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Absence of Discrete s-Channel Resonances in pp Interactions at Intermediate Energies
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We give new experimental results on p j&u interference and two-body cross sections in

PP annihilation at 2.3 GeV jc. These are used, together with p jm interference results
from lower energies, to argue that the annihilation process is not mediated by discrete
s-channel mesonic resonances in the mass range 2.1-2.6 GeV.

A special characteristic of pp interactions is
the large number of open channels. This gives
rise to strong attenuation of the incident wave
with the lowest partial waves undergoing com-
plete absorption and leading to final states of
large multiplicity. Hence two-body final states
are emitted primarily from a narrow range of
incident impact parameter, bounded on the one
hand by the range of the interactions and on the
other by a radius characteristic of strong absorp-
tion to multibody final states. ' So, in terms of
partial waves, we expect two-body production to
be dominated by a small number of angular-mo-
mentum states. Therefore, to establish a case
for the production of two-body final states via
discrete s-channel meson resonances, it is not
sufficient to show that these states are dominated
by a few J values. Bather, it is necessary to
determine relative phases as well as magnitudes
for the amplitudes or to observe a cross-section
enhancement in a state of particular s-channel
internal quantum numbers.

On the other hand, if, instead of discrete s-
channel resonances, there are many overlapping
such resonances, then these might be arranged
in such a way that the smooth s dependence char-
acteristic of t-channel exchange mechanisms is
observed. This is the duality' postulate, which
implies many constraints between amplitudes.
In this case we would expect to observe only a
slow variation of the relative phase of inelastic
amplitudes as a function of energy, and a I-chan-
nel, rather than an s-channel, factorization of
amplitudes, showing no preference for particular
s-channel quantum numbers.

In this note we present evidence on relative
phases and factorization which indicates that pp
annihilations at intermediate energies are not
mediated by individual s-channel resonances. '
Specifically, the relative magnitude and phase of

the urn (G = —1) and pwca (G =+1) amplitudes are
seen to be essentially constant over a broad en-
ergy range. 4 In addition, a crude t-channel fac-
torization seems to hold for a number of two-
meson final states. ' The new data were obtained
from a 6-event/pb exposure of 2.3-GeV/c anti-
protons in the Argonne 30-in. hydrogen bubble
chamber at the zero gradient synchrotron. The
film was automatically scanned and measured by
thePOLLY D system' to yield a sample of 340000
events of all multiprong topologies. Since this is
the first bubble-chamber experiment to utilize
automatic scanning, careful checks of the data
were made. ' For example, it was shown that the
efficiency of the automatic scanning was greater
than 95%.

In an earlier experiment, ' we reported evidence
for p/v interference in the 2w-decay mode for the
annihilation channels

pp p F 7T

pp CO 7T 7f (2)

over the momentum range 1.26 —1.65 GeV/c. By
using the branching-ratio determination from re-
cent photoproduction experimentss that T'(&u-2w)/
I"(~-3m) is (2.8+0.6)%, the analysis of our pre-
vious experiment requires that the ~mr (G = —1)
and pmm (G =+1) amplitudes have a coherence"
greater than 6(Pjp and that the p/&u relative phase
in the 2g decay channel is near 90'."

An identical kind of analysis has been carried
out with the new data at 2.3 GeV/c. 6297 events
were consistent with the four-constraint 4p final
state, and the relevant part of the mass spectrum
is shown in Fig. 1(a). The resolution was mea-
sured to be 10 MeV full width at half-maximum.
When p/&u interference is included in the fit to
the mass spectrum, the value of y' decreases
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FIG. &. (a) Part of the mass spectrum (dn/dm) of x'n from the reaction pp-4' at 2.8 GeV/c. The dashed curve
shows a best fit with p plus incoherent background (I =752 +8 MeV, I' =126+20 MeV). The solid curve j.s the best
fit when a partially coherent ~—2~ signal interferes with the p (~ =758+5 MeV, I =160+80 MeV). (b) The slopes
of the m. +x mass spectra [(d/dm)(dn/dm)f from Hefs. 8 and la and from the present experiment. Each shows a
very pronounced dip near the u mass, corresponding to a 90' phase difference.

by 17 for the addition of two degrees of freedom
—a statistical significance" corresponding to 3.7
standard deviations. Assuming the above value
for the w-27t branching ratio, g m'e find that the
p/&u coherence is large (& 50%) and that the ob-
served relative phase in the 2p decay channel is
in the range 75'-105, i.e., the relative phase is
the same to within 15 as it mas at lower energies
and in the intermediate-energy data of Chapman
et al."[see Fig. 1(b)J. In addition to the lower
limit on the coherence, me note that the ratio of
the cross sections for the tmo channels is energy
independent to within about 2(P/c (Table I). By
considering resonance-background interference
effects, we eonelude the folloming:

(1) There is no isolated s-channel resonance
of unique G parity in the same angular-momen-
tum state as the background and with an ampli-
tude more than about 25)o of the background. If
there were, the phase of the observed interfer-
enee mould vary" by more than 15 .

(2) There is no isolated s-channel resonance
with unique C parity in an angular-momentum
state different from the background and with an
amplitude more than 45% of the background. If
there mere, the coherence would be partially de-
stroyed when integrating over all angles and,
more importantly, the ratio of erose sections
would vary" by more than 20%%ug.

(3) More strongly coupled s-channel resonances
(I = 2.1—2.6 GeV/c') must exist in G-parity pairs
with degenerate masses, widths, and coupling
constants so that the relative phase of the tmo
channels is constant to mithin 15'.

%e nom turn to a discussion of two-meson final
states at 2.3 GeV/c. We have compared the an-
nihilation into two neutral nonstrange mesons
with a crude t-channel factorization formula. In
the following, R,-,. denotes the square of an ef-
fective matrix element for tmo-body production
of mesons i and j, which me have equated to the
observed cross section divided by the final-state

TABLE I. Cross sections versus energy.

Beam
momentum

(GeV/c)
c(pox vr )

(mb)

o(mr+sr )

(mb) Ref,

1.26 —1.65
1.68 —2.20

2, 8
At rest

2,8+ 0.2

0.88+ 0.06

8.0 + 0.2
1,2

1.09 & 0.07

0.77+ 0.10- 1.1
0.81 + 0.07

0.8

8
18

This expt,
14
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events in any of these channels come from the
decay of an s-channel resonance near 2. 5 GeV/
c with unique isospin or G parity. This conclu-
sion is consistent with the absence of backward
peaks in the elastic and EK angular distributions
at 2.3 GeV/c. "

FIG. 2. t-channel process yielding a two-meson
state.

TABLE H. Two-body cross sections at 2.9 GeV/c.

Final
state

Final-state
c.m. moxnentum

(GeV/c)

Cross
section ~

(pb)

(u0p0

M f
p0p0

pf
p0~0

p0~ 0

f 'n'

1.00
0.73
1.02
0.75
1.15
0.94
1.08
0.84

168 +35
246 +45

68 +16
198 +30
51 +15
72 +19
5+2
6+3

'These refer to charged pionic decay modes only.

center-of-mass momentum. From Fig. 2 we

write

+AX —+AY —~AA
+BX +BY +BA

where A, B, X, and Y are all distinct mesons.
This expresses t-channel factorization with the
assumption that a single trajectory is exchanged.
Neglecting interference between forward and
backward amplitudes" we obtain the second equal-
ity by noting that only one diagram exists (rather
than two) if the final-state mesons are identical.

Table II lists the cross sections which we mea-
sured for eight neutral two-body final states.
These were obtained from Monte Carlo fits to
the 4g state and Breit-Signer histogram fits to
the Sp and 5p final states. For these states Eq.
(3) gives rise to three relations,

R~~ R,„R~ 2R„
Rfr Rfn Bf& Bfp

From Table II we obtain, respectively,

0.57, 0.65, 0.50, and 0.50,

which are equal" within the uncertainties of the
cross sections.

This agreement suggests not that this crude
model is a quantitative one, but that ~25/z of the
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the momentum range 1.8-2.2 GeU/c,
L, Montanst, in Proceedings of the Lund Internation

al Conference on Elementary Particles, edited by
G. von- Dardel (Berlingska-Boktryckeriet, Lund, Swe-
den, 1970), p. 220. Some of the in-flight results ap-
pear unreliable, however; see p. 206.

Here we assume that the width of such an isolated
&-channel resonance is less than 800 MeV, the range
of c.m. energy under discussion.

~6The experimental angular distributions are in rea-
sonable accord with this assumption. We are effec-
tively zgnormg I= 2. exchange which zs esther small or
forbidden for the reactions of Table II.

'This fit also predicts 0{~r ) = 11+ 4 pb. From
o~+,(&+7l ) =45+ 8 pb and I= 2 exchange which seems to
dominate the 7('~ distribution, we get a (semiexperi-
mental) value of 0(71 r ) =10+3pb for comparison.

W. W. M. Allison et aL. , to be published.
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Coherent X* (890) production by X of 10.0 (12.7) GeU/ oncA= 20 nuclei is observed
with 0'~=150 +50 (131+35) pb/lluclsus. The fC"Rllg11msl-lt, t' distrlbutloll slid cI'oss sec-
tion are consistent with production via isoscalar, natural-parity exchange.

Because exchange of isoscalar trajectories of
natural parity contributes to K~ (890) production
by K beams on free protons, ' coherent px oduc-
tlon of K+(890) on coIIlplex nucleI ls expec'ted.
So fax' this coherent production has been observed
only in deuterium experiments. ' We report here
evidence for coherent K*(890) production from
nuclei with A =20.

Oux results are based on two bubble-chamber
experiments with 10.0- and 12.7-6eV/c K beams. '
The 10.0-6eV/c exposure was made in the CERN
1.2-m heavy-liquid bubble chamber filled with a
a propane-freon mixture (atomic composition
C:F:Br:H~ 6:3:1:13).The 12.7-6eV/c exposure
was made in the Brookhaven National Laboratory
80-in. chamber filled with a neon-hydrogen mix-

ture (Ne:H=12:7). The two exposures together
yield roughly one event per pb of cross section.

The radiation lengths of these liquids are 26
and 44 cm, respectively. This gives a mean
probability for detection of both y's from a v
of about 65% for each experiment.

The film was scanned for one-prong events
with no indication of nuclear breakup and with
any numbex' of I/ 's or y's pointing to the inter-
action. In order to eliminate spurious y's (main-
ly bremsstrahlung) from our sample, cuts on
angles between y's and on y momenta have been
defined from a Monte Carlo study of multx-~
events. After these cuts, events belonging to
the topologies 1-prong+1V' and 1-prong+2'
were fitted respectively to the reactions (4C
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