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around Tp, which will be responsible for the tiny
anomaly of €.

The intervention of the extra short-range inter-
action between the phonon modes represented by
the piezo-optic coupling may also be responsible
for the unexplained high-temperature tail in the
heat capacity data in DyVO, and DyAsO, around
T p,** and also for the discrepancy between the ob-
served T, values and the theoretical ones predict-
ed by the molecular-field theory.

In conclusion, the dielectric anomaly observed
at the Jahn-Teller transition temperature in
DyVO, may be understood as a direct consequence
of the onset of an antiferroelectric ordering®
which is driven by the softening B,  strain mode,
i.e., as an optical-mode condensation without its
softening. By following and extending the conven-
tional terminology,'® this phenomenon may suit-
ably be called as the improper (or indirect) anti-
ferroelectricity.

The authors would like to thank S. Kagoshima
for the x-ray measurement of the lattice con-
stants, and Y. Fujii, H. Uwe, S. Miura, and
K. Oka for discussions.
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I emphasize the close similiarity in the inclusive production of genuine heavy resonances

compared to nonresonant hadron pairs.

For small x and not too big p, a simple relation

describes both with proper mass dependence of the p, slope. Data on J-production sup-

port this picture.

In a recent measurement by Aubert et al.! at
Brookhaven National Laboratory all pair combi-
nations of 7*, K*, and p* were detected with a
double-arm spectrometer.? The cross sections
for the simultaneously measured nine neutral two-
body final states (n*7~,7*K",...) show a band
structure! when plotted against their invariant
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mass, m. For production at rest in the c.m. sys-
tem, i.e., x=2p */Ns~0andp, ~0, cross sec-
tions in all channels decrease like exp(— 5m) over
the measured range of 1.5<m <5.5 GeV/c2.
simple relations such as the frequently® used
exp(—a-+p,) or exp(—b+p,?) describe these data
because a or b will depend on m. However, all
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nine channels give decreases with p,. For the
measurement® with 0<p, 1.2 GeV/c and |x1<0.1,
the following Ansatz was found to be appropriate:

Ed% /dp3=Ce %2 =Ce me 5T (1)

with T=(m?+p?)Y2-m. In this way the observed
exp(— 5m) is accounted for. Since x is small I
ignore lingering effects from leading particles*
and assume isotropic emission, such that

(pB=32(p.D. (2)
Then, from Eq. (1) I anticipate the p, behavior
f(p.)=exp{-5[(m*+3p,)"2 - m]}. (3)

This expression was verified® to describe the non-
resonant pairs produced in 28.5-GeV proton-nu-
cleon collisions. I consider Eqs. (1) and (3) main-
ly as a phenomenological description of the co-
pious pair data rather than a derivation. Formu-
las similar to (3) have been quoted® and more
elaborate models® confirmed the features of (3)
later.

Most remarkably, the measured p, behavior of
genuine resonances follows this pattern of the
nonresonant pairs too. In Fig. 1 data on reso-
nance production® from 24-28.5-GeV incident pro-
tons are compared to the predictions of Eq. (3)
at the relevant mass values. The Massachusetts
Institute of Technology-Brookhaven National Lab-
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FIG. 1. The points are measured cross sections of
resonance (J,p,w,n") production from Ref. 6. The
solid lines represent nonresonant hadron pairs via Eq.
(3), evaluated at the mass value indicated.

oratory (MIT-BNL) inclusive 7~ data are taken at
90° c.m. and cover 0.7<p,<1.6 GeV/c. They
show the well-known® exp(— 6p,) decrease in ac-
cordance with Eq. (3) for m ~0.

However, at extremely low p, (<0.4 GeV/c)
even for the light 7 meson the deviation from
this exponential gets visible from very recent
CERN intersecting storage ring (ISR) data—in
Fig. 1 the only ones taken at higher energies
s =23 GeV). The CERN measurements of inclu-
sive p and w production® agree well with Eq. (3),
too.

A crucial test of Eq. (3) is the production of a
very heavy particle. This is provided by the J
data® from the MIT-BNL experiment. As seen in
Fig. 1 their shape differs drastically from 7~ pro-
duction, yet is still in good agreement with the
prediction of Eq. (3).

For the data in Fig. 1, the following normaliza-
tions C were used: 80 for CERN “p,” 150 for
ISR “7~,” 120 for MIT-BNL “7~,” and 2 mb GeV™
¢3/ nucleon for the MIT-BNL “J” data. The 7~
values at these vastly different energies allow at
most for a very weak energy dependence’ other
than the expected relativistic rise.® The C value
for “J” production in fact rises strongly with en-
ergy as seen in Fig. 2. However, if we assume
the cross sections® after suppression by phase
space to reach a plateau at energies of a few hun-
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FIG. 2. Excitation curve of J production from proton-
nucleon collisions. The errors are mostly systematic;
for a discussion see Anderson et al., Ref. 8. B,, is
the branching ratio J—ee/J— all ~ 7Y%,
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dred GeV,° the unobstructed C value will be much
bigger and agree to order of magnitude with those
for the other strongly interacting particles.

In Fig. 2, the cross sections® are plotted against
the @ value of the reaction with the assumed final
state ppJ. Considering the big errors, the ob-
served rise with @ is not inconsistent with a
three-body (Q2) or four-body (@*°) final-state
phase-space behavior, if m,<«<1 GeV/c2. This
together with the observation at Fermilab of iso-
tropic emission of J’s in the c.m. system'® sup-
ports the assumptions in Eqs. (1) and (2).

From Eq. (3) I can easily calculate the average
transverse momentum of the produced particles,
with the result 350 MeV/c for pions, 490 MeV/c
for p’s, and 850 MeV/c for J’s produced at 28.5
GeV. Although Eq. (3) may not hold at large p,,
this agrees well with present measurements.3#1°

I am grateful for valuable discussions with all

members of the MIT-BNL group, especially Pro-
fessor Samuel C. C. Ting, Professor M. Chen,
Dr. J. Burger, Dr. F. H. Heimlich, and Dr.
W. Toki. Formula (3) emerged from discussion
with Dr. T. G. Rhoades. I thank Professor V. F.
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agement.
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