VoLUME 41, NUMBER 12

PHYSICAL REVIEW LETTERS

18 SEPTEMBER 1978

sorption linewidth for the 1§-2P transition be T°
=1,0x10% (or 2.1Xx10%), Such a width accord-
ing to (8) can be provided at the angular radiation
aperture ¢=2,2x103 (or 2,1x1073), Simple
evaluations of the saturation intensity of the 1S-
2P transition within the linewidth I' in a labora-
tory frame give the value I, =500 W/cm?, For
a typical pulse duty factor of the proton accelera-
tor 1072 and for a beam diameter of 1 cm the
average laser power in the region of A,’ should
be 5 W, From the technical point of view this can
be achieved.

Photoionization of excited atoms can be carried
out with efficiency approaching 100% in two stages.
In the first state, two lasers excite the atoms
initially from the 2P state into the 3S and then
into the high-lying Rydberg state nP. When the
irradiation angles are chosen correctly, then by
virtde of the large magnitude of the Doppler ef-
fect, the excitation of atoms on these transitions
can be carried out by the lasers in the visible
range. If the interaction region is ~10 cm, inten-
sities I,’ ~10® W/cm? and I’ ~5x10® W/cm? would
be required for the transit time ~0,5X107° gec
for the atomic beam in this region. The accelera-
tor duty factor being 1072, the average powers

will be about 1 and 50 W, respectively, From the
technical point of view this is also quite achieva-
ble. To ionize atoms from nP state either ir
laser radiation or a weak electric field with an
intensity of several kilovolts per centimeter
which does not change the proton energy, but
detaches the loosely bound electron, can be ap-
plied.

To conclude we shall note that with this method,
by tuning the laser frequency A,’ we can select
any narrow energy interval within the spectrum
width of the accelerated protons (transformed
into a hydrogen atomic beam). The exact meas-
urement of the wavelength A,’ provides simul-
taneously the absolute energy measurement.of
highly monochromatic protons obtained with ac-
curacy not worse than 1075,
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We have searched the missing-mass spectrum of the reaction pp —~K*K*X for a narrow
six-quark resonance in the mass range 2.0-2,5 GeV/ ¢*. No narrow structure was ob-
served, Upper limits for the production cross section of such a state depend upon mass

and vary from 30 to 130 nb.

As the evidence for the colored quark structure
of hadrons mounts, the apparent absence of exo-
tic quark combinations becomes more and more
puzzling., Nothing in current theory excludes
qqqq, six-quark, or even larger states from
existing as long as they are color singlets, In
recent papers, Jaffe has used the Massachusetts
Institute of Technology bag model® to calculate
the masses of dimeson® and dibaryon® states.

An unexpected prediction emerged from the cal-
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culations: There should exist a neutral six-
quark, strangeness =-2 state below AA threshold
that is stable to all but weak decays. Though this
result comes from a specific model, Lipkin has
argued that the general features of quantum
chromodynamics and the known baryon mass
splittings imply that the six-quark state with
charge zero, spin zero, and strangeness = -2
would have the greatest binding potential.* No
prior experiment could exclude the existence of
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FIG. 1. Elevation view of one arm of the spectrometer.

wire and drift chambers.

this exotic particle (named the “H” by Jaffe) even
at the millibarn level,®®

Last year, an experiment was undertaken at the
Brookhaven National Laboratory alternating-
gradient synchrotron (AGS) to search for the H
in the missing-mass spectrum of pp - K*K*X.
This technique not only uniquely defined the
baryon number and strangeness of the missing
state, but also was insensitive to the decay modes
of the state. A double-arm spectrometer with
half-angle of 18°, which was used previously in
two charmed-particle searches,”® was modified
to improve its kaon-identification ability for par-
ticles with momenta from 0.6 to 1.6 GeV/c. As
shown in Fig. 1, each arm was equipped with
three hodoscope planes (the S counters measured
horizontal position; and the F and B counters,
vertical). Between the Sand F counters was a
water differential Cerenkov counter which was
used for pion identification, Proportional wire
and drift chambers were used to measure particle
trajectories and momenta. Behind the last set
of drift chambers were three sets of Cerenkov
counters. The first set of counters consisted of
Lucite blocks wrapped in black paper. Photo-
multipliers at one end of the blocks detected only
the Cerenkov light produced at angles greater
than that for total internal reflection. The effec-
tive kaon threshold in these counters was 1.0
GeV/c. The orientation of each of these counters
was chosen to maximize the proton-kaon dis-
crimination for particles with momenta less than
1.6 GeV/c. The total—internal-reflection counters
were followed by a set of threshold Cerenkov
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PWC and DC indicate the positions of the proportional

counters filled with mineral oil. The final set
consisted of threshold counters filled with FC-75,
The effective kaon thresholds were 0.55 GeV/c
for the mineral oil and 0.8 GeV/c for the FC-75
counters,

Events were selected with a two-step trigger
system. A fast trigger was generated by a coin-
cidence of pulses from the S, F, and B counters
in both arms and no pulse in either water Ceren-
kov counter, This trigger initiated the readout
system, which recorded the chamber coordinates
the pulse-height and timing information from the
hodoscopes, and the pulse heights of all Cerenkov
counters. Simutaneously with the beginning of the
readout cycle, a set of six coincidence matrices
estimated the momenta of the particles in each
arm from the F- and B-counter hits, and then
determined if the appropriate bank of Cerenkov
counters had fired. If so, the event was written
on tape; if not, the event was quickly cleared
and the readout system reset,

The small acceptance of the apparatus (geomet-
ric and momentum acceptance covered approxi-
mately 0.01% of the phase space), the need for
good missing-mass resolution, and the desira-
bility of probing into the nanobarn range of cross
sections mandated a high-intensity monoenergetic
proton beam free of K™ and 7* contamination. To
provide this, the AGS was operated at approxi-
mately 5 GeV/c for this experiment. The inter-
nal protons were extracted by diffractive Cou-
lomb scattering and transported through the nor-
mal SEB channel to a 9-in, liquid hydrogen target.
The spill length from the AGS was increased to
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FIG. 2. (a) Time-of-flight distribution for all two-
particle coincidences (without water-Cerenkov-counter
veto) relative to the expected time of flight for a kaon,
(b) The same time-of-flight distribution as (a) except
with full trigger logic and off-line Cerenkov-counter
cuts. (c) Effective mass of K*7~ system from pp
—K*r~X, Data are from two special runs in which the
polarity of one arm was reversed. (d) Missing mass
recoiling against pr* system inpp —~p7X at 5.3 GeV/c.
Data are from L + R calibration runs. (e) Missing mass
recoiling against pK* system in pp —~pK*X at 5.3 GeV/c.
Data are from a “A” trigger which required a K+ in
one arm and a high-momentum particle in the other.

T sec to achieve better utilization of the acceler-
ated beam while staying within the intensity lim-
itations of the apparatus. Typically the experi-
ment ran with intensities of 3 X108 protons/sec
with duty factors in excess of 75%.° The beam
momentum was determined by measuring the fre-
quency of the AGS accelerating voltage. Data
were collected at three different incident beam
momenta: 5.1, 5.4, and 5.9 GeV/c.

Off line, particles were identified from the
Cerenkov-counter pulse heights and from S-, F-,
and B-counter timing information. The time-of-
flight distribution of all particles satisfying the
left-right coincidence circuitry (without momen-
tum logic or water—Cerenkov-counter veto) is
illustrated in Fig. 2(a). No kaon signal is ap-
parent between the pion and proton peaks, Fig-
ure 2(b) shows the distribution when the full trig-
ger logic and the off-line Cerenkov-counter cuts
are applied. The observed kaon timing signal has
a resolution of 0=0,32 nsec.!°

Calibration runs with special triggers were
taken periodically. One type of these runs mea-
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FIG. 3. Missing mass recoiling against K*K* sys-
tem in pp ~K*K*X. The slashed boxes are the actual
observed events; the solid line, the detection efficiency
as a function of mass. The detection efficiency was
determined by a Monte Carlo program which generated
events flat in three-particle phase space.

sured the K*(890) inclusive production in the re-
action pp —K*n1"X ; another measured the cross
section for pp —p7*n; and a third, A and Z° pro-
duction in pp - pK*X. Mass plots for these three
reactions are displayed in Fig. 2(c)-2(e). After
corrections for geometric acceptance, particle-
identification biases, and kaon decay, the ob-
served cross sections for these three reactions
were consistent with cross sections inferred
from earlier measurements.!!™3 We were also
able to verify the field integral of the spectrom-
eter magnets, the beam momenta, and the miss-
ing-mass resolution from these runs,

The missing-mass spectrum for the reaction
pp—~K*K*X at each of the three incident beam
momenta is shown in Fig. 3. The mass-dependent
detection efficiency for phase-space production
is also given,' Missing-mass resolution is lim-
ited by multiple scattering in the water Ceren-
kov counter and the target,’® and has a rms width
0=6 MeV/c2, As can be seen in Fig. 3, no ob-
vious narrow structure is observed between 2.0
and 2,5 GeV/c?, Events below AA threshold can
come from three sources (other than exotic-par-
ticle production): 7K or pK events misidentified
as KK events, KK accidental coincidence, or
double-scattering events such as pp — K*pA where
either the p or the A interacts again to give a sec-
ond kaon. Misidentification of pions and protons
(the major source of background) occurred most
often for high-momentum particles. Consequently,
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TABLE 1. 90%-confidence-level (90% C.L.) upper
limits for the production cross section (in nanobarns)
of narrow dihyperon resonance.

N

Beam Mass
momentum interval 90% C.L, upper limits
(GeV/c) (GeV/c?) (nb)
5.1 2,0-2.1 130
5.1 2,1-2,23 50
5.4 2,1-2,23 40
5.4 2,23-2,35 30
5.9 2.23-2.,35 130
5.9 2,35—-2.48 90

background events are expected to congregate in
the lower half of the missing-mass plots. In fact,
the number of events observed below AA thresh-
old is consistent with the number expected from
the background sources, while only about 20% of
the above threshold events come from these
sources. The events ohserved above threshold

in Figs. 3(b) and 3(c) correspond to an average
cross section (assuming that production is flat in
phase space) of do/dm =0.18 £0,07 ub/(GeV/c?)

at 5.4 GeV/c and 1.2+ 0.3 pb/(GeV/c?) at 5.9 GeV/
c. The upper limits for the production cross sec-
tion of a narrow strangeness =-2, dibaryon reso-
nance are given in Table I. These limits are or-
ders of magnitude below previous work and slight-
ly below phenomenological estimates made from
the measured AA production rate.® Nevertheless,
in the absence of more reliable estimates of the
production cross section, the possibility of the
existence of the H cannot be excluded.
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