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could not be completely ruled out in the GMR ex-
perirnent, are negligible here because we use
low-energy positrons and because the o-Ps is es-
sentially free of the surface. All of the results,
including the powder data, are consistent with a
vacuum decay rate of 7.09+0.02 psec ', (2. 1
+ 0. '3)$ below the theoretical value.

The advances discussed in GMR and this work
lead to many possibilities for future research. In
particular, the high signal-to-noise ratio and

good statistics of the present work should make
possible a 200-ppm measurement of A. when the
systematic effects are fully understood. More-
over, our method of detecting the time of the o-
Ps formation may allow consideration of a pulsed
excitation to the excited states. The Ps-atom and
Ps-surface scattering can also be investigated.
To help define the limits on the future use of pow-
ders in precision measurements, an attempt to

observe the Ps ground-state fine-structure split-
ting in our uncompressed powders is now under-

way in collaboration with W. Frieze V. W. Hughes,

and M. H. Yarn.
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We have searched for the charmed and other new particles by measuring the hadron
pair mass spectra in proton-nucleus collisions at 400 GeV/c ~ Results are presented for
vr g+, n'g, and vr+7t pairs in the mass region from 1.5 to 4.0 GeV/c . No evidence for
narrow resonances was found. The sensitivity of the search varied from 2X 10 ~ cm
at 2 GeV/c to 5&10 ~~ cm at 4 GeV/c . Experimental checks were provided by the ob-
servation of a clean J/P(3. 1)—p, +p, signal.

We report here the first results from a general
search for massive narrow resonances produced
near 90 in the center-of-mass system of proton-
nucleon collisions and decaying to two hadrons.

The search was inspired by the hypothesis of a.

fourth, "charmed, " degree of freedom in the had-
ron spectrum. ' The introduction of a charmed
fermion yields a simple and natural explanation
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FIG. 2. J/$(8. 1) 81gflal Observed in the p p effective
mass spectrum.

have yielded similar values of da/dy.
We have collected data, based on 7 million trig-

gers, for all z', K', p, and p pair combinations.
As stated above, the m'K and m K' mass spectra
are of particular interest in the charm hypothesis
and these are shown, along with the 7t'm spec-
trum, in Fig. 3. The rapidity distribution of
these hadron pairs in the center-of-mass system
is confined to the region around y = —0.4. The
data have not been corrected for the mass-depen-

dent acceptance of the apparatus. A charmed-
meson signal would appear in the spectra as a
sharp peak with a width given by the mass resolu-
tion which varies from ll MeV (FWHM) at 2 GeV
to 18 MeV (FWHM) at 4 GeV. This is equivalent
to one to two mass bins in Fig. 3. The hadron
mass spectra show no significant narrow peaks. '
Our criterion for a. significant signal is a peak of
at least 4 standard deviations above a smooth
background curve. For the mK data this curve
was obtained by generating a random mK spectrum
with very high statistics from pions and kaons
belonging to different events. This random spec-
trum gave a good fit to our data. The other dihad-
ron combinations were analyzed in a similar man-
ner. Results on hadron pair combinations not
shown here (K"K, pp, K p, etc. ) will be present-
ed elsewhere. We only mention that no significant
narrow structures were observed in any of the
pairs at high masses.

The sensitivity of this search is clearly limited
by the physical hadronic background. (Uncorrelat-
ed random pairs constitute only about 10% of the
accepted events. ) Since we measure J/g produc-
tion directly via the p,

+
p, decay mode, which is

topologically equivalent to the two-particle decay
of charmed mesons, we prefer to express the

EVENTS / 10 A(E V

3000

EVENTS / 10 NEV

500(

(&)

400I TT K

300,
'

200.

10QQ

200:

1QO.

1.0
PtASS (GEV)

4.0

EVENTS /10 0EV

300

4.0

200

100.

1.0 2.0 3.0
AMASS (6EV j

4.0

FIG. 3. Effective mass spectra for (a) TE K+ (46963 events), (b) &+K (26503 events), and (c) &'& (328803
events) .



V&1r.l mr. .)7, Nt.TMVER I 2 PHVSICAI REVIE%' I ETTERS 20 SEPTEMBER 1 ~)76

+1Oi ~ 4 ~ 11~I

sophisticated trigger can be devised to reduce the
large physical hadx on background.
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FIG. 4. Cross sections required for observing a 4-
standard-deviation peak in Yr g+, m+A', and 7t+Yr mass
spectra as a function of the hadron pair effective mass.
CIoss sections are expressed lQ uQlts of 0'g/gppp (~ 10
Qb) so thRt Sc—Ocpgg jaggy~-B~p .

sensltlvlty to Darxow l-esonRnce pl-oductlon ln
terms of the product of the J/$(3. 1) cross section
(v~, ~) and the 2/g - p,

"
p, branching ratio (8»)

Our Sensitivity to peaks with a width equal to the
mass resolution and, with a statistical signifi-
cRDce of 4 stRDdard devlatlons) ls given lQ Flg. 4
Rs R function of mass fox' F w, P K, Rn.d 3 K Rnd

18 expx'6886d ln units of (Tgg~(@~,. In Flg. 4~ 0'g 18
the production cross section for new particles and

@I,p,
ls the branching x'atlo into the appx'opl lRte I1R-

ron pRlx'. The cRlculatloD of 86nsltlvltles includes
the corrections for the mass acceptance of the ap-
paratus, particle identificRtion requirements,
Rnd dlffex'6Dces 1D DlRss resolution and experimen-
tal "live" times behveen the J//P and the hadron
data. From oux estimate that a, . Ii„„=10 nb
= 10 '2 cm', we obtain the result that this experi-

ent wRs sensltlv6 to GcBph Rt, the 2 & lO cIQ

level Bt 2 GeV. For hadron pair masses of 4
GeV/c' this limit decreases to around 5 x10 "
cm'. If charmed particles with masses near 2
GeV/c' are produced with cross sections similar
to that of J/P, they will not be observable in a.

hadron experiment of this kind unless a more
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