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Spin-isospin excitation of the nuclear matter at high

( ~ 300 MeV) energy transferred to it are now inteﬁsively investi-
V.G.Ableev, S.M.Eliseev, V.!|.Inosemtsev, B.Naumann, . '
L.Naumann, A.A.Nomofilov, N.M.Piskunov, [|.M.Sitnik,

E.A.Strokovsky, L.N.Strunov, V.l.Sharov, S.A.Zaporozhets

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

reaction (JHe,t) . The interest in this class of reactions

JINR. Dub stems, first of all, from the possible difference between pro-
ubna
’ . perties of the free and intranuclear A-isobars (as resonating -
.Dimi L.Penchev '
Kh.Dimitrov, . . aN syst-em); thére may also appear other effects of the collective
CLANP BAN, Sofia, Bulgaria
hki (not one-nucleon) nature, up to the formation of an isonuclear-
A.P.Kobushkin
. . - ./‘ s -
|TP|’1, AN Ukr.SSR, Klev, USSR type system /1 Favourable conditions for interactlon of a
A -isobar, produced in a nucleus with other nucleons were
W.Neubert '
ZfK, Rossendorf, DDR provided in our experiments /2,3/, where a comparatively small

momentum (300-400 MeV/c) was transferred to A since at large

initial moments (from 4.4 to 18.3 GeV/c) we have detected tritons

at small ( 8 £ 0.4° ) angles. This experiment allowed us to

obderve for the first time that at high energies the charge-exchange

] cross section on a nucleus is mainly determined by the contribution
R : from high ( ~ 300 MeV) spin-isospin excitations of the nuclear

matter, and that the behaviour of the cross sections of lZC(JHe,t)

\ ’ and P(Jﬁe, t) reactions differ qualitatively from each other?

. a) the maximum of " A -isobar" peak in 126038, 1) charge-excéhange

\ i is shifted towards lower excitation energies as compared to

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

of the peak is larger than the one for reaction ,D(BHe,t)AH'

. o) the ratip of the yield of '2C(’Hi,t) reaction to that of

! [ P(PHe,t)A"  reaction 1s substantially greater than that expected

: from the Glauber type calculations where the known d;ta on /V/V"/VA:!
, . cross sections have been used. The downshift of the isobar peak |
in 12C(JHe, t) reaction cannot be explained by the influence of the

Fermmi-motion of nucleons in the 12C nucleus. All this tells us
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that some collective effects at high (~ 300 MeV) spin-isospin

excitations of the nuclear matter are essential. The one-plon-

exchange ~ (OPE) model allows us to esteblished the oconnection of

these effects with analogous phenomena in inelastic (p,n)

charge~exchange on nuclei and in the energy dépendenoe 0of the

total 4A oross sections, thus revealing a common nature of all
~ these phenomena.

1.1.7 Momentum spactz;a of tritons emitted at amall angles
were measured at a JINR synchrophasotron by a magnetio speotrometer
"AL?HA“ /5/. & detailed description of the experiment and data
processing Cunfolding from the spectrometer resolution)
¢an be found in ref. /6/.

In Figs. la-d, we present‘our measured invariant differential
cross sections for the (JHe,t) reaction on carbon nucleil and
protons as functions of the energy transferred to the target,

Q= Es,~€¢ . The cross sections of p(BHe,t) reaction have
a peak in the energy region @ ~ 300 Mev; the <form of which is
well described by a A -resonance line /7/ distorted by the.jHe
nucleus form factor (solid curves in Figs. la=d)., The Breit-Wigner

Fig.l.

. ———

a~d) Inveriant cross sections of reactions 120(3He,t) and
p(BHe,t) when the effects of energy resolution are taken into
account; dashed curves are an expected contribution from the

"tail" of the peak of nuclear excitations.

e-h) Invariant cross sectlons of reaction 120(3He,t ) with -
excitation of the A-isobar obtained after subtracting the
contribution from the "tail® of low-Q nuclear excitations;
shaded strips are reglons of expected cross sections for the
quasifree isovar production when the Fermi-motion effects are

considered in different ways.

paraméters of A -resonance, &), and /o 5 found by analysing

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

agreenent with each other at all energies. Their average values
é% =123443 MeV and /4 =11647 Me¥ are consistent with the

tabulated wmlues /9/. At momenta above 7 GeV/c in the cross
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sections of /D(BHe,t) reaction at Q > 500 MeV the contribution
from the excitations of heavy isobars with isospin 3/2 of families
A (1600) ana  A(1900) is evident. At momentwn 18.3 GeV/c that

contribution (estimated without introducing a possible nonresonance
background) reaches the value of 30-35%.

The charge-exchange cross section on the carbon is

characterized by two peaks, at low and high excitation energies.
#One can see from Fig.1, that with energy increasing the projectile

energy the contribution to the charge-exchange ¢ross section on
the nucleus from the excitation of nuclear levels fastly decreases
and the excitation of A-like degrees of freedom in the target—
nucleus dominates in the 12C(°He,t) charge-exchange starting from
momenta higher than 4.4 GeV/c ., In the reaction on nucleus the
maximum of the A peak is downshifted with Q as compyared to

the A -peak position in the reaction on proton; 1ts width is

considerably larger; the ratio of cross sections (C)/d 0}//0)
amoéunts to about 2 (see the Table).
Table
Position of the FWHM (C)
Beam ’
momentum, A -peak maximum , Ry= C,Q;
GeV/o MeV MeV 5 (P
pCHe,t) "6 CHe,t) | pCHe,t) "e(CHe, t)
4.40 322 + 2.5 274+2.5 138 182 1.8240,05
6.81 327 + 1.5 295+1.5 129 204 1.77+0,03
10,79 327 2 305+2 129 257 1.95_+_-0.03
18.3 - - - — 2.14+0,17

The peak of low-lying nuclear ;xcitations in. the reaction
X
120(3He,t)12N was approximated on the basis of data from ref./8/.
The peak of A —-excitations was approximated by the same

Breit-Wigner function as in the .case of the charge-exchange

—

reaction on hydrogen (solid curves in vigs. la-d). The Breit-Wigner

parameters ¢J,

and /, <for the /A -peak in reaction lzcﬁjﬂe,t)
satisfattorily agree with each other at all energies. However,
their averages ch- 1304+10 MeV and /fc= 330+2p MeV are
essentially different from those obtained for reactlon p(BHe,t),
(The parameters have been found under the assumption that the

A ~isobar 1s produced on a nucleon being at rest in the nucleus).

At momenta Fiyes 10.79 GeV/c and at Q@ > 600 MeV
the contribution from excitation of heavier isobars with isospin
3/2 is also observed; at the momentum 18.3 GeV/c it amounts to
about 40% .

1.2. The difference between the characteristics of A -
excltations of nuclel and protons camnot be explained within the
so—called mechanism of "quasifree A -production" . Really, in
this case the shape of the A -peak will be defined by the
convolution of the cross section of Melementary" p(BHe,t)A++
reaction on a free proton with the momentum distrbution of nucleons
in carbon _P(’}E/;) "

saaga ~ JHEPEIE) G t@wteR) q
z

where [//3’) is the ratlo of fluxes of initial partlocles for
the reaction p(JHe,t)[.\M on a nucleon at rest and on a
nucleon moving with momentum ,5/; 3 the energy of such a nucleon
is given by the relation.

2

o2
£, =My~ My~ 554 =M Egep ~

47 2 S (1.2

N >
2(/‘2'”’”—5:5/)
where /‘7A is the mass of a target-nucleus, /7, 1s the nucleon
mass, 555» is the separation energy:

mEgp = My - My -, (1.3
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ﬁz:—j ~1s the mass of a system of (4-1) nucleons. In the
calculations oﬁ‘effects of the Fermi-motion we have used for
a minimal value of the separation energy (16 Me¥)and also mean valu-
es of £, taken from the data on electron scattering /19/ : 22 Mev
(the average energy of nucléon separation from carbon), 17.5 MeV
(the average energy of separation of a nucleon from p—shell), and
. 38.1 MeV (the same from s—shell). We have also used momentum
' distributions of nucleons ik carbon following both from the
harmonic-oscillator model and Fermi-gas model. Caloulations of the
convolution (1.1) were carried out in two variants.
In the first variant, it was assumed that the parameters «,
and /3 of the Breit-Wigner function are the same as for the
reaction on a free proton. 4s an argument aﬂa for the cross

section of reaction p(2He,t) A*7 we took the quantity

wt = (05 - (p - )R (1.4)

e z
meaning the total energy squared in the c.m.s. of an intranuclear
nucleon and a virtual pion exciting it. Kinematically, this
calculation corresponds to the production of a free A -isobar
on a nucleon with a mass smaller than the mass of a free nucleon
(due to 1ts coupling in a nucleus). Therefore, the excitation of
the isobar of "nominal® mass &, = 1232 MeV requires a higher
energy transfer than in the reattion on a free proton. This
method gives a wider A —peak and an upward shift of its
maximum by (30-40) MeV in contrast to the experiment (where down—

shift 1is observed).
In the second variant, it has been assumed that the resonance

in the system ™virtual pion + intranuclear nucleon" is formed
at the same relative momentum in the c.m.s. of those particles
as in the soattering of real pions on a free proton. In this

‘variant, the A —peak gets wider and is shifted towards smaller

Q@ . However, the shift of the maximum at momenta larger than
4.4 GeV/c is negligible, and at 4.4 GeV/c it amounts to about
25 MeV, which is significantly smaller than the experimentally
observed one (at 4.4 GeV/c 1t equals 48+4 MeV),

To estimate the charge-exchange cross section on carbon, we
have used the Glauber-Sitenko model assuming quasifree A-
production and using the known data on the Eross sections of
"elementary" /yo—-ﬂzf+ reaction. At the same time we have computed
the differential cross sections ;;f%;&; of charge—exchange'
on protons. The caleulated cross sections are in good agreement
with the data /6/, but the ratio /g;j’%@%%—@ is more than
twice as small as the experimental ratio (see the Table).

Thus, on the basis of the assumption of a gquasifree produc-
tion of A -isobars in a nucleus one cannot explain basic
pecullarities of the charge-~exchange (jﬂe,t> cross sections
on carbon.

2.1, The effects, we have observed in the (BHe,t) charge~
exchange on carbon, should also appear in other reactions with
the production of isobars in nuclel when comparatively small
longitudinal and zero transverse momenta are transferred to the
target. They should first be looked for in the (p,n) charge-

~exchange at intermediate energies. Nucleon-nucleon reactions in
that region of energies are analysed within the OPE model. It

provides a suitable basis for determining the connection between
(®Be,t), (p,n), and other reactions. By using the diagram
of Fig.2, one may show that the cross sections of />(3He,t)13+*

and p(p,n)A*" reactions.are connected by .

dc
R /RIQ

Vot 7]
/’#e,t)=%fe g (e dt;’i (opona”)s  (2.1)

where exp (R 2/3) is a form faotor of the -He nucleus ( R =
1.8 fm ), 2 (t) =2 (o) = 0.7 is the Glauber-Sitenko .
(ot (]



3 Fig.2. Main OPE diagram for the p(aHe,t)
e R

1Y 7 reaction.
Py T,
\
pory 9
Pl 2
p S ,.
A7 p

correction for rescattering of a target nucleon and
produced A ~isobar by projectile nucleons, ¥ 1is the 4-mo-
mentum transfer squared. The pp->#7A?" oross sections were
calculated by the OPE model /4/ with the use of data on &, , (F),
The results of calculations are in good agreement with our data
and Saclay data /8/ (see Figs.3 and 4). This testifies o the
earlier conclusion /2,3/ that at energies higher than 800 MeV/nucl.
a dominant mechanism of the reaction p(He,t) with emission of
tritons at small angles 1is the ot production in the target .

We have also performed an analogous OPE analysis for data
on the reaction p(p,n) A77 obtained at energies 600-1000 MeV
710,11/ under conditions similar to that used in our experiments
/2,3/ and in experiments at Saclay /8/. From Fig.5 it is seen
that the OFE calculation is in good agreement with data /10/.
Comparison of the results of OPE with data /11/ on the reaction
p(pyn) for energies T_ = 798, 764 and 647 MeV is shown in pig.6.

P
It is clear that the OPE in version /4/ well reproduces the data

at 798 and 764 MeV (within to normalization accuracy ~ 15%)
around the isobar peak but in a low-energy part of the spectrum
a discrepancy is observed. The latter is not a consequence of a

parficular version of the OPE model., In ref. /11/ it is shown

that in the low energy part of the neutron spectrum at low initial

energles (£ 700 MeV) the finmal state proton-neutron
intera.ction'(FSI ) gives a large contribution to the cross section.
It may, in particular, result in the formation of deuterons (the

cross sectlon of pp -7 * reaction has a maximum at I, = 600
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the p(BHe,t) and p(p,n) reactions around the isobar peak is
- — .
200 PP, NI X 4° achieved within the one-meson-exchange model (taking into account
- ’ - . : . . .
160 I Tp=]000l4eV - only thevcontributions from pion exchanges).
n . 2.2, A good OPE-description of the p(JHe,f) and p(p,n) data
~ i [ . .
2120 - (‘ (at energles above 700 MeV per nucleon) using known J7p  total
< - B '
L 80 _] it cross sections&dllows us to assume that the obseryed downshift
;§ E I of the isobar peak‘and itg widening in the <3He,t) charge-exchange
~ 40 i : - ‘ '
ol ~
5 ' N
5% . ; ‘ E | L L L L L
100 2 801 p(p, n)xi 00 phbydby 1
o ) & " Tp =647 MeVv ¢ T
60 - , ‘E 120— 60} \ 4
p ~s - ‘ .1
20 - af - 4O —
R e ﬂ
60 T T 80 20r B
40 ’ o I
20 1 120~ .
I | :
400 600 800 - 40 Tp=764 MeV
Tn (MeV) 5 -
Fig.5. Cross sections of the reaction p(p,yn) at 80— o o0 o°°
- 2 | 0,0 @ o
1000 MeV /10/. The curves are our OPE calculations with the [: =t . )3
spectrometer resolution effects taken into account. For angles ’ L 500 700 1100 2
7.5% and 11.3° the proton initial energy was varled within limits 40 _ oo
. . Tp =798 MeV
of its accuracy (2%,,/10/ ; it was taken 980 Mev (7.5° ) and ' ’ L °® n -
o .
990 MeV (11.3%°). This affects only the position of maximum of the 00e®e%0e”"" ~ .
. °o
resonance peak without changing its shape and height. TR N N O U S TR A W N T £
P 500 700 900 1100
P, (MeVv/c)

.3 4
MeV). Therefore, the calculation for the y3¢ He,t) A 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 1s neglected. . measured (up to normalization :15%) spectra, the

Thus, at energles above 700 MeV per nucleon and small 1‘ calculated cross sections are multiplied by factor
1 .

emission angles of the detected particles a good description of i 0.85 for energles 764 and 798 MeV.
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on a nucleus (as compared to the charge-exchange on a proton)
should be governed by the energy dependence of total A créss
sections, and these peculiarity should be present also in the
charge exchange A(p,n) with excitation of isobars. Data on the
A(p,n) charge exchange with excitation of isobars in nuclei

have been obtained in refs. /10,13/, however, the authors have not
carefully compared them with their own data on the p(p,n)
feaction /10,11/ and have reported nothing-about the A -down-—-

shift.' As we expect the careful comparison indeed reveals a
noticeadble shift of the A —peak towards lower excitation

energies and its widening as compared to the isobar peak in cross
sections of the p(p,n) charge-—exchange.

For the total cross sections of J4 interactlon the down
shift of the maximum of the resonance and its bdbroadening were
observed in 1970 /14/. Qualitatively, theoretical analysis of
possible sources of that shift /15,16/ has revealed that a

successful description of the characteristiocs of FA interaction

in the vicinity of the resonance requires a correct consideration
of the influence of collectivé effects of nuclear matter both on
the properties of an intranuclear nucleon and A ~isobar in a
nucleus and also on the very process of transition of the
nucleus from a usual state to a state with A —excitation. Note
is to be made that analogous effects of the downshift and
broadening of the isobar peak have recently been observed also
in scattering of electrons by nuclei /17 and 18/ when the kine-
matic comditions of (e,e') experiments have been favourable for
the interaction of an isobar produced in a nucleus with the
remaining nucleons of the nucleus.

3. So, from the results of our measurements of differential
cross sections of the CBHe,t) charge exchange on carbon nuclel and
protons it follows that® a) the reaction on a nucleus at high

energles proceeds mainly through the excitation of =~ A-isobars;

12

b) It is impossible to.reduce the process of that excitation

to the quasifree production of ~A-isobar on an individual
moving infranuclear nucledn and a sibsequent free motion of the
isobar through the nuc{eus, l.e.y collective effects caused by
other nucledns are important /2,3/. From the results of our analy-
sis the (BHe,t)charge;exchange /2,3,6,8 / and (p,n) charge-

exchange /10,11/ data we may conclude that the collective
phenomena in A —excitations of a nucleus in these reactions

and in  7A interactions in the resonance region /14-16/
have a common origin.

For a further experimental study of the A -~isobar excitations
in nuclei, it seems necessary, together with the detection .
of a fast particle at small angles (for instance, a triton in
the (3He,t) charge—exchange), to separate different channels of
deexcitation of a A ~exclted nucleus. Of a special interest
is the separation of decay channels of &2 A -excited nucleus

without emissiom of plons from channels with their emission.

The' authors are grateful to the staff of the Laboratory of
High Energiles for support and interest in the work; to A.M.Baldin,
Y,V.Gaponov, V.F.Dmitriev and C,Gaarde for useful discussions
of the obtained results; and to E.M.Maev for the presented tables
of experimental data on the (p,n) reaction at proton energy
1000 Mev. We also thank Z.P.Motina and P.N.Petrova for their

help in performing this work and presenting their results.
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ASneee B.[. »n Ap. E1-B87-246
06HapymeHue B npoyecce (3He,t) nepe3apAgku

NPU BHCOKMX DHEPTUAX AOMUHMPOBAHWA A-M306apHbIX

BO36yMAEHUN AQPA~MUWEHM M MX KOMNEKTHMBHOMO XapakTtepa

NpusepeHu peaynsTaTu namepeHni AuddepeHyManbHEX Ce4YeHnit nepe3apsakk
(3He,t) na mppax yrnepoga u npoToHax 8 oBnacTw BWCOKMX 3Heprwii. NOKaaaHo:
a/ peakuna Ha aape MaeT B OCHOBHOM Yyepe3d moabywpeHne A-u3obap, 6/ npouecc
He CBOAWTCA K pomgeHwio m3oGaph Ha OTAENbHOM BHYTPURAEPHOM HYKNOHE M noche-
AyoueMy cBoGopgHOMY ABWMEHWN W306aps CKBO3L AAPC. IPPEKTH KONNEKTUBHON NpW~
poAW, obycnoeBneHHue yuyacTuem APYrMX HYKNOHOB, WMIpanT . CywecTBeHHyo pone. 0c-
HOBUWBAACL Ha pe3ynbTaTax Hawero aHammMsa M gadHeix no p(p,n)-nepesapagke MOMHO
nonarate, YTO NPUUMHE, NPUBOAAWME K KONNEKTUBHHM ABNEHWAM NPU A-u306apHEIX
BO3OymgeHWAX Agpa B 3TUX peakuynax, MMenT obuuil xapakrep.

Pabora BuwnonHeHa B NabopaTopuu BLCOKMX IHeprnin OUAM.

Coob: 0O6ben
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Abieev V.G. et al. E1-87-246
Observation of the Dominance of the Target A Excitation

and Their Collective Nature in the (3He,t) Charge-Exchange

at High Energies

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 A-isobars;b) It is impossible to reduce the process of that excitation
to the quasifree production of &-isokar on an indiyidual 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 Lahoratory of High
Energlies, JINR,
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