


~.Problems of- exc1tat1on and behavrour of broad hadronic: resonances in nuclei
and the nuclear medrum response on: hrgh energy excrtatrons 1nt1mately related wrth
he former, are dlscussed 1ntensrvely durrng last” decade Large amount, of _experime
al and theoretrcal papers -and reviews are’ publrshed on. these toprcs Nevertheless P
he presence of a wrde > gap between experrment and theory is the main. feature of the :
urrent situation: most of the well established experimental observatrons ‘don’t have’ .
quantltatlve theoretlcal 1nterpretatron ﬁrmly grounded (apart from few exceptrons),j S

most 'of _theoretrcal predrctlons are qualrtatrve or sometimes even controversral :
™ ,The main reasons of 1nterest to the problems conSIdered and ‘main drfﬁcultres
;" come from the fsrmple crrcumstance that" the behavrour of . nuclear matter
at- hlgh excitation energies is’ governed not only by the ‘nucleonic degrees of freedom =
it -also by t the internal degrees of . freedom of the, constrtuent nucleons they cannot
“be treated 1ndependently when the energy- transferred to the medrum is close to'the :
haracteristic energy of excrtatron of the mternal degrees of freedom “Such excrtatrons '
veal themselves ag'N = N REVAN transitions followed by radratron of partrcles from the
nuclei: A prJOry there is no grounds to: expect that the main’ propertres of: resonances -
xc1ted in’ medlum should be the same as'in the’ case of thelr excitation i in the empty
pace the strong 1nterplay between 1nternal” and external degrees of freedom'
could’ changesnot only the characterlstlcs of Tesonances but the ~very: mechamsm of
Whe} elementary”, reactionas’ well' On the' other hand -a“resonance,’ treated as* an
X ,ted ‘hadronic ”drop radrates 1ts decay products as’ asymptotrc states ‘when itis
-:placed "nfthe empty space; or. ‘as norn- asymptotlc states when itis in' a medlum
“:therefore the correspondlng radratron boundary condltrons ‘are drfferent resultlng
~again‘in modrﬁcatlons of the 1 resonance parameters such'as masses or w1dths :
o Hrstorrcally, the. ﬁrst srgnal ‘about: non- tr‘lvral ‘behaviour of the pron and A-~
sobar in’ ‘the nuclear medrum came from the measurements of the total CTOss, sections
“of T2C" scatter1ng ‘made in 1970.- The idea of ‘A-hole- excrtatlons was developed
durrng the analysis. of these. data and data on dlfferentral cross sections. of elastic pron-y
nucler scatterlng But detarled experrmental 1nvest1gatron of A excrtatlons of nuclear
medrum with the A- isobar near its mass shell was started in" the inclusive: ( He, t)
xperrments ‘at Dubna and Saclay They were performed near: the threshold (Saclay)
~and in the region’ of max1mal ‘NN-— N A Cross “section: (Dubna) Analysls of these~ 1"
data has shown that thereisa fundamental drfference between ‘charge- exchange (CEX) L
reactlons ‘with excitation’ of A 1sobar in: nucler and the corresponding elementary SR
process. The drfference is: due to the many partrcle nature of. the nuclear system and e
“reveals 1tself in various ways: . L
st can: be. ‘regarded. as establrshed that the propertres of A- rsobar excrtatrons i
~of nuclei’ cannot be: accomodated in.the" p1cture of quasifree: productron and 1nd1cate .
Ga collectrve response of nuclear: matter to. hrgh ( :300 MeV)-spin-isospin, excrtatlons -
~‘The time has 1 now come to go over from inclusive to exclusive experlments in i
"whrch not only the most energetrc charge exchange product but also other sof par- e
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' t1cles = products of. the de-excltatlon of the target nucleus — are detected Thls is nec- ‘:'} -

essary in order to understand the nature .of the? collectlveness of the “A- exc1tatlons'

nucle1 with A- 1sobar were separated and 1nvest1gated new. unexpected 1nformatlon‘

Conference ”Mesons and Nucle1 at Intermedlate Energles ‘M & N'94”

these processes can be found

New valuable 1nformat10n -should come from polarlzatlon experlments Polar—i

b 1zatlon effects in’ processes W1th exc1tatlons of broadhadronlc resonances Ain nuclear\
o medlum remain’ almost untouched up to‘now, but’ they seems. rather prom1s1ng for;‘ sl
fthe d1scussed top1cs as 'was' shown in talks at the ”M & N 947" Conference It shouldl S

- be noted that an 1nterference of such broad resonances as. the. A and N“(1440) could P
manlfests 1tself in polarlzat1on effects (due to. the1r 1nterferenc 'nature) in an unex: -
pected way.. Moreover, it, seems. for 1 us that: the present data on the N*: resonance}: N

- "excitation show -that many problems of the A exc1tat1on ‘and” propagatlon in: nuclelf'— ‘

“' should not be treated 1ndependently of the ‘N *(1440) For example in the coherent e

but the contrlbutlons from the N* exc1tat10ns in the target and prolectlle as well,

“ when the 1n1t1al energy is large enough to allow’ for such processes Exper1ment w1th» o

polarlzed deuterons devoted ‘to the: problem under dlscussmn ‘was started int Dubna‘
“The Tag'is- be1ng ‘measured at 0° in the-inelastic’ p(d d’)X and A(d d’)X scattering;:

: whlch isin‘a full analogy with ‘the p(a a') X process: The coherent pion: productlon;
ot on the proton target at the lowest allowed. transferred energy is possrble only throughf g

A excitation in prOJectlles for both‘"d and o because target ‘excitation is forbidden for -~ ..
: § spln' and angular momentum i

- the d beam by 1sosp1n and for ‘the oz-beam’ by both
T conservatlon ;

- Short dlSCllSSlOIl of the main exper1mental results obtalned for charge exchange’; e
reactlons with protons‘and nuclei is given in the Sect 2: both: types of experlments:" S

7 are con51dered inclusive: and e,xclus1ve . Sect.~3 1ist devoted to- the coherent ~pion -
productlon and toithe 1nvest1gatlons of the’ Roper N "(1440) resonance; attentlon is- .

: pa1d ‘to'the polarlzatlon observables in the (d 'd") inelastic scatterlng (Sect 4) The o

i ma1n pomts of: the d1scusslon are’ summarlzed in-the concludmg sectlon

e Extenslve excluswe = type experlments on A exc1tat10ns in nuclei have been " - ‘
"started at KEK: (FANCY A(p, )A° and A(p,r )) Saclay (DIOGEN A(aHe t))and "
Dubna (GIBS (t, 3He)) after the ﬁrst results on’ ‘(3He;t) charge’ exchange earlier.

- p(d,pp)n bubble cha.mber exper1ment at Dubna should be also ‘mentioned, because

. there was. demonstrated an 1mportant role of the 1ntermed1ate v1rtual A'in the charge“,

exchande channel of the deuteron breakup.: The ma1n conclusmns derived from results " -

“+of the 1nclus1ve experlments ‘have been conﬁrmed some channels of de-éxcitation of «

was also obtalned ‘Some’ of new results’ were presented ‘at’the. recent'-l' ternatronal:’ B

e T s ‘obvious that all the 1nformat1on obtairied so far i in, charge exchange reac-; Doy
tlons w1th A exc1tatlon of nuclei- cannot be treated separately from’ that collected for S
other reactlons .pion absorptlon, electro— and photo—exc1tat10n ‘of” A in’ nucle1 -pion. "~
elastlc and charge exchange scatterlng Strong correlations and connéctions between S

) GeV/nucleonl The invariant dlfferentlal cross, sections at ﬁxed angle close to: 0° s

Siwere! measured 1 in dependence on the energy transfer Q= E3He —F (Flg 1), at

- 'some energies: the dependence of the Cross sections. Slntegrated over,the A- peak) on:

‘ *‘fthe transverse momentum transfer was. measured :

" ‘sections.on- atomlc number of the’ targe‘t was stud1ed at the' near- threshold energy at L

i Saclay, later on’ srmllar cxpcr1ments were performed w1th heav1er pro_|ect11es The
- ‘tensor analysmg power of the (d 2p).réaction on’ protons- and: carbon was measured
w1th detectlon of two protons at small relatne momentumd. - S o

B charge exchange (CEX) to the do /dQ(0%) decreases rapidly’ compared with'the con-
",trlbutlon from CEX with nucléar A excltatlons At h1gh euerg1es the latter determlnes
the magnltude of the da/dQ(O") Doty ‘, S :
'2. The nuclear A peak is shifted. to lower energy transfers compared w1th the case of G
"“proton target-and-has almost 2 t1me larger width. “This is obsery(‘d for CEX at small e
“oipy.of all 1nvest1gated baryon systems on’ nuclu Thereforc it is obvious that the or1g1n
« “of the shift and broaden1ng of: the nuclear ‘A peak is to be sougllt in. the response of“-".. :
the target nucleus on the appearance of A 1sobar ini 1t and has little to do w1tll some o
“"'spec1ﬁc propertles of pro;ectlles e L R ; SR
= 3:.The mechanlsm of quasifree. productlon of the A 1n the nucleus w1th allowance o
"\ - for the Fermi motion effects cannot’ reproduce ‘the main features of the €ross sectlons I
":and the ratio.of y]elds of the’ C(aHe t).and p(3He t) rcactions.. l : i
e ;’,4 ‘The general dependence of:the (p;n) and (3He ¢) CEX.on. the atomlc number of~
. 3' : the target nucleus. at the maxlmum of the A peak is determlncd first, of all by absorp—

: ,fand neutrons 1n the targct Tis close to /l‘/J law

_isobar in “nuclei was dlscussed in. more detall in.a number of reviews and survey tall\s
(see efs.
"poss1ble to summarlze here only the main results’ following to ref.?.

rlhe detalled mclusrve type experlments on (3He l) charge exchange;"k"

- were performed ‘at ‘Dubnal- and, Saclay in, the klnetlc energy :interval from" 667

MeV /nucleon: up to- 28 GeV/nucleon Jess' preclse data were' obtained at 59\‘:’"

.. The, dependence of the ‘cross

The most detalled fixed- angle 1nclus1ve measurcments of: the A(p,n charge /

L exchange cross sectxons were pcrfornled at’ Gatchlna at 1 GeV k1net1c energy’: These "’ o
~data were obtained and tabulated at several angles from 4° up t0'13.2° w1th target g
‘nuclei from d xip-to "t Pb. Whlle thls experlment Was ‘done before: that -on. (3He ty-
fcharge exchange the A- exc1tat1on region’ was not 1nspected carefully and these data e
s were: re~analysed only" when the Tesults on (3He,t) charge exchange were publlshed
‘ffOther gp n) experlments were done rnostly ‘with: proton target “tlie data’ publlshed

. in'refs.

were not- tabulated.” “The" p p,n)X data set pr0v1de rather ﬁrm’ reference o

is” needed for analy51s of the nelastic’ cllarge exchange on" ‘nuclei

', All:this’ bulk’ of the mcluswe data’on charge exchange w1th exc1tatlon of A,—,—';‘ 7

s

9,10, 11, 12,13 5 g references therem’for orlglnal papers) Thls makes'lt

i qua51elast1c

o /Wlth increasing of pro_|ectlle energy;’ the contrlbutlonof;

ionof the pI‘O_](‘LtIlL/(’]C(‘tll(‘ inthe target’ nucleus and by ratlo of numbers of protons
the Cross. scchons 1ntegrated over ‘.o

)




Flg 1 Invarxant €ross sectlons of the (3H €; t) charge exchange on, protons (trl-;
angles) ‘and“carbon’ (full circles) from ref. 1 SOlld ‘lines:: our. approxrmatlon, Jong
*dashes: extrapolatlon of quas1elast1c peak at Q <150 MeV‘ o th A‘reglon, short‘j‘

free A productlon

dashes est1mated contrlbutlon from ‘quasi

s the formfactor of the3He =5 1. trans1t10n and due’to’ dlfferent sizes of the pI‘O]eCtlleS

. total cross sections.of the’ correspondmg elementary ‘reactions.
’; 8. The ‘angular; dependence of the cross sectlons 1ntegrated over the A peak is gov-f

= of ‘Alin: nuclear ‘medium " and’ with’ nuclear Tesponse on-such’ exc1tat10n and those, :

v"“'*vFlg 4, ‘where data from refs ;15 are d1v1ded on the 3He"—~> 1 trans1t10n formfactor

-the A peak have shghtly stronger A dependence in agreement w1th predlctlons of :
“ref.14; where. mesonless AN'—"NN process has been taken. into account R .
-5, The genulne shape of the nuclear A ‘peak, not’ distorted by the prOJectlle/ejectlle
“transition formfactor, “depends on’ the A: the larger A, the broader this/peak.As it

L. Was pomted earher (see rel:'s.12 9 and references there1n) this indicates (quahtatlvely)

‘on the s1gn1ﬁcant contrlbutlon from mesonless modes of the A decays and poss1bly,
Cof the AN charge exchange in the nuclear medium. .
6. There are no fundamental differences in the mechanism of excltatlon of the tar— g
- get fucleus between the (p, n) and (3He 1) CEX, quant1tat1ve differences ‘are due to

N The energy dependence of the Cross sectrons ‘reflects. the energy. dependence of the -

= erned by, the radii of. the prOJectlles and by the pt
: elementary reactlons ' : o , 2

- Before ‘discussion: of new data obtalned in’ exclus1ve—type experlments it
. ’necessary to d1sentangle those effects, whicha are related ‘mostly.; with: the propertles o

dependence of the correspondlng

S wh1ch are related mostly with partlcular pr0]ect11e/e_]ectlle features and k1nemat1cal
condltlons of the experiments.: Fi irst of all it would be. mlsleadlng to forget about’ the g
' 1mportant role of the transition formfactor and ch01ce of the optlmal energy. interval. =
w2 The role of. chosen pI‘O]eCtlle energy is’ twofold (see for details and references .
the rev1ew9) First, “it- determlnes the probablhty of A. excltatlon in the relevant <.
i elementary reactlon “which is ¥4 = pnx for baryonlc charge exchange It is known R
that the total’ cross sectlon of this reactlon reaches its maximum (~ 18 mbarn) at”
proton kinetic energles between. 0. 83 'GeV; near’ the’ nommal A(1232) threshold
= (~0.647: GeV) it is.about 3 ‘times smaller. (Flg 2)- _The total cross section for two-
_~p10n productlon in. the NN colhs1ons reaches 1ts max1mum ‘at kinetic energles above :
.~ 1.6 GeV. This" defines. the optlmal energy ‘interval. Second, “most experlments
‘are performed in‘the’ so'called ”ﬁxed angle k1nematlc, where eJectlle is detected at"

- i small fixed angle and cross sectlons (or multlple c01nc1dence spectra) are’ measured e

HAn dependence on: the energy transfer Q= EpraJ — Feject a8 ‘the” prlmary klnematlcal e

S varlable A characterlstlc feature of such k1nemat1cs is that Varlatlon of @ corresponds S

~to. s1multaneous variation of the 4- momentum transfer squared (t ) and the- effective
'*mass (w) of the. rec0111ng system (the excited’ target) This is illustrated by Fig: 3,
.in“whichiany point belonging to'any -of the hnes 1:4°in the (w t) plot corresponds
‘toa certaln value of Q in the (3He;t) reaction with trlton emission at-0°-at kinetic

- energy of the projectile correspondlng to this line.’ It can be seen that in the reglon B '
1100 <, \w <:1400 the value of |t changes Th1s change is comparat1vely small. at\
 higher. energles but rather big at low energies. If the formfactor. of, the prOJectlle-to-
~“ejectile transition is steep (as+i 1n ‘the (3He 1) case) this: results in'a drastlc ‘énergy- .
dependent distortion of the resonance line.: The effect” of such d1stort10n is shown.on \

taken as ‘3e:cp( 27 74 | t: [) 1 D
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. Fig: 4a Inva.nant cross sectlons of the reactlon p(:’He t) after compensatlo of :

F 2 Beh v1ourk of. tota.I cross sectlons ‘of 1 pp —'pnr (c1rcles) pp' ; pn7r+7r the 3He formfactor. Lmes relatlwstlc P wa.ve Brelt ngner approxnna.tlon e
; lg eha : . ; o ; ;

‘, (trlangles) a.nd pp —» pn7r+ 0. (squares) on the lab 1nc1dent momentum Sohd lmes

Excluswe C( He *),
"}spectro necr'fhe

e The same’ spectra
¢—n'+p - after: compensaﬂon
: i for the :3He .+,

formfcctor

- : T ' 5 B Syt 0—0ngmar specfra (w:fhouf :
2 78 MeV/A, : o : - R forqucior compensuhon)

ot Flg 4b Da.ta taken from ref‘ 15, spectra are shown before and after the com-

1{fere'njt 1nc1dent :




One can' try to compensate the energy dependcncc of the elementary cross :
"Vsectlon in order to compare CEX data obtarned at’ d1lferent energres as was suggested
‘inour ‘papers (see ref.?_and references therem) "To. do this oné’can normalize the
differential cross sectlons ‘(obtained after. compensation for the transition formfactor)
" on the total cross section of the relévant ’ elementary reactlon (o’féf"‘) taken at'the™
"‘correspondmg energy per nucleon ln this way one gets.a dlmensronless function, but. -
“for practrcal purposes it is more conven1ent to restore the absolute units mult1ply1ng,. 7
: th1s function on the afg‘ﬁ'"\at some’ ”basrc energy C whrch ‘was set at 800 MeV-in SN
: papers cited in ref. 9) The resultlng cross sectrons were called reduced invariant cross
" sections: They show an’ approxrmate scallng (w1th1n the normalization accuracy) on :
“the sort of the prolectlle and -its’ energy, s one can see from Frg 5. That. means, ,
‘that" energy dependence of -the CEX ‘cross sections. with A excrtatrons follows the
‘energy dependence of the o """‘_ Dev1at10ns from- th1s scal1ng are’ related in part with "
~absorption correctlons for nucleon or A'in: prolectrle ‘Further we ‘will systematlcally
_;"use the reduced lnvarlant cross sectlons o’mi durlng d15cussron of the excluswe” data o
The exclusrve type experrments with A excrtatrons of A>2 nucle1 were
i performed at: KEK16: 17, Dubnal8 ‘and Saclay15 19: they were drscussed in part in
refs.% 20" The: GIBS and DIOGEN: groups are: cont1nu1ng therr studres'_new results
are reported at ”M &N, ’94” Conference (see talksls 19‘){ ~ S
An rmportant observatron was made in the experrment on quasifree A produc
‘}-‘tlon on' nuclei’in (p,p) reaction at KEK!6.: In'this ‘experiment 1nelast1cally scattered
“hard protons were detected at 0% in: cornc1dences wrth soft” protons ‘and prons com
~ing from’ the” target Spectra of ‘hard. protons ‘were separated into different groups:
.'ffaccord1ng to ‘the numbers of p1ons and- soft protons ~We will dlscuss the sample
“with' ‘one ‘pion’ and one soft “proton; (17rlp topology) with the effectlve mass ‘of the~
- 7p:pairbetween" 1.1 and 1:4 GeV- (A tegion). The detectron of the 77 p. pair’ ‘with”
1.1'< Myyp < 1. 4 GeV in c01nc1dence ‘with hard scattered proton is the signature of -
" quasifree AL productlon “What was an unexpected observatron16 was the brg amoun
of 'wtp _pairs withy MEH in‘the A’ region, detected in comcrdence with p. Events of -
this. class are absent in data’ taken with: proton and deuteron ‘targets;. therr relatlve
;‘contrlbutron seems to be mcreasrng wrth the atomlc number of the, target It was .
pointed i in’ refs.% 20 that these pairs. give a strong 1nd1cat10n on.a two-step. process :
Twith AN charge-exchange in’ nucle1 the correspondmg teactions are p+” Y Sp +A+ el
followed by At 4 7p" - A++ +7n” with subsequent decay ATt 5 p i t; here ”N”
- denotes the bound quas1free nucleon ‘As: was mentioned, first rndlrect lndlcatlon on':
the:’ charge exchange modes for A decay’in nucle1 were. obtamed in A(p, n) charge
.fexchange , .but.thése” modes ‘were theoretlcally not- analysed yet. s e
: “The "exclusive” (*He, 't), (p,n)-and (t,3 He) | experiments conﬁtmed the n main -
‘. conclus1ons drawn from the inclusive data.- They provrde also a separatlon of drfferent
“contributions to- the total 1nclus1ve A peak Here we’ “will “discuss” briefly:3 of the
‘most- 1nvest1gated channels of the. (He,1); (p,n) react1ons (i) the ” quasrfree -like”:
class. 17r1p, -(ii) non- quasrfree 0n2p (mesonless) class whlch “could be related w1th
',processes “of absorptron of - both-virtual and real. plOl’lS and (111) non- qua.s1free 17r0p
: class conta1n1ng contrrbutlon from coherent plon productlon The_forward emitted

ol

et .;T—
T=1 52 GeV/A_
1) T=2.78 GeV/A

n): T=1.00:GeV-

N

Av. er. sect. [mb/(GeV

‘reduced

S Fig. 5 Reduced mvarrant cross sections of the C(sHe t). vnd C(p;n): -reactlons :
olid lines:* relatlvrstrc p-wave Brelt W1gner approxrmatron, ‘short- dashed lme thev
,,‘s1mllar approxrmatron of: thefreduced p(sH e, t) 1nvar1ant cross sectlons‘ '




tr1tons or neutrons (the eject1les) were detected in comcrdences wrth partlcles whrch S

deﬁne thé listed topologies.-.

Spectra of ejectiles taken for the quasi: free topology have the same shape in_

reactlons A(p;n), A(p,p’) and A(3He t) when they: are plotted. versus transferred
energy @ and d1stort1on due to_the transition 3He 't formfactor is: removed (Flg
6) “They have maximum wh1ch it sh1fted upward on the ()-axis, as was expected20
Comparlng with'the inclusive’ Q—spectrum one can-se¢ that quasi- free chanrel of -

+ charge exchange with ‘Alexcitation: in: nucle1 contrbute not ‘more than 50% to: the
: 1nclus1ve Cross sect1on (or, probably, even less18), i.e./it is not the dom1nant channel.
E_]ect1le Q- spectra for-the non-quasifree 072p channel oft A(p, n) and A(3He l)
charge-exchange with' nuclear A- excltatlons have the same shape also (Flg 6), when

;__' “the transition formfactor is taken into account as descrlbed above; maxima of these

spectra are strongly shlfted downward on’ ‘the Q- axis; these spectra are /much broader’

“than in-the quasi- “free’ case.”An important role of th1s "mesonless”. channel’ has been

S d1scussed abové it contr1butes to the downshlft of the' 1nclus1ve nuclear A peak and
" could be related w1th processes of absorptlon of both-virtual and real pions. - In- the
‘latter case.a 2 step process must be considered together with others on the 1-st step -

".the real pion is created. after decay of A exc1ted on a-bound nucleon (thrs corresponds T
- to the 17r1p topology) and on the 2- nd step th1s plOIl is: absorbed in the: target nucleus”

~'channel on the target’ atomic number, studied at- Saclay (see’ ref.

- with emission of ane or two nucleons Dependence of the e]ectlle sp

ectra for the 0x2p
) gives’ eV1dences'

in: favour- of such: picture ‘and’ must help in understandlng the

of the

: openden

shape of the A- peak ‘observed for’ 1nclus1ve A(p, n) reactlon6 9 «
‘ The Q- spectra ‘of e]ectrles in'the” 17r0p channel also have max1ma. shi ted to
o lower (F1g 6); this channel must have strong contrlbutlon from’ the coherent’ plon
productlon mechanism?; 21 The first experlmental ev1dences for th1s mechanlsm have
~ been ‘obtained at.Saclay w1th DIOGEN22 in the (3He t) reactlon and in- Dubna wrth
GIB518 in the (t,2 He) reaction. = =~ B
; 'We see that the excluslve-type experlments glve drrect 1nformat10n about srg-
! ‘nlﬁcant role of the non- quas1free channels in charge exchange on nuclei with exc1tat10n
of A: 1sobars :Some new observations: ‘were ‘made (for: example ‘the A dopendence of:
the peak maximum in “the’ 0m2p channel) Tt is 1nterest1ng that: ‘even for the ‘chan
‘nel‘with quasi-free topology not all: details ‘are clear: too many hard p10n818 were
found ‘This mlght be a new s1gnal about excitation of r resonances others than' A: Fo r
’ example one could put'a questlon about coherent pion productlon ‘with: the: vrrtual
N(1440) resonance 1n an 1ntermed1ate state , All thrs needs further 1nvest1gatlons

There exrst many theoretrcal papers devoted to the coherent 'plon productlon ¢

mechanlsm wh1ch contr1butes to the 170p channel of charge exchange w1th nuclear A=
excrtatlons a1, 23, The most theoret1cally clear process with coherent pion. productlon

“is p(a, a')p7r reaction.”‘At-low transferred. energy @ the main ‘mechanism for pron’{’
o productlon is excrtatron of V1rtual A in’ the a—partlcle w1th subsequcnt decay of: A =

f'the (7r +p) ¢ cross sectlons from KEK®
ﬂ;for the 2p spectra of ref:15.

The’ 1nclus1vo i

~F1g 6 Data of ”excluswe f xperlments ‘disc sed in. th1s talk

,_data from Fig.5 are: ‘shown for companson The Cross: sectlons of the. (p n) réaction .

at:T =800 MeV (measured in exp.! Tin. absolute umts) are multlplled by a factor of. S

'3.33 for’ better clarlty (open clrcles full trlangles and full squares) Hlstograms the

ame data from ref1 ‘as shown in’ F1g 4b; here. and.in Flg 4b they are normallzed by i '__
17 and thls normah atlon factor was’ also. used s




~ reversed situation exists in the case of (3He 3He'). reaction, as was shown’ rccently

Therefore playmg w1th quantum numbers and 1n1t1al energles by studylngi
‘ ‘p(a a) (iHe 3He') and p(3He t) reactions, ‘one_gets an opportunlty to separate .+

" contributions of the’ dlfferent partlal mechamsms “Such’ 1nformat10n is espec1ally valu—'

“able for the present theory of meson- nucleon and nuclcon nuclcon mtcractlons whcre

a number ‘of 7 uncertamtles ‘exist: sofar

: famlly has been reported for the (3He 1) charge exchange (see references in; rev1ewg

i ‘_Exc1tat10n of the N(1440) resonance .was reported in- ‘the pla, o) reactlon (butt»
< this experiment was done. at: energies ‘close to: the NN — N N threshold and the a—;',
;(partlcle formfactor strongly changes the’ resonance lincina way s1mllar to the ( He; t) o

~case discussed. before) ~Therefore other nucleonlc resonances can: also contrlbute to

‘_‘\»properly. This interestin §
"l'f«experlmentally (see talk1
- The. exc1tat10n of ‘N’

4.;?::N*(1440) excitations should take place,
Very 1nterest1ng reactron for “such’ stud1e )

is’ the (d d’)' 1nelast1c scattermg

Frrst ‘the DET: mechanlsm of coherent ~pion: productlon at low Q is forbidded here:; N
because of -isospin: conservatlon as'in“the’ (a, a) case; in: thrs sense/these Teactions s )T

L are s1m11ar but the deuteron i is obv1ously much s1mple obJect for: theoretlcal analysrs

: Excrtatron of Roper N*(1440) ‘Tesonance in- ‘the. (d, d') reaction, as it was ‘done in‘the = .
e, a ') case, was not'investigated yet. Second the incident deuterons can be polarrzed “
and polarrzatron observables can be studled in the melastrc (d, d’) scattermg with A5
. ~and Roper.N*(1440) excitations. Such’ 1nformat10n must be very useful for under-
- ‘standlng of the resonance CXCltathIl mechanlsms and behavrour of these resonances "j e
_“in nuclear medium. The (d d’) reactlon w1th polarlzed deuterons can'be also’ used for
: 1nvest1gat10ns of nuclear response on h1gh energy. sp1n 1soscalar exc1tat10ns for low g

U

;‘energy sp1n 1soscalar excrtatlons 1t has been done recently25.

o when plon s em1tted and nucleon remalns bound in. the a- partrcle Such mechanlsm
;- was. called "excitation of A in- pl‘O_]eCtllC (DEP)”21 Exc1tat10n of A ini: the proton
) 'target (DET) is forbidded for. the p(a, a ') reaction .by ‘spin and i isospin ‘conservation.: .
.. Tt was noted, during 1nvest1gat10ns of (*He, t) charge exchange, that the DEP- S
: mechanlsm is strongly energy dependent ‘while its contribution" ‘to the: 1nclus1ve int
s varlant (®He, t) cross sections is more-or- -less s1gn1ﬁcant at low (subthrcshold) energles I
“of projectiles; it becomes negligible in’ comparrson with. DET mechanism at energies” e
'“’“jabout 1 GeV and higher (see ref9 23 and references therem) “Still, the DEP: mech- B
. “anism is relatlvely less 1mportant than- the DET one.in - the (3He t) reaction. l‘he“ v

: ’i . gles are’ not. thoroughly lnvestlgated even for elementary ‘NN — NA reactions®
" For nuclear A ‘excitations only data’from Saclay.(d, 2p)° experlment5 exist,’ whose
e 'mterpretatron is rather dlfﬁcult because of the poorly, known d —, 2p transition form-
" “factor. On other hand; 1t was® theoretlcally demonstrated that the Q- dependence of -
: '-i’j,the polarlzatlon observables could be sen51t1ve to nuclear medlum effects when Adis -

states, ‘as was shown-in - ref.* 28 Therefore it-is necessary 1o analyse data from the '
. excluere type experlments d1scussed before, in‘order.to get experlmental 1nformat10n '4
. about; polarlzatlon of Ain nuclear med1um Pola.rlzed prOJectlles (deuterons, protons
sex “3He). would provide a possrbrhty to change polarlzatlon state of A and to study 1t s
dlfferent decay modes in the. nuclear medlum

-..On’the’ other hand;: cat suﬁicrently hrgh transferred energles Q and at prOJec-
g tlle energres far-from the A productlon threshold, processes with’ excrtatron of next
' nucleomc resonances can take place A contrlbutlon from heavier resonances “from A=

N

“i2 at kinetic energies about 2GeV. /nucleon “The region of possible mterference between
“Aand Roper N"(1440) is bemg measured also.*Data on p(d; d") and C(d d’) reactions’
‘..,w1ll be compared in order to look for a possible nuclear medium effects, as was' done in .
“the ﬁrst (3H e, t) experlments1 The polarlzatlorLsrgnal has been reported the eXper—»

“~ the coherent ‘pion: productlon at moderate and h1gh Q if the 1n1t1al energy is chosen : ’
:uflment isin progress.. It should be'stressed; that this experlment is belng performed at

;\posslblhty'has to*be. 1nvest1gated both theoretlcally and:-

15 of,a specral 1mportance 1n th1s context because. of
": rseveral reasons. First, the Roper N* (1440) resonance has the same quantum numbers

“as the nucleon and the relatrve 1mportance of, mechamsms wrth N * excrtatron in the
‘ prolectlle and in the target will be different- from the A-case.’ Second, this resonance',
~_has rather blg ‘Nz decay branchmg ratio and,;: bemg as wide as A it partlally overlaps‘_ :
- 'with the A- -resonance. Therefore some 1nterference effects from processes wrth A and.'f

Polarlzatlon studles of A and Roper resonance reglon in. (d d’) o
: reactrons :

Ll el ey

’ PolarrzatrOn observables m processes w1th A exc1tatlon at 1ntermed1ate2gm2=,§- JUR

excrted in ‘nuclei 27, The spm-denmty\matrrx of A-isobar is also semsitive to A- hole -

Experrments 1n‘th1s ‘direction  are in- progress at: Dubna synchrophasotron,_,ﬁ

B where tensor | analysmg power (T3) is- being measured for p(d, d) and C(d, d") re-
" actions: The tensorrally polarrzed deuterons, melastrcally scattered from* different - ;
targets,’ are detected at 0% the.: reglon of transferred energy. Qi s, scanned from the .

pion. productlon threshold through A'and Roper N*(1440) reglons up to @ ~ 0. 8GeV

energies which are optlmal for studles ‘of A and’ N *(1440) resonances:. the total cross
sectlons-of-correspond1ng "elementary” 'reactlons are close. to thelr maxrmal valu

'Ccsﬁclusio“ns‘ ;

New: data from "exclusive”-type’ charge—exchange experlments agree well w1th S
each other and conﬁrm the main concluslons drawn from -the prevrous inclusive:
'experlments on’ A excrtatlon in nuclel ' e B ' - v
,Qua51free A: productron in ch r ge exchange on ucle1 is not the dommant chan- g
- nel of this reaction. ' e : o : s
'Some channels of the charge exchange reaction wrth Aexc atron in. nucler could
be cons1dered in terms of scattermg ‘and’ absorptlon-of v1rtual or-real | pions in‘’

nuclear medlum ; - ’
. 1The ”exclusrve”—type experlments gave quahtatlve new_ observatlons Wthh must o

-be explained by theory’(the A- depe dence of the ctlle spectrum for 07r2pf
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