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We present $he results of a search for charged two-body 

decays c&neutral high ma.** resondnces produced via neutron 

dissociation. The.experiment was executed with a vee spect- 

rometer in the M-3 neutral beam at Fermilab; the incident 

neutrons had an average momentum of -200 GeV/c. The detector 

was Sensitive to final State* with charged multiplicity 54, 

produced forward in the center of ma** (x > .3). We find no 

significant enhancements in t‘he high mass Krn-,K-rr+ or pK- 

systems. We estimate an upper limit for cross section time* 

branching ratio of any narrow K+n- *t&e to be 5 50 nb/nucleon 

for-masses between 2 and 3 GeV. 

*Research supported in part by the U. S. Energy Research and Development 
Administration. 
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The known properties of the recently discovered J-particle 1 or 

$ (3100). and of the Q(3700)" suggest the existence of an additional selection 

rule which governs the interaction of elementary particles. A possible 

explanation for the unusually narrow decay widths of these particles is that 

they are bound states of two quarks having a quantum number called cha1111.~ 

If such an hypothesis is correct, then it implies a new hadron spectrum with 

the lowest lying meson states characterized by unit charm quantum number, 

very narrow width, and masses greater than -1.85 GeV. 

In analogy'with the diffraction-dissociation of neutrons into nucleon- 

pion or hyperon-kaon systems, one expects charmed particles to be associatively 

produced in reactions such as: 

n+&+Bz + M”z + anything (1) 

n + Be + n + Mz + M”;: + anything (21 . 

where M, 8, and c refer to meson, basyon, and charm, respectively. Since the 

diffraction process involves large cross sections at high energy (% 3 mb for 

n -C NH + anything, and Z 2OOUb for n -C KY + anything), it is a logical domain 

to search for charmed objects. 

We eepol;t here a search for the charged two-body decays of neutral high 

mass particles produced by neutron dissociation. The experiment was performed 

at the Fermi.National Accelerator Laboratory in the M3 neutral beam. Neutrons 

were produced at 1 mrad and had a maximum momentum of 300 GeV/c, with 200 GeV/c 

the ayerage value. The photon component of the beam was suppressed by 15 

radiation lengths of lead followed by sweeping magnets. The number of eL mesons 

with momenta greater than 50 GeV/c was less than 1% of the total beam. 4 The 

neutron flux was continuously monitored by two systems of detectors: a hadron 

calorimeter consisting of 21 scintillation counters equally spaced within five 

interaction lengths of iron, which provided absolute norwlization; and a relative 

monitor telescope, consisting of 3 scintillation counters and lucite converter. 



which sampled 3/4a of the beam. Neutron fluxes were typically 2 x lo6 neutrons . 

per pulse. The "vee" spectrometer, shbwn in Figure 1, consisted of a EM109 

analyzing magnet (which provided 1 '&V/c of transverse momentum), 20 gaps of 

wire spark chambers with magnetostrictive readout, and s variety of scintillation 

counters and hodoscopes for trigger requirements. The 2 cm Be target was surrounded 

by s system of scintillation counters and lead converters (A), except for openings for 

beam entranch and exit. Information from these counters waf recorded during each 

triqger,and was used to study the coherence of rextions (1) and (2) in the . 

off-line analysis. 

The trigger consisted of a neutral particle interacting in the target (T), a 

positive signal in the S counter immediately downstream, and at least one (detcctedi 

particle in the left (HOL, HlL, Ii2L) and one in the riqht (HOR, HlR, HZR) halves 

of the spectrometer. The HOR, HOL, and E 'counters imposed a minimum opening 

angle of 20 mrsd on.the vee, and consequently suppressed low mxs, large x back- 

ground (primarily neutron dissociation into nucleon-pion systems). 6 High multi- 

plicity events produced at small x were eliminated by the vi counter and by pulse 

height cuts applied to the HOR and HOL signals, which limited the number of 

particles allowed in each counter to 5 2. 

The kinematic domain allowed by the trigger was for particles (vees) produced 

forward in the center-of-mass (x ? .3). The geometrical acceptance of the apparatus 

vasdefinedbythelimiting aperture of the EM109 magnet, less the solid anqlc subtended 

by the ?i counter: 20 < 181 < 75 mrad horizontally, 101 < 25 mrad verticnlly. 

This translates into an acceptance of 1Oa for an object of 3 GeV mass decaying 

into two bodies. The mass resolution for a 3 GeV Kn state was estimated to be 

t20 HeV from PlOnte Carlo calculations based on spark resolution and spark chamber 

p_lacement; this value is consistent with the observed width of detected K”, + ?T+lr- 

decays. Data acquisition was handled by a PDP-15 computer which also monitored 

the on-line performance of the equipment.. 

. . 



Roughly 0"~ in 5 x lo3 interactions sotisfied.the trigger requirerent, and 

over a two-week running period 7.5 x 10' triggers were recorded. Two thirds'of 

the events yielded more thar two tracks in the spectrometer, the multiplicity 

being limited by the triggering requirements. Multiple trJck efficiency has 

been estimated by comparing the number of reconstructed tracks to the nurber of 

hodoscopc counters latched, and was found to be - 803 for 6 tracks. 

Events WC~C analyzed via a patter" recognition and fitting program which 

searched for charged two-body configurations. Since the spectrometer provided .c 

no particle identification, the invariant mass of a given two-body cofiination 

was calculated using various mass assignments. Using the formula for the effective 

mass of a two-body system, it is straightfoward to show that if a specific two- 

body mode contains a "arrow resonance, then the corresponding mass peak will be 

the sharpest when the decay productiare assigned their correct masses. Had a 

significant mass peak beeri observed, this property would have-bee" used to ideentif! 

the specific mode involved. 

-Assuming a K+lr- mass assignment, 1.5 x lo4 events were obtained having 

invariat masses greater than 1.85 GeV. Figure 2 displays the K+?;, K-r+, and 

pK- invariant mass distributions in bins of 20 V..V foi accepted vees having a 

Q value -> 0.8 GeV. Each distribution was fitted with a fourth ordar polynomial 

in the mass variable. The deviation of the observed mass distribution from the 

smooth polynomial fit, in nunbcrs of standard deviations, is show" wdemeath 

each tiss distribution. NO significant signal is observed. !r'e also divided 

the data into coherent and incoficrcnt samples using the latched inforcation frox 

the counters surrounding the target. The nmss spectra Zere similar in both 

samples and revealed "o.significant enhancements. 

A" upper limit for the cross section (u) tires branching ratio (BR) for the 

production of's neutral high-mass particle and its subsequent decay into two 

hadrons has bee" calculated from the neutron flux, the number Of target "~Cleons, 



:d the spectrometer acceptance. Making the aosum?tion that a positive result 

uld have been rcportcd had we obsc&d at l&t a four standard deviation effect 

I a mass interval whose sizf is given by four times the experimental resolution 

, we obtain Figure 3, which displays U-BR as a function of 

wariant mass. A value of U'BR greater than that shown would have resulted in 

statistically significant signal. 4%is curve includes a factor of 3 correction 

x the probability of vetoing a good charmed-vee event by having the associated 

harmd particle in reactions (1) or (2) strike one of the veto counters. 7 
These 

pper limits are an order of magnitude smaller than previous theoretical estimates 

ased on a l/M* dependence of the mass spectra for diffractive processes. 
8 

We wish to thank R. Lipton and T. Jensen for their help during the running 

bf the~experiment, the technical personnel at the University of Rochester and 

kt Northwestern University, in particular J. Hahn and T. Phillips, and Drs. 

?. Koehler and J. R. Sanford at fermilab for their assistance and encouragement. 
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Pigure Captions 

Fig. 1 Plan view of the experimental apparatus. 

Fig, 2 Nass spectra for (a) K+TI-, (b) K-n+, 'and (c) pK- mass 

hypotheses in 20 MeV bins. The difference between the number 

of events in each bin and the number expected based on a 

fourth order polynomial fit to the overall mrlss distribution iS 

shown, in units of standard deviations, under each mass plot. 

Fig. 3 Upper limits for cross section times branching ratio & 

a function of invariant mass for (a) K+lT- and (b) pK- final 

The mass scale is i;l GeV. 
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Fig. 2 
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