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1 Introduction

After years of energies devoted to the A(1232) resonance, the Roper N* (1440)
is revealing itself as an important ingredient in the understanding of many pro-
cesses at intermediate energies. Yet, there is a relative ignorance in some of the
N* (1440) properties. For instance, the Particle Data tables [1] quotes a width
F = 250 — 450 MeV, and the branching ratios still have uncertainties of 20-30
%. In particular there is a branching ratio which plays and important role in
certain reactions and which is only known with relatively large uncertainties.
This is the N*(1440) -* N(inv, s-wave, T = 0) decay channel, which has a
branching ratio of 5-10%. This channel is very important for tests of chiral
symmetry in the baryon sector. For instance in the TriV —>• TTTTN reaction near
threshold, chiral symmetry introduces two nonvanishing terms at threshold,
the pion pole and the contact terms, given in figs, la, lb respectively
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Fig. 1
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A realistic model of this reaction above threshold requires many more terms
and is given in ref. [2]. However, most terms vanish at threshold. One
exception is found in the terms of fig. 2 which involve the coupling

a) b)

N*

c)

Fig. 2

N*
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of irNN or TTNN* and then the NN(inr s-wave) or the NN*(Tmr, s-wave, T = 0)
couplings. The terms in figs. 2a, 2b do not vanish at threshold, but they cancel
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since the energy denominators of the propagators of the intermediate nucleons
are respectively

1 1

Similarly the terms of figs. 2c, 2d do not vanish, but unlike the other
two diagrams now there is no cancellation since the energy denominators are
respectively

1 1
M + 2mw-MN* ' E(p)-2mv-EN*(p) K)

which do not cancel because of the different mass between the nucleon and the
Roper resonance. The contribution from these two terms at threshold is very
important and comparable to the one from the chiral terms of fig. 1. Hence
a proper assessment of the chiral symmetry properties of the process requires
the proper consideration of the Roper terms, as it was already done in [2] and
more recently in [3].

Similarly to what happens in the -KN —* TVKN reaction, the analogous terms
to fig. 2, substituting the incoming pion by a photon, play a very important
role at threshold [4, 5] in the -yN —» -K-KN reaction and give contributions
even bigger than those obtained from chiral perturbation theory [6, 7] in some
isospin channels.

The Roper also plays and important role as a test of quark models of
nucleon structure [8] or from the point of view of collective variables [9].

Another point worth noting is that most of the properties of the Roper are
obtained by exciting it in the xN system. It is then and isovector excitation.
In this talk I will report upon the isoscalar excitation of the Roper in (a, a')
collisions on the proton.

2 Isoscalar excitation of the Roper and back-
ground from A excitation in the projectile

The precursor reactions for the (a, a') were the (3He, t) reactions carried out
by the delta excitation group at Saturne [10, 11]. In the (3He,t) experiment
on proton targets one can see a clear peak (see fig. 3), which was attributed
to A excitation in the target (DET) in various works [12, 13, 14] (see for 4a)
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On the other hand there have been works which simultaneously have in-
cluded the mechanism of A excitation in the target (4a) and in the projectile
(4b) [15, 16, 17] (DEP). The latter was shown to play a small role in the
(3He, t) reactions on proton targets, but it was very important for the same
reaction on neutron targets [16], as can be seen in fig. 3, and hence in nuclei
[17].

In order to produce the Roper excitation in similar reactions one must
increase the energy of the beam and look for higher excitation energies. Ob-
viously it would be helpful to kill the A contribution, if possible.

All such steps were given by P. Morsch and collaborators in the work of ref.
[18]. The (a,a') reaction was particularly suited for the experiment because,
as shown in fig. 5a, there is no A target excitation. The reason is
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that the exchanged object in fig. 5a must be of isospin zero to couple to a, a'.
but with T — 0 we can not excite the A from the nucleon. Hence the A
excitation in the target is forbidden here and the only one allowed is the A
excitation in the projectile of fig. 5b. Having killed the DET mechanism we
could hope that the dominant terms would be the Roper excitation. However,
the experiment (see fig. 6 a) shows a large background, which was correctly
attributed in [18] to the DEP mechanism.

Fig. 6

I
§ 0.5

. • < 1 1 . ' 1 1
- 4 . 3 G e V , O . S d e g .

: a)

, , , 1 , , , 1

' ' ' 1

1

• • 1 I 1

Total

i

4

- i i • i - - f — i i — r —

(4 \
Roper [

Interference

6UU
u [McV]

'He p — > sHe 4

b)

Indeed, calculations done on a similar reaction, the (3He,3He) reaction
on the proton [17], prior to the (a, a') experiment, showed a dominance of
the DEP mechanism which revealed a shape identical to the one found in the
(a, a') experiment, as one can see in fig. 6b.

Before we pass to analyze the Roper excitation in the (a, a') reaction it
is worth paying some attention to this DEP background found, because it is
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very important by itself. Indeed
1) It proves the relevance of the mechanism of delta excitation in the pro-

jectile, which prior to this experiment was much debated.
2) It is an indirect measure of "coherent pion production" [19, 20, 21]. This

latter process is very interesting. It corresponds to the reaction

n + A3
g

S
s + r+ ( 3 )

In a region of dominance of the A, the reaction proceeds as shown in fig.
7. A virtual pion is created in the

\ .
N

Fig. 7
N

a)
P /

b)

pN-K vertex which excites a A on the nucleus (7a). The Ah excited propagates
in the nucleus as shown in fig. 7b. The whole picture qualifies as production
of virtual pions followed by the elastic scattering of these virtual pions with
the nucleus, till eventually they leave the nucleus as real pions. The potential
of this reaction to enlarge our knowledge of the pion nuclear interaction, one
of the cornerstones of intermediate energy physics, is enormous and the first
experimental steps in this direction [22] are very much welcome.

3 Model for Roper excitation and DEP in
the (a, a') reaction

We have already discussed the mechanism of DEP. Now we show in fig. 8 the
diagrams for the possible mechanisms contributing to the reaction
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Fig. 8
We have the following mechanism: (a) Delta excitation in the projectile, (b)

Roper excitation in the target (isoscalar), (c) Roper excitation in the projectile
with 1 7T emission (isovector), (d) Roper excitation in the projectile with 2TT
(s-wave, T — 0) emission (isoscalar), (e) Double A excitation.
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All the couplings needed for the evaluation of the diagrams are known
except for the strength of the isoscalar transition NN -* NN* needed in
diagrams (b) and (d). The ratio of these two diagrams shows, however, that
diagram (d) is negligible, and similarly one shows that the diagrams (c) and (e)
give negligible contributions such that only (a) and (b) are left to explain the
data. The data is then used to obtain the strength of this unknown isoscalar
transition. For this purpose we assume it to correspond to the exchange of
an effective V (different in principle to the a exchanged in meson exchange
models of the NN interaction, which would contain UJ exchange in addition in
this channel). But in order to set the scale one fixes the V " NN coupling and
form factor to the same ones used in the Bonn model [23] for aNN and then
one obtains the V" NN* coupling from a best fit to the data of the p(a, a')X
reaction.

The data are compatible with M* = 1430MeV , T(s = M*2) = 300 MeV,
and g%NN./4:K — 1.33 (g%NN/4ft = 5.69 from [23] for reference) and the same
form factor for the V " NN* vertex as for the crNN of [23] is assumed. This
provides a handy parametrization of the transition amplitude which allows to
make predictions for other nuclei and in different energy domains.

The results obtained for the p(a, a!)X reaction are shown in fig. 6a for the
energy distribution and in fig. 9a for the angular distribution of the a' particle
in the lab frame (this latter one containing only Roper excitation).

Fig. 9
One can observe in fig. 9a two important features: i) The strength of the

DEP is bigger than the one for Roper excitation; ii) There is an important in-
terference between the two mechanisms, whose consideration is very important
in order to extract the proper information from the analysis of the experiment.

The details of the calculation for the DEP mechanisms can be seen in ref.
[24] and for the whole spectrum including the Roper and the interference with
the DEP mechanism in ref. [25].

The effective V " exchange obtained can be connected to recent studies
of the NN interaction in the context of the nonreiativistic constituent quark
model, where, in addition to the explicit quark degrees of freedom, one is
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coupling pions to the quarks and also an effective V", the chiral partner of the
pion in a nonlinear sigma model, which collects the strength of all the isoscalar
channels and is responsible for the intermediate range attraction [26]. One can
exploit this idea and derive within the same context, the isoscalar NN —> NN*
transition comparing it to the one determined empirically here. Such studies
can serve as tests of chiral symmetry in the baryon sector.

Now we come back to another piece of information that one obtains from
Morsch experiment. This is the angular distribution of the Roper excitation
strength that is shown in fig. 9a. This monotonical decrease of the cross
section has been attributed by Morsch in talks at Conferences and seminars
to a peculiarity of the Roper resonance which would qualify as a monopole (L
=0) excitation or breathing mode of the nucleon. Our study, however, shows
that the angular distribution of fig. 9a is exclusively due to the form factor of
the 4He projectile and has nothing to do with the intrinsic properties of the
N*.

4 Further progress with Roper excitation

In fig. 6a one can see a handicap for the extraction of the Roper properties. In-
deed the background for DEP is larger than the Roper signal and, furthermore,
the presence of an interference term of strength similar to the Roper signal
makes the use of a model necessary, since the usual assumption of and inco-
herent sum of DEP and Roper excitation mechanisms is not accurate enough
for a proper extraction of the Roper properties.

It would be very interesting to find a reaction in which the Roper signal
would be magnified and the interference terms diminished. This is possible,
as shown in ref. [27] and depicted in fig. 9b, by increasing the beam energy
in the p(a, a')X reaction. While crN*l&& — 1/4 in the Saturne experiment at
Ea ~ 4.2 GeV, at Ea = 15 GeV we see that the situation changes drastically:
the N* and A peaks are now similar and the strength of the JV* peak is
about 12 times larger than at 4.2 GeV. Furthermore, the interference term
becomes negligible now. All these welcome features make these higher energies
(accessible in present accelerators at Dubna) specially suited for studies of the
Roper properties, in particular the isoscalar excitation mode.

On the other hand, the reason for the small interference between DEP and
Roper excitation at high energies is that the pions from the DEP mechanism
move basically forward, following the motion of the A in the p rest frame,
while those emitted from the Roper decay are more or less isotopic. This led
J.P. Didelez to suggest, as it is indeed the case, that if pions are detected at
a certain angle they would be coming from the Roper excitation mechanism
and one thus eliminates the large background of the DEP mechanism. We
have found numerically that at Ea = 4.2 GeV, u = Ea - E'a = 550 MeV (the
Roper excitation region), and for pion angles bigger than 90° with respect to
the a beam direction, the cross section for the Roper signal is about 100 times
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bigger than the contribution of the DEP mechanism.
It is clear that we are just at the beginning in the exploitation of the Roper

with the isoscalar source and future experiments are likely to find new and
relevant information concerning the JV*(1440) and its decay channels, which
is much needed, as we indicated at the beginning.

5 Conclusions

A few concluding remarks are in order
1) We have succeeded in a model that accounts for the A excitation in the

projectile and Roper excitation in the p(a, a')X reaction. The analysis of the
experiment allows to extract the, so far unknown, strength of the isoscalar
NN -» NN* transition. The analysis was compatible with M* = 1430 MeV

)
2) The idea of the isoscalar "<r" as a chiral partner of the pion is catching

up and can help introduce chiral symmetry in present quark models.
3) We have shown that the Roper signal is better seen at higher energies

and detecting pions in coincidence.
4) There is a need to improve on our knowledge of N* properties for the

interpretation of many processes at intermediate energies. The isoscalar mode
of excitation and future experiments in this direction can certainly help in that
purpose and would be much welcome.
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