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Spin-isospln ex~itation of the nuclear matter at high 

( ~ JOO MeV) ,energy transferred to 1t are now lntensively investi

gated in experiment, in particular, using thB charge-exchange 

reaction (JHe,t) • The lnterest in this class of reactions 

8tems, first OI alI, from the possible difference between pro

perties of the free an d' intranuclear A - aso bars (as 'resonating 

5LN systertl); thére may also appear other eff'ects of the collective 

(not one-nucleon) nature, up to the formation of an isonuclear

-type system /l/~ Favourable conditions for interuct10n of a 

~ -isobar, produced in a nucleus w1th other nucleons were 

-provided in our experiment S /2, J/, where a compar.a t í.veLy small 

momentum (JOO-400 MeV/c) was transferreci to D. s í.no e at ·large 

initial moments (from 4.4 to 18.) ~eV/c) we have detected tritons 

at small ( () ~ 0.40 ) angl e s, 'l'his experiment allowed us to 

observe for the first time that at h1gh energies the charge-exchange 

cross sectlon on a nucleus is ~ainly determlned by the contributi~n 

from hlgh ( )'00 MeV) spin-isospin exc í.t at t.ons of the nuclear"V 

matter, and that the behav10ur of tfie cross sectlQns of 12C(J He,t) 

and f(JHe~t) reactions differ qua11tatively trom each other: 

a) the maxlmum of" b-iso~arft peak in 12 C(J He , t ) charge-exchange 

is shlftBd towards lower excitation energies as cDmpared to 

that one in the charge exchange on a free proton; b) the w1dth 

{ J ) ++of the peak s larger than the one fo r reaction p He, t Aã 

o) the rati~ of the yield of 12 C( JHe,t) reaction to that of 

p(JHe,t)A+~ reaction i5 substantially greater than that expected 

from the Glauber type calculations where the known data on NN"IVA 

cross sections have been used. The downshift ofthe isobar peak 

in 12 C(J He,t) reaction cannot be explained by the lnfluence of the 

Fenni-motion of nucleons in the l2C nucleus. Âll this tells tiS 
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that some coUective effe cts at high C,,-, JOO Me V) spin-isospin 

excitations of the nucleàr matter are essBntial. The one-p1on

exchange . COPE) model ai t ovs us to estab11shed the oonneot1on of 

these effects with analogous phenomena in 1nelaet1c (p,n) 

charge-exohange on nuclei and in the energy dependenoe of the 

total..JrA eros s se ctions, thus revea11ng a. oommon natura of all 

~ these phenomena. 

1.1. Momentum spactra of tritons emitted at arnall angles 

were measured at a JINR synchrophasotron by a magnetio apaotrometer 

"ALPHA" /5/. A detail"ed description of the experiment and data 

processing (unfolding from the spectrometer resolution) 

can be found in ref. /6/. 

In FigS. la-d, V/e present our measured invariant differential 

cr~ss sect10ns for the CJHe,t) reaction on carbon nuclei nnd 

protons as functions of the energy transferred to the target, 

6(.:=. 611e.-Et: • ~'he cros s sections of p(JHe,t) reaction have 

a peak in the energy region Q ~ ,300 MeV, the forro of which 18 

well described by a A - resonance line /7/ distorted by the 'JHe 

nucleus form factor (solid curves in Figs. la~). The Breit-Wigner 

Fig.l. 

a-d) Invariant cross sections of reactions 12C( 3He , t ) and • 
p(3He, t) when the efí'ects of energy resolut,ion are taken into
 

account; dashed curves are an expected contrlbution from the
 

"tail" of the peak of nuclear excltations.
 

e-h) Invariant cross sections of reactlon 12C( J He, t ). with 

~-isobar obtained after Bubtracting theexcitation of the 
nuclear excitations;oontribution from the "tall" o f low - Q
 

shaded strips are regions of expected oroes seotione for the
 

quasifree isobar próduction when the Fe:rmi~llOt1on' effects are
 

considered in different w~s. 

.. 
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paraméters of Â -reso nanc e , UI" and r; ,found by analysing 

the cross sections of charge exchange on protons, are in good 

a8reement with each other at all energies. Their average values 

w" =12J4+J MeV and i; =116+7 Mey are -co ris istent wi th the 

tabulated~lues /9/. At momenta above 7 GeV/c in the cro~s 

t' 4.1t GfN{c4.4 GeV/c.
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sections of ~ cJHe, t ) r eaot í.on at Q > 500 Me V the contri bu.tLon 

from the excitations of heavy isobars with isospin J/2 of families 

.tl (1600) and b.(1900) is eví.den t , At momentwn 18.J GeV/c that 

contribution (estimated without introducing a possible nonresonance 

background) reaches the value of 30-35%. 

The charge-exchange cross section on the oarbon is 

characterized by two pe~{s, at low and high excitation energies. 

.' One can see from Fig.1, that wi th energy increasing the projectile 

energy the contribution to the charge-exchange oross seotion on 

the nucleus from the excitation of nuclear leveIs fastly decreases 

and the excitation of jj, -like degrees of freedom in the target

nucleus dominates in the 12 C(3He,t) charge-exchange starting trom 

momenta higher than 4.4 GeV/c • In the reaction on nucleus the 

maximum of the A peak 1s downshifted with Q as compared to 

the ~ -peak position in the react10n on proton; its width i3 

considerably larger;" the ratio of cross sections d~6(é~~0P) 
amóunts to about 2 (see the Table). 

Beam 
momentum, 
~eV/c _ 

4.40 

6.81 

10.79 

18.3 

Tab1e 

-------------------1------------------ ----drf-----
Position OI the FWHM, R _ dJi. (c) 
~ -peak maxtmum , i 

MeV ~. MeV 

~~!!~zJ.l_:_~€..~3H~!2 ~HeL!L'2C~HeJ.i2. 
322 + 2.5 274+2.5 lJ8 182 

327 + 1. 5 295+1. 5 129 204 

J27 + 2 J05+2 129 257 

b-~ 
CJJ'i (p) 

1. 82+0.05 

1. 77+0. OJ 

1.95+0.0J 

2.14+0.1'1 

The peak of low-lying nuclear excitations in· the reaction 

12 C(J He,t )12N * was approximated on the basis of data from ref./8/. 

The peak of A-excitations was approximated by the same 

Br e1t-Wigner funct~on as in the ·case of the charge-exchange 

4 

reaction on hydrogen (solid cu~ves ~n jigs. la-d). The Breit-Wigner 

parameters CUo and ~ 'for the J:j. -peak in r eac t í on 12 C(JHe,t) 

satisf;:1ótor11y agree wi th eaoh· other at alI energias. However, 
-c -c 

their avez-ages W". lJ04!lO 14eV and r; = JJO:!:2D MeV are 

essentially different from those obtained for ~eactlon pC3He , t ) . 

(The parameters have been found under the assun1ption that the 

~ -isobar is produced on a nucleon being at rest in the nucleus). 

At momenta ~H~ ~ 10.79 GeV/c and at Q » 600 Me V 

the contribut1on from excitation of heavier isobarB with isosp1n 

3/2 ia also observed; at the momentum 18.J GeV/c it amounts to 

about 4~ • 

1.2. The difference between the characteristics of 6.

excitations of nuclei and protons cannot be explained within the 

so-called mechanism of "quasifree A -production" • Really, in 

this case the shape of the b. -peak will be d€fined by the 

( J ++convolution of the ~ross section of "elementary" p He,t)A 

reaction on a free proton with the mome.ntum distrlbutlon of nucleons 

in carbon P (li) '. 

~ Jdl f(l)l(~) c/6{~) (t(Q),tu'(Q~p;)). (1 1) 
N N N;;. d.J2 Q •~ clfldQ 

"here ~(~) is the ratio of fluxes of initial partl01es for 
J -i'+

the reactlon ?( He,t)L\ on a nucl ecn at r-eat ànd on a 

nucleon moving "Uh momentum ~ 

is given by the relation. 

2 
n 

_AA -...!J!L =mE = MA r~_.1 2"" /liIV '-IA-~ 

; the energy of such a nucleon 

2. 
~ > 

-~ - )
'SEP.2 /M. -m - ~SEP (1. 2) 

(IA N 

"here MA is the mass of a target-nucleus, m
N 

is the nucleon 

mass, is the separation energy:é SE P 
Ü.J)

- E..sEP == ~ - ~-.i - I'?7N 
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MA - t is the mass of a system of (A-l) nucleons. In theI: 
I	 calculations Of 'effects of the Fermi-motion we have used for 

a minimal value of the separatiorl energy (16 MeV)and alao mean valu

es of E:..sEP taken irom the data on el.e ct r-cn seattering /19/ : 22 MeV 

(the average energy of nuciéon separation from earbon), 17.5 Mev 
(the average energy of separation of a nueleon from p-shell), and 

38.1 MeV 'Cthe same from s-shell). We have also used momentum 

distributions of nueleons in carbon following both from the 

harmonie-oscillator model and Fermi-gas modelo Caloulations of the, 

eonvolution (1.1) were earried out in two variants. 

In the fiJ;st	 variant, i t was assumed that the parameters W o 

and r;,:' of the Breit-W1gner furietion are the same as for the 

react10n on a free proton. As an argument GV/~ for the cross 

s ect í.on of r eact í.cn ,p (-~Hé, t) ti+-f we took the quant1 ty 

2. - _
~.1/2 = (Q+E.) - (h - ~ 
<-v AI f.JHe é 

mean1ng the total energy squared 1n the 

-)2.
r D	 Cl.4)1/1/ 

c.m.s. of an ~ntranuclear 

nueleon and a v1rtual pion exeit1ng 1t. K1nematically, this 

calculation oorresponds to the produetion of a free ~ -isobar 

on a nueleon with a mass srnaller than the mass of a free nucleon 

(due tQ its coupling in a nueleus). Therefore, the exeitation of 

the isobar of "nominal" mass GJD~ l2?2 MeV requires a higher 

energy transfer than in the reabtion on ~ free proton. This 

method gives a wider 6-peak and an upward ah1ft of its 

maximum by (30-40) MeV in contrast to the experiment (where down

shift is observed). 

In the seeond variant, it has been assumed that the resonanee 

in the system "virtual pion + intranuclear nucleon" i5 formed 

at the same relative momentum in the c.m.s. of those part1eles 

as in the soattering of real pions on a free proton. In this 

variant, the Â -peak gets wider and is shifted towards smaller 

6 

Q . However, the shift of the maximum at momenta larger than 

4.4 GeV/c 15 neg11gible, and at 4.4 GeV/e it amounts to about 

25 MeV, which 1s s1gn1fieantly smaller than the experimentally 

observed one (at 4.4 GeV/c it equals 48+4 MeV). 

To estimate the charge-exehange cross section, on earbon, we 

have used the Glauber-Sitenko model ass~ing quasifree ~-

produet1on and using the knQwn data on the eross sections of 

"elementary" PP-'I7LJ.+r reaetion. At the same time we ha.ve computed 
dr5 

on carbono 

2.1. Tbe effeets, we have observed in the (JHe,t) charge

exehange on carbon, sho ul.d also appear in other r-eac t f ons w:1th 

the production of isobars in naelei when compa.ratively small 

longitudinal and zero transversa momenta are transferred to the 

target. They should first be looked for in the (p,n) charge

-exehange at intermediate energies. Nucleon-nueleon reactions in 
that region of energies are analysed within the OPE modelo It 

providas a suitable basis for determining the connect1on between 

(JHe,t), (p,n), and other reaetions. By using the dia.gram 

of Fig.2, one may show that the eros s seetions of p cJRa, t ) I:..f-r 
and ;>(p,n).1""+ reactions .are eonneeted by 

dcf (.1 m D /lZt/3 
,., clJ2dQ we, t) =~e ft .(t) e -.dL- (,P? "11/j r+) • (2.1)
't	 JTW r-s e/cc/a: 

where exp (R1.t/3) is a forro faotor of the J He nueleus ( R 

1.8 fm ), a	 (t) c- o (o) = 0.7 ia the Gla.uber-Sitenko 
<frs r/í-s 
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3He t. !!,g,.2:.,.. Main OPE diagram for the p(JHe,t) 
reaction. 

~n ""P cr.... <]l :}[ ..., 
p ~+~ p 

correction for rescattering of a target nuc1eon and 
.' 

produced i1 -isobar by projeotile nuc1eons, t is the 4~o

mencum transfer squa.red , The pp~nLJ+f oross sections were 

~a1cu1atad by the OPE mode1 /4/ with the use of data on c}ot (..7p). 

The resu1ts of calcu1ations are in good agreement with our data 

and Saclay data /8/ (see Figs.J and 4). This testifies tothe 

ear1ier cono1usion /2,3/ that at energias higher than 800 MeV/nuo1. 

a dominant mechanism of the reaction p(Jae,t) With emission of 

tritons at sma11 ang1es is the ~+~production 1n the target • 

We have aâ s o performed an anaí ogous OPE ana).ysis for data
 

on the reaction p(p,n) b;,-f"j- obtained at energies 600-1000 MeV
 
/1 0 , 11 /
 under conditiona similar to that used in our experiments 

/2,J/ and in experimenta at Saclay /eI. Fr om Fig.5 1t 15 seen 

that the OPE calculation 1s in good agreement with data /1 0/. 

Comparison of the results of OPE with data /11/ on the react10n 

p(p,n) for energies Tp = 798, 764 and 647 MeV 16 shown in Fig.6. 

It i5 clear that the OPE in version /4/ we11 reproduces the data 

at 798 and 764 MeV (with1n to normalization accuracy ~ 15~) 

around the iaohar peak but in a 10w-energy part of the spectrum 

a discrepancy is observed. The latter i5 ~ot' a consequence of a 

par~icular version of the OPE modelo In ref. /11/ it 15 shown 

that in the low energy part of the neutron apectrum at 10w initial 

energies ( ~ 700 MeV) the final state proton-neutron 

interaction'(FSI ) gives a large contribution tofue cross section. 

It may, in particular, resu1t in the format1on of deuterons (the 

oross section of pp ~ c/s:": reaction has a ma.ximum at Tp = 600 
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'~f I the p(JHe~t) and p(p,n) reactions around the isobar peak is 

.,~ 
I	 

achieved w1thin the one-meson-exchange model (taking into account • 
only the ~ontribut1ons from P1on;eXCh~ges)•. 

2.2. A good OPE-d~~cription.of. the p(JHe,t) and p(p,n) ~ata 

(at energie s a bove 700 Me V per n~ol eon) usi~g known :Jr'f"p total 

(MeVI 

sections of the reaction
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>120

80-
40 

~100
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20 

q)	 (~ 
CD t' cross sectionsàlows us to assume that the observed downshift 
~
co	 .,r of the isobar peak: and its widening in the (JHe,t) oharge-exchange.' E 
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~	 o 
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ao!~~' Cross 
, ... .1.1000 MeV /10/. The curves are our OPE c~cu1ations With the 

spectrometer reso1ution effects taken into account. For ang1es
 

7~50 and 11.Jo the proton initial energy was varled within 1imits 40
 
0

of its accuracy (2%)/10/ ; it was taken 980 MeV (7.5 ) and
 

990 MeV (ll.JO)~ Th1s affects on1y the position of maxim~ of the
 

height.
resonance peak without changing its shape and 
500 700 900 1100 

Pn (MeV/c)
f

MeV). T1lerefore, the calculation for the p eHe,t)Li+ Fig.6. The cross sections of reaction p(p,n) measured in 

reaction at	 500 MeV/c diverges from the data /8/ almost by an ref./12/. To compare the shape of calculated and
(

order, when FSI i8 neglected. measured (up to normalization !15%) spectra, the 

Thus, at energias above 700 MeV per nuc1eon and ama11 calculated	 cross sect10ns are multip11ed by factorli 
emission ang1es of the deteoted partioles a good description of I	 0.85 for energies 764 and 798 MeV. 
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ou a nucleus (as eompared to the eharge-ex~hange ona proton) 

-shoul<l be governed by the energ,y dependenee of total.:;;-A eross 

sections, and these pecuLiarity should be present also in the 

charge exohange A(p,n) with excitation of isobars. Data on the 

A(p,n) charge exchange with excitation ~f isobars in nuelei 

have been obtained in refs. /lO,lJ/, howevar, the authors have not 

carefully compared them with their own data on the p(p,n) 

teaetion /10,11/ and have reported nothing'about the ~ -down

shift: As we expect theeareful eomparison indeed revea,ls a, 

noticeable shift of the ~ -peak towards lower excitation 

energies and its widening as ~ompared to the isobar pea-k in eross 

seetions of the p(p,n) eharge-exehange. 

For the total cross se ctions of .7iA int eraetion the down 

shift of the maximum of the resonanee and its broadening were 

observed in 1970 /14/. Qualitatively, theoretical analysis of 

possible sourcesof that shift /15,16/ has revealed that a 

succe s sf'uk deseription of the- ooaraoteri'Stios' of TA int-eraetion 

in the vicinity of the resonance requires a eorrect eonsideration 

of the in!1uenee of eollectivé effeots of nuclear matter both on 

the properties of an intranuclear nueleon and ~ -isobar in a 

nucleus and also on the very process of transition of the 

nueleus from a usual state to a state with 6 -exeitat10n. Note 

is to be made that analogaus effeets of the downshift and 

broadening of the iaobar peak have reoently been observed also 

in scattering of electrons by nuclei /17 and 18/ when the kine

matic eonditions of (e,e') experiments have been favourable for 

the interaetion of an isobar produeed in a nueleus with the 

remaining nucleons of the nuc1eus. 

J. So, from the results of our measurements OI differential 

cross sections of the (Jge,t) charge exchange on carbon nuclei and 

protons it follows that: a) the reaetion on a nucleus at high 

energies proceeds mainly through the excitation of /1-isobars; 

12 
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b) It is impossible to'reduce the proeess of tbat excitatfon 

to the quasifree produetion of . A-isobar on an iridividuàl 

moving intranuclear nucle6n and a sübsequent free motion of the 

isobar through the nucieus, i.e., collective effects caused by 

other nucleóns àre important /2,J/. From the results of' our analy

sis the (JHe, t) charge ':'exehange /2, J, 6, 8 / and (p,n) eha:rge

exchange /10,11/ data we may conclude that the collective 

phenomena in ~ -exeitations of a nucleus in these reactions 

.and in xA interactions in the resonanee regioIi /14-16/ 

have a common origine 

For a further experimental study of the ~-isobar excitations 

in nuclei, it seems necessary, together with the deteetion 

of a fast partiele at small angles (for instance, a triton in 

the (JHe,t) eharge-exehange), to separate different ehalmels of 

deexéitation uf a Ó -exoited nueleus. Of a special interest 

is the separa~ion of deeay ehannels of a ~-exeited nueleus 

without emission of pions from channels with their emission. 
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. 1. 

A6neea s.r. H AP· 
06Hapy*eHHe a npo~ecce (3He,t) nepeaapAAKH 

El-87-246 

npH BWCOKHX 3HeprHAX AOMHHHPOBaHHA ~-Hao6apHWX 
B036y*AeHHH AApa-MHWeHH H HX KOnneKTHBHOrO xapaKTepa 

nPHB6A6HW pe3ynbTaTW H3MePeHHH ~¢$epeH~HanbHWX Ce4eHHH nepe3aPAAKH 
(JHe,t) Ha AApax yrnepOAa H npoToHaX B o6naCTH BWCOKHX 3HeprHH. noKa3aHO: 
a/ peaK~HA Ha RAPe HAeT B OCHOBHOM 4epe3 B036y*AeHHe ~-H306ap, 6/ n~ecc 
He CBOAHTCA K PO*AeHHQ H3o6apw Ha OTAenbHOM BHYTPHAAePHOM HYKnOHe H nocne
AY~eMy CBo60AHOMy ABH*eHHQ H306apw CKB03b AAPO· 3¢$eKTW KonneKTHBHOH npH
poAW, o6ycnoaneHHwe Y4aCTHeM APYrHx HYKnoHoa, HrpaoT cy~ecTaeHHyo ponb. Oc
HoawaaACb Ha peaynbTaTax Hawero aHanHaa H AaHHwx no p(p,n)-nepeaaPAAKe MO*Ho 
nonaraTb, 4TO npH4HHW, npHBOAA~e K KOnneKTHBHWM A&neHHAM npH ~-H306apHWX 
S036y*AeHHAX AApa 8 3THX peaK~HAX, HMeQT o6~HH xapaKTep. 

Pa6oTa awnonHeHa a fla6opaTOPHH. awcoKHx 3HeprHH OHRH. 

Coo6uteHHe 06 .. e.AIDleHHoro IDICTIITYT8 R)leplfbllt HCcneAOB&HHli • .lly6Ha 1987 

Ableev V.G. et al. 
Observation of the Dominance of the Target~ Excitation 
and Their Collective Nature in the (3He,t) Charge-Exchange 
at High Energies 

El-87-246 

In this article we present the results of our measurement of differen
tial cross sections of the (3He,t) charge exchange on carbon nuclei and 
protons: a) The reaction on a nucleus proceeds mainly through the excitation 
of ~-isobars;b) It is impossible to reduce the process of that excitation 
to the quasifree production of ~-isobar on an individual Intranuclear nu
cleon and a subsequent free motion of the isobar through nucleus. The col
lective effetcs caused by other nucleons are important. 

The investigation has been performed at the Laboratory of High 
Energies, JINR, 
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