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The cv universality relation is shown to ag. ree with experiment also at Serpukhov energies
up to 50 GeV, even though other regularities filund at lower energies do not persist and a
simple pole interpretation of the data would require different intercepts for the p and ~ tra-
jectories. Applications of the ~ universality relation to inclusive reactions are suggested.

The ~ universality relation' has been shown to be
in remarkable agreement with experimental total
cross sections" over the momentum range up to
18 Gev/c. The purpose of this note is to point out
that this remarkable agreement is still found in
the new higher-energy data' (up to 50 Gev) from
Serpukhov, even though many of the other experi-
mental regularities found in the lower-energy re-
gion have been shown to break down in the energy
range between 20 and 50 GeV.

The co universality relation, which was first ob-
tained from a quark model, is equivalent in a Regge
picture to the assumption that the ~ trajectory is
coupled three times as strongly to nucleons as to
kaons and dominates the isoscalar odd-signature
exchange amplitude. The factor 3 comes from the
assumption that the e trajectory is coupled univer-
sally to the number of nonstrange quarks in any
hadron. From these assumptions it follows' that
the relation between kaon-deuteron and nucleon-
deuteron total cross sections is

cr(pd) - o(Pd) = 3[c(K d) —o(K'd)].

The use of the deuteron target selects the contribu-
tion from isoscalar exchange.

An equivalent relation can be obtained for scatter-
ing data on proton targets if an additional universal-
ity assumption is made. The isovector exchange
which carries the quantum numbers of the p tra-
jectory is assumed to be universally coupled to the
isospin current. The p couplings to kaons and nuc-
leons are thus equal, and the coupling to pions is
twice as strong as either. The combination of ~
universality and p universality leads to the relation

&(PP) —c(PP) = 3[~(K P) —c(K'P)] —[c(~ P) —~(v'P)].

(2)

The left-hand side of this relation contains con-
tributions from both co and p exchange to nucleon-
nucleon scattering. The kaon-nucleon terms on the
right-hand side of Eq. (2) are predicted to have an

~-exchange contribution equal to that on the left-
hand side. However, the p contribution is too large,
since the p couplings to the kaon and nucleon are
equal —not different by a factor of 3. The addition-
al correction term involving pion-nucleon cross
sections is pure p exchange and compensates for
the excessive p contribution in the kaon-nucleon
cross sections.

Figure I shows the experimental data for the
three total cross-section differences appearing in

Eq. (2). To this figure has been added a dashed
line giving the value of 3[v(K P) —o(K"P)] obtained

by multiplying the straight-line fit to the data by
three. This line is seen to be somewhat higher
than the experimental data for o(PP) —c(PP), as
expected from Eq. (2). The difference is compen-
sated exactly by subtracting c(m P) —o'(v'P), as
shown by the two crosses in Fig. 1. These give the
cr(pp) —o(PP) predictions obtained when the straight-
line fits to the kaon-nucleon and pion-nucleon data
of Fig. 1 are substituted in Eq, (2) at two energies.

In addition to the remarkable quantitative agree-
ment of these data with the prediction. (2), there is
one particularly interesting qualitative feature.
The difference between the pion-nucleon cross sec-
tions is seen to drop off much more slowly with

energy than the kaon-nucleon or nucleon-nucleon
differences. In simple pole models in which only

p and cu exchanges contribute, this implies that p
exchange drops off much more slowly with energy
than co exchange. This difference appears not only

in the slower dropoff of the pion-nucleon difference,
which is pure p exchange„but also in the difference
between the dashed line in Fig. I and the experi-
mental nucleon-nucleon difference. This difference
drops off more slowly with energy than either line
does individually. Thus On a logarithmic plot the
two lines appear to diverge with increasing energy.

In models in vrhieh these cross sections axe des-
cribed Only by p and ~ poles, the p and cv trajecto-
ries must depart considerably from exchange de-
generacy. They must have different intercepts.
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FIG. 1. Experimental test of the ~-p universality relation (2). The data and the straight-line fits to the data are
from Ref. 3. The solid lines and open points are for 40(vr+p) =at t(x p) —ot t(vr+p), Ao(p p) =o«t(pp) —o«t(pp), and
40(K p) =0«, (K p) -ot«(X+p). The dashed line represents 3IO«, (K p) -a„,(K+p)]. Crosses (X) give 60(p p) as pre-
dicted from Eq. {2).

However, the universality relations between the
meson and baryon couplings in the odd-signature
amplitudes seem to hold up individually much bet-
ter than exchange degeneracy.

Some models begin with exchange-degenerate tra-
jectories to give the observed regularity in the
energy range up to 20 GeV and attempt to introduce
cuts and other phenomena to explain the deviations
at higher energies. In these models it is very
mysterious that the additional dynamical mecha-
nisms should conspire to preserve the ~ universa-
lity relation. [The p universality relation is not
tested to great precision by relation (2) because the

p contribution is small —only 15-2Q /o.]
The &u universality relation is particularly puzzl-

ing when the total cross sections are considered as
sums of cross sections into all channels, rather
than as the imaginary part of the forward amplitude.
An appreciable part of the difference c(PP) —c(PP)
is due to contributions from annihilation channels.
Thus Egs. (1) and (2) relate these annihilation pro-
cesses to meson-baryon processes which have no
annihilation contribution. It has been suggested
that annihilation contributions should be subtracted
before quark-model relations are used. ' This pro-
cedure would spoil the agreement between these
relations and experiment.

Further tests of co and p universality a. e of in-
terest. One possibility is to apply them to inclu-
sive reactions by using the approach of Biafas and
Czyzewski, which is based on the Mueller analy-
sis.' Consider the process

A+ B-C + anything. (3)

By analogy with Bial'as et al. , but using the &u-p

universality relation (2) instead of the relations
used there, we obtain

f (AB -C) = E~d'a/dPc', (4b)

and E~ and pc are the energy and momentum of par-
ticle C.

The relation (4a) should hold in any kinematic re-
gion in which the Mueller six-point function is de-
scribed by the exchange of a conventional Regge
trajectory between particle A and the BC complex,

y(pa-c) y(pa-c)=-3[y(z a-c) /(z-'a c)]-
—[f(v B-C) f(m'B- C)],—

(4a)

where f (AB- C) is the Lorentz-invariant cross sec-
tion for process (3),
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e.g., the fragmentation region of particle B.
Relation (4a) is simplified if both B and C have

isospin zero, by analogy with Eg. (l). For example,

f (Pd-(g) f(p-d-(u) =3[f (K d- u)) —f(K'd- (o)],

(5a)

f(Pd-n) -f(Pd-&) =5(f(K d-&) -f (K'd-&)1.

It would be interesting to see whether the agree-
ment with experiment for relations (4) and (5) is
comparable to that for relations (l) and (2).
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The strong suppression of the cross section for the low-energy reactionpp-KsKs as com-
pared to pp K&K& and pp K"K is explained as being due to the direct-channel excitation
of two massive C =+1 boson resonances with I=1 and I=0, respectively. It is thus suggested
that two J~ =2+ states with masses below 2.0 GeV and with approximately equal couplings to
the NN and KX" systems, and produced in phase, provide a "natural" explanation of the data.
Above 1.2 GeV/c the interference effects appear to disappear and possibly a new physical
mechanism for KE production is observed.

Some time ago Lipkin suggested that the KK de-
cay modes of high-mass bosons might show strik-
ing interference effects when particular charge
states of the KK system were observed. ' In par-
ticular, when two nearly mass-degenerate states
with different isospin, as for example the f'-A,
mesons, both decay into the KK system, and pro-
vided they are produced in phase, interference may
result. ' Unfortunately, in the case of the f' A, -
system the present experimental data have not in-
dicated evidence for or. against this interference. ' '
Furthermore, since the f' and A, are likely pro-
duced by different exchange mechanisms, it is
probable that they will not be produced in phase,
and the resulting interference effects may be
small. ' ' Detailed observation of this interference
in fact might lead to a measurement of the relative

production phase of the f' A, . -
High-mass bosons produced in the NN direct

channel and decaying into KK final states might
provide another example of such interference ef-
fects. ' The speculated existence of meson towers
with approximately equal numbers of I = 0 and I =1
mass-degenerate states could further facilitate in-
terference. ' Furthermore, in this case, the pro-
duction mechanism could be the same and the in-
terfering effects might be large. The study of low-
energy NN-KK scattering has progressed to the
point where it is now reasonable to' ask whether
there is any evidence for such interference phe-
nomena. In this note we compile and analyze the
available data."We find evidence that such inter-
ference does occur. Furthermore, we infer the
existence of two high-mass boson states with C =+1


