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-•-- \ ~ Pr~blerris of excitation and beha~ioii~- of broad hadrori.i~ resoria.nces ·in; ~uclei 
-and thi/ nuclea~ medi~m resporise,on high energi eicitations, intima.teiy rel~ted with 

V 'the former, a~e discussed inte"risiye(y dmiri.g lascae·cade. _- Large aincmnf of, expedmeri~ ,_ 
'. taLand theoretical papers and reviews are published on,thesetopics. Nevertheless, 

. \ the p?esence ?f -~- wide_ gap bebveeri_exp_erimenfan'c!- the~ry; is)he,p:iainft!atu~~ of the ! 
, current situation: mos_t _ of the 'Yell _established experimental observations. don't have· 

, _ -~qua~titativ~ theore_tical interpre~ation firmly gr.oun~ed, ( apait fr~m_fovv exceptions); '-
- ;~_--__ most'oftheoretical predidionsareqtialitative or sometimes even controversial.._-,._• .. . > -'' The main.reasons qf iA'terest fo the problems ~ons-idernd and 'main di:fficulti~s -

. as. well,' come from the ,simple·drcu~stari.ce that the behaviour of nuciear ma:t'ter -
. at high excitation energies. is. governed not only b:i the. micleqnic :degrees: of freedo~ .. 

, 'b\1t also by _the internal degrees of:freedom of the. con~tituent nu~leons': they cannot 
:~ be' treat~cl independently when the ene;gy transferrnd·t~ the medium is close to the -
- characteristic energy of excitation of the internal deg~ees ~f freed<>fu. •·such excitations -- · 
reveal themselves as'lf ~ N* ,'!Y.. transitions followed by ra:diation of paitides f;6rri the' 
nticlei. 'A'priory there is nb· grounds to·expect th~t:the main properties of:resonances 

:excited in medium ·should_ be the same as in. the case 'of their excitation in_the erri'pty __ 
-• space:. the_strori.g interpla.y. between "intern'al'~ari.d ·"exterriaF' d~grees· of freedom -
. co~ld cha.ng~,not only the chara'cteristics of "resonances but 'the ·very rriechari.{sn{~L • 
the}' elementary'', xeacti;n ·_ as ·,yellr O~dhe either_ hand, a· re~orgince, trea:ted as ~n 

1 excited hadron1c "drop", _radiates its decay products atasympt'otic states when it: is 
. 'placed,in>the "empty" ;pace, or,~ non-asymptotic .states -~hen it is in' a medium; 

therefor~ :the~c6rresponding. radiation boundary con"ditions~are differ_e_nt; r~su'iting 
~gain, in.;11o~!fications. of the -~eS()_nance _paramettr~_ such as 1;11asses or wi1ths: <· - _ · • -_. 

-_ ·_. :, .: H1stor1cally, :the first signal :about· non-tr1vial~•behav10ur. of ,the p10n and ti­
isobar in thenuclea.r m~ium came from the measurements of the total cr~ss sections , 
of i 12C -scattering mad~ in 1970. Theidea ·oLA-h·ole e~citatiou"s \vas d~veloped / 
/dti;ing the analysis of these data _and data on differential cro;s sections~f elastic'.pion­
·nU:dei scattering: .But deta:iled experimental investigati~n ~f ti-excita:tioris of nuclear·_.­
inediu'IIl with the ti~isohar nearjts mass shell was started in the inclt1sive (3 He, t) 

__ . t!xperiments'itt Dubna.an_d 'Saclay. They ~er~ perfor-med nea.r,the_ threshold (Saclay) 
• and in the· region of maximal-N N 7 N ti cioss ·section (Dubna). Analysis of these:_ 

I_ data: has shown that there is a fmidari'i.erital 'differenc~ between charge-exchange (CEX) .. 
- :_ reactions:with excitation of ti~isobar in nuclei and the corresp6nding "_elementary" 
'-p;ocess'. The difference is due to the many~particle na:tur~ of.the nudear system and 

:-'. reveals itself in various ways".:. 1 '. _ • . • · .. _ --.. _. .. · ! · ' _ · _ , 
.. ; lt'·can be regarded as established that the properties of ti-isoba:f excitations 

-of nuclei cannot be.'accomodated i~.the·picture of qt1asifree production and indicate 
. a collective response ~f nuclear matter to high ( ~ 300 Me V) spin-isospin excitations. 

· - •The time has ·now come to'go over from inclusive to exclusive experiments in -
. which not only the most energetic charge-excha'.nge product but also other'!soff' par- -
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... ticle;'-:- products of_the de-excitation of the target nucleus_;- are' detected. This is ~nee­
. essary in order to understand the nature of the ''collectiveness" of the.~-excitations, 

. • <Extensive exclusive .:_ type experiments on -~ excitatio~~ in nuclei have been; 
· start~d at KEK(FANCY/ A(p,p')Li0 ·all:d A(p, n)), Saclay (DIOGEN; A(3 He, t)) and , . 
· D·ubna{GIBS, (t,3 He)) after the first results on. (3_He; t) charge exchange; earlier­
p( d,pp )n bubble, charnbe~ 'experiment"at. Dubna. sho_uld be ~lso mentioned,. because 
therewa:s demonstrated an important role -~f the intermediate virtual~ in the charge . 

. ~~chariae chan~el cif the deuteron breakup. The mair{conclusioris-'aerived from· results . 
· of the inclusive exp~riment~ have beeri ·confirmed;· so~e-channels of. de~e;dtation of · 
nuclei ~ith A~isoQa:r. we~e. separated ~rid inve~tig~ted;' ne~ unexpec(ed infor~ation 
was ·also obtained.: Some of new results. were 'presented at the: recent -International_ 
Conference "Mesons.~nd Nu'clei at Intermediate Energi~s: M &-; N'94". .. . . . . . . 
:' · -·- -· It is .obvious that "ail. the infa~ation •obtained· so far- in. charge exchange reac- .· 
ti~ns with ~ excitation of nudei cannot 'he' treated sepa;atef i' fr rim that c~llected for 

·. other_ reactions: . piori: absorption, electro~ ~nd photo-e~~itati6n -· oi: .6.. in· nuclei, pion·_· 
elasticarid'ch~rge - .!i.cc4ange ~~~ttering:'..-Strong·c()rrela:Hons and conn~ct_ions b·etween 
these· processes'<::an be 'found: . : . .. .··. .. ._ . ~- - _· : , \ . 
. ' -- New valuable information should come fro'in polarization.experiments, Polar~ 

· ization effects· in processes with ~~citations of broad )i.;,dr~nic reson_arices iri nuclear. 
rnediu'.~ r'emairi.' almost unt01ichedup to now, but they'see~s iatlie? promising'for · 

. ··the' discussed topics,~ ·wis sho~n in talks at the "M'& .N .'94'? Confererice: It should < 
be noted'that an iiiterfe~ence of such broad r'e~onances 'as the Sand N*(1440f could 
manifests itself in 'j>0lari~ati6n, e:ffeds (due t~ ,their irit_erferer;~e n~ture fin. an. une~c ·_ · 

·. pected way: 'Mo~e~ver, it,see'~dor us that tlie:preserit dat~·on'theN~·resoii.an.ce 
· excit~tion show that: many problems of. the--~- ~xcitation ·. arid propagation in. nuclei • 
. should not be treated illctependently ~f the,N*(1440).' For example, in the coherent 
. pioll: production· stiidies o~e should take into' a~co~nt n~t :o~ly the L\~c~~tribution 

but the _contrib'utions fro.m the_ f!* excitations in the. target . and· projectile~as well, 
when the initial ~nergy is large enougli to allow for such. processes·. · Experimen( with 

:; . polarized, 'deU:ter'ons' devoted :to ·the problem under: discussion :was.· started in· Dubna._. 
The T20_-is being m~as11red at_0° in the-ineiastic'p(d,d')X andA(d,d')X scattering,··. 
wh_ich is in a foll analogy with 'the p( 9'-, a').,Y ·process;_ The coherent pion kroductioii. -
on the prnton target at the lowest.allowed transferred energy is possible only thrntigh. 

. . fl ~x.citation in projecti):es foi'both d an~ a, h,ecall~e target 'e~citation is forbidd~n for 
:- -the d:beam by· is~spin·and forthe· a-beam by both is·ospin and angular moJllentµm 

conservatiori. . ' . . . . .. ·-· . . . . . . . . ' ·. . -:- > , : ' . 
·_ · '-~ Short dis~ussion of the main experimental results obtained for charge exchange 

reactions with protons and nuclei is 'giveri in theSect; 2; both typ'es~ofexp~~iments · 
are• considered: inclusive :and .~xclusive ... Sect. 3. is· devo_ted to the coherent 'pion 

.production ind to the investigati~ns ·of the RoperN.*(1440):'resonance;'atterition.is · 
paid to 'the polarizati_ori, observables iii. the (~, d') inelastic scattering (Sect: 4)'. -Tlie. 
ir{ain· points of the discussion' are summarized in tlie concliidiri°g section: ~ · · _· •. :: · . 
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2. Data 'o~ char~e-exchange·~~acfio,ns ~n protonl arid,:n~cl;i at/ 
· - , • · : ' • intermed~ate en~rgies · ·' · · , - ~ ' ~ 

the detailed inclusive~type .. experime'nts . on,. (3 He, t) charge exchange. 
were performed at Dubna1- and Saclay3 iri~the kinetic energy interval from 667 

·. . . ·., . . ·, ,· • I . · ... , . / . 
MeV /nucleon up to 2:8 G<;!V /nucleon; _less precise data were obtained 'at ·s.9,, . 
GeV /nucleon 1: .· The invariant diffe~eritia1 cross_ sections·.at fixed 'angle close 'to· 0°·~; 

··were measured in dependence on the .energy transfer .Q· ;.;_E,H~.-Et (Fig.: l);. at 
some energies the dependence of the cross sedions tntegra.te~ ~»:er :the Li~peak)'on 
the transverse momentum transfer was. measured2•, . The. dependence of the 'cross . . . . . . . - . . . . . . . . . . . \ . . .. . . . , . . , . 
sections-on atomic•number of_thetarg~ w~s sttidied.att.h~ near7thres~9ld eriergy·at-·· 
Saclay; later on :sirriilar ·experiments· were J)erforrried ,vith;heavier pwjectiles4• The 
tens~r analysing powe; of the (d ,2p). reaction on proton~ arid carbpn wa~ n{easured. 
with detection of two protons at small relati,;e momentum5 .. •. 

1
• / . .. · .. . • · -· ... 

' ·.· - The most)etailed fixed~apglc inclu~iv~ rrit:a~ur~ments of the ,A(p, nJ· cli~rge ; . 
·exchange cross sections were perform'ed at Gatchipa at J. GeV kinetic eriergy : These. .. 
da:ta ,~ere obtained and tabulate~! at 'several angle~··from .4° _up to 13.2° ,vilh target .. · 

• nudei fr~n,n d .up to nat Pb. While thi~ ~2{periment :,v_as done before :that' oil (3 He, t) 
. charge e,xchange; the ~-exc~fa_tion region_was_not in~pected carefully arid these data_ ,. • .. 

were re-<tnalysed 9nly_}vhen the lesults_on (3Jf e~t) c~arge exchange were published. 
_()ther ~,n) experi_ni_ents. were do~; rnostly wi,th- proton __ ta;get 7 ; the data' published_ , , . 
m refs. were not· tabulated. The p(p, n)X ,data sef. pr~v1de rather firm ''reference .· :\. 
basis'' needed for analysis of the·foelastic: charge exchange oll nuclei. , , ' . .-· 
, : • All. this·_ bulk of th~ inclusiv'e data 'on charge.exch~nge with e;citation- of· A-·.­

isobar in nuclei was <liscus~ed in rrior~ detail in a number o'r re~ie\VS au'd_ survey talks 
. (see ,rek9; 10, ll,_12, 1.3 'aril refereri~~s. therein··for ririgina(pap~rs) .. This makes' it' 
possible io summarize here only the main results following to ref.9.' •-- . . ..··• ·.· .. · 

. i ;> With increasing of. projectile energy; th~- contribution' of" q~asidasti~" . 
.·_ cha~ge e~change (CEX)to the da-jdfl{O~) de~re,ises rapiilly coin°i-j~red with the con­

tri_bution ffom CEX with nuclear~ excitations. At high energies the latter determines 
themagnitudeoftheda/df!(0°). . . , . - . . . . ' .,· -

·' 2. The nuclear~ peak is shifted to lower energy transfers compared wit!~ the· case· of_ , 
··prnton target· and has almost· 2 time larger_ width. 'i'his is <)!)served for'CEX at· small, 

• p1.ofall inve;tigated ~ary~;i'systegison nu21<:i.: Thereforc_'it .is obvi,ous that th~origin· .... 
. ~f the shift and brnadening of the nuclear ~ peak is to be sought-in the response of~ 
the target nucleus on the appearance of~ isobar iri it and has little to do with some 
specific properties ?f prcjjectil~~- , . .· · ·_ · , , . · . .. . ' ' · .· . •· ·, .·, · .. · · · · · 
3: . The _mechanism· of quasifrce production of -the.~- in _the ni1cleus· with allowanc~ 
for theFermi moti~ri effects cannot reproducdhe 'rnain'f~atureS of thccros~ sections . 
and theratio of yields of tqe"C(3He,t) and p(3He, t) reacti<;>ns. : . · :· -- ' \ · 

_ 4 .. The general-dependenc~ of;the (p;n) an_d.(3He, t) CEXon the atomic numb,er.~f 
the target n~i~leus at the ma.ximii.m of the-~ peak is d~termincd first of all l;y absorp­

-cticm of the projcctilc/ejcctile i;1 the target nucletisand by ratio of nu.mbcrs of protons 
aIH~ neutroris iri the target._ It is: close to A 1_1 3 la~; the cross scctibri's .integrated over 

, r ~, , , :.._' , , ' ;- • ., • • - ,. \ - " ' 
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Fig.1 I~~ariant cross ~ections of th~ (3H e; t}-~h~rge ~xch_ange on, proto~s ( tri-' 
~angles) and ·carbon (foli circles) from ref. 1: :solid lines: our app;oximation; -long-_ , 

-- dashes: _extrapol~tion of.quasielastic,peak 0 at Q- < 150 MeV. to -the:~region;_-short -_-\ 
dashes: esti~ated cont:ribtifion from quasi-free ~'production:> ' . ---· . , . , . t~_
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. the ~-peak have slightlystronger A-dep~ndenc~ iii agre~merit witli'.' p~edictioris of 
ref. 14; where mesdnles~ ~N ·-· N N process has' been take; into ac~~unt. . _ 
5. The "genuine''. shape of the nucl~ar ~- peak, no't distorted by the projectiie/ ejectile .· _ 

. •·transition formfa:ctor,·depends ·on th~ A: the larger A, the bn?ader this:peak. As it 
was pointed earlier"{see refs.12; ~- and refe~ence~ therein)this indicates (qualitatively) 
on the significant contribution f;om mesonless modes of the ~ decays_ and: possibly, _ 
of the ~N charge exchange in .the nudear medium. · , . · : . _· , --_ . , _ . 
6. There are no fundamental differences in the mechanism of Kexcitation oHhe tar-' 
get nu~leus between the (p, n) and (3 He, t(CEX; quaii'titativ~ differ~iice~ are due td 
the formfactor ~f the 3H e _;. niansition ap'.d due to' different sizes of the proj~ctiles.': 
7. Th~ energy dependence' ~f the crnss sedioris reflect~the

0

energydependence ~f the _ -
total cr~ss sedions-of the cofresponding "ele~enfary" reactions .. _ · ' _ '· -
8. ,.The angular dependence of the cross sections integrated ov~r the ~ pe'akis g~v-

. , ~nied
0 

b_y t_he radii oLth~ projectiles and by the Pt _dependence 'ofthe corresponding .-- . 
· "el~mentary"-reactions.·· . .__ . · _.·. , · . ' ~ ' ;. , -, 

•. : C ,._Before. discussion of 'new :data obtained in ;xclusive-type experiments, • it is' 
'necess~ry to disentangl~ those effects, ~hich 'are related' mostly with the pr6p'erties , 

·_ ofS in nu<Aear 'medium ··and {vith' mi.clear _response., on,, ~uch. excitation, and. those, . 
· · which are related mostJy withj>artic~lar proj~~tile/ejectile feat11;re~. and kine_mat~cal 
· conditions of the experiments: First of all it would be misleading to forget about: the , 
important role of th~. tra:~siti6{i form.facto~ and ~l/oJc~ of th'e optimal. energy _interv~l., 

, The role ~f chosen projectile ·energy is:twofold (see fm details a11d references . 
the review9)'.. First,'1t deter~in~s the_,prohabiEty of ~-~?'citation, i~ the relevant .. 

. ," elementary''; rea~tiori, which.is pp - p;.,,11' for bary6nic charge ~xchange. ff is kn()Wll 
·-<that the total cross section 6fJhis reaction ~ea:ches its IIJaximu~ ( ,._;_ 18 -~barn) at 

·_ protol!- kinetic energies beto/ee; 0.8:.:.., 3 GeV; ri'ear the. nomi_n?-h:~(1232) thresh_old 
-• , _ _(~,0.M7_.GeV) it is, abo11t 3 times smalle_r,_(Fig., 2). The total cros_s sedion for tw?-

pi6n prodtiction·in the N N collisions reaches its maximum at kinetic energies above, 
~ L6 GeV. This d~fines the optimal energy inter.:al. ,Second, most experim~nts' 
are performed in the so~c_alleq "fi){ed~~uigle'.',kinematic, _where ejedile ts det

1

e,cted at 
small fixed angle and cross -sections ( or _multiple _coincidence ~pedra) are measured 
in, dependence on_ the energy tn1.n:sfe,r. Q. ~• Ep;0 ; --'EeJect as, the' primary kiriematical 

, . variable. A>c:haract_eristic feature of such kinematics is that variationof Q corresponds 
' -to simultanecius variitioii of the 4-momentum tra:b.sfer squared (t) and the effective 

mass (w) o.f the ~ecoiling system (the excited target) .. This iX illustrated by Fig. 3, 
-in,which,any point belonging_to any:of.the lines·1°4 inthe (w,t) plot corresponds 
to a certain value ofQ in the (3 He;t) reaction with triton emission at 0°,.at kinetic 

.enei:gy ~fthe projectile corresponding to this line. Itc,an be seen thatin the region 
HOff <

1
~ <)400 the value ofJ t I changes: This change is comparatively smalLat- \ 

· higher energies but rath.er big at low· energies. If the formfactor ofthe projectile-t<>: · 
ejectile transition is steep (as~in the (3 He, t)case) this results _iii a drastic energy- , 
dependent;distortiqn of the resonanceline.: The ~ffect~of such_dist<>rtiori is.shown, on 
Fig.A, where data from refs_l;~l5 are'divided on the 3 He -;;:-t nransitiori formfactor 
take!! is'.3exp(-27:74 It I) .. -• ,. -- . . .. . : . 
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One can try to compensate the criergY: dependence of the "elementary". cross . 
section inorder_to'c6mpare CEX data ~btained at different energies, as \Vas suggested 

. in our papers ( see ref. 9:.. and references therein). To. do this one. can norm:a11ze the 
diff~reritial cross sections (o?tained after com.pe1!_sation for the-transition forinfactor) 

. on the total cross· section of th_e relevant ? elementary" reaction ( o-f!1m) taken a.tthe · · 
· ·correspo_nding en·ergy per nucleon. In this way one gets a dimen~ionless Junction, but 
for practical purposes it is more_ convenient to restore the abso_lute tinits multiplying_ 
this function on the o-f!r'~at some "basic" energy' ( ":hich was set <let 800 MeV-in 
papers cited in ief.9) .. The resulting cross sections were called reduced invariant cross 

· .. sections: They show ~n approximate scaling ( within the normalization accuracy). on 
. . the sort of the proj~ctile _and its en•ergy, as one can see from Fig:. 5. That .means, 
. that· ~nergy dependence of the CEX 'cross sections with_ D. excitations 'follC>WS _the 

energy dependence of the af!1m. Deviations from this scaling arc related in part with 
absorption correctioiis foi .micl~on or. b.. in projectiie. Furthe·r. we will systematically 

. 'use the reduced invariant cross sections O",ed dtuing disc\;_ssion of the "exclusive" data. 
. Theexclu~ive-type-~xperiments with b.. excita'tions of A> 2 nuclei:wer~. 

. · performed at KEK 16, 17; Dubna18 and Sa:day~5, 19; they _were disc~ssed iri pa~tfn 
' refs. 9• 20. The.GIBS and DIOGEN grnups are co~tinuing their studie~;- ne~v results 

are reported at '.'M:&,N:'94'', Co11ference.(see·talks18; 19). ~ ·. ; __ , . : _.·· .· ·:.:. _: . 
. An important observation was made in the experiment on ·quasifree b.. 0 produc-

tion on· nuclei in (p; p') reii.cfon at KEK 16. In thi; expe~im~nt i~ela.stically-scattered 
· hard prntons ·were·detected _ at 0° in._cc>in_cide~ces _with _soft protons and pion? com- .. 
ing from the''target. 'Sp~ctra ofhard protoris ·were separite.d into 'different groups' 
according to•• the numbers of pions and ·~oft pr.6tons. ·.We' will discuss the· sample 
with 'one piC>Il .• and one soft. proton (11r lp ·.topology). ~ith. the effecti~e' mass . of. the: 
7rp pair between L1 _·and lA GeV (Si:egiori). The detection of the 7r-p pair 'IVith 
1.1 < Mell <: 1.4 G~V in cciincidence.wit~_hard scatter~dyrotori is the'signaii1ie cif 

·· quasifree b.. 0• production;\Vhat was an unexpected observatfon16 , was 'the big amount? 
• . of 11r+p_'pairs with Mejfin th~_Sr~ion, detected iri co.incidence with p'. Ev~nkof . 

. ~, this class are absent in data 'taken with proton ~nd d~utercin '.targets; their relattve 
contrihution seems to be i~creasing with.the _atomicnurnbei of the,t~igett It,'was 
pointed in refs. 9, ~o that the~~. pairs giye a strong i~dicatiori o;i a two-step. process 

. :with b..N charge-exchange in nuclei: the corresponding reactions are p+" p" 7 p' +~ + 
- followed by b..++"p"<-+.D. ++ + "n" ,with subsequent deca.y ~ ++ -+ p+i-+'; here,, N" 

. denote~ the bound quasifr:e. nucleon:. As was mentioned, first indirect indi~ation on' 
the "charge-exchange" m~d~s fo~ b.. decay in ri~clei Were obtained i_n '.A(p, n) charge 
excha~ge12; but th€se modes were theoretically not analysed yet. . · ·. . . ._ :-:--· 

. The "excl~sive'' (3 He, i), (p; n) arid (t,3,H e }experiments confirrpecHhe ~mi;in 
conclusions drawn from the inclusi've data. They provide also\a separation ofdifferent 
c;oritributions to the tcita.l ind;sive· b..· peak. Here we: wil(discuss b~iefly' 3 of the 
most·. investigated channels'. of the·.(~ He, t) ;'. (p, .TJ,) r~a~tioris_: . (if the '.' quasifree-lik~'' 
class 17rlp;, (ii) non-quaiifree 0i2p (mesonless) cl_asi which ·could be felated. with 
processes of absorption ofhoth virtual and real. pions, an_d (iii) nori-quasifi:ee l 1r0p 

. class c:ontaining contrib.ution from coherent pion>prod1;1ctio1L,.· The ·forward emitte,d ;. 
. . ~ ·~ 
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Solid lines:· relativistic p,wave Breit-Wigner, approximation;, short dashed, line: . the 
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" t;itons or neutrons (the ejectiles) were detected in coincidences with particles which 

define the listed topologies. . , . ' / . . . . . . 

Spectra of ejediles taken for the quasi 0 fr'ee topology have the same shape _in·./' 
,._reactions A(p,n), A(p,p') iind A(3He,t) ,when they are plotted versu; transfeueci' , 

energy Q and distortiori due to, th,e ,transition 3 He ·-d formfactor .is rell).OVed (Fig. 
.. 6): They have maximum which is shifted upward_on the. Q:axis, aswasexpe¢ted20 . 

. Comparing .with: the inclusiv'e Q~spectriim, one can-:see that, quasi~free, d1annd of 
charge e:xchange with 6-~excitation in:nuclei: contibute not more than 50% to the 

', inclusive cross s~ction (or, 'probably, even l1:;ss18 );).e: it is not, the dominantchanrieL 
. Ejectile Q-spectra for the nonaquasifree 01r2p chann'elof•A(p,-n) ·and A(3H e, t) 

charge-exchcmge with nuclear 6.-excitations have the same shape also (Fig. 6), wh.en ~ 
·the transition formfactoi is taken into account as described above; maxima ofthese 
· spectra: are strongly ~hifted downward on the ·Q0 axis; these sp~ctra are much broader 
than i~ the quasi~fre~ case.~An important ;~le of this :'mesonless" cha~nel has been 
discussed above; it contributes to the downshift of the inclusive n~clear .6. peak and, 
could be related with 

1
processes of absorption of both virtual ·and re~! pions. In the' 

latter case.a 2-step prnces~ 1;1U:st beconsideied together withothers: on the l~st step . ., 
the real pion' is created after decay bf 6. excited on a bound nudeori ( this corresponds ---; 

~-- to the hlptopology)"anl~ri the 2~nd step this pi~nis abs~rbed in the targefnucl~us 
_with emis~ion,of ()Ile ()r two_nucleon,s.: Depe~dence of th~ ejedile sffectr~for t~e 01r2p _ 
. channel on the target atomic number, studied at Saclay_ (seereL 9), gives evidences ; 
, in favour· of such· pic_ture :and must help in understanding the Adependehce of .the 

. _shape of the 6.-pec1;kobse;ved for indusi~e. A(p, n) re?'ction6; 9 :• ; < \. ··; : ' .. 
. . ··• The_ Q-spectra of ,ejectiles· in .the>l1r0p. channel also, h.ave maxima shifted·• to 

'· lower Q (Fig: 6); this channel must_ have strong contribution frorri,the,'coherent pioII 
. production mechanism:L The first experimental evidences for .this mechanism have, 
been ~btai~ed at Saclay with,DIOGEN22 in th,e (3He,t)' reaction and inDubna with 
GIBS18 in the (t,3 He) reaction:.; . . .·. . .. .. . . .. 

. . We see thaUhe exclusive-type experiments give direct information about sig> 
nificant role of the non~quasifree channels in charge-exch·ange on nuclei.with excitation~ 

. of 6_:.isob~rs. S~riie new 'observ~tions:were made (for example, the A~dep~nclerice·of~_'. 
the peak maximum in .the 01r2p ch,annel): It is in,teresting tliat·even for the chan-·. 

· nel"with quasHree topology not all details are clear: too many h,ard pions18 w,ere 
found. This might .be a riew signal aho.ut excitation of reso_nances others than 6.. For '. 
example, one could put a qµestion about cohereu't pion production with tlie virtual. 
N(1440) resonance•.in an· intermediate s.tate. 'All this needs further.investigations .. 

~ . 

3; Coh~;~rit 1r_ producti~n: · iiew~possibil!ties_ 
;.,-

" . . . - - ~ ,· ,, ', ' - ~ " . . /. 

There exist many theoretical papers devoted to .the coherent pion production •. 
mechanism, which contributes to the l 1r0p channei of cha;ge exchap.ge with nuclea~ 6.-

. excitatioris21 ,- ~3. The.mJst. theoretically clear process· with ~ohere~t. pion productio11' 
, is p( a, o:')p1r reaction. At ·fow transf;rred; energy Q the ~ain mechanisr~ for pion 
production' is excitation;of virt'ua1 6. in' the a~particle with subsequent de<;ay of.6., 
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·.• < ,' Fig.6'Data ~f ''~xclusi;e:' experimentd dis~uss~d-.i~ thi;, ta!L Ti1einclusive · . 
.. dat'a froin Fig:5. a~"e. s~o~n f?r '~?~ya~is611.'. The cro~s secti?IIS. 6! t~1e (p, ;.,, ), r_eaction . 

·· at T = 800 MeV(measured.mexp. 7 m absolute uruts) are multiplied.by a factor of.• 
3:33 for. better.clarity (open. circles; full tria11gles. and full squares):· Histograms'"' the 
~~me clata: froiii'ref. 15 as ~hown' i~- Fig.4b·; here and. in Fig.4b they a.re normaiized by - . 

. the, ( 1r_ + -P) ·cross secti~ns frolll'. KEK 17 a~d this n_ormalization-Jactor was. c1;lso. use_d • 
for.the 2p spectra of ref:15. . • . , · · · :- ; ... .· • . . . - -~, . . . , '· . . - . ~ - , - : ' . . l • 



' when pion is erriitt~d {nd nucleo'n re~ains bound in.the ~~particle.' Stich mechanis~ 
~w~s called "excitation of Li in proj:Ctil~)DEP)" 21 . Excitation of. Li i'i1 the proton 
tilrgef (DET) is forbidded for. the p( a, a') reaction by spin and isospin conserv~tion. · 

. _- If,vas noted; during investigations o((3 H e, t) charge exchange, that th_!! DEP-' · 
mechanism is strongly energy dependent: while its contribution to the inclusive .in~ 
variant (3 He, t) c;oss secti~ns is mme-6r-less significant at low -( SU bthreshold) ~n~rgies ·, 

_ / ~f p~ojectiles, it becomes negligible in corriparisciii. with DET-me~hanis~ ~tenergies -. 
-· ~abo1;1t 1 _GeV an~ higher_(seci'ref.9• 23 and refenf~c<;s therein). StiU, the DEP mech- .' . 

?,nism is r:elatively less important than the -DET orie in the (3 He, t) rraction. Th~ 
. reversed situation exists in the case of(3 f[e, 3 He') reaction, as was shown'receritly23, 

· . • Therefore playing with quantum numbers ~nd
0
initial energies' by studying , 

p(<i,'o:'), p(3He,3 He') and p(3He,t) reaction~, ·one getsari opportunity to separ~te. 
. V . ... ,.. '. ··"· . ·- . , -

contributions of the:different partial,mechanisms: Such'information is {:!Specially valu~ 
able for the present theory of meson~nu~leon and nud~on-nudeon infcractio;s, where 

.a.nu~ber'of'unc~rtainties exist sofar9~ . · .- , < ··: ·'· - _ c, • .· • ·• -

. . :..._ On the other hand, 'at sufficiently high-transferred: energies Q and at projec­
tile energies far from theli-production threshold, processes with excitation of next 
nucleoriic resonances can fake place. A contribution from li~~vier i:esonanc~s'froin :6.- I' 

f~mily has been ~eported for the (3 He, t) charg~ exchange (~ee references inreview9) .. : 

E~cit,atJo~of the J\'(1440) reson~~ce was reported in :~e p( a, a') reacti~n24 /(but_ I 
this experiment was don,e,at· energ1es close to the N N -4 N*N threshold and the o:-\ .. , · 

_partide forriifacto; strongly.changes the res~nance line in.a waysimilar to th'e '(3H e,1t)'-· 
case ~dis.cussed. ~efore) .,' · Therefore othe~ •· nucleoni~ .· r~so;iancJs can il:lso' cont~i b11te. to , 
the .~oherent-pion -prod uctiori at moderate· a~d,high_ Q if_ the i~itiaL energy is chosen . , 
prope:ly. This interestiyj possibility h~do be investigated·, both 't.heoyeticall(a:rid~:-
exp~nmentally_(s!:!e talk,). _... · .. ·-- .. , ., ... _ _, . .'. -, .· _. ,_ .· •. ., " 

• ; ' - ,The excitation oCN* ;is of ,a special importance 'in this',coritextbecause.. of, 
.. ~ .· several reas_on~. First, the Rope"r'N*(1440) reson'?nce has th~ same qi.ianfom·rrnmbers ·. 

\, / , as tne nucleon and the relative importance oLrri~chanis~s with N* excitatio11 in the 
' ~ project-He and i~ the target will be different from the ~-case. Sernnd, thisre~'onance 

has rather big N 1r decay branching ratio and, being as wide as Li, it partially overlaps' 
.· ' ' ' . , ' ' '· '. ' . ' \ ' ' ' '•. ' ' 

with the Li-resonance. Therefore sorrie interference effects from processes with 'Li and , 
-- ,.N*(1440) excitatioriii'should take place, . ·~· ·, ' :' · · · ,·_. ' .· . . .' · 1 · 

. . . · yery interesting reaction for -such studies js the ( d, d') _- itjel~tic' sc,;_tt~ring. 
First; the DET mechanism c>f' coherent pion p'roduction at low Q is forbidded here . 
because of. isospin _conservation •as in· the ( o:, o:') ~case;· in this seris,e 1 these' r~action's. ' 

.. are'similar, burthe deuteron is obv;iously mud{simple object for theoretical analysis. 
. Excitation of Roper· N~(1440) fesonance in the (d, d') reaction, as it 0as done in•the 
. (a, o:') case, was not investigated yet. Second, t_he incident deuteroris_·can be polarized 
and' polarization observables can be studi~d in the inelastic ( d, d') scatfering with Li 

-and. RoperN*(1440) excit'ations: Such information must• be very useful for under­
standi~g of the resonance excitation mechanisms and behaviour of these resonances , 

· in nuclear medium. The ( d, d') reaction with polarized deuterons can be also usedfor , 
investigations of nuclear- response on· high· energy spin-isoscalar ·excitations;_ for low -

•. e~ergy 'spin°isos~alar ~x~itatio~~ -i~ has. been. done; recently25 . , . . 
.- , ,., ' ' , \ ,_ .' 

12 

"; " 

4. Polari~~tion studies of_A ~~d Ro~er reSOl!a~ceregion in,(d,d') 
- reactions ' 

. . Pol,arization ob~ervables in processes with Li e~citation at ·i;termediate 'ener-
- gies ~;e not thoroughly investigated-eve~ f.~r elementary N N _; N~ i:-eactions2

_
6

, 
27

: 
For nuclear Li excitations only data from Saclay. ( d, 2p)' ~xperim~nt5 ~xi;t,· ·whose 
interpre~ll.tion'is rath~r difficult because of'thepoorly known,d.-· 2p.transiti_on.form­
factor. • On other hand; it• was theoretically demonstrated, that the Q~d~pendence 'of 
the polarization observ~bles could be sensitive to nU:ciear metliumeffects when Li is 
-~xcited in-~uclei27. The spir'i.~1ens_ity_matrix' of ~-i~ohll.r is also' serrsitive_.fo A-hole' 
states, as was shown in re(.28 . Therefore:it is necessary.,to analyse data frCJm the 
excliisiv'e-type experiments discussed

1
hefore, in-order to get experime.ntal information · 

. abo~t,polarizationof Li in nuclear m~dium. Polarized projectiles ( deuter~n'~, pr~ton~, · 
• 3 He) would provide a.possibility to change polarization 'state of Ll. anlto studyit's 

. different dec.ay modes in the nuclear medium. : . , _ _ , . • ·. , , . . 
.. <: E~periments' in 1this direction, are in progre;s at Dubna 'synch~ophasotron, 

~here tensor an~lysing p~~er (T20 ) is being mea~ured for p(d,d') and C(d,d'}re-
actions. The tensorially .polarized deuterons, ·irielastically··scattered from different 

-targets, are detected at 0°; the region.of t~ansferred e_nergy. Q:is scani{~d from the 
· pion pr:od_uctiorithreshold.thr()ugh_ I:::. and RoperN:(1440)·regio:n's up to _Q_"' 0.8GeV. 
.. at kinetic energies about 2 Ge V / nucleon: The region of possible interference between 
. Li an1 Roper N* (1440) is being· m..ea:sured also. Data on p( d; d') and C( d, d') reactions · 
,. will be compared in,order to look for a possible miclearrn(!dium effects, as was·done in 

theJirst (3 He; t) experiments1. The polarization..signal has been reported; the exper- · 
irnent is inprogress .. Hshould be stressed; that this experiment is being performed at 

< energi~swhich are optimalfor studies of 8a,nd N.*(1440) res~nance~:the' total:cross 
sections ·of-corresponding t elementary" r~adions. are dose' to' their maximal values::· 

,, , • _: '• < • ' ~ : • ~. • .: •.' ' .- ',-_ • C •, C • -: -'< • • ! ' C : • \• ' •• • ,• 

Conclusions 
-. ---

~-New, data fiom -'.'exclusi~e" -type: ch:i:ige~·exchange exp~riments_ igree. well with~ . 
·· ·. each oth'er a.nd confirm the inain conclusions~drawn from the previous inclusive . 

·experiments on Li'e~citation in nu~lei'. ··. . . .· 
• QU:~sifree s~production in charg~·exchang~ on, nuclei is not the domfoant ihari-

nelof this reaction. · '_' : - - · . - . _ .-•· . _· .··· < .. ·. · , > · ·~ · . -
•. So_michan~els of the charg~:~xch~nge rea~ti,on with ~'.~~citati,on in nucleic~uld 

-be considered in -terms of scattering· and: absorption pf.. virtual or· real .pioi1s in 
· 'nuclear medium. - <. - '· -~ . :::.- .. ·- .. · ... , '. .•. _ . - . : , : 
• The': ~xdusive"-type ex'periments gave qu~litative"new ~bs~rv~tion~ whi~h rriust 

t>e explained· by- theory_ ( the;A:depe~dence ·of the eje~tile: s_pe~trum for 01r2p 
. . •, ' . ,-;~·.;,"'.. : ' . _. '. '.. . . -::-
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channel, 'the excess of hard. pious· in the· quasi~ free-like channel, 'the ~-like 1r N 
pairs with "w_rorig" total charge). ·. . . . . . . 

• .Experiments at various energies 'with.aifferent projectiles, including measure­
_,· ·. ments of polarization observables, must help in separation of pa~tial contribu- ·. 
.. tions ,to ,the 4 and N~(1440) excit~tion~· in' ~uclei'. Popsible i~terfereric~ effec_is 
: 'should, be 'taken into account in theoretic_al analysis of th(,Se data; . ,' . 
•· The' charge ·exchangereacti~~~ with excitatiori of~ (~nd o'ther bro~d nucleonic 

.•· reson;;_r{ces) in nuclei,<;:annot _be treated separat~ly from 1r-~bsorptio~; photo~ 
~nd_electro:excitatio? or' these resonan~es iii p~<:1ei .. Th-~y sho_uld,be investigat_ed· 
in a coherentway. Significant correlations between aU these'processes must.exist 
~nd ~om~ 'ofthem are found. . . . . . . . · . '·.. . ·. ' . . . .· 
. . . - ,- -- ',,-· 

. 6. Ackr10"".ledg~e~ts 
/ ,, . . ,· .. ' .-, -- : '' ' ·•,' ·. 
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whc:nn the discussed experimental re~ults on (3 He, t) charge~ex~hangewere obtained. . · 1 

:Most of theoretical results; we iefefred'.to;were obtained together with'Yu.L.Ratis 
fromSamaraAir~Space Univeisity and his teain; we enjoined with this fruitfuH'colfab'- , 
oration: We are grateful to KOset, M£rics6n, P;Fern.andez de.Co~doba ancl'~embers · 
.of GIBScollaboration for rrniriy intere

1

st1ng arid fniitfol discussion; of'proble~s related· 
with the topic~ di~c~ssed'iiithis talk: . .. . . ' . : ' .·· . ' , 

. The workori preparation of this review'talk,'wa:ssupporte'd in part by graiit 
N°- RFUOOO from the lriternatio~al Science F~undaticm.- . · . · . . >' 
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