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For diffractive excitation of I = 1/2 nucleon resonances N* by pions, N+ - N*4-7,
the Gribov-Morrison rule is shown to follow from kinematics alone if z-channel helicity
conservation is exact. Under this condition the production of unnatural-parity N* is strongly
suppressed by a mass factor. A similar result for diffractive N+N — N*+N follows from
factorization. However, no corresponding effect can be found for diffractive excitation of
mesons. The experimental situation is discussed in the light of this effect, which we conclude
must play an important role in any realistic model for diffractive N — N* transitions, at
least beyond the low N* mass region.

1. Introduction

In this article we shall prove that for diffractive excitation of nucleons by pions,
N+7n — N*+7, the assumption of #-channel helicity conservation leads automatically
to the Gribov-Morrison rule [1, 2]. Under the conditions assumed this rule is nothing
more than a kinematic effect. The additional assumption of factorization leads to a corre-
sponding result for diffractive excitation by nucleons, N+ N — N*+N. Experimentally
it isknown the diffractive NN * vertex has a very strong component which conserves ¢-channel
helicity, at least when the N* mass is not too small. Therefore our result appears to
clarify the success of the Gribov-Morrison rule for diffractive excitation of nucleons in
the N* region where this rule works best.

For diffractive excitation of pions and kaons the assumption of TCHC does not
lead to a spin-parity selection rule, because of different kinematics. Even though TCHC
is a characteristic of some (but not all) diffractive transitions 7 - n* and K - K* we
find no reason to expect the Gribov-Morrison rule to be valid in this case. The present
experimental situation suggests it is not.

The Gribov-Morrison (GM) rule [1, 2] for a diffractive transition N — N* is the
statement the nucleon, with natural parity, cannot be diffractively excited to any N*
state with unnatural parity.It is well-known this rule cannot be derived from any generally-
-accepted dynamical principle, and yet it seems to be valid. Unnatural-parity resonances
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do not contribute strongly in diffractive Nn — N*z and NN - N*N. More precisely,
natural-parity states appear to dominate the peaks which are observed at N* masses
1500, 1690 and 2190 MeV. Presumably some contributions from unnatural-parity states
are in these peaks, but they cannot be very large. Another enhancement, usually associated
with the P,,(1470), is observed at about 1.4 GeV. This identification satisfies the GM rule.
But the resonance interpretation of this enhancement is doubtful, and one should not
use it to base any conclusion concerning spin-parity selection rules.

In Section 2 we find our result for Nm — N*r using the following elementary argument.
TCHC is assumed for N —» N#*, leaving one independent amplitude. We discard all in-
variant amplitudes which break TCHC, retaining the one (there is only one) which does
not. Calculating the nonzero r-channel helicity amplitude in terms of this invariant
amplitude we find a strong kinematic suppression from a mass factor when the N* has
unnatural parity. This effect weakens with increasing |#]. Nevertheless it can lead to
a factor of, typically, 1/20 in the cross section for unnatural-parity N* production relative
to the natural-parity cross section. An effect of this strength is quite enough to explain
the success of the GM rule in diffractive excitation of nucleons.

The simplicity and generality of this result leave little to be desired. However, TCHC
is not an exact symmetry of nature and one may ask, is this effect likely to be relevant
for the construction of a quantitative model? Above N* mass ~ 1.6 GeV, where TCHC
seems to become nearly exact [3-5], the answer is surely yes. For smaller N* mass, where
TCHC is not exact, the answer is less clear. Here the Drell-Hiida-Deck effect [6, 7] seems
to play a very important role, and resonance production is difficult to isolate, so that
one cannot be sure whether TCHC and the GM rule are characteristic of resonance
production or not.

Concerning TCHC breaking we can make another comment. More detailed investi-
gations show that strong TCHC breaking can be arranged in such a way that the GM
effect arising from TCHC is not weakened at all. TCHC breaking can also weaken the
effect, of course. But it is difficult to arrange things in such a way the effect is entirely
cancelled, within any realistic model.

Diffractive NN — N*N is discussed in Section 3. Exact TCHC at the NN* vertex
still leaves four independent amplitudes, and if all of them are important there is no kine-
matic suppression of unnatural-parity N* production by protons. However, factorization
seems to hold for inelastic diffractive scattering in the range 0 < |#] < 0.5 GeV? [29],
and perhaps also for larger [¢|. Assuming factorization is valid, the TCHC amplitudes
for NN — N*N contain the same mass factor which leads to the GM effect in Nz — N*=.

In Section 3 we also discuss diffractive excitation of mesons, and the evidence for
and against the GM rule in these reactions.

2. N+n—> N*4x

Consider diffractive excitation of I = 1/2 nucleon resonances N* by pions, Nx —» N*z.
The N* spin is J and its parity is arbitrary. One can also think of N* as a component of
a diffractively-produced background with definite angular momentum. We assume exact
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TCHC so just one amplitude is independent. In the #-channel Db — cA (where ¢ = N,
A=N, D=nrand b = n) the helicity amplitudes are

Spo(E) = ¥err (PO (E)M %7712 (p ), )

where
r(+)y=s1,I(-) =ys, 2

and the label (4+), (—) means the N* has natural, unnatural parity. In general the M-fuction
in Eq. (1) contains 2J+ 1 invariant amplitudes. However, 2J of these break TCHC. Only
one does not, namely

1Mv1 eV e1/2 = (pA pA)Vx ...VJ—1/2A(i)' (3)

To prove this statement one has to calculate the f-channel helicity coefficients of all 27+ {
invariant amplitudes. Although we have done this calculation, the results are too long
to reproduce here. The interested reader can, of course, verify Eq. (3) without too much
difficulty using standard methods. The problem is simplified by the fact the f-channel
spin structure is triangular. In other words, the 2J spin-flip amplitudes depend on the
other 2J invariant amplitudes but not on A(+).

Standard formulae [8, 9] for the spin-J wave-function in Eq. (1) enable one to calculate
these helicity amplitudes quite easily. They are

Tca J—-1/2 )
Spo(E) = 8.4C,(m .t m,) <——§> [t—tj(m £ m)* T2 A(+), 4)
Mo/

where
C; = [T+ -DHYRNT?,
T2 = t* —2t(m2 + m2)+ (m% —m?2)*.

In the amplitude (4) there is an overall factor (m,+m,), (m ,~m,) for natural, un-
natural parity N*, where m,_ is the N* mass and m, is the nucleon mass. For m, ~ 1.5 GeV
these factors make the amplitude for natural parity-production about five times larger
than the one for unnatural-parity production, other things being equal. Here is the kine-
matic effect promised in the Introduction. Of course, this effect is 7-dependent, as one sees
from the ratio of cross sections

do(=) JA(=)?
do) ~ " lacnr ®
where
2 2
R(t) - (’nc—ma) l-t/(mc_ma) (6)

(mc+ ma)2 1 -t/(mc+ ma)2 .

For large |¢| the function (6) is R(¢) = 1. But the low [¢] region is much more important,
and in this region R(¢) is rather small. Indeed, for m, ~ 1.5 GeV, R(¢t) ~ 1/25 at t = 0,
and even though this function increases with {¢| it is only ~ 1/12 at [¢] ~ 1 GeVZ2.



The factor R(1) approaches one in the limit m, — oo, but the approach to this limit is
not rapid. Thus for N* mass m, ~ 2 GeV one still has R(0) ~ 1/9 and R({¢| = 1) ~ 1/5.
Of course, for large enough N* mass the kinematic suppression of unnatural-parity N*
production will disappear, whether or not TCHC holds in this mass region. This is an
interesting prediction.

So far we have said nothing about the invariant amplitudes 4(+). These amplitudes
are defined in such a way they are subject to no kinematic constraint, and contain no
kinematic singularity, whether or not TCHC is imposed. Therefore one must take the mass
factor (m_+m,) in Eq. (4) seriously; by construction, invariant amplitudes are minimally
dependent on external masses and mass differences. It is, of course, possible that A(—)
is larger than A(+) for some dynamical reason. However, it would have to be several
times larger to cancel the mass factor effect, and this seems quite improbable. The ampli-
tudes A(+) are proportional to the covariant couplings of the pomeron at the NN* and
pion vertices. There is no reason why the unnatural-parity covariant couplings should
be several times larger than the natural-parity covariant couplings.

Perhaps it is worth emphasizing that amplitudes of the form (4) will emerge in any
covariant theory which is constrained to satisfy TCHC. A good example is the covariant
Regge model (see e. g. [25]). Imposing exact TCHC leaves only one covariant coupling
at the NN* vertex and the mass factor (m,tm,) emerges automatically.

We have chosen to discuss TCHC in terms of #~channel amplitudes. However, one of
the main approaches to diffractive excitation puts the emphasis on s-channel amplitudes
(see e. g. Kane [28]). In this approach TCHC arises “accidentally” when one arranges
that all s-channel helicity amplitudes be large away from ¢ = 0. (In our covariant notation
the corresponding statement is the invariant amplitude A(+) in the M-function (3)contrib-
utes to every s-channel helicity amplitude, as one can easily verify.) Needless to say, the
spin-parity effect, which arises from TCHC alone, exists whether or not TCHC is *‘accid-
ental™,

One should know where the mass factor (m_,+m,) originates. 1t comes from the matrix
element

ULPI(£)0(pg) = = a(£) 2 A (m A m,) (1 —t)(m £ m )/ N

which also appears in f-channel amplitudes for NN — N*N and for N* electroproduc-
tion Ne — N*e. Therefore one can expect similar results for these processes. However,
for diffractive excitation of pions and kaons there is no corresponding result. In fact,
there is no kinematic preference for or against a change in naturality in this case. The
connection between TCHC and the GM rule holds only for nucleon excitation.

Now let us sketch the experimental situation in diffractive Nz — N*zn. Numerous
experiments have shown there are peaks in the N* mass spectrum which can be identified
with the natural-parity states D, 3(1520), F,5(1690) and G,,(2190) [3-5, 10, 11]. While
these resonances may dominate the peaks, smaller contributions from unnatural-parity
resonances are not excluded. An enhancement at 1.4 GeV is also seen, and for some
vears this enhancement was tentatively identified with the P,,(1470) in spite of the large
mass difference. However. this identification may be incorrect. Recent work [12, 19]
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based on the Drell-Hiida-Deck effect [6, 7] has been quite successful in explaining N*(1400)
production in NN collisions. This is surely relevant here because NN — N*(1400)N and
Nz — N*(1400) = closely resemble one another, while both reactions exhibit characteris-
tics which are very different from those of other N* production reactions (e. g. much steeper
t-dependence). If Deck type models are realistic then resonance production is not very
important in the lower N* mass region, and it is not appropriate to discuss the GM rule
in this region. For larger N* mass, on the other hand, a Deck-type model is unlikely to
give an important contribution {12]. Therefore we are led to consider diffractive N* pro-
duction as consisting of two distinct N* mass regions in which different dynamics are
important. The N* mass dividing these two regions lies somewhere between 1.5 GeV and
1.6 GeV.

Another reason for dividing diffractive excitation into two mass regions with different
dynamics is the fact TCHC is a good approximation in the higher mass region but not in
the lower [3-5]. Furthermore, a clear violation of the GM rule has been observed [21, 22]
in the lower mass region, namely the presence of a J? = 1/2~ state. This is just what we
expect from the fact that TCHC is strongly broken there. In the higher mass region TCHC
seems to be nearly exact [5]. Our interpretation of the GM rule as an effect resulting from
TCHC is therefore valid in this region. It is possible, of course, that TCHC and the GM
rules are also characteristic of resonance production in the low mass region, but a non-
resonant contribution prevents this from being seen. The situation may be especially
complicated in the intermediate region where the N*(1500) peak is dominant.

Data on diffractive NK — N*K has also been collected [23, 24], and the N* excita-
tion spectra observed is quite similar to the N* spectrum in Nz — N*=z. All of the remarks
we have made for nIN collisions apply also to KN collisions.

We touched upon the question of TCHC breaking in the Introduction. A careful
discussion of this point requires an extensive kinematic analysis, which has been carried
out. The main result is that TCHC can be broken in essentially two ways, such that (1)
unnatural-parity suppression is retained full strength, (2) or weakened. It depends on which
TCHC breaking invariant amplitudes become significantly nonzero. When good models
of diffraction dissociation become available this point may be interesting to pursue.

3. Other diffractive processes

(1) For the reaction NN — N*N the assumption of TCHC at the N — N* vertex
leaves four independent amplitudes. Two of these (those with an extra factor y5 in each
vertex) are proportional to (m,Fm,), while the other two are proportional to the factor
(m.+m,) which gives us the GM effect. Clearly if all four amplitudes are important then
there is no preference for any N* spin-parity. However, the first two amplitudes violate
factorization. Since the latter property seems to be valid [29], these amplitudes can pre-
sumably be neglected, and we are left with the two which lead to the GM effect for
NN — N*N.

Turning to the data on diffractive NN — N*N [11, 13-18, 26] one is impressed by
its similarity with the diffractive Nz — N*rn data. The GM rule seems to work; peaks
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are seen which correspond to D,;(1520), F,5(1690) and G,,(2190). Clear evidence for
contributions to these peaks from N* with unnatural-parity has not been found. An I = 1/2
enhancement near 1.4 GeV is present similar to the one seen in Nz — N*rm. It seems
probable {12, 19] this is due to the Drell-Hiida-Deck effect, and not to production of the
P,,(1470). As for Nn — N*=, strong violation of TCHC is observed for N* mass below
1.6 GeV, while for larger N* mass TCHC is a good approximation [18]. TCHC also seems
to hold at Fermilab energies [27]. At ISR energies there is evidence [20] TCHC holds
even for very large diffractively produced masses.

As for Nm — N*n it seems appropriate to consider the larger and smaller mass re-
gions separately. In the latter, resonance production is presumably not dominant, whereas
in the former it is. Assuming factorization we conclude there is a direct connection between
TCHC and the GM rule for larger N* masses.

(2) It has already been mentioned that TCHC in meson transitions like 7 — n*,
K — K* does not imply the GM rule. Therefore, if this rule is valid for diffractive meson
excitation, then our argument concerning baryon excitation is weakened. Let us now
briefly review the status of the GM rule in = — 7%, K — K*,

The transitions # — A4;, 45 and K —» Q, L satisfy the GM rule. We have to look for
diffractive transitions which violate the rule. A prime candidate is = — A4,, which is domi-
nated by isoscalar, natural-parity exchange, and is only weakly energy-dependent [30, 31].
(See however Leith [32] for a possible objection to the pomeron interpretation.) The
transition m© — A4, does not satisfy TCHC, because of factorization. Indeed, the zero
helicity state of the A, is absent because of factorization and parity invariance [33, 34].
Therefore, the = — A4, cross section has a dip in the forward direction. This dip is a charac-
teristic of all transitions n — n*, K —» K* which violate the GM rule. A forward dip de-
creases the cross section, of course. Nevertheless, 4, production is a well-established reso-
nance production reaction which seems to be diffractive. If it is, then the GM rule is not
valid for meson excitation.
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