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SEARCH FOR A K* BELOW Km THRESHOLD IN pp ANNIHILATIONS AT REST
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An upper limit is given for the two-body annihilations p +p— K +K* (K +K*), where K*
denotes a JF =0", s=+1 resonance with a mass below Kr threshold. This upper limit is
compared with other two-body annihilation processes.

Recently the rather specific suggestion has
been made’ that there could be a scalar, 0%, res-
onant state called k which would correspond to
the strangeness-changing vector current in a
way analogous to the pseudoscalar, 0~ pion and
the strangeness-conserving, axial-vector cur-
rent. A way in which such a state could exist
with mass near that of the K, yet remain unde-
tected, would be for it to have rest energy below
the K +7 threshold (633 MeV/c?). This k, with
strangeness =+1, I=%, and J¥ =0 could not de-
cay via the strong interaction because of mass-
energy conservation, nor to Ky via the electro-
magnetic interaction with order a because of the
well-known forbiddeness of 0 O transitions. At
order a? the decay k~ K +e* +e™ is still inhibit-
ed since the single virtual photon needed is for-
bidden; however k - K +y +y should proceed and
is expected to be the dominant decay mode.

Since most experiments are keyed to “no miss-
ing neutral” or to a single missing neutral parti-
cle, this k with its two final-state photons indeed
would usually fail to be identified. Many bubble-
chamber experiments offer an opportunity to de-
tect such a state once settled on the object of the
search.? Because of the special character of the
annihilation of antiprotons stopped in liquid hy-
drogen,® it may be shown that examination of the
final state K,°%,°x°, where X° represents any
missing mass (including zero), offers a particu-
larly sensitive way to search for k if produced in
the two-body reaction p +p - K°+ ®° (K°+«°). A
sample of 150 events has been examined and no
significant “k signal” has been found (see Fig. 1).
Straightforward analysis gives 8x 107% as the up-
per limit (at 90% confidence level) for the frac-
tion of all pp annihilations which yield K%®.

This result may be compared with the fractional
rates for other related final states* from the an-
nihilation process (see Table I). The remainder
of this communication is concerned with the per-

tinent details of the investigation and a brief dis-
cussion of the implication of the results.

The key fact which makes this search particu-
larly sensitive to the presence of the k is the
freedom from the background which would be
caused by the process p +p - K,°+K,° if it oc-
curred. Almost all of the pp annihilations at
rest in a hydrogen bubble chamber correspond to
capture from the S state; consequently the final
state K,°K,° is essentially absent.® Following
Schwarz,® the associated production of one sca-
lar and one pseudoscalar particle can come only
from the S, state with charge conjugation, C,
positive. Since C is conserved in strong and
electromagnetic interactions, the final state
K°K% must have C positive; therefore the two
K%s must always occur as K,°K,%or K,°K,° nev-
er as K,°K,°. When K° production occurs from
p’s at rest in the hydrogen and one K,° decay is
detected, the second K,° is present and will be
seen to decay into 7t +7~ approximately £ of the
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FIG. 1, M*(K,"X") from p+p—~K,"+K,"+X° (two com-
binations per event). The events with M(X?) larger
than 27° mass have not been plotted. The white, grey,
and black cells correspond to p+p —~K "+ K"+, p+p
—K,;"+K% and events with no “direct” physical inter-
pretation: They can be considered either as p +p
— K"+ K% +7° annihilations in flight, or, for the two
events with one combination at M2(k,°x?) =0.28 GeV?,
as candidates for p+p — K% +k® (K° +k°) production.
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time.

From the 150 events in this study with two
identified K,°’s and no charged prongs emerging
from the initial vertex, one has been identified
as K,°K°, 87 have been identified as K,°K,°7°, 60
have missing mass much too large to be of inter-
est here (MM greater than that of two pions), and
three have a small missing mass but do not fit
the hypothesis of a single missing 7°. For all of
the events except those with large missing mass,
the momentum of each K,° as determined in the
initial three-constraint fit has been used to con-
struct M%(K,°¢°). The resulting distribution is
shown in Fig. 1. Note that there are two M3(K,%°)
values for each physical event.

The mass-squared region of interest is between
M3*K®) =0.248 GeV? and [M(K°) +M (1°)]*= 0.4 GeV?.
There are three events in this interval, all of
them with M2(K°x°) very near to 0.28 GeV2. Such
a close coincidence of the value of M*(K°x°) can
only be regarded as accidental since our mass
resolution is +30 MeV or +0.03 GeVZ. In fact, be-
cause of our mass resolution, it is reasonable to
divide the whole mass interval under study into at
most three bins. The probability that three ran-
dom events all fall into the same bin is then 10%
too high to be neglected. We therefore consider
3 to be an upper limit for the number of K°%?°
(K°°) events observed. These three combina-
tions come from three different events: One of
them is one of the two combinations associated
to the single event which fits p+p ~ K,°K,°. The
two other combinations are associated with two
events for which the second combination falls
above 0.4 GeVZ.

The interpretation of these two events as possi-
ble candidates for the production p +p - K°+&°
(K°+«°) is weakened by the fact that these two
events can still be interpreted as three-body an-
nihilations p +p - K,°+K,°+7° in flight.

These events come from 0.275x 108 5p annihila-
tions; the probability of observing K°K° decaying
to four charged pions in this situation is 0.22;
the overall scanning efficiency is 0.87. Combin-
ing these numbers we arrive at 8x107° as the
upper limit at 90% confidence level for the frac-
tion of pp which can yield K°%° (K°°).

This result is compared with the rates of other
related two-body reactions in Table I. Indeed
the observed upper limit is very low compared
with nn, KK, KK* (KK*). However, these states
are different from the K% (Kk) and are produced
most strongly from the triplet initial state, while
the K& (Kk) can come only from the singlet. One
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Table I, Fractional rates (for relevant final states
from stopped p in hydrogen).

Initial state Fractional rate
Final state2 Spin  Isospin (1075)
Sk o 3, 0,1 320+ 30
K'K® 38, 0,1 73+3
KE* (KK*) 1s, 0 84+14
1s, 1 66+ 27
3, 0 17£10
35, 1 310+ 30
(KK)T 1s, 0 10
Kk (Kk) 1s, 0,1 <8

2(KK) stands for a strong enhancement observed near
threshold, which can be parametrized by a Breit-Wig-
ner shape with M =1016 MeV (Ref. 4). The rates for
KE* (RK*) for 1S,(=0, 1) and for 3S,(I=0) are given in
Ref. 4. The rate for 35,(I=1) is obtained by addition of
the corresponding rate as observed in p +p —-Kio +K*
+7" (Ref. 4), and the rate deduced from the observation

of K* production in the final state in +p— K, + K"

+ 1[0.

can argue that the comparison should be made
only with the production of a single pion with a
strong scalar enhancement. The only candidate
for this type of reaction is the KK enhancement*
at 1 GeV/c?, whose production rate is not very
different from our upper limit on the Kx (K«k)
rate. Although our result is consistent with
there being no « at all, it does not represent
strong evidence against its existence.

Glashow and Weinberg suggest that if the « is
not found in the mass region explored here, it
could still exist in the region M(x)> 1125 MeV/c2.
Though it is intriguing to look for the « in other
processes,? we feel that this method is particu-
larly free from background. The contribution
from p+p - K,°+K,° is extremely small and, with
larger numbers of events, the signal-to-noise
ratio could be much improved by tighter con-
straints to remove events corresponding to an-
nihilations in flight.
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The presently accepted Regge parametrization of 70 photoproduction claims that the
t~—0.5 BeV? cross section is completely provided by B exchange. We show that this
statement disagrees with vector dominance by a factor of at least 4 and probably 10 or
more. Additional I=0 poles or cuts are needed both in this process and in the I=0 ¢-
channel combination of m+N— p +N cross sections.

The vector-meson-dominance hypothesis re-
lates pion photoproduction processes to the pro-
duction of transversely polarized vector mesons
in pion-initiated reactions.! Recent applications?!
of this idea to 7*, 7—, and 7° photoproduction in-
dicate that such relations are at least consistent
with experiment and in some cases one can even
detect significant agreement.

Regge-pole theory can be applied to y+N—m
+N as well as to 7+N— V +N reactions. Many
experimental features of these processes re-
quire the introduction® of significant contribu-
tions of “exotic” poles and cuts such as the 7',
B, and w’ poles, the 7-P cut, etc.

The purpose of this note is to suggest that
once we accept the vector-dominance hypothesis
as a valid principle, we may use it in order to
test specific Regge “explanations” of the data.

In particular, we point out that the currently ac-
cepted parametrization® of y+p = 7°%+p in terms
of w and B exchange is in violent disagreement
with vector dominance and that an extra ICG
=07~ exchange term, such as an w’ pole or an
w-P cut, is necessary in order to “explain” this
process within the framework of Regge theory.
We further show that between these two possibil-
ities the w-P cut is favored.

The usual Regge description of high-energy 7°
photoproduction runs as follows?:

(1) Only C= -1 neutral mesons can be exchanged
in the ¢ channel. The only established ones are
w, p, ¢, and B.

(2) The @7y coupling is vanishing or extremely
small*; the pmy coupling is smaller than the wmy
one; the B trajectory is lower than the w. Hence,
w exchange should dominate.

(3) A pure Reggeized w exchange predicts a
forward dip in do/dt (in agreement with experi-
ment) and a zero in do/dt at the point where
a,(?)=0.

(4) Since experimentally® there is a dip or a
“pbreak” but not a zero in the angular distribution
around ¢~ -0.5 BeV?, there should be another
contribution present. Since p exchange would
also yield a zero at the same ¢ value, the only
candidate for contributing to do/dt at t=-0.5 is
B exchange.® An adequate fit of all angular dis-
tributions between E, =2 and 5.8 BeV can be
achieved with w and B exchange.®

The simple point that we would like to make
here is the following: In the w+B exchange
model, the entire contribution to do(y+p = n°+p)/
dt at the point @, (f)=0 must come from B ex-
change and, therefore, from 7° photoproduction
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