAEHCTBHUS OT BHEUIHEH MPO-CTPAaHCTBEHHOMH
o0ylacTi B aMIUIMTYAy pPEeaklWW pa3Baia, YYUTHIBAIOIIMH IMONpPAaBKM IEPBOIO M BTOPOTO MOPSAAKOB Ha KOHEYHOCTh
paaryca B3aUMOJCHCTBHS IBYX KJIACTEPOB, KOTOpBIC OOpa3yrOT paclaiHyl0 HajeTaromlyio 4dacTuiy. [Ipumenenue
3TOr0 METOJa KaK COCTABHOW YacTH METOJa CBSA3aHHBIX KaHAJIOB C AUCKPETHU3AIMEH KOHTHHYYMa JOJDKHO 3a4UTEIBEHO
COKPaTUTh pa3Mepbl TPeOyeMOro MOJEIBHOTO MPOCTPAHCTBA M TAK)XKE YMCIIO CBA3AHHBIX YPAaBHEHHWH, MOJICKAIINX
pemenuro. [loka3aHo, 4YTO MOAXOX, HE WCHONB3YIOIIMA METOA WH(PUHUTU3UMAIBHBIX JAPOOHO-JIMHEHHBIX
npeoOpa3oBaHUi Uil anreOpandecKoro MpEeACTAaBICHUS TJABHOW YacTH aMIUIMTYIbl KyJIOHOBCKOTO pa3Bala, B
pe3ynbpTaTe faeT OoJjiee CIOKHBIE BBIPAKEHUS, YEM C NPHUMEHEHHEM 3TOro Merona. Takum oOpa3oM, B pe3yibTare
JBYKpaTHOTO MPHUMEHEHHS YKa3aHHOTO NpeoOpa3oBaHMs K HHTErpaly IS aMIUIMTYAbl KyJIOHOBCKOTO pa3Baia,
OIIPEJICTICHHOM B MPUOJIMKEHUH HYJIEBOTO paJinyca, NOIyueHo anredpanueckoe BEIpaKeHne Haubosiee mpocToro BUAA.
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PO AJIBTEPHATUBHUM NIJIXIJ 10 AHAJITUYHOI'O NPEJCTABJEHHS
AMILIITYU KYJOHIBCBKOTI'O PO3BAJIY

A. Il Inbin

3anporoHOBaHO OHOBJICHWII METOJ YpaxyBaHHS BKJIQJy KYyJIOHIBCBKOi B3a€MOJII BiJl 30BHIIIHBOI IPOCTOPOBOI
o0J1acTi B aMILIITYly peakuii po3Baiy, 10 BpaxoBye MOMPABKU MEPIIOro Ta IPyroro MOPsJIKiB Ha KIHEUHICTh pajiyca
B32a€EMOJIIi JIBOX KJIacTepiB, SIKi YTBOPIOIOTH PO3MagHy HAIITalody YacTUHKY. BHKOPH-CTaHHS IbOTO METONy SIK
CKJIaZIOBOi YaCTHHH METOXy 3B’S3aHHMX KaHAJIB 3 JAWMCKPETH3alli€l0 KOHTHHYyMa MOBHHHE 3HAYHO CKOPOTUTH PO3MipH
HEOOXITHOTO MOAETHHOTO MPOCTOPY 1 TAKOX YHUCIO 3B’S3aHUX PIBHSAHB, IO IUIATAIOTH PO3B’s3Ky. [lokazaHo, mmIo
MiAXiA, KOTpUil He BUKOPUCTOBYE METOA iH(IHITI3IMAIEHUX IpOoOOBO-NIHIMHUX MEPETBOPEHB IS IPEACTABICHHS B
anreOpaiyHOMY BHi TOJIOBHOI YACTUHH aMILTITYIH KYJIOHIBCBKOTO PO3Baily, B pe3yIbTaTi Aa€ CKIAIHIII BHpPa3H, HIX 13
3aCTOCYBaHHSAM LIbOTO METOAY. TakuM 4MHOM, y pe3ylbTaTi JBOKPATHOTO 3aCTOCYBAHHS BKa3aHOT'O IEPETBOPEHHS [0
iHTerpana s aMIUIITYAM KYJIOHIBCBKOTO pO3Bally, BH3HAueHOI B HaOJNMKEHHI HYJbOBOTO pajiyca, OTPHMaHO
ainreOpaluHuil BUpas3, 110 Ma€ HAUIPOCTIIHMH BH.
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