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1. INTRODUCTION 
Star l ing from a formalism of effective numbers for the inclusive integral cross sec

t ions of (p,n) with formation of quasiclast ic and Л-isobar nuclear exci ta t ion we obta in , 
without free pa rame te r s , a satisfactory quan t i t a t i ve description of the exist ing exper
imental da ta . The theory gives a factorized form which allows for a useful separat ion 
of the react ion anil the s t ruc tu re of the light and. heavy lea i t ion par tners . We have 
now been successful in using this formalism with only small inodilii at ions for ( ' / / ' ,t) 
u.H I ions at ii ile ["mediate energies. We argue h o in t he similarity of t he cross seel ions for 
I he ( p,u) and [ 411 , / ) reactions ob ta im d by removing the form factors of ( 41c. t) from 
I he cross sections a nil br inging the ex per ill lent a I da t a lor different energies to the same 
energy. It is shown that the reaction mechanism loi the processes (p.n) and ( J / / i . / ) is 
m principle essentially the same. 

2. PRECIS 
Inclusive reactions of the t y p e (e .e ' i . (p .p ' l , (л.-'), (p .n) , ( ''tit, / ) . {''l.i.''llt ).... 

provide a basic source of information on effective NX and .ЧЛ interact ions , react ion 
mechanisms, and on the nuclear s t r uc tu r e at in te rmedia te energies. The knowledge of 
spin and isospin componen t s of NN and NA in teract ions is still somewha t poor in spi te 
of a subs tan t ia l a m o u n t of works (see for example the review talks in Ref.(l j) . 

Thus, the theoret ical unders tand ing of these reactions is lar from satisfactory [2]. 
Specifically, since large energy and m o m e n t u m transfer is involved, the t radi t ional meth
ods have to be re-examined to see if approximat ions tha t were m a d e at low q and ^ are 
still valid. New a t ten t ion has to be given to how one may correctly separa te the nuclear 
s t ruc tu re effects from the mechanisms of the reactions at in te rmedia te energies. T h e 
analysis of the processes is significantly complicated by collective exci ta t ions of the type 
( Д / V - 1 ) , i.e. Д- isobar plus a nucleon hole [3]. The renormalizatioii of the interact ion 
;ViV — N A in nuclei requires further investigations [4]. Fur thermore , proper calculat ions 
of the distortions in the en t rance and exit channels including the "exchange ' ' t e rm ( the 
Pauli principle between the projectile nucleons and the bound target inn Icons) are not 
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clear cut | 5 . 6, 7]. And finally, a main subject of investigation and a major pa r i of I his 
paper is tlie connection between the mechanisms of charge-exchange on a nuclear largel 
compared to a free proton target [8]. 

It is necessary to keep in mind tha t a characterist ic feature of the inclusive t reat 
ment of cross section', is t h e lack of sensitivity to dc tans of the s t ruc tu re of the target 
nuclei. Following t ' ie terminology of Refs. [5, 7| we may refer to this as the "uni
versality" of inclusive cross sections. The "universal i ty" in the theoretical calculation'; 
displays itself as an essential independence of the results to the choice of the basic shell 
model functions. For example , wave functions of tlie Saxon-Woods potent ia l , oscillator 
wave functions, quasiclassical or even the Kenni-gas wave functions give the same cross 
sections within an accuracy of about 5-1U/'. Th is "universal i ty" manifests itsi If in the 
cross sections of the charge-exchange reactions, which lonlaiii all information about the 
:Y:\ — Л'Л-interact ions in nuclei and of the reaction mechanism, being smooth functions 
of a rguments such as t h e mass number .4 and the energy of the projecti le. 

In [8] (see also [9]) we showed tha t under definite condit ions one can establish a link 
between the cross sections of the (p.n) charge exchange reaction'-, on nuclei and on the 
free proton (referred to as an "e lementary" process) 

г/П„ .«!,. l 

We will recall our a rgumen t s in Section '.i. Here .V --- (7. + '-.\ ) < f > is the effective 
number of nucleons par t ic ipa t ing in the process ( / ' . " )л - l h ' ijUanlity < f1 > is a 
folding of the target density with the Glauber absorption lai tor and leads to an ell'eclive 
( reduced) number of a i t i v c nucloons. compai ison wilh data and an extension of the 
theory are given in Sections -1 and ">. 

Л main aim of his con tri but ion is also to discuss common pro] и . t es ol integral i loss 
sections of inclusive ( ' / / ( . / ) and (p.n) reaction, lor / > II.I; < !e \ / Л in the Д isobar 
exci ta t ion region, on t h e basis ol the ellect ive -nuinbci appi oxinul iu t i . Aside lrom ' h e 
form lactor we will, in Sei tion G, argue that these reactions h.ive ibe same underlving 
reaction mechanism and tha t the cross set 1 ion can be given a I.n tui i/ed form in tei ins 
likel I ) of the nuclear s t ruc tu re ol the par t ic ipants in the le.n lion. 

3. RELATION BETWEEN THE INCLUSIVE 
A{p,n)±B REACTION AND THE 

ELEMENTARY PROCESS 
In Hefs.[8. 1U] it has been argued that the A(p.n)$H reaction can be described in 

the lramework of dis tor ted waves. In this approach the iuvaiiaul MOSS section is given 
by (c:=/i = l) 

where sums arc over the angular moment mn ptojei tioii (|ii.nil inn numbers ;mcl the tinal 
channels f. In iirsl UKICI Hum approximation the m a i n s element wl I lie 1 opera tor can 
he wri t ten iis (spin cooi mna tes are snp|>i i-^мч!) 
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'Ппл.л - < ••Ч\!;1(£.-'Г)*ИНД(Й ы] i E ^ e v ' ) I 

/i{\!."(t,..0*aiJiA;i(f, . - , ) }>. (:)) 

In (J) and in the following we use a notat ions wheie: E{ — ( / " I ш ^ , ) ' ^ is the energy 
of the incoming [>roton with impuls /J, and mass m.v, /,',1 = (/J,i + Л/Д ) ' ' 2 is the energy 
of the target-nucleus Л, .i,\,\ is the s<piare of the invariant mass of the sys tem р + Л, 
\[.r.y.:) -• (./' - i/ — ;)' - Ay: is the kinematic or t r iangular function [11]. T h e quan
tit ies /',. l'Al /'„ and Pj are the four momen ta of the project i le-proton, target -nucleus , 
icgistered neutron and nor registered final fragments (for example , f=B + A ) , respec
tively. Formula {'Л) is given in the CM of р + Л. It contains the wave function Фи1|.;,м, of 
the target -nut lens Л with the spin ./, and projection .1/, and other q u a n t u m numbers 
и . in overlap with the wave function Ф# + д of the utiobseived system. Fur thermore . 
\J.1 I \ l , ') are the dis tor ted waves ol the iiк idenl and exit channels . I ул ' s t l | ( ' t ran
sition opera tor for NN--> Л'Л and Л the ant isymmet rizei. I lie factor [2('2./( + I ) ]~ ' ill 
formula ('1) is due to ave rag ing / summing over the projections ot projecti le and target 
spins. 

In Kefs. I"), G, 7] it was shown that the usual me thod ol evaluation ol d is tor ted waves 
\ , . ' ( \1 . ') in the framework ol the optical model underes t imates the cross sections be-
i ause this me thod ignores the cont r ibu t ions ol processes due to incoherent re-scattering 
of protons (neut rons) on nucleons in the target nucleus (residual nucleus В + Д ) . This 
elTect can be taken into account using the dis tor ted waves in d a u b e r approximat ion 

.1 

^Hh.-n == V>*rv-.j;,l>j;;.-r)Y[[\ - Г ( Й - Ь3)0[:, - - ) ] ч , „ ( а ) , ( • ! ) 

\[
иЧк,..г)^Ш) ,'!,.1-11(1к;.-г)\[\\ -ЦЬ-^)0(:- .:,)}U.(S). (5) 

where \'{b\ is the profile l u m t i o n . 

IV')- ~-т / '."*' : )-'Vvv(./)' '- '</- (*») 
Zirik J 

Here b is the impac t pa ramete r , ц is the transferred moiiieiitum, /1v,v('/) the nucleon-
nucleon sca t te r ing ampl i tude , \m(S) t he spin function of a nucleon with t h e spin 5 and 
project ion m, while B(z) is the s tep function 

etz) = l ' i f " - ° 
\ 0 otherwise . 

Using the completeness of the s tates of the nonregistered fragments the inclusive 
cross section of the reaction A(p,n)aB can be wri t ten as [5, 7] 

d°M^B = [dQ[**M]^,+,-*+b»(M)< ( ? ) 
dS!„ J a\ln 



w In-u' /!' \ K^ )]'' is 1 Ik' i nun км it ш u disi i ilnil ion I I he niu leoii- 111 inn In is Д. pai I i< ipal 
пел in the <liai ge exchange r e a d i o n . 

l l i r lolal m o m e n t u m distr ibution fiiiii'liuii [Фд (Q)]*' can he expiesscd l lnoiigh I In • 
parli.il d is t r ibut ions ul' protons [Ф:)(У)Р and neutrons [Ф;] \Q )]:. 

where ' is (lie ibutopir weight fat lor for the (Trillion ol a _V isobai on the nenlron. 
Ihi ' о!Гес1г.с number of prot/ons (neutrons) par t ic ipat ing in the- proeess Л( /л / / )д /4 is 

delincd by the i i i lcgiatcd impuls dis t r ibut ions . 

\v-= [dQ[*$W)\-. IIII 

will; dislorled waves folded in (see eip ( 1;{l below). In I he plane wave apptoNimal ion 
t h e e l l e , t i \ e m u n h e r s a r e e 4 n a l I о Л ' ; Ч / ' И i - Y. . { \ ' , ' ( М Г i ', V ,. w h o l e 7.1 N ) is I l ie 

n u m b e r ol l l i e p r o t o n s ( n e u i i o u s ) in n u c l e u s Л . 

I h e p r e s e n c e o l t h e l l l o lneu l nil i o l a n ml r a m i , lea i n m t e o u (J a n i o n s t h e . и e < I 

i n e n t ^ ol t h e e r o s s s e e l i o l ! ol c h a r g e - e x c h a n g e on a u n - l e o n in l l i e u i u h n l i n e d u i l i i 

i l ' i l , , , ..,, , ^ < , I / ' , . Q )/>/!!,, p o i l i l s l o l l ie p o s s i b l e n n c . s i l v l o 111, h i d e t h e effects ot going 

oil mass shell. However, in the invest ien led гец'шп ol e n e m i e s /,. .• (I.li C,r\ . the 
inllnenee ol the oil"-mass shell cliects ran be neglecled as ihe moineiil imi ol llie iii 
i i d e n t n l l e l e o n I', a n i l t h e I r a l i s l e r l e d inoIIH'lll lllll ( / o b e y I h e c o n d i l i o n s \ l\ j^>s l'r 

a n d ' (j ' >,- I']., w h e r e ' \'\. is l l ie l - 'enni m i I.."Ill i n n . T h e p o i n l i~ i l i a ' t h e s l l c l l g t h ol 

l l i e i nl el a i 1 ion d e p e n d s , oil I he m o m e n t lllll of I 111' ill. i del it p i n i o n I', a ' 1 oil 1 li.it о I 

an i l l t l a u u , leal tn ie leo l i Q by I / ' - ' , ( ' - ) " ' " . so t h a i l l i e l o l a l l o r r e i t i o n for lh<' I ' c r i iu 

motion o| Ihe nueleons and I'oi llicii binding does nol i-xo-nl :i j ' i . III addi t ion, llie 
oil mas-- ^hell ellei Is inlhlenee I he Л -dependenee ol the iiilem al i in lus'ive t ros> sect ion 
ol . l l ; i . и \± /». that wi are iniere- ted in. rather \veakl\. I hose i onsulorat h us allow u-
l o Use l l l e l o l l o w i u y a p p r o x i m a t i o n 

tin.,, . . . _ } ч yl'.-Q) ' ' " , . , , . . - , - . V il\-Q - 0,1 i/т, , , . . . j , . l / ' : ) 

Л - we n i l . sliow . H I Ills a p p l o x i l l l a l i 

•И, ' 1лЬ' ; - ' / л , , , - ' , -!•• ' ' ' 

111; 

,e l o i i / e d . a s fo l lows 

I 111 

v. h e i e I h e i p i a n l it у Л' I We now t l l o p s i l l , i.-. и j) i T I s. 1 I p i s , \ I A l l l l . e I lie si Uip le CX p r e s s i o l l , 

.V - I •IQ[^[Q)Y :- i'Y. i i.V) /,/r>( Г,1|-'| h..:i : [Y. I ̂  V) < / J ,. . \V1) 

I h - r e •: /•' ^ is I h e e l le i -t ivi ' lilt l o r ol a h s o l pi i o n . /ilr'.l is I lie o n e n u c l e o l i d e n s i t y w i t h 
I In- uoi inalizalioii | tlrpir) - 1 and / - ( / , . ; ) llie ( i lauhei l.uloi ol ahsorption 

/•I'..--) i d - ^ - : ( ^-v . i / , , ) ) ( i <х.- . .":, 'лЛ ( / л : ) ) 1 ._ £ £ / { 1 Л 1 1 | ! , ; ) 

http://parli.il
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/:',л.,(Л.-! Yl Y. ( \ ) " - -f'-i ' '---))' '^"! -jV''-l''' :DV 

/1 
_;; } ( i - ^ • / • , ( i . , ) ) - , - v » ( ^ > v + ( b . - - ) ) ^ (i:i) 

l le ie rr'"v (IT^'Y) is the lutal : i')ss section ol proton Ineutron puiirlcon sca t te r ing and 
,т Ч ' a l ' \ I t n r corresponding clastic scat ter ing iTOSS section. Flic thickness functions 
/ , a i r given liv the s t anda rd lornis 

f x 

'/•-(/...-) = /1 J' JMilf + W')-

M i l 

С I •"• i 

Км inula [ l'i) 14'prcsiMit s I la- dec с imposition и I I lir alisorpl ion factor over the number ot 
cpiasiolaslic collisions Л., (Л„) ol ejecl ilc-prolons (outgoing neut rons) with t h e nucleons 
of nucleus Л (H). It allows us to represent the elleelive numbers ;n tlie physically 
i i .insparenl lorin 

Л ( / i .VI / ,/, (Ki) 

(H'«) 

where tin' kilter will he relei red to as pall ia! olleclive numbers . Kach of the partial 
sums describes the contr ibut ion lo the lolal cios- sec lion I rum clehnile «roups of linal 
si.lies ol the system И -\- Л . For example . Am, lo i responds lo generat ing llie s ta le 
. Л Л ' I in 1 he nucleus H in t he i eac I ion: I he Л m con e*i muds i о t he prot ess where t h e 
пи M e n I p r o t o n e x c i t e s at t he l ie i ; iuml l ! i .1 si a t e ( I p- 1 h ) in n u c l e u s Л a m i o n l y a f t e r t h e 

charge е м haiige process the s tale I Д А ' | is generated. (Iciicrailv il /•-, -f i.'s = i this 
means I liat in I he reaction :\(i>.n\±li one generates I he ox filed s ta le (ip -ill) + ( _ W ~ ' ). 

Assuming charge symmet ry allows us to simplify expression (I-tl somewhat, since it 
implies equality ol the elementary cross sections <т,,\ -- c7,(v — v_x\, and consequently 
instead of I wo functions / ^ it is possible to int roduce one lunclioii only 

id) = r.\b.:) + v+(b.--) = л J di,.\\ir +r']"'-'h (1 I») 

In I lie case ol large1 mass numbers .-\ :§> I we obtain t lie welhkinm u e ikon a I approxima-
l i o n 

J'L ••• '•'•/'!-1 "'\\ - " u U ' l ' l j . П7) 

En uhl amilig (IT) Iroui ( 1 Л ) we have used I he slllool h eneig\ dependent с of t he с loss 
sections т^л'С',.) and <т„,\(7'„). l ie ausc. s l r i t l lv speaking C T , . Y ( ' ) — ", ,v( ' / '„) oiilv at 
T„-Iu. 

II I he nucleus is registered in the ground s la te as was for example clone in [I'J], llian 
in the' ahsoipt ion factors I l!i) and ( I") we have formally lo pill гт\' Y = U. In lliat case. 
I or in и la (17) i oi responds I о I he eikonal approximation for the elasl ic scat ter ing in I he 
optic al model. 5 



l i y i n s e r t ill)!, ( 1 7 ) i n ( 1 2 ) W e I a n W l i t C t h e e l f e i l i v e . l l i s u l p t l o l l I'.IC 

eikuii.d appiuximal ion in the fullowiu;!, form 

<r I / Ш ( М -

Г - in I lie 

I I S I 

where a = n'v ' 'v fur the exclusive anil a - n'^'s - - a N'- N lui iui'ln j i v i e.e I mi^ i.-spei t ivelv 
I lie integral ( 18) can be es t imated by the saddle point пм-l hud 

< f > = \(-1ж)-"-11и\1\м-', | v ' ( / - u ) : ] . ( i ' ) i 
where liu is rout of tlu: equat ion 

T(k>l = n ~ x . (•_'() | 
At the energies Tp > 0.6 ( ieV the values of a lie in t in ' interval a =s20-II) mliarn 

!^V!v ^-'U mbarn , a'xN % 10-20 mbarn ) . In this case /J„ % /Ль | '/'(/;„) | Й l / (cni) . when-
H,\ is the nuclear radius , a is the dilluseness ul the tun leai Mirface. An a p p r o x i m a t " 
expression fur < J' > may now he wri t ten as 

V-h~" 
h u m (21 I w e o b t a i n i m m e d i a t e l y t h a i •"- / " > \ .1 - M c u l i M - q u c n l l y . t l l . l t t h e 
Л dependence .V gues as 

.V x , 1 " . | 2 2 ) 

w i i e r e о == 1/3 fur i]).lll± a n d (л lit . I ) \ , r e a c t i o n s ( s e e |- i « . 2 l . 

< f2 >s= (21 I 

1 able I. I'he Л- and 0- dependencies of experiment a I i u ^ -,ec I ion-. ilrr\.[ I p. и ) л /У]/г/!!, 
:n:b/sr] ~ a(0) (in lah. sys tem) and el lei l ive niimljeis Л " ' al / . •- I (IcV [1 l]. I'he 
values .V are the results of calcul.it ions at W,, - I) . 

Tariiei jVT g(-l°) g(7.5°) nd_l_l^°J _ "'V^H_C 

~"'ll 1.00 12.7 31.0 " 21).7 UW 
I) l).(il 52.1 -1-1.7 29.0 i.22 

7 / . / 2.15 123.8 !)0.5 2.Ill) 
''H, 2.511 177.1 Ш . 1 SI.2 1.15 
iuli 2.77 165.S l i s . : ) 7:).2 :i.ss 
" « 2.7-1 15!).S 117.5 71. :J :(.7l 
'•'(" 2.!)f) 162.:{ 122.!) S I . : I :j.si) 
"•(> 3.15 220.0 15Ч.Ч I is.U 7.17 
'''У'' . i . l l 2-10 6 Id!).! 117.!) 5.7S 

; , . \ /</ 1.65 251.:i 15:1.6 12s , | 52)6 
"'Л/у 1.65 213.6 17!).6 122.5 5.711 
-"'Л/у 1.65 26:1.6 207 I 12S.S 6 17 
''Al l.S-1 255.S l!)l.l Ш . 7 5.00 
' " ( ' „ 5.!)0 331.5 22S.2 162.1 7.76 
•uCu 5.S(i 311.0 215.1 S 1)6 
Си 6.79 100.2 2972) 209.9 9.37 

l u , .s '„ 8.Hi 55-1.7 12 99 
w1Sn 8.06 5:53.2 12.49 
ш'Гн 9.02 611.5 151.8 303.3 11.32 

I'l, 9.27 588.-1 -181.6 324.5 |:).78 

" ' | 7 . 5 * | 
Too 

I . l l 

1.27 
ЗЛ2 
3.79 
3.96 
5.16 
5 16 
1.95 
5.79 
li.Os 
I1.I6 
7.:i6 
7 !)ll 
9.61 

Y ' J ' ' ( l l . : i ) 
1.00 
1.13 

3.92 
3.5-1 
3.59 
3.92 
5.67 
5.9. 
5.91 
5.92 
6.22 
(i.:<) 
7.83 

10.1-1 

1 1.67 
15.53 

1-1.66 
15.68 

6 
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1'he series (Hij converges suflicieutly fast, about 90% of the linal value N is given 
by the part ia l sum Л ц (25). Tliis result justifies using the completeness approximat ion 
to obtain (7) and gives creditabili ly lo expressions (21,22). For the calculat ions of 
the values ,V we used exper imenta l cross sections <y'^'N and cfv.iy from [13]. In [25] we 
lonclude tha t in the considered region of energies the 7',,-dependence of the effective 
numbers is smooth which subs tan t ia te the approximat ion (Tj.jvf'/'j,) ~ tT„,v(7ii) employed 
above. 

4 COMPARISON WITH DATA FOR 
REACTION Л(р,п)лБ 

We now turn to an analysis of the exper imenta l d a t a on the react ion A(p,n)&B in 
the terminology of effective numbers and with reference to cq.( l 1). Table 1 contains the 
0U dependence (threi- angles) of efleclivc numbers :V . ex t rac ted according to formula 
I 1 1 ) on the basis of exper imenta l cross sections [II] for a number ol nuclei and for the 
e lementary process at l'y =•• 1 CeV. I'rom the table it is seen tha t within the experi
mental errors the elTeclive number approx imat ion describes the angular dependence of 
cross sections of charge-exchange. T h e observed anomalies , the value /V ='1.95 for 
the nucleus '"Mg {0„ = 7.5°) and also 7/"v = 13.78 for \'h (fl„ = 4°), most likely reflect 
s ta t is t ical hoist of the corresponding exper imenta l da ta more than a presence of dy
namical or s t ruc tura l factors in the reaction mechanism. An analogous s i tuat ion was 
described in Refs.[5, 7] in the analysis of the inclusive process (p,pd) ( T h e exper imen
tal number of the deu te rons in Pli, /V = 19 ± 2.5. measured at 7',, = 1 GeV, was 
excluded because it deviated from t h e sys lemal ics) . We conclude tha t .V (0,.), within 
exper imenta l uncer ta int ies , does not depend on 0„. Thus, t h e angular dependence of 
cross sect ions da\A(p. п )д В]/(Ш„ testifies in favour of the approx imat ion of effective 
numbers . Physically, this means that the process takes place on the nuclear periphery, 
i.e. in t h e region where the density of nucleons is small , and consequently, all NN and 
Л Л ' in teract ions in the nuclei are close to tree interact ions. 

Table 2. T h e Л-dependence of cross sections tl(7[A(i>,ii)^H]/diln = a(0n) [mb/sr ] 
and e l ec t i ve numbers for reaction / 1 ( р , п ) д й at 7 P = 0.8 GeV [15. 16] a t 0 = 0°. T h e 
values /V are the results of our calculat ions. 

Target 
11 
AI 
Ti 
Си 
W 
Pb 

и 

л 
1 

27 
•17.9 
63.5 
183.9 
207.2 
238 

Z 
1 

13 
22 
29 
74 
82 
9'2 

<7(0°) 
33.0 T 3.0 

271.4 T2.0 
372.1 T2.7 
425.0 т 3.2 
695.5 =F 5.6 
695.4 =F 5.5 
767.9 т 6.3 

W" 
1.0 
8.2 
11.3 
12.9 
21.1 
21.1 
23.3 

TV' 
1.0 
6.0 
7.9 
8.9 
12.3 
12.6 
13.0 

ЛЛ' -= 7ГР - л 
0 

2.2 
3.4 
4.0 
8.8 
8.5 
10.3 

N' 
1.00 
1.36 
1.43 
1.45 
1.71 
1.70 
1.80 

<fl> 
— 

0.34 
0.26 
0.22 
0.11 
0.10 
0.09 

While the angular behaviour seems to be accounted for by the factorized form (11), 
tun 
7 

the magn i tude of t h e ex t rac ted effective numbers /V deviates from what is obta ined 



lheorcli<-ally. .V . by t h e approach di'scribcd above. In Tables 2 and :) we list tin- results 
of «lain processing1 performed in [15 Hi] (at 7',, =•-• 0.8 ( leY at I) - U'l atnl in [1 l| (at 
V',, --- 1 (JcV at 0 = '1°). Frcjin the table's it is seen that. .\'"' systeinal ically exceeds Л' 
1>V ab«>ut a factor 1.5, which «'lcai'ly points to t.h«" insiilficu-nev ot tin- approximat ion ol 
e[fe< I ive mmih«'rs for the description of integral i r«)ss si'ct ion ol t he react ion A[fi. n }± 11. 

Table T T h e same as in tab le 2 but for 7',,= I ( lev at (),, • -p il l] 

Target 

" /Г 
1) 

'•IA 

Ml, 
n'H 
nli 
ylC 
n.v 

v.,,, 
MMq 
"M,i 
"•M,j 
27 M 
•"'( ;, 
•"Си 

Си 
" " > • » 

1 - ' > • „ 
I M / „ 

I'b 

'lie enip 

<т(<1°) 

-12.7 =F -l.:i 
52.1 :f.5.2 
I2:i.8 т :).s 
177.1 T- 5.:) 
105.8 т 5.0 
15IJ.8 T ' l " 
102.:) f i s 

220.6 f 11.0 
2'1li.(j T 12.'1 
251.:) T 17.5 
2i : . i .0T 17.(1 
20:i.(JT- 17.(i 
255.8 т 7.5 
:j:il.5=F2:i.2 
M-I.O т 'Й.2 
100.2 т 10.2 
551.7 : f28 .0 
5:):).2 4 20.!) 
011.5 T- 20.1 
588.1 }. 2:).8 

lovmenl ol op 

JV"" 
1.0 
1.2 
2.!) 
1.2 
:).0 
:).7 
:f.8 
5.2 
5.8 
0.1) 
5.7 
0.2 
0.0 
7.8 
8.1 
0.1 
IT0 
12.5 
11. :i 
l:).N 

ticai" i 

1.0 
0.0 
2.2 
2.5 
2.8 
2.7 
:i.O 
:).2 
:).l 
1.7 
1.7 
1.7 
1.8 
5.0 
5.0 
0.8 
8.1 
S.I 
0.0 
o.:) 

lllSOI'1 

ЛЛ' 

Jtioll I 

0.0 
0.7 
1.7 
I.I 
1.0 
(l.-s 
2.0 
2.7 
l.:i 
1.0 
1.5 
1.2 
1.0 
2.2 
2.0 
1.0 
I.I 
5.:j 
1.5 

actors instead , 

к - ^ ;r 

.... л 
1.00 2.0 
1 Л5 
1.1,1. 
1 10 
1. in 
I 2-
1.1,1 
l.M, 
1.20 
1.2:) 
1 .:):) 
1.21 
l.:).s 
l.:)s 
l.:)x 
1.00 
1.55 
1.50 
1.10 

,1 C L n b c r 

< / . < • , - -

0. 15 
0.50 
0.11 
0.12 
ll.:)0 
0.:)7 
il.:)0 
0.25 
0.20 
0.28 
0.28 
(1.27 
0.22 
0.21 
0.17 
0.11 
0.1 1 
0.0* 
0.08 

s gives evei 

about 2. 

5 EXTENSION OF THE THEORY 
1 his si tuation may he (jiialit al ivcly underst ood il we < oiisider tin* Л dependence 

ut the (juaiiiity Л Л ' - Л ' " ' ' - .V . It fallows from Tables 2 and :i thai, Д-V throws, 
on t h r whole, according to the law / 1 " , where о --IUHJ.H. If we assume (reincni 
ber a previous conclusion) that the effect of дот,» oil mass-shell in the cross section 
</гт,н,,_гИ.д1 i [l\. Q)/di}n is not. very large, we mav consider e x p u l s i o n (11) to be valid 
lor desci ipi ion of that par I ol the cross seel ion ol 1 he react ion A[ j/. n ) д / i win1 re a real
istic Л + 4 or а Д"* isobar is generated (see diagiam 1. Kig.la) . Hv definition, diagram 
I contains only the direct charge exchange process.but in the piesence of the nuclear 
medium.implying some renorinali /al ion ot the '.Manly iul ei act ion. However, within ihe 
developed lonnal ism. the cross section ul diagram I includes both the direct and ex 
change (l Jauti principle) lei и is. The I at ter lei in t ui icspoiids phvsically lo exi il at ion о I 



J n 

? д + + 

^ > 
A - l 

> > 
\ A-2 

F i g . l a F i g . l b 

I'in.l l.i] This process in I he sbor lband notation «ill lie denoted by (/i. и )дЛ v.illi em 
pbasize on reality- principal observability- ol' a produced Л-isobar whose de-excitat ion 
l a k o place through decay into a pion and a nucleoli, (b)Tliis process may be referred 
to ,i> niesonless Л isobar de exci tat ion |17. 2y|. We will denote il by | ; j . n ) ^ \ 11 HIS 
enipliasi/ in» tha t a \ ' irtual Д-isobar is involved through i haigc-exchanizc on one of tbe 
in! raniii lear nncleons. 

N 

и -
; 

8 : 

• 

6 : 

-
\ 

4 : 

: 

z'-_ 

o" 

-̂-

& - — T T ~ 
1 I I I 

J* 
• - * 

" • 

н^ННг 
\ 1 I I ] 

* 

&-

* * 
/ 

/ 
/ 

%&-
^3-—" 

1 1 

^ * 
* 

* / 
/ 

/ 
* / 

/ 
* t / 

/ 
/ 

у 

^ ^ ^ Ъ^&^^ 

1 1 1 1 1 1 | 1 ^ 

10 100 

l"i,i;.'2 Mass dependence ol Ibe е1Гес1л\'е lininber N lor | p .n ) (black s tars , dashed 
line col lespondcnt approximat ion Л' =s | . | . \ и ш ) and ['llt.t) (white s tars , solid line 
i oi respondent, approximat ion .V я: O.-i I A" ''' ) reactions, respect i\ el v. 
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the- Д-isobar in llie incident part icle and plays an impel t ant lulc. .A similar comment 
can be mad ' ' lur d iagram 2 (sec f i g . l b ) discussed below. Taken this into arcounl I lie 
observed cross section should be writ ten as the мин 

~<MU ~ ' Ml,,' " («!,'," l 

1 he first t e rm corresponds to the approximat ion ol ellcctivc nuiubers ( I I ) : the 
M'Coiid te rm is connected with the process of exchange of virtual mesons, in which a 
vir tual Д-isobar also is present (see diagram 2). bringing in effects from T b o d y and 
higher order forces. 

The cross section corresponding lo d iagram 2 can be wri t ten as 

\(Н1Сь)\'№[Ц)\' '~L ^ - ' - • (21) 

Here ip{P,Q,Q') is the k inemat ic factor. ( / (Ад) is Green 's function describing 
the propagat ion of tin1 Л- isobar with energy /;'_\ in the inter mediate s la te , P the impuls 
of the fast nucleoli created as result of the second act ol the charge-exchange. Q and 
Q' are the m o m e n t a (Fermi motion) of nucleons in the target-nucleus involved in the 
first and second act of charge-exchange, respectively. To obtain expression (21) we have 
carried out averaging over the spin projection of the Л and used I lie approx imat ion of 
completeness . As in the case of the single-step с barge-exchange, t.he inecpiality j 1\ \^> 
I'l-- allows one to ignore the Q dependence ol crews section с''7/,+/)_„ + д т+ (/•*,, Q)h!iln. 
Tlius, the cross section of the process ( р , п ) д ' >s a ' s l ' lactorixed, 

(1'<7,Цр.п)лН _ -fjd<Tp + v~,l+-m(P,.Q) 

where 

A7V = J dP j d(? J ,К)ф( l\ Q. Q')[<l>:v-' (Q')f 'hJJ^l^^4ll^l 

\с(н&)\1№Ш'- cm 
To neglect the off-mass-shell effects in formula (2(i) is inadmissible because the mo
m e n t a | P | and Pp are commensurab le quant i t ies . The region of integrat ion in (24) 
and (26) is de te rmined by the width of the Д-реак and the Fermi m o m e n t u m , by the 
proper t ies of Green ' s function and m o m e n t u m dis t r ibut ion [Ф$((2)Р. As final result 
we have found a modified factorized form for (23), 

^ • " ' * f l = [N + AN]d<w.n+^(P.,q) j ( 2 7 ) 
diln ail,, 

77 + A/V = KtA't' + KiA2'3. (27a) 

Expression (27) indicates t ha t the angular spec l i a of neut rons from the charge-
exchange channel {p,n)%N coincide in form with analogous spectra of neu t rons from the 



i II.L i L'..<" i'\» ham;e channel (/j. и )^л . This result a I low N us l и undcrst and t he exper imental 
da ta t'uuii Hi'f. [ l l ] and it also points to the impossibility in principle to separa te the 
iout rilnit ion of tin1 channel Л --• л~Л to the charge-exchange ctoss section Iroin the 
i out ribiition of the channel Л Л ' --• -V.V on the l>asis ol merely angular spectra of 
neut ions. 

The leading A-dopciidcnce of the contribiit ion Irom diagram 'I lollows directly (rum 
the '1 s tep cl iaiactcr of tlie pro ess. Direct calculation in the plain' wave appioxima-
tion shows that the functions Q(1',Q,Q') and | (/(/'-'л) | г depend little on Л. while 
[*л-1<У)]- >• l l / : ' as discussed previously. Thus . A.V эс Л " а Л 1 / : ' = Л 2 / : ' which, is in full 
agreement with the "xpci imental da ta [11, 15. l(j] (set- also expression (2Ta) and f'ig.T). 
in Kig.l we present the energy spec t rum of neutrons da[uC'(p, n)±]/dilnd'I'n at. '/',,= ! 
( i e \ ' compared with theory (we used the plane wave approximat ion lor the fast nucleoli 
created as result of the second act of charge-exchange). The theoret ical spec t ra were 
calculated for 0n = -Г. As follows from our analysis, the channel described by d iagram 
1 improves the lit to the da ta in the A-region in agreement with the conclusions of Kef. 
[IS] devoted to ( с . с ' ) д . 

In Fig--"' we present separate contr ibut ions lrom the channels (p. n )^ ' v and (p, п ) д Л 

ext rac ted from exper imenta l da ta [14]. T h e comparison subs tan t ia tes t ha t for low 
mass numbers A diagram I (F ig . l a ) dominates , while diagram 2 (F ig . l b ) plays an 
in< reasiim role with increasing mass number , as is qualitat ivelv expected . Kor large 

AN 
AN approximation 

D D D D D A N = N p - N 

t i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

50 100 150 д 200 

Fig.3 Mass number (A) dependence of the effective number AN (solid line). The 
dots are the differences between experimental data [14] and calculated by the fovmula 
(11). 
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800 

600 

4 0 0 -

200 

> 
О 
\ 

н 
С 

b 

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

Т (GeV) 
Kig.'l T i l e e n e r g y S p e c t r u m o( n e i l l l o l l S llOlll t h e r e a c t i o n '"4 'I />. II )д ili 7 ; . ~ 1 ( l l ' V . 

Tin' exper imental d a t a [M] at 0„ — Г arc denoted hy si,irs. 1'lir solid п и л т is tin* 
i onl rilmt iun of d iagram 1: the do t ted , diagram '2; find solid line Willi centered symbols 
is their sum. T h e theoretical spectra were call ulalcd al 0„ - I". I'lic ell'ei Is of channels 
coupling was not taken into account . 

mass number ( > I0OJ the two contr ibut ions are of comparable magni tude . For an 
addi t ional discussion for uC{:4li..l). see in Kef. [14]. 

In ref. [iMj [t.'lli I cliargc-cx< liangc reactions al /'', — l). 1 ( I cV/c were investigated. 
I lie comparison of the dillcrenl topologies gives us an important i nhumat ion about 
react ' 4i mechanisms. From table I one can see llial the topology (0.0) has an 
enhancement in comparison with (1 .0) and (I). I) topologies ( lollowing Hef.['Jl] we in
t roduce notat ions: (0.0) - topology (O/'.Oir- ). (0. I ) topology (()/<. |7T ' ) . ( 1.0) - topol
ogy (1;<.0тг") e tc . ) . Less than '2r)% of the (0,0) events lor the J l . l /«/ target at !) C e Y / c 
correspond to the t |uasielastic charge-exchange reaction ( Hel.['2l]). This fact can be 
considered as a direct indication to the impor tan t cotit riliut ion of t lie I wo step incoher 
cut reaction mechanism ( mesonless Д-isoliat dc-excital ion [25] J and one-step cohercnl 
- u product ion to the (0, OJ-cliannel. There are no a l te rna t ive reaction mei hanisms lor 
events with (U,0)-topology kinematic ally permi t ted . 'I he exper imental discrimination 
of these mechanisms lor the (0. 0) channel was not carried out in [21]. 
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800, 

6 0 0 

\ А(р,п)дВ 
Tp=1GeV. 

400 »-

2 0 0 ' 
•»* ' 

0. : — TZ i i i i-j-.iJ _ i i — i ' ' i ' l 

10 A 100 

l'ig.5 Part ial contr ibut ions <rl" ami rr , J | fmin tin- pmcesscs (/<. i / j ^ 4 anil l /) .7i)^A 

liii'ltiM'tl in d iagram I and 2 of I'ig. I. n1 ' " is I lii'ii -urn. I'he lull dots a i r exper imenta l 
clalti from Hi'f. 11-1]. Tin- partial contr ibut ions r/"> and a'"'1 «ore obtained by а \ ; lil 
Usui!; tin- formula dajdW,, = dun'/,lil, H d^/dU,, = 7. :,.l' f T;,A:'. ЦТ, =50 . к , - - 5 . 1 . 
n-ll.lj.S). where t in ' first (second) Icrni corresponds lo diagram 1 [>). I ri..nglrs a te the 
uiel ical ( alcula l ions correspondent, clfoi l ive nuiulirr approximat ion ( I |. 

I able 1. Dal a on I lie topology ot о cents, i.e. I he <pianl il у ol I ho пг-да! ivc ( Л _ ) and pus 
ilive (A,-) particles p rodur rd in llir charge-exchange t ract ion (/. 'Hi ) on *''M у target 
at VI (!<\ ' /i . The value of I lit- linal 'III moment urn are given in brackets ( G c Y / c ) . 

U U " UV:f I S . ' f l ",V"" 
5(iN (S.T:(5) 
1:(_' I.s.5li-.'| 
2\2 (S.SUHI 
r,L' (Mi:)!)) 

0 

I 

Tl i r lurmalism described above lias also boon applied to compu te the cross section 
ol the reaction Л(р .п)В in (he ipiasielast ic region lor nuclear exci ta t ion, i.e. in a high 
m o m e n t u m region of the neutron spec t rum in which an incident proton either knocks 
out a neutron or suffers a charge-exchange on targel-nucleons without exci tat ion of the 
Л isobar. 

13 



' l abk ' V 'Пи- Л III'|K4M1I'I)I'C ut r l l rc t ivr шипЬп-* .X L)l' ., ami .Y(,, t. U>i \\\r icai l ini i 
.\{ p .nj l i in I he ф1амг1,'Ып rt'giun foi 7, - I (itA at (),t I" j 1 1, 

Target 
"C 
"'() 

г7М 
шСи 

U"S„ 
Pb 

Ж" 2.2:) 
2.72 
:S.22 
:s.:W 
(i.ri2 
9.79 

А ЦС1: 
1.80 
1 .8S 
:S.02 
:!.-1l 
5.5:1 
li.92 

From lah le 5 it is seen (for detai ls see (8JJ that also in this region ol exci tat ion ot a 
nucleus, the proposed approach describes the integral f i oss section ot reaction A(p .n )B 
with n 'asonable accuracy. 

6. C O M P A R A T I V E ANALYSIS O F (p,n) A N D 
( ! Яе,0 R E A C T I O N S ON N U C L E I 

The exper imental in formation on the in< lusi \ <• с loss мч lions ol the \p. u) reactions 
on nuclei for the (juasielastic and the Л-isobar exci tat ion region is lar Ironi suflicient. 
1 he most comprehensive tabula t ion is that ol Kel'.jllj which presents experiment al 

d a t a on neutron product ion in I GeV proton interact ions with dillcreiil inn lei at angles 
\". 7. ~}'J and 11 M". Neutron spec t ra at 0 = 0° Irom p-p anil p-d collisions al 7j, = (il7 and 
800 MeV incident energies were measured in Kcf.[15], and system,'I ics of 0 -— 0° neutron 
product ion by 800 MeV protons on targets with 27< Л <2' i8 ha\'e been reported in 
Kef. [10]. Neutron spec t ra at 0 = 0° Irom p-p collisions have also been measured tor 
7y = 6'17, 771 and 805 MeV [20]. We have employed these results above. 

Л sys temat ic exper imenta l s tudy ot A-isobar exci ta t ions in nuclei s t a r ted with ex
per iments of the inclusive type ( ' / / ( A ) in Dubna [17] at beam energies Vi//, from 800 
M c V / A up to 5.23 G e V / A and in Saclay [21] at energies 500. Ы17 and 707 O V / Л , near 
the threshold of the Л-isobar product ion. In these exper iment one measured differen
tial cross sections of the charge exchange reactions on l i fe proton targets and nuclear 
targets as functions of the energy Q — (1С*цс — /'.'() I lansle i red to the target at an angle . 

We have calculated the quant i ty 

= H ; v M d'a[Aeilc.t)B\ 
: ) / • • ( / ) i><tQ(li1 

where /•'(/) = exp( -27.7:j(i \ I |) is the sipiare ol magnetic t tansi l ion formfactor for 
[41(A) and the facto! C[p,,l>i) = n(pp -• l'n~i I I,., /v[pp ~' l",7r*) lis (Sl-4' I ' i g " ) 
is introduced to compensa te the energy dependence of the cross sections and to bring 
I he exper imenta l d a t a at different energies to the same one, which is chosen to be 800 
M e V / Л . Here a(pp —> рпж+) \VI (<J(pp —» pnir*) |,,J is the cross section of the elemen
tary process at impuls p;(p,), and if aA(314e,()В/'pdQdCl t he invariant cross section of 
charge exchange reactions on nuclei, l'ig.7 shows the corresponding exper imenta l cross 
sections for (p,n) and (^HeA) reactions on a p ro ton- ta rge t , reduced to the m o m e n t u m 
1.17 G e V / c / A , as explained before. Taking into account the exper imenta l uncer ta in t ies 
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10 Л 'Л ' Л ' ' ' ' " -1 1 1" 

I I I 
I I I 

10 

о 
b 1 

10 

" ^ 5 ^ рр —* рптг+ 

. 1 1 1 1 

1 10 

Plab (GeV/c) 
l-'ig.ti .Momentum dependence of the total cross sections о I the reaction pp—» /Jn;r.Data 

•in' taken from the compilation \'i*i, 28]-Full line rcpiescnts the YcrWest and Arnd t 
pai amet rizatioii {'I'.)] (up to lab m o m e n t u m 'i (JeV/Vj anil approximat ion given in |3l |. 
The single arrow indicates the pion product ion thieshold; the double arrow in
dicates the Л product ion threshold. T h e dashed arrows indicate the m o m e n t a per 
nucleoli in Dubna exper iments '[17) lor the ( ' ; /< . . / ) charge exchange reaction with Л 
exci ta t ions. 

of the cross sections there is remarkable agreement between the dillereut reactions lor 
a number of beam energies, not only in the shape of the Л-peak . but also in absolute 
values. Some deviation is , however, present at high Q ~ 500 MeV, which is, part ly 
due to the interact ion in the final s l a t e between the de lec ted neutrons and protons from 
the reaction pp —» рпж+ a t t ' p = S 0 0 MeV. In t h a i case for Q = 5 0 0 MeV the neut ron is 
at rest in the CM and the proton m o m e n t u m is about 30 M e V / c . This character is t ic 
kinemat ic region moves to higher Q witli increasing beam energies and at I GeV it 
escapes from tin: region of interest for us (see Fig.8). 

It is interest ing to stress the general propert ies of t h e discussed results. Let us com
pare the energy dependence of the lolal cross sections for pp —» u A + + and deutcron 
k n o c k o u t reactions .(see Fig 9). T h e deuteron knock-out reaction at high transfer 
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.300 
p( He.t) T=0.80 GeV/A 
рГНе.П T=1.52 GeV/A 
p( He,t) T=2.7B GeV/A 

p(p,n) T=1.00 GeV 
p(p,n) T=0.80 GeV 

100 900 500 
Q (MeV) 

Fiji,-7 R14I1K ed" cross sections о I the inclusive p( p.n ) and //( 411 . /) charge exchange 
reactions, when the ejects ol 1 lie I'ovmlac tor a in I t he oner») dcpel idem e ot 1 he ' eleinen-
l a i s " reaction cross section are removed as explained 111 'he lex!. I he dashed line marks 
the Л-роак position in the p(p.n| data. The / ) ( ' / / . . 1} data ale taken from Kt-f.[IT]. 
p(p.n) data are from Hefs. | 14,20, 23] . Theoielu al i nrves were obtained with OSl'.'l' 
set ol" vertex parameters (see details in \'U>\). Solid line /,,--U> (!e\ ' . dashed line -
' / ;=-l . l l ( ieV. solid-dotted \\wT,.= \.ra CeY. dashed . lol led line 7,.--'-J.7S CeV. 

250 

0.30 0.50 0.70 
T (Gey) 

0.90 

1'ig.S Kcsullb ol our cab ulat ions of 11ц- angular dependent е о I I lie double ilillcrent ial 
cross section for the (/J, т*)д reaction al 1 = 1 CleV with OSKT sel ol vertex paramete rs 
(see [20]). Kfi'ects of energy resolution are taken into account. 
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!i . J1 t:«• ill ч:и as л rule is i n l n p r c l e d a-. ,i i c>nh ut l \\i- Инн 1 i a m ; г nm b'uii in к Icon i i i i i i i i 

i •- Hi l l i-- М Г Ц I i o n i )• i и .4 11 i.i I ini i I r u n !i uric» j и i ui i r l . i l inn ,in« I Л tMjIiai exci t at ion in 

p i пи i p l r i .in .••mnilali- r a . h ul i i r i . 

0 . 0 "t -\—r~i т T~T-T—(—i—i—i—i—i—r~i—i—i—i—i—i—i—i—i—i—i—i—r-

O.Sb 1.35 2.35 
' i ' 

3.35 

T (GeV) 
f ' ig.! t ( ' u i u p a ! at ivc analys is ol the energy dependence ul the t o t a l m i ^ S I T ! ions for 

I 111- I cac l i o l l s pp- • pil~ ( 1.П.ШиК'ч |. pp--> » Л ' * ( c i rc les I .111(1 d i l l e l c U t i a l I IDS;- sec t ion 

uf t i n ' i nc lus i ve d e u l c r o n knock -ou t reac t ion . \ ( / i . j> d) H al (-) = II ( s i a i s ). А И . l o s s 

sect ions arc n o i m a l i z c d lor i m i l v at m a x i m u m . 

7. S U M M A R Y 
We have o u t l i n e d luis'u' features if a I h c o r y i v h i i h а м ш п И ч l a t h e r wel l lor ( p . i n da ta 

at '/',,--- I ( i e Y on a w ide ганце ol i nn le i : 
1 | The Л dependence of t he | ieak lo l t l ie i | l las ic las l ic I l laiaie e \ . hanne | i l i u ечч ( Q l ' К 1 

i /nv l l / J . l l j / i , 
"'•I'd' )u< I. -- .V (L'!l) 

wh i ch argues in I a vol u l a ou< step reac t ion n ieel ia i i 'K in ami пи in at е-- I l ia l I he pe l i ph 

e i i i a l reg ion gives the m a i n t out r i b n t i o u to the t loss s e i l i o u due to a s t r o n g v o l u m e 

a l ' M j i p t i o i i . 1 l ie m a x i m u m is sh i f t ed t o lower Q values r o i u p a r e d w i t h e last ic s c a t t e r i n g 

ol p ro tons on a n e u t r o n ( l h a l is on a d e u t e i o n . expe l i m e n t a l d a l a lo i the f ree p-l-n --> 
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n r p s c a t t e r i n g a r e u o l a v a i l a b l e , o n l y d a t a l o l I l i e i n w i - e l e . n l i o n n t p - p I II e s i s l |. 

I his sh i f t is t r i v i a l l y assoc ia ted w i t h the b i n d i n g e p e i g \ ol the knuck i»ul n e u l i u i i s in 
t he I a iget nuc leus. The w i d t h ot 1 he (pi . is ichisl tc peak is id must i uu tp le l c iv assoi i a i ed 
Wi l l i t he I 'e r im 11 lot ion o f t l ie t . i l ge l I I I H leohs. I he . i l iu l l l . i t i l l si I i l Mil ions uf I he lea i I ion 
.[{p. II \I1QCI-. a l e p o l i t i c a l l y i ndependen t o l t he l . i lge l nuc leus 

'_'i I'he Л dependence of t he ( l l . i lge-ex i hange i c i c l ion l l ji. ;; ) j , / ( In I lie Л e v i l a I ion 

region is 
,,1гтА)п.,г,лН 
{ - . j — - ^ - } ^ „ . i - t h\ (:«i) 

The first t e r m is again associated with the single step i r a i l i on inei liaiiisui while the 
second is due to a mult i-s tep (but direci ) inei liaiiisiu. 1 he max imum is shifted bv 
about :{()-•!() MeV toward the region ol high neutioii moment tun which indicates the 
presence of some reaction mechanism which compensa tes the binding ell'ects ol nucleoli* 
in the nuclei, '[ 'he width ol Л in nuclei is about I.-") l imes larger than the width of the 
decay of the free A-isobar. It increases strongly with iui leasing Л and cannot be 
explained fully by the Fermi-iiiolion of nucleons. 

Our main conclusion is tha t bolh the inclusive i loss sections of I lie react ions (p.n) 
on a number of targets and ( ' ' / /<.<) on (' are lound to be proport ional to the cross 
section ol ihe corresponding processes on a lree proton; 

d2a[A(a,b)bB} J'a(i) + l , - . „ + S + +) 

where (a.b) is (p ,n) or ( 3 ' / e , ( ) . Th is is a theoret ical result , suppor ted by available 
da ta . T h e increased complexity of the projecti le (cjci tile) is contained in the ext ra 
factor l ' ( t ) . This suggests trial all NN and AN interact ions in the nucleus are close to 
lree interact ions. T h e shift of the A-peak in С relative to the free nucleoli target is the 
same in bolh reactions and is equal to abou t 30--IU MeV independent of the type and 
energy ol t h e projecti le (see discussion in Kel. ['J:i, Ж)]), ll means t ha t the reaction 
mechanism for the (p .n) and ( a / / e , ( ) is in principle almost the same, the process lakes 
place on the nuclear periphery and all .NN and AN interactions in ihe nucleus are close 
to free in teract ions . 

We expect, that the same conclusion applies to other Iypes of light ion charge-
exchange rea< lions. II that, is t rue , possibilities open up lor ext ract ion of infoi illa
tion about, formfactors for more exotic nuclei sin h as I he ladioacl ivo inn lei ("//<, ' ' Li), 
l " / . , . " « c ) . 

More expel imental da ta lor charge-exchange l e a d ions induced by dillcrent projec
tiles is desirable, in par t icu lar of the exclusive type . Perspect ive ol performing exclusive 
s tudies of charge-exchange reactions are challenging, including spin observables, and 
cons t i tu te the next logical s tep in unders tanding the basic mechanism of such react ion. 
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