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lepacumos C.B. E2-6042

BupTyanbHoe Bo36yXaeHHe HYKIOHHBLX uaobap B siApax H peakuHd
KBa3auynpyroro " pLIGHBaRMa” H306ap NpH BHICOKHX 3HEpPrusx

B kayecTBe CpeACcTBa SKCNEpHMEHTANbHOTO o6HapyxeHus BHPTYalbHOTO
p036yKAEHHS HYKIOHHbIX DPe3OHAHCOB B A1pax NpeanaraeTcs M3yyeHHe peakuHi
06pa30BARNA HYK/IOHHBIX PE30HAHCOB NpH CTO/NKHOBEHHAX BBICOKOSHEpPreTHHYeCKHX
anponoe ¢ aaoamu. OBCyxaaloTcs KauecTBEeHHhE 0co6eHHOCTH CedeHH KBa3Hyn+

pyroro *pLi6uBanua”’ u3obap H3 anep.

Mpenpust OO6LEANHOHHOrO MECTNTYTS SAGPHHX uccaenonanuit.
DAyGaa, 1971

Gerasimov S.B. E2-6042

Virtual Excitation of Nucleon Isobars in Nuclei
and Quasielastic "Knocking-out" of Isobars at High
Energies
The isobar production in the hadron-nucleus collisions at
high energies is proposed as a possible experimental test of the

virtual excitation of isobars in nuclei., The qualitative features of
the quasielastic "knocking-out" of isobars from nuclei are discus-

sed.
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The role of the nucleon resonances (isobars) in the
description of the nuclear properties and interactions has
been discussed in many papers, dealing with the calcula-
tion of the nucleon-nucleon potential /]’2/, the nuclear
binding energy /3/, the nuclear e]ectromagneticA/4/ and
weak /5/ formfactors and the nuclear reactions /6’7/.

The aim of this note is to propose a new experimental
test of the "existence" of isobars in nuclei, making use
of the isobar production in the hadron-nucleus reactions
at high energies.

We begin with listing some'empirical facts concerning
the isobar production reactions

hadron + N > hadron + N*(A)

which will serve as the basis for the subsequent conside-
ration. It is known experimentally /8’9/, that:



1) The production cross sections of the N*(1420),

N* (1520) and N*(1690) (i.e. the isospin -1/2 isobars
belonging to the natural parity series) vary slowly with
energy in the «N , NN -reactions, schematically repre-
sented by Eq. (1) while the A (1240) production (which
is well-known isospin - 3/2 isobar) decreases rapidly
(1ike E;L) with increasing projectile energy E,,

2) The N*’s production in the forward direction is by
about two orders of magnitude weaker as compared to the

corresponding elastic cross sections:

do (N(x)+ N > N(m)-N*) 0_; , :
do(N(z) +N» N(x)}+N) ‘ (2)

3) The logarithmic slopes of the differential cross
sections ' ’

1]

d do
2w e

in the »N and NN-reactions given by Eq. (1), satisfy
approximately the following relation:
B(N * (1420), A (1240)):8, : B(N* (1520), N=*(1690))
| Z2:1:0,5, (3)
where B_, is the slope of the elastic N or NN -scatte-
ring. Let usjﬁurn now to the isobar production in the

nuclear reactions at high energies.



i

It appears reasonable to expect, that.the Virfual
excitation of the nucleon resonances will'take place
inside a nucleus with some small (but non-zero) probabili-
ty due to the N-N interaction in the bdund state. Hence,
both nucleons and nﬂc]eoh isobars may be considered, in
a sence, as "partons" composing given nucleus. The
incident high-energy hadron will scatter on all nyc]eér
“partons". We conclude therefore that the quaéi-é]astic
“knocking-out" of isobars from nuclei should contribute
to the total cross section of the isobar pfoduction on
the nuclear targets. o »

What kind of the observable effects will tﬁe '
presence of the "knocking-out" mechanism produce? How
one can notice it in the l"back‘gr'ound"'of the dominant
isobar production on the quasi-free nucleons? _

- At this point we make additional dyhamicaT dssdmp-

tion which can be justified within the quark model of the
high-energy hadron scattering

T( hadron +N - hadron +N) = T(hadron + A(N*) > hadron + A (N-* ), ‘ (4)

namely, we assume, that scattering amplitudes of a
nucleon and isobar from given hadron are approximately
" equal to each other in the diffraction region.
' For the sake of definiteness and simplicity we shall
speak further about the particular case of the hadron-
"deuteron reactions.

If all assumptions we made are valid and if the
probability to meet the isobars in the bound state of



deuteron is of the order of 1% (this estimate was

' obtained recently for the AA -configuration /4’76, then

we are able to make the following qualitative and test-
able predictions:

1. At sufficiently high energies (Eh;115 GeV)_the
production cross section of two A’s from deuteron

hodron +d -+ hadron + ATH(O) 4 A=(H) (5)

will exceed the single A -production

hadron +d -~ hadron + A*® +n(p) (6)
and furthermore the ratio of the cross section given by
Eq. (5) to that of the elastic scattering of given had-
ron from nucleon should be approximately of the same
value in the diffraction region.

2. By virtue of Eqs (2) and (4) the N* -produc-
tion in the forward direction should exceed the expected
value, corresponding to the production on the quasi-free
nucleons (i.e. neglecting the "knocking-out" mechanism).

3. In view of Egq..(3) the deviation of the experi-
mental. data from theoretical models, which do not include
the "knocking-out" contribution, should increase (dec-
rease) for the A (1240) and N* (1420) (N*(1520),

N* (1690)) - production with increasing momentum
transfer |t}

4. The Fermi-motion effects (resulting in effective
broadening and smoothing of the resonance curves) should
display itself stronger in the quasi-elastic "knocking-
out" of the isobars from nuclei, inasmuch as the average

momentum in the "isobar" configuration (dS NN*, AA)



should be much larger than that %f the dominant configu-
ration (d > pn ).

5. As a particular example of the elastic scattering,
the "knocking-out" process is expected to exhibit the
s ~channel helicity conservation /]0/. Should it be the
case, the angular distribution of the isobar decay pro-
ducts would not depend on the azimuthal angle in the

s - channel c.m. system /]]/.

To conclude, the confirmation of the existence of
isobars in nuclei would be of a great importance as an
impetus for the development of new field of the relati-
vistic nuclear physics.

The experimental study of the reaction (5) is parti-
cularly interesting and important for the verification
of our basic assumption concerning the very existence
and nuclear interactions of isobars in the bound state
of nuclei.

The reactions using the beams of the deuterons and
other Tightest nuclei accelerated up to high energies
may be of relevance to this end.

The author would like to thank A.M. Baldin for his
interest in this work.
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