





1 Introduction

Despite of the abundant theoretical and experimental publications {(see

for example [1, 2] and references therein) devoted to study the excita-

tions of nucleon and subnucleon degrees of freedom, the A-isobar exci-

tations are of great interest. Such interest is mainly due to an emgma.tlc‘
selectwrty of the A-rsoba.r excxtatlons Indeed from the fact of presence
. of the P33-resona.nce in the 7 N-scattering it is follow logically that this

resonance will be excited in the nucleon-nucleon collisions while in the

nucleon-nucleus collisions the same phenomenon should be -much less

pronounced. It is naturally-to wait that first of all a lot of the soft
low-lying states in puclei will be excited. by the nucleon-nucleus colli- -
sion. However one observed in the experiment the pronounced A-isobar
" peak (see, for example, the (p,n) [3] and: (*He,t) [4, 5] reaction data
on nuclei) on the nonresonance background due to the "soft” processes.

Therefore the display of the pronounced ‘A-igobar peak in the reactions
of type (N N')a can be considered as an a.nalog of the gra.nt Tesonances.

i we remember the existence of the shape resonance than it is natural to
search the chara.ctenstu: quantities having dmlenslona of length which
can help us ‘to understand the problem of the select1v1ty of the A-rsoba.r
exc1ta.t10ns and the systematics of the A-resona.nce
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2 Resonances and stationary waves

As a rule, the resonances in the wave systems arise if the ratio of the

effective radius l.;; of resonating system ("well”) to ‘the length A of the
corresponding wave is equal to:

lcff = nA, (])
where n=1,2,3,.. 7

We should hke to analyze the spectrum of the A-isobar (see Baryon

Summary Table in [6]). From this table we can conclude, neglecting
the effects of the L-dependence and spin-orbital interaction, that the
spectrum contains four multiplets being away from each other on ~
400 MeV. Such oscillator-like character of the gross-structure of the
A-spectrum admits ‘us to assume that the A- resonant states of the
7N system can be approximately described by the oscr]]ator _potential
with the parameter < ro >= /A/mw ~ 0.86 fm, which is close to the
electromagnetlc ra.drus of the nucleon

“Table 1- ’ ' ' S al e

Scaling propert.les of the A-isobars. Here P (lab) is the pro_]ectﬂe-
- pion’momentum in the laboratory system corresponding’to the max-

imum of A-resonance cross section in the NN—scattenng, F, (cm) the '

same momentum in' the center of mass, P, (cm) is the pion momentum

from the A decay i in the A-rsoba.r rest frame, < ro >= himw = 0.86
fm.; :

: Reson- P, (lab) P,,(cm) P,,(cm) 1/F(cm) <rp> /n
ances  (scatt.) ‘(scatt.) (decay) . R
(GeV/c) (GeV/c) (GeV/c) (fm) ©  (fm)

A(1232) 0.30 - 0.210 - 0.227 0.867  0.86/1=0.86
~ A(1620) 091 0523 0526 038 0.86/2=0.43
- A(1900) 144 0703 - . 0710 - .0.28 '0.86/3=0.29
A(2420) 2.64 1.022 1.023 0.19 0. 86/4—0 21

For the - prons emitted from the A-isobar decay the values of the
momenta in the A-isobar rest frame do not contradict to the such estl-
mation and coincide practically with the analogous values of momenta. v
for the pion beam (gee Table 1) exciting the A-resonances Besides this
the momenta of the emitted plons are with good a,ccura.cy equal to the
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momentum F%(cm) ~ 0.23 GeV/c (P%(cm) means the pion momentum
from A(1232) decay) multrphed to the integer. The momentum P? (cm)
defines the nucleon size, 1/P%(cm) ~ 0.86 fm.

Therefore the above-mentioned arguments tell us in favour that the

A- isobars are the shape resonances in 7 N-scattering.

3 A—resonances in nucleon-nucleon scat-
terlng

The characteristic features of the nucleon-nucleon scattenng w1th the ‘
A -isobar excitation are the following: 1) the A-isobars are excited by
the virtual pions and not by the real pions and 2) the colhdmg nucleons,
are the identical partrcles and "therefore in the reaction N N — NA
two coherent processes give the contribution. For example the charge—
exchange reaction p + p — n + A** is described by the superposition
of the direct (D) and exchange (E) diagrams

n
P P,
A+ * ) A+ +
Y | | P -
 Therefore, unlike from the free ™ N-scattering, in the reaction (p,n)a

and analogous processes the two characteristic scales have to correspond
to two invariant transfer momenta ’

td_(P1 P)= (P - Pa)’ =t, (2)
=(B-PR)y=(FP-Pf=u, @)

where t and u are the sta.ndard Mandelstam variables. We can mtroduce
the some distances corresponding to these variables -

rd=J/\/—-—t;, | (4)
e=1YVEa (5

As one can see from Fig.1, for the all main*A—isobsrs' (A(1232), ’
A(1620), A(1900) and A(2450) the values ry and r., for the charge—
exchange reaction p+p — n + A** at § = 0° are close only in
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the vicinily of the A-isobar creation threshold (at the threshold u=t,
8 = 3¢nin, where s = (P, + P;)? is the thlrd Ma.ndelstam—squared invari-
ant mass of the system). With i increasing the projectile-proton energy
the value of rg increases rather quickly while the value of r., decreases
slowly. The starting points of ry for the different isobars cha.nge un-
evenly (roughly speaking according to ~1/n, where n=1, 2, 3, 4 for
the A(1232), A(1620), A(1900) and A{2420) respectxvely) The same
is valid for the values of r., with the exception that the amplitudes of
these jumps are essentially less and r.; lies in the region 0. 2L r.<03
{m that is sufficiently close to the value of the characteristic *hard” size
of the nucleon: ry ~ 0.2 fm. The quantity r, can be interpreted as the
ra.dms of the hard core or of the Jastrov correlatlons as the radius of
the constituent quark or somewhat like this. We will call r further as
the size of nucleomc constituents w1thout. a concrete mterpretatxon
It is useful to mtroduce the charactenstxc functions:

: rg—<rg >.q
bzg=1- (— 22
2= 1= (o5
Sz, =1 (F2=T2)2 (7)
Tq

The energy dependence of §z4 and §z.. exhibits rather prominent res-
onant character;ﬂthe positions of maxima of the éz4 and éz., coincide
for the A(1232)-isobar case (we used < r4 >= 0.86 fm and r,=0.18 fm).
The curves §z4(T) -and 6z.(T) are correlated w1th each other a.nd a]so

with the function

Ta(T) = Opipamsat+ (D) ogipnins(T) (8)

descnbmg the energy dependence of the total Fs3-resonant creatlon cross

section [6]. -
The positions of maxima of the 6z4 and 6z, becomes different
with increasing of the A-isobar mass; the maximum of 6z., approaches
rapidly to the A-isobar creation threshold and comes to the kinemati-

cally forbidden region of the A(2450).

The above-mentioned behaviour of quantities x4 and éz., can be
interpreted in the following way. At the energy region T = 1 GeV the.
»direct” virtual pion comes in the resonance with the nucleon as whole'
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Fig.1 The. ehergy dependence of the direct radius ry (solid curves) and
exchange one r., (dotted curves).” The long-dashed lines correspond to
the ”nucleon size <.ry >=0.86 fm while the short-da.shed-rq—() 18 fm.

while the ”exchange” virtual pion comes simultaneously in the resonance
with the constituent of nucleon. The constructive interference between
the "direct” and ”exchange” amplitude lead to the resonance amplifi-
cation of the A-isobar creation cross section and also to the remarkable

£

increasing of the total and inelastic cross section for the p+p collision
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Fig.2 The energy dependence of the functions &4 (long-dashed curve:;!)l\,l

§.s (short-dashed curves). The triangles {(bullets) correspond to t’he t(-)+ 2

cross sections of the reaction p+p —=+n+p+7t (p+p—n+A ")
* pormalized to the unity in the maximum [6]. : ,

[3].. With the increasing beam energy the "direct” and ” exchax'lge’f Tes-
onances move apart from each other; therefore the A(1232)-isobar is .
“excited weakly at T, > 3 GeV. The formation of heavier A-resonances -

in proton-proton :collisions is always suppressed due to the destroying

of the resonance conditions for the direct” and ”exchange” amplitude. -

6.

4 Conclusion
We conclude, that the selective excitation of the A(1232)-isobar in the
energy region T, ~ 1 GeV can be considered as a display of the twofold
shape resonance. From the point ‘of view of the scattering theory such
resonance can be interpreted as an anomalous amplification of the pro-
cess due to the fulfillment of condition for the simultaneous resonance
interaction in the final (initial) states of the two pairs of particles [7]
(in our case the interaction of the virtual pions with the nucleon and
constituent). ' i
The suggested twofold scaling model of the A-isobar creation allows
us also to explain qualitatively the disappearance of the heavier A-
resonances. Indeed, in accordance with the Table 1 the condition

<rp>

| n 2 Tqy (9)
does not fulfil at n=5 this means that the wave length of the pion be-
comes smaller than the size of constituent and the wall of the ”nucleonic
potential well” is screened by r,.

We would like to thank E.A.Strokovsky for useful discussions.
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