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Recently, Austern et a,I.l) have developed a three—body model to describe the

nuclear inclusive break—up reaction,

atA = (b+x)+4 — b+ (x+4)
' all states

where a and b are taken to.be structureless. The cross-section derived by-1) has the

following general structure

2 2 2 ' .
de _da'EB+daBF . M

d0,dE, ~ d0,dE, " d0,dE,

where the elasiic break—up piece,l d?gEB is-given by.
' dhdE,

d'“’aEB ZWP(Eb ) Ny e )2 -

- 2 |<x ¥V, 196E)>) @
and the inclusive inelastic break—up, or break—up—fusion (BF) piece d?gBF is

dit,dE,
represented by
dza‘BF 20(Ep) | —
~—w | <EPIE W, G at @)

b

In the above formulae, p(E,) is the density of final state of the spectator particle b, vy

the velocity of the projectile. The y,s are distorted wave, va is the real x-b

interaction potential, _W the imaginary part of the- x—A optical potential and mp("’)




the b—x—A three—body wave—function calculated with appropriate optical potentials

Um, U and with Vb .

R)acently, Frederico et a.I.Z) and Hussein et a1.3)

have analyzed the Austern

cross—sections, Eqs. (1), {(2) and (3} with the Faddeev equations. Related works were done
4

by Ichimura. ) and Austern et 31.5). The three—body model is an important advance in the

dévelopment of a- praétical theory for- inclusive break—up reactions. Further, from 2) and

3}, it was possible through the use of ¥y and the Faddeev equation, to establish -

interfela.tianship among several different theories of IB such an that of Udagawa et al%

and Hussein and McVoy7).

It is the purpose of this paper to smﬁply further analysis of the Austern formula and
in particular, to.point out an important ambiguity inherent in it. This ambiguity, which is
derived in- details below, i3 connected with Eq. (3) and asserts that, with no other
assumptions other: than those. used in deriving the Austern formula, it is possible to
re~write Eq.(3), with the overlap <i1f§t)|x]§_)) replaced by <'If lkb). This is
clearly a serious problem since ]xl("')> ia very different from lkp> . The ambiguity is
traced to explicit many—body effects completely ignored in the three—body model.

To begin, we write below the starting point for the derivation of Eq. (1),
d2q 2zp(Ey) (3 @ 2 c
WdE, = T, Z <, LIV, IE (fx t.A)>|" {E-E -E) 4
c

where \I!:;A is the exact wave function of the xA system, and = is the exact 2+A

body wave function describing the x-~b--A microscopic interaction.

3 .
Another; equivalent form, for ?E%%EE can be derived easily
"

3 27p(Ey) o
a%;ﬁE; TTE' <k mﬂl(v y U S (r,A)> |2 E-EET)  (5)
[

where Uy, is the optical potential of the spectator ba.rf;icie b.
To derive the Austern formula from Eq. (4), we' proceed as follows. We write the

following decomposition for the many—body wave function =
E=PE+QE , ()
e
where o . PE = \I'Sb.ﬂ?A. o (N

where (I’: is the ground state wave function. of the targe nucleus. P = reprosents the
Austern approximation for Z=. With this. approximation and several manipulations
including an-exact optical reduction, one obtains Eqgs. (1}—{3). For details see Austern et
al.l} and Hussein et al.3). It is important t¢- note that with the- optical reduction, all.
reference to the target in Egs. {2)—(3) is contained implicitly in the optical poténtials that -
enter in the equation that determines ‘Ir("’)

We turn now to Eq (5}, a.ud eva.luate the cross—-secnon w;th the Austern

approximation Z~P Z, Eq. (7) We rewrlte then, Eq (5) as

2rp(Eg) .
d?r _ _ “TP (+) T
A, = T, 2, <Iy ‘1’A|(Vh+Ub)|k v, ><k, v, -

. (VX'B+UB)|‘I':(5:)-.@":> §(IE—E;—EC)"' _ A (3)
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Upon using the identity- 6{E—E —Ec)'=--—1m'-'-——1L and: <qr; Al — =
: ] o E—Ex—Ec+1e E-Ex—Ef+ie
. 4y . S
| G <\If |, we ha.ve
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where the relation ¥ I‘I!;A>_<tII;A§ =1 has been used and the optical x~particle Green's
¢

fanction  GUP(E ) =EF_K§UEEE<@§|GS)|¢;>. Further, the identity,
t t
Im.Gf:) =-G£+)' W, G)(j') —ﬂiﬂ Im G‘({H ﬂ£+) has been used. We now employ
the-identitiesS)
GEP (| (Vept U (B> = G4 689 (k> = (k0> (10)
aﬂdg)'
<V T | (Vo U B> = < 4 DOv, el (11)

to obtain finally for the cross—section the form of Eq. (1), with the EB one being the same

as before, except that the BF component is now given by

2 BF 2p(Ey)
%T%dE; = - @(”{kb) W, (& el gt (12)

To summarize, we have started with two alternative representations of the same

transition matrix element <x(') v mivxbhlf“') o,> and

b
<k ¥ m|(V +Lb}|\11(+)¢t > and obtained two entirely different forrus for the

break—up-fusion cross—section, Eqgs. (3) and (12). The elastic break—up cross—section is

invartant with respect to the particular representation employed for the transition matrix

element.
d2g5F
One particularly important difference. between the two representations. of
: b=
is that of unitarity. Ihtegrating Eq. (12) over f(b immediately yields
2p(Ey)
BF _ "M\ {+) (+)

which represents the total reaction cross-section assoctated with the flux lost to the

. d?o5F dr{b
break—up channels. On the other hand the integral f TaE 3
b (2%)

out easily since | X,(D_)>< xl(,_)l does not form a complete set even if no bound state in the

cannot be carried

bA opti.ca'l potential is permitted. This is so owing to the non—-Hermitian nature-of Uy, .

An approximate closed expression raay be obtained by the tra.nsforma.tionm)

| s <D =

dk -, .. _ o R
fm;s [Ix.(r)(kbb + 65 u,—ud) x,‘,‘)(kb>] <Od)

It

dky, v
1+ f — aPU DD E s <O EY
(27)3

when {x> denotes the dual state of | x> , which results in the following
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w1 = < e

¢ dk,
= = DI E) U)W GOEID> -

‘Therefore the "plane—wave" total inelusive inelastic break—up cross—section obtained from
Eq. (12)* is related to the Austern {"distorted—wave"} total inclusive inelastic break—up

cross—section, Eq. (3}, through the following equation

. dip(Ep) =
B = uaan T, | <1670 W17

: di;b
(2m)*

,m(xb Ny 12> (15)

Clearly, Tpw ’E % pastorn
cross—section: is. formally identical (see previous. discussion). Note that the second term: on
the: RHS: of Eq-(I‘.S)-, aithough not manifestly.real-., must come out to be real, since the
Austern. cross—sectlon, Eg: (3) i3 obviously real!
It is cbvious that the ongm of the above amblgmty is the neglect of QZ in
Eg. (6). This com_ponent of the wave function is the one that carries information about the
many—body nature of the inclusivé break—up process.  The explicit consideration of Q 2,
should Tesolve the -ambiguity. -However, this clearly brings in a vicious circle since the
resulting t.heorir is- then fufl—fledged many —body theory quite apparently unresolvable. A
more modest approach such as that of Hussein and McVoyﬁ) or of Baur et a,l.ll) should be

the alternative for a practical theory.

although - the starting point. of the derivation of the .

In conclusion, we have pointed out in this ﬁapgr- 2 serious problem. with .the
three—body theory of inclusive break—up reactions. advanced recently by Austem et_al-...l). .
The solution of this problem _wbuld neces's'a.riiy- ta.ké- s’ to.. thé- realm  of many—body
complications. A viable alternative would be those theories based on simple DWBA

description of the incident channel.
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1

If

G{Pky | — (Ky+K +U,—E) (9{F>

_l - - b I -
= 6N @ &1 uiHs + o (&, [(KK OS> = (ko6
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