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I. Introduction 

Experimental studies of nuclear matter spin-isospin (~-~ ) ex

citations at an energy of abou-t JOO MeV assimilatedbynuclear matter 

have been carried out intensively in the last few years. A nucleus 

canassimilate such excitations (which will be referred to as Â -ex

ci tations) no t -oríLy through the ex c í, tations of the nucleonic Lnte rnaL 

degreen of freedom (i.e., the N.....Á transi t í.ona) but -aLso through so

me other kindsof excitations, Lne Lud.i ng collective ones, fo r examp Le, 

intranuclear mesonic field excitations (Úke a "spin-isospin sound"""1i 

one could evenexpect the isonucleus/21 f'o rmat í.on , In "general, the in

ternel structure of the bound nuc Leo n -differs from the f re e nucleon 

one due to medium effects. So, not onLy the ~ -daob ar' in nuclear matr

ter but also the very N~A tranai tion can be modified (under the in

fluence of the nucleonic environment) as compared with the empty apa

ce case. ~his ha~ to lead to differences between the obseryed A-~x

citation characteristics and the ones expected in th~ commonly uaed 

picture of quàsi-free Ó -isobar,productiDn from a movin~,intranu

clear nuc Leori , Such ,diff-erences oan be more pronounced if one pro

vides good conditions for the Btrong final state interaction betwe~ 

the ~ and the rest of the nucleus, i.e. when their -re La't íve momen

tum is amall and comparable to the ~ermi-momentum of nucleons in 

the nucleus,. 

The (JHe,t) charge-exchange experiments/ J , 41 at small momentum 

t r anef'er-s "(Â~.L""O, ,1pu",)50-400 MeV/c) have opened experimental in

vestigations of the nuclear .~ -excitations. The very first results 

/Ja,bl have shown that the A(JHe,t) .croaa se-ctions at projectile mo

menta, Po, of 1.4 GeV/c/nucl. are determined by the ~ -excitation 

channel. The corresponding peak at energy transfers Q =(Eo-Et}vJOO 

MeV has clear signatures of a collective nature of t he- nuc Lear- Â -ex

. 'jI)1.~, .. d .. l :í.Jl..ftntrr \ 
' .Yi na~~!tik1.lI n,: r: Je.l1o!t81uaQ 
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citations: (i) the peak is shifted down to lowe~ Q-values and (ii)its 
width is much larger than that of a similar peak in the p(3He, t ) d ++ 

cross sections (nearly by a factor of about 2). This downshift cannot 
be explained by Fermi-rnotion effects/3c,d/. 

The downshift and broadening of the nuclear a-peak have been 
confirmed in the subsequent experiments/5,6/ with an enlarged set of 
projectile and target nuclei. The ~alysis/3d/ of the A(p,n) cross 
sections/7,8/ has shown that the characteristics of the nuclear ~ 
-peak in this case also, differ frdm the ones in the p(p,n)~ ++ 

char,e exchange. (This fact has slipped away from the authors of pa
pers 7,8/ and has not been reported there). 

Thus, the nuclear ~ -excitation characteristics differ comple
tely from the ones expected in the quasi-free ~-production picture 
and show a collective nature of the nuclear matter response to the 
high energy (~300 MeV) spin-isospin exc í, t at Lons , 

'Nowadays a theoretical understandin~9/ of 'the mechanísms, lea
ding to the collective response of nucleàr 'matter to the Â -excita
tions, is not quantitative while it provides a good descríption of 
the charge exchange on free protons/ 3c/. But there is/3d/ a remarkab~ 
similarity between the features of the nuclear response to the ~ -ex
citations, the energy dependence of the total ~ A cross ~ections/1~1V 
in the' ~-resonance' region and the cross sections of ~ -electro
produ~tion iri nuclei at small electron scattering angles/12/. This 
similarity is unlikely to be accidental; perhape, it is caused by 
some general reasons of nuclear Ô -excitation collectivity. 

-rr, A -Exci tations ofNuclei: ,'Experimental Data 

The nuclear ~-excitations in· the (3 He,t) charge exchange have 
been studied at Dubna/3/ for kinetic energies from 800 MeV/nucl. up 

to 5 .23 GeV/nucl. and at Sa'clay/4/ at 767, 667 and 500 MeV/nucl. The 
Q-dependence of the cross sections has been measured at fixed triton 
emission angles (at-oO ) . At energ~es below 800 MeV/nucl. the Q-depen
dence is strongly affected by the 3He ~ormfactor (and also by strong 
fin~l state interaction effects at 500 MeV/nuc~), ao we shall mainly 

discuss JINR data. 
The experiment/3/ has been performed at the Dubna synchrophaeot

ron by the ~pectrometer "ALPHA,.f 13/ (Fig.1). The measured crose eec
tione are ahown in Fig.2'. For the p(3He,t) reaction they have apeak 
at 'QN300 MeV; its ahape is well described by the Li -resonance lin./1tJ/ 
distorted by the 3He for.mfactor. The Breit-Wigner parameters of the 
peak , 'w and ç , are in good agreement wi th each other at a Ll, enero 

gies. Their average values, úJ~. 1234 ± 3 MeV an~r: a 116 ± 7 MeV,are 

2 r 
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consistent with the tabulated ones/15/. The contribution 
from the excitations of heavy isobars with isospin J/Z of the 

families 6(1600) and ~(1900) is evident at Po>7 GeV{c in the cross 
sections -of the p(3He,t) reaction at Q> 500 MeV. At Po = 18.3 GeV/c 

this contribution reaches 30~35%. 

Fig.1. ALPHA spectrometer layout with multiwire proportional 
chambers (PCi), scintillation counters (Si,Ki,A) and monitors 
of beam intensity (Ti). The target point is denoted as T. 

The 12C(3 He,t) cross section is characterized by two peaks at 

low and high (Q ""300 MeV) exci tation energies. The first peak corres
ponds to usual nuclear leveI excitations. The second one corresponds 

to the Â-exc'itations.As seen from Fig.2 and the Table, with increa
sing the projectile energy the first peak fastly disappears and the 

,Li-excitations begin to dominate at Po,>4.4 GeV/c. The maximum of 
the ~-peak is shifted down to lower Q as compared to its position 
in the ~(3He,t)~++ reaction; its width is considerably largar; the 

ratio of the cross sections 1rfJ/ S~P) amounts to about 2. 

~ 

Relat. Ô-peak posi tion v/CJ( CJ;{JJ2.FWHM, lVIeVPo contrib. Qm~x. 
GeV/c tocl~n(o·) 

MeV cJ d CP}/dJ6 
from the p(3He,t) C(3 He,t) p(3He,t) C(3 He,t)
region
 
9'150 MeV
 

4.40 0.38 322 1" 2.5 274 1" 2.5 138 1" 9 182 1" 16 1.82 ±.5 

6.81 0.18 3271"1.5 295 1" 1.5 109 1" 5 204 ± 9 1.77 ±.3 

10.79 0.08 327 1" 2. 305 1" 2. 129 ± 7 257 ± 14 1.95 ±.3 
2.14 1".218.3 - - - - 
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Describing the shape of the nuclear A-peak by the same Breit
-Wigrier function as in the p(3He, t ) L\ -:+ case, we have obtained sig

nificantly different parameters w o and r o. The contri bution from 

the hí.gher Lso bar-s is also present at po~10:'79GeV/c and Q)600 MeV. 
It equals about 40% at Po= 18.3 GeV/c. 

300 4.4 GeV/ c 

12C(\le,l:) 

p(3~e,t) 

6.81 GeV/c 

10.79 GeV/c 

18.3 GeV/c 

Fig.2. Measured inva-' 

riant cross sections 
200 of the 12C(3 He,t)(full 

circles) and p (3 He ,i)lt-o 
...... 100 (triangles) reac> 
QJ 

tions obtained after~ 
O unfolding from the> 

QJ 
~ 300 energy resolution ef
Lo 

~ fects/3c/. The dashed..... 
.o 200E line represents an ex

pected contribution 
~ 
"O 100 from the "tail" of theo 
"O 
a. low-Q peak of the nu...... O10 clear level excitati"O 

300 ons. The full line is 
an approximation of 

200 the data points. 

100 

10 o 

100 

o 
0.0 0.3 0.6 0.9 1.2 1.S 

o IGev) 

Our analysis/3c,d/ ha~ led us to the conclusion that it is impos

sible to explain the observed downshift of the ~ -peak by quasi-free 
~-product~on from a moving intranuclear nucleon (see Fig.3).Using 

ol~(C)/11t)thia picture, the value of R. ,,= "dI'l1 canno t be 13.180 reproduced: the 
A 

one, calculated with. the Glauber-Sitenko model, is only about O.8/3~c! 
Other data on the charge-exchange reactiona with the ~ -excita

tion~ of nuclei confirm the preaence of the observed downshift of the 

nuclear A -peak. It has been observed at Td = 2 GeV in the (d,2p) 

4 

reaction/5/ and in the heavy-ion charg~' exchange/7 / . The downshirt 
and broadening o~ the nuclear ~-peak i8 evident when one examines 
the A(p,n) data/ 7/ at T = 1000 MeV. . p 

300 
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;-
o 4.4 Gev/c200 
QJ 

e 
> 100 
QJ 
~ 

Lo 

~ 
...... o 
.c 

-E 300 
~ 
"O 
d 200 
"O 
a. 

10 
"O 100 

O 

300 

200 

100
SJ.le t 

~ o
!lQ.bp) 

100~ 
(MA ,O) (E,H.-r,.1 o 

0.3 0.6 0.9 1.2 

6.81 GeV/c 

10.7-9OeV/~ 

a) b ) c tGevl 

Fig.). a) Impulse approximation diagram for quasi-free Ó -~roduc

tion on a moving intranuclear nucleon. The upper part ~i this dià
gram (ove'r the wave line) corresponds to the p (3 He, t) ~ +.... crOS8 

sect~on. b) Nuclear ~ -excitation crOBS sections obtained after 
the sub t r-ac t í.on -o.f the "tail" from th-e low-Q peak (see Fig.i> 
open circles. The -shaded are13.s correspond to the expected crOS8 

s-ections cal-culated within the framework of quasi-free ~-produc
tion (in acco rdance wi th the -diagram of Fig .313.) and normalized to 
the experimental cross sections at the maxima. Dashed line - the 
sarne calculations but wi th the ~ -is-obar bound in the nuc Leue , 
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So, we conclude that a universal picture is observed in the char
ge exchange of a baryon system on nuclei with the target d -excita
t ona at small P..l. This p.í.ct ure does not depend on the type of theí 

projectile: the peak of the target nucleus ~ -excitation is shift~d 

down to lower exci~ation energy and is broadened in comparison with 
the similar ~ -peak in the cross sections of these reactions on a 
free prnton target. 'Y 

111. A-Dependence of the Nuclear Ll-Peak Shape 

~he data on the A-dependencé of the charge-exchange cross sec
tions wi th the nuclear Li -exci tations have been obtained at T = 1000 
MeV for the (p,n) reaction and ~t T 767 MeV/nucleon for th~ (3He,3He = 

t) reaction/ 4/. We shall discuss the former data because they are mea
sured at higher energies where the nuclear ~-excitations begin to 

dominate.They are a1so not damped by the 3H~ formfaqtor as the (3 He,t) 
data/4/ . The strong damping due to the 3He formfactor can ~ask a 
posslble ,. A-dependence of the nuclear ~-peak shape, and it actually 
does it i,mitating "A-universality,,/4,5/. 

~ A-dependence of Cross Section at .Â -Peak Maximum 
If the A(p,n) charge exchange is a one-step process, then the 

A(p,n) and p(p,n) cross sections can be related at the ~ -peak maxi

muro: dG"'.4 .:f. dG"' r 
(dr diZ )"'AX ~ 3" ( :f. ...:z.: ) é.a.&s.(A 7( clT.. J.Q ).,.O>.x 

.... (1) 

The factor 1/3(1 + 2Z/A) originates from the isospin invariance argu

menta. The factor Eabs(A) takes into account the absorption of proj~ 

tile particles in the target nucleus and can be calculated, for exam
pIe, following the ideology of pap~r/16/. As can be seen from Fig.4, 

ansatz (1) works fair1y wellwithin the present accurancy of the abso1u
te normalizatiorr of the data/7/. Tbis suggests the peripherality of 

the processo 

~ The variations of t~e shape of the nuclear d -peak with A 
are more intere?ting. Figs.5 and 6 present data on the ratio 

eles- A / o.(<r A
(Jr::d.n. ) /(dT"t:Jfl )P\4OlX 

for severa1 target nuclei. 
The ~-peak dow.nshift discussed earlier is seen. It is about 

30-35 MeV a~ a 4° neutrQn emission angle and about 40-45 MeV at 13.2~ 

For ~he deuteron target no downshift is observed. 
The width of "the nuclear ~ -peak is larger than the one in the 

p(p,n) Â ++ and d(p,n) r-eac t í.ons , We have a1ready argued that the 

6 
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Ferm~-motion cannot be the main source af the nuclear & -peak broa
derrí.ng ; the growth of the nuclear Li -peak width with A (see Fig.5) 
Ls another evidence for this. The nuclear 4 -peak width can be as sum
ed to increase dua to the contribution of the non-mesonic modes of"Â
deexcit"ation: nA_NN and pA .... NN.For the ~ ++ isobar in the nuc1eus 
only the nÃ ++ -"> pp mode is a Ll.owed , As the 4 ++ is exci ted in 
the nucleus 3 times more frequently than the ~ +, then a relative 
contribution of the non-mesonic modes to the nuclear Ll-peak width 
would increase with increasing the neutron excess in the target nu
cleus. Thia is just the tendency which the data /7/ show. 

The data on the A(p,n) reaction with separated isotopes as a 
target (40 Ca, 44c a, 24Mg, 25Mg, 26Mg) give some reasons to suspect 

a minor structure at the top of the nuclear ~ -pea~ (see Fig.6). Now 
i t is qui te unclear whether such peculiari ties are significant; more 

precise data are required. 
The main results concerning the A-dependence of the nuclear 

Ll-peak shape can be summarized as fallows: 
- The A-dependence of the absolute value of the cross sections 

at the nuclear ~-peak maximum is rnainly determined by projectile 
and ejectile absorption in the target nucleus; it implies a peripherm 

character of the reaction mechanism. 
- The shape of the nuclear ~-peak depends on A: the width of 

the nuclear ~ -peak increases with increasing A. This im~lies that 
the non-mesonic modes of the Ll-deexcitation may be the main sources 

of the large width of the nuclear ~-peak. 

There is some weak evidence for a minor structure at the top 

of the nuclear Ll-peak. 

IV. Discussion of the Data on the Nuclear' 4 -Excitations 

The general features of the processes at small p~, dis~ussed so 
far, namely: (i) spin and isospin transfer into a target, (ii) a pro
nounced peak at energy transfers of about 300 MeV and amall values of 

2/c2Itl - 4-momentum transfer squared, (iii) a dip at It\!O.03 GeV in 
the t-dependence of the H (3 Hep -"> t L1. ++) (see Fig.7)~ imply an es
sential role of one-pion exchange in these processes. The OPE-model 
in this region of energi~s forms a good basis to connect the (3He,t), 

(p,n) and other reactions. 
The analysi/ 3, 9/ of the p(3He,t) .:1 ++ and p(p,n) Li. ++ data 

justifies the applicability of the OPEM. As known, the diagram of 
Fig.8 makes a main contribution to these reactions.From here follows 

the relation 

7 
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2 2. -'" -.., z dc- (P~ -tofFig.4. A-dependence of the ratio	 c..J :::(q+rkr ) ~ (P3/fe- Pt ) and cUdw f n.A) the cross section of 
( M~T"'s/,}AR- . ~x	 the p{p,n)..c:1 ++reaction at momerrtum 1/3.P]H. This -cross section, 

o.•	 - 1Ci ««Z/A)éQ~<;(A)( 04.fT/dT.I.fl. )~...~ pToportional to the OJ~+p(uO}J was calculateâ/J/ aceording to Wolf's
R of the data of R.ef /7/. The .ahaded 

paper/11/ using the paramet~rs of the OPEM obtained there and the üa
area corresponds to the normali-za r:' 'j(+p. /18/	 ' ta on vi.t írom Ref , • One can see a good accordance wl.th the
tion accuracy (±10%) of the data~ 

5	 1/ "6 p(JHe,~) data/3J 4/ at energies higher than -7DO MeV/nucleon (see Figa. 
...3 

'l 7,9-12) and the p(p,n)il++ iiata/7 , 191 at T >700 MeV. But a-t lower~J'

i energies it is necessary/19a) to take intoPacbount the cDntributlon~ 

9Be I p.nl.4" f.rom the final-state-interaction(FSr) diagrams like that in Fi'g.11.
12
 

C (p.nl.4'
 

63.5Cu 1p.nl•.J,' 
1.0 .d~ rf\	 ~ Cross section oI5it-t of207 - OPE

6._ Pblp,n).4' the p (3He , t ) L1 ++ reac tion fromFig.5.. Nuclear L1 -peak shape	 4 ~ .I pl3He,t J s:
°10 

o	 Dubno. 4,4.18,3 GeV/c the data of Refs/3, 4/ . The ·fullfor several nuclei from the .
C ~~" c	 T3 = 2.3 G~V. 0

0 

E 0.5 line - OPEM calculation.A(p,n) reaction at Tp= 1000 MeV/7/ ~ ft! i:~ g::.. ~:+v:.----Ic

3
....l,!)'tl 

A 1.5 GeV. 2; 4The lines are drawn- by hand. 

I!>'tl-rn""o ;e, 
'tl~ 

0- PIP.nl.4: Tp=1000MeV
 
. ' • -d(p.n),4'. Tp=1000MeV u
I\ 

o.s ;j \\.. /\ fr) \'~ +'• ·H. ~ .+.1/ \'~./ '\ 
\ '....' -.... .. 

, I ! I I ! ! , I ! ,.w .. I J] !1...J I I L 1 'I ! ~l I '1 ' ! I , ! 1 f n r:600 1000	 Qt 1 ,
Tn• MeIJ 

p •:<Fig.8. Main OPEM diagram for • 
the p(JHe, t ) .l\++ r-eac t Lon, -p

Fig.6. The aame as in Fig.5. 
1.0 

~ The arrow indicates the poaition 250·' 

of the .ó -peak maximum in the~iO.5-
d(p,n) cross aectiona.	 Õ 

..:::::... rt150 . 
CIJ 
o~~C 
'" .!l 

600 eoo 1000 1~00 .li 50
 
d
Tn , MeV 

~ . 
~150 
\!) 

"lo 
..(~ 

~ (311f! ....n ; "'r P~HCjf'.s. coe ~ "li~: (ff~ nA++) , 
50..!PtJAJ&7(~	 (2) 

~l 
~ Invariant ~rosa s€ctiona

Here ~xp(R2t/J) ia the J He formf~cto~J/ (R = 1.8 Fm), 
for the p{JHe , t ) ~ ++ reac"tions/ J/• 

grs(t) ~ gra (O) ~ 0.7 the correction _for reacattering of target nu	 50 

~he full lines are calculat~d with 2'5 

cleon and produced Á -isobar by projectile nucleona Cit ia calou~ the OPEM /3c/. 200 400 600 800 
lated/J1 uaing the Glauber-Sitenko model), ~ ~ 

o.lMeVl 

Tp =1000 MeV 

- 40Colp.nJ 

• - 4'CO I P. n) P(~e.t)ll·· 
.o' 

10.79GeV/c 
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Fig.11. Diagram of the FSI taken 
into account in Ref./ 19a/at 

647 MeV. 
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Fig.10. The p(p,n) ti. ++ àata from 
Ref. / 71 and our OPEM calculationa 
/3d/ (full lines) when energy re

solution is taken into account.· 
The initial proton energy is va
ried within the accuracy (~2%) of 
its determination: 980 MeV for a 

7.5° emission angle and 900 MeV 

for 11.3°. This affects only the 
position of maximum of the reso
.nance peak wi thout visible changing 

the shape and height. 

p 

~ n-~)<::

, 

Jí+ 

Fig.12. The sarne as in Fig.10 but 
for the data of Ref./19a/ at 764 

and 798 MeV.The calculated cross 
sections are multiplied by the 
fac tor 0"85 (wi thin a ±15% nor
malization accuracy of the data). 

Neglecting the FSI leads to the underestimation of the cross sections 
(see, for example, Fig.7 in the region ftl>0.1 GeV2/c). The~efore, it 
can be very doubtful to interpret'the (JHe~t) ~ata/4/ at 500 MeV/nucl.! (i •.e., near the ~ -production threshold) as Ll -e'xcitation data. 

j 
This successful eescription of the present p(p,nL1 ++ and P(JH~t) 

JT data in the explored energy region (but higher than 700 MeV/nupl.) im
plie~ that 71 -exchange dominates also in the~charge exchange on nu~ J ,elei wi th t he A -exci ta t í.ona , Therefore, one can, expect that the ob'(t 
served downshift of the nuclear d-peak and its broadening in compaI 
rison with the charge exch~ge on. a free proton should be connected 
with the energy dependence of the pion-nucleus cross sections over 
the resonance energy region. 

The downshift and broadening of the "resonance" peak in the 
Oi..t (JíA) cross sections are well known/10/ and are being extensively 

,discussed up to noW (see, 'e.g., Fig.14 and Ref./11/). We have tried 
to estimate the 12C(p,n) cross section in the nuclear ~ -peak regi
on using just the same OPEM as above replacing the ~+f with the 
~..t'ire /10/. The value of the cross section as well as the Ll 

peak position and width have been satisfact6rily reproduced. This 
allows us to assume 'the domination of the OPE in' the nuclear .Ll -ex
citation in small p charge-exchange processes with nucleons and re

, ~ , 

lativistic nuclei. 
~ ... 

The distinguishing feature of the OPE is its longitudinal (~.~) 

character/11/. The OPEdomination in the charge exchange with the 
nuclear ~ -excitations would thu8 mean ·that the observed collective 

effects are caused by a collective nature of the longitudinal part of 
the nuclear spin-isospinresponse. Therefore, such collective ~ffects 
would display themselves in those reactions, in which this part of 
the nuclear response is dominante Pe rhaps , just thia reason may be 
responsible for the downshift of the n~clea~ delta-p€ak in ~-elect

roproduction at small angles/12/ which is absent at large electron 
scattering angles/12b/ (see Fig.13). It might be that only the longi
tudinal spin-isospin response possesses such collective propertfes 
while the transverse. one does no t , Data on A( 7t+;r 'l/ O) charge exchange 

can help in this ,respect because only the transverse nuclear res-
o /20/

ponse works here.But at present such data have a too ,low accuracy 

to draw some definite conclusions. 

1 V. Conclusion 

(~ For the· first time the nuclear Â -excitations have .been actu
ally observed juat in the (3He , t ) charge-exchange experiments/3,4/. 

IIto 
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depend on the projectile type and are governed by properties of thef ree A 
+tt. nuclear response on high energy ( .... 300 MeV) spin-isospin exci t a t í.on a,+ + 

The p~esent data on the A-dependen~e of the nuclear ~ -peakt+ ++ I+tt+~'l 
shape show that its width increases with increasing the target atomic 

+ \+~~~ ~ 't 
number A (or N = A-Z). It increases at the expense of increasing' the 

1\(e.el cross section in the transferred energy region Q> Qmax (where Qmaxi s 
E ::620Mev 

·El ::60" the position of the nuclear 4 -peak maximum). (The absence of sllch 
;1 an A-dependence in the A(3 He,t) da~a óf Saclay/4/ is caused by the 

200 400 

W,lMeY) 

Fig.14. Qur compi
lationof the 

cf (7r±C) d" ~ /10/tot t a'ta • 
The full line is'our 
approximation a'la 
Breit-Wigner. For 
comparison we also 

?r+p
present the O"tot 
data from the com

"I ti /16/ T " pa a on ". 'li J.8 

the kinetic energy 
of pions. 

In Dubna experiments/3/ it has been first shown that at small Pi 
and sufficiently large (more than 800 MeV/nucl.) projectile kinetic 
energies the charge-exchange cross sections are dominated by the pro
cesses of the nuclear ~-excitations. The collective nature of these 

strong damping due to the 3He formfactor.) This A-dependence of the 
nuclear Ll -peak width can result from the nó n-rne son.l c modes of the 
~ -deexcitations. Thereis a possibility for the presence of minor 

structures at the top of the nuclear ~ -peak. 
The bulk of the available data on the charge exchange with nu

clear ~ -excitations and the success of the OPEM in explaining the 
charge-exchange cross sections on a proton target allow us to suppose 
that at small p the charge exchange with d-excitations goes

.L 
mainly through the one-pion exchange. This assumption rnakes it possi
ble to outline the connection between the discuseed effects in the 
charge exchange with ~ -excitations and the effects investigatea in 
the WA physics, as well os with the behaviour of the longitudinal 
nuclear spin-isospin response. These problems should be studied taking 
into account the electroexcitation data on nuclei, particularly at 
small electron scattering angles/12/. 

A theoretical understanding of the nature of the collective ef
fects, discovered in the ~ -excitation charge exchange experimenta, 
is not quantitative to date/9/. Therefore, it seems very urgent to 
continue experimental investigations of the nuclear matter 4 -excita

tions • 
First, it is necessary to make precise measurements of the A-de

pendence of the nuclear ~ -peak shape at energies higher than 800 

MeV/nucleon, where ~-excitations dominate in the charge-exchange 
cross sections at small P~. Using 8uch data, one can elucidate the 
questiona concerning possible A-dependent structures of the nuclear 

Ó-peak and the A-dependence of its position.ln such experiment ia 
would be p08sible to separate the mesonic and non-mesonic modes of 
~ -deexcitations and to determine their relative contributions to 

the full width of the nuclear Â -peak. Comparing this informationexcit"ations has ~een first observed and reported. 1 wi th 7t -absorption data, one could leam a lot about i1-s in nucleThe data/ 3,4/ on (JHe,t) charge exchange as well a8 on other 
ar rilatter.charge-exchange reactions with relativistic nuclei/5,6/ along with the 

Experiments like A(d, 2p) wi th po Lar-í.zed deuterons or measurereahlts of our ~alysis/3d/ of the old A(p,n) data/1,BJ allow us to I
 
ments of the D para~eter in the A(p,n) reaction with the nuclearnn conclude that the main nuclear ~-excitation characteristics do not 
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A -exci tations would allow one to obtain very important informati
on on the reaction mechanism. 

There exista a long-standing problem of Gamov-Theller strength 
quenching. This quenching may be connecteà with the nuclear Â,-exci
tations. In view of this, it is worth-while to mBasure the cross sec
tions. of direct and inverse re.actions such as (p,n) and (n,p.) or 
(5He , t ) and (t,3He) at the same energies and emission angles. Such a 
comparison is much less model-dependent than the comparison between 
the (d,2p) and (3He,t) or (p,n) data. 

It looks desirable to investigate a possible analogy between the 
charge exchange wi th nuclear .4 -exci tations and ~ -electroexci tati 

ons of nuclei at small p~. 

The	 authors are grateful to V.F. Dmitrie'l, A.V. Efremov and 
A.P. Kobushkin for interest and useful discussions of the obtained 
results. We thank E.M. Maev for the permission to use his data tables 
17/. We also express our aknowledgement to R.N. Petrova, Z.P. Motina 
and L.N. Barabash for their large help in performing this work and 
presenting its results. 
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"['I.16 lIA, 
1 

nenbTa-H~06apH~e B03õy~eHH~ RAOP o poaK~Hnx 

nepe3ap~AKH 

npHB€AeH~ p63ynbToTw HIMOPOHHH A~~ep6H~HanbH~x ce4eHHH nepe3ap~AKH 

(3 He • t ) Ha ~ApaX yrncpoAo H npOTOHOX o 06nacTH 3HeprH~ 800 M3B/HYKnoH 
AO 5 r3B/HYKnoH. nOK030HO: ~/ peOKUHA H8 RApe HAeT. B OCHOBHOM. 4epe3 B036y~
AeHHR 6-H30eaPi ~/ npo~occ HO COOAHTcn K pO~AeHH~ H306ap~ Ha oTAenbHoM BHyT
pHRAepHOM Hy/<nOHO H nocnoAy~~eMY CDo6oAHOMY ABH~eHH~ H306ap~ CKB03b ~APO. 3$
$eKT~ KOnnOI(THDHO~ npHpoA~, oeycnoDneHH~e Y4aCTHeM APyrHx HYKflOHOB RApa-MHwe
HH, Hrp~~T CY~OCTDOHHY~ ponb. 3TOT BWBOA nOATBep~aeTC~ pe3Y~bTaTaMH npOBe
AeHHoro D POOOTC OHGnHIO APyrHx H3BeCTH~X AaHH~X o ~AepH~X Ü-B036Y*AeHHRx 
B peSKUHAX nOpo30pRAKH ponnTHBHcTCKHX ~Aep H B A(p.n) peaK~HH. OTMe4aeTcR 
CBR3b 06CY1KAOOM~X ~~OKTOD c 3~eKTaMH. 06Hapy~eHH~MH npH HSY4eHHH nA B3aHMO

! Ae~CTOH~, o TOM 4Hcno c 3Hopr03aBHcHMOCTb~ nonH~X ce4eH~~ nA B3aHMOAeHcTBHR. 

:	 PaÕOTD D~nOnHCHQ D na60PDTOPHH B~COKHX 3HeprH~ O~H~. 
I 

,/ 

l\ 

~" 

nponpmn Oft'ltOJl1UfCllOtOj'O HIIcnrryT8 MeptlblX HCCJle.llOB8HIdí. ,Uy6Ha1987 

Ableev V.G. et 01. El-87-797 
~-Isobar Excltatlons of Nuclei in Charge-Exchanqe 
Reactions 

We prescnt our measurement results of differential cross sections of the 
(3He,t) chanQo exchanoe on carbon nuclei and protors at enerqies from 
800 MeV/nucl' up to S-Ge\l/nucl. T-hey imply that a) the react'ion on a nuc l eus 
proceeds malnly throuqh the excitation of the ~-isobars; b) the process is 
not reduced to the quasi-free production of the 6-is~bar on an individual 
Intranuclear nu~leon with a subsequent free TIotlon of t~e isobar throuqh the 
nucleus. lhe collective effects caused by other nucleons ~r~ importan~. lhis 
conclusion is confirmed by our analysis of the information on the nuclear 
6-excitations in the charge exchanqe of relativistic nuclei and A(p.n). \.Je 
note a possible connection between th~ discussed effects and those observed 
in p iori-nuc l eus s tud le s v In par t-l cul ar , with 'the energy dependence of the T1A 
cross sec tl on s . 

lhe investiaation has been performed at the laboratory of Hiqh Enerqies.
J I NR. .	 . . 
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