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PROPOSAL 'ID SEARCH FOR HIGH MASS PARTICLES PRODUCED 


IN ASSOCIATION WITH PROrv'IPl' MUONS 


SUMMARY 

~'Je propose to investigate the possible existence of narrov.T high mass 

states (e.g. charm particles) which are in association With prompt muons. 

Most estimates of the expected magnitude of prompt muon production, which are 

based on electronmgnetic processes or postulated intermediate states involving 

the known vector Inesons, fail to saturate observed ~/TI ratio of ~ 10-4, 
This suggests that a significant fraction of these muons could result from 

weak decays of heretofore undiscovered particles which are forbidden to decay 

strongly by a new conservation law. Such particles would of necessity be 

produced in pairs, and we propose to employ the muon resulting from the leptonic, 

or semi-Ieptonic, decay of one state to trigger our system, and then to examine 

the characteristics of the associatively produced particles using a modified 

version of our E27/E305 spectrometer. 

The muons are to be identifed by their traversal of a steel and heaviJnet 

telescope which will instrumented with counters, proportional chambers, am 

Wire spark chambers. The addition of this second spectrometer arm will permit 

us to exploit the proven capabilities of our Wide aperture, high resolution, 

forward spectrometer to study the multiplicity, transverse momentum, an:l 

invariant mass distributions of events produced in association with prompt 

muons. addition, our ability to identify forward leptons Will enable us to 

investigate ~~ and ~e correlations in these events. 

This proposal is a natural outgrowth of the experience which we have 

gained during our previous search for charm-type particles (revised Experiment 

305), and will be a particularly sensitive probe into this obviously important 

and relatively unexplored physical domain. We request a total 1000 

hours of beam tjme for these studies, 
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I. INTRODUCTION 

We shall assume that the physics motivation pursuing the as yet 
undiscovered particles requires little discussion on our There 
has recent been extensive theoretical in the charm schemel engendered 

in by the observation of neutral currents and the hypothesized chCLY'JnonitlJl1 
interpretation of new 1./1/J 

We have already completed an initial experirr:ental search as part of 

Experiment 305. (See preprint - Appendix A.) It on the basis 
th-:s first-hand that we now propose to a rr:ore powerful 

effort. 

We hope to explicitly observe a hadronic weak decay of a 
particular charm particle state. It seer~ reasonable to conclude that the 

question of the of charm particles v.lill not be fully settled unttl 
a definite mass is observed. our firs t experiment, lNe ~J''"''''"~' with 

good resolution (6fVM :S 1%), high mass dihadron system possible narrow 
+ ­

structure. We were particularly interested in investigating the K-n+ system 

this was reputed to be a favored two-body decay channel of the hypoth­

esized DO (DO) particle. 

One limitat:Lon of our first search was the absence of explicit particle 

identification. As we pointed out in the proposal~ this would not be a 

once a definite mass peru{ was observed since the kinematics of the of a 

particle of intrinsic v.r.ldth is such that the correct mass assign~ents 

are those which yield the narrowest exper~imental line width. The l11:'1SS disper­

sion introduced by incorrect mass assignments is readily detectable (this 

is developed more fully in Appendix B). Nevertheless, it is clear that 

without final particle identification any mass "'Tould have to be 

recovered from a considerable background. The of a suitably segmented 

Cerenkov system which is capable of discriminating particles final states 

of high multiplicity is a challenging problem. 

~--~-~ 
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Consequently, we are proposing to implement a quite different scheme 

which promises to reduce non-charm particle background events at least as 

effectively as particle identification by Cerenkov methods. In so doing we 

will retain the advantages of a large aperture system (e.g. sampling a large 

range of dynamical variables such as t and x, accomnodation more than 2 

particle final states, etc.) vis a~vis a small aperture two-arm spectrometer, 

for which the aforementioned tec,hnical difficulties with regard to Cerenkov 

counter construction are more tractable. 

We intend to add to our existing spectrometer a second, muon-defini."1g, 

arm which will nermit the existing system to be triggered on events produced 

in association with a muon. The basic ideas underlying the scheme are 

based on the following kno\1Y1 facts or generally accepted hypotheses. In 

order to conserve the charm quantum number, charm particles are produced in 

pairs,as in the associated production of strange particles. Charm states can 

decay into a large variety of final states, including hadronic, leptonic, and 

semi-leptonic modes. It is corJjectured that 'V 10% of the decay of a cha."'J1l 

state will be via semi-leptonic modes.3 Consequently, we propose to use the 

muon-defining arm to identify the muon coming from a leptonic or semi-leptonic 

decay of one charm particle, and then to use the present spectrometer to 

analyze the decay of the associated charm state. 

Note that we will be in a position to study doubly-charged dihadron 

systems as well. Since the conventional charm phenomenology i's only one of several 

possibilities, one could envision a scheme whereby D mesons can occur only in the 
++ + -- --­charged states D ,D ard D ,D ,which correspond to a shift in the 

charmed quark charge assignment.1f All such states are within the capabilities 
of our apparatus. 

ASSunD.ng that the field of study of charm physics ultimately material­

izes, the associated charm-production detector scheme ,proposed should prove to 

more flexible than a two-arm spectrometer system. There should be a 

L\C = !::,.Q rule (C charm quantwn number) in analogy with the !::"S :=: !::,.Q rule for 
+ ­strange particle decays. As a consequence, a K IT charmed particle decay 

(e.g. DO) should be detected in coincidence with a prompt ~+, but not a ~ ; 
- +the reverse should be true for K IT (e.g. DO) decays. We will search for such 

correlations in our proposed experiment. 

http:ASSunD.ng
http:assignment.1f
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Clear'ly the hacironic final states produced in association with prompt muons 

are interesting whether charmed particles ex:lst or not, and our appar'atus w:lll 

provide a comprehensive measurement of the d:lstributions of such particles. 

In addition we will be sensit:lve to processes in which any combination of 
+ +

hadrons and/or leptons Cw- ~ e-) are producExl in association with a prompt jJ. 

~ one central question concerns the roles 

electromagnetic and weak decays 1n prompt lepton production. Hhile the fonner 

should produce only ee and PjJ combinations, the latter should yield jJe combi.­

nations in the ratj.o jJe/(jJp + ee) = \~., as predicted by jJ-e universality. As 

will be discussed in Section II., our existing spectrometer has jJ and e identi­

fication capabilities which are adequate to investigate this very interest:Lng 

area of inquiry. 

Our goal will be to bring into early operat:lon an effective trigger 

for the identification of a muon which is directly produced in a neutron 

interaction. We ~dll then trigger our forward spectro~eter upon the occur­

rence of such events and study correlations with other leptons, overall multi­

plicities~ P.l distributions, and the effective mass spectra of the associatively 

produced particles. 
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II. APPARATUS 

The layout of the apparatus, in both plan and elevation views, is 

presented in Fig. 1. The main cQ'11ponents are: the beam, a thin target, 

a vertex hodoscope for precise measurement of the production point, a high 

resolution forward spectrometer w~th reasonably large acceptance for r~tgh 

mass multibody final states, and an upward spectrometer arm for the identi­

fication and analysis of final state muons produced at relatively large 

angles to the beam. The principal features of these elements may be summar­

ized as follows: 

Neutral Beam 

The present beam is a very well defined pencil beam whose intensity 

is controlled by inserting various pin 1101e collimators at a IDcation 600' 

downstream from the primary target. We normally operate with 106 neutrons 

per pulse in a spot 6 mlTl in diameter at our target. 

The principal modification in the beam line will be to change the 

defining collimator from a pinhole to a variable sized slot. Thus, the beam on 

our target, instead of being a circle, will be rectangular, typically 10 mrn wide 

by 3 mn high. This new beam shape has two advantages: i.) it is matched to 

the vertex hodoscope discussed below which measures the horizontal position 

of the neutron interaction point in the target; and ii.) it minimizes the average 

flight path of a particle between its production point and its entry into the 

heavirnet hadron absorber of the muon detector discus sed below. 1'his new 

collimator will be designed to provide remote control or the beam intensity. 

Vertex Rodoscope 

This counter array is designed to measure to $ 0.4 mrn accuracy, the 

interaction point of the incident neutron in the target. Coupled with the 

track information recorded in each of the spectrometer arms, it will permit 

preCise deternd.nat:ton of final state particle momenta independent of rnulti­

plicity. '. 
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hodoscope (see Fig. 2) consists o:f 24 vertlcal strjps~ 

each 1/32f1 horizontally x 5/8" vertically x 1/411 in s:ide by side 
and immediately downstream of the target (1/10 length of. 
Beryllium) • counter is viewed by a 56 AVP nnrvrr\m, I'lith pulse heig,~t 

provided by an 8-bit ADC. 

horizontal coordinate o:f the interaction vertex wlll be determined 
by the rrrOilent distribution of pulse from the 

hodoscope. To assess the accuracy we :for t.he '"'V".-'-'-' 

given arrangement, we have compared our \tTl th the known 
distribution of particles from Ferrrdlab bubble ch~ilber conclude 
that coordinate can be detennined to required O.J~ mm. 

spectrometer provides the momentmll of final states. 

It both large acceptance (~ 30% :for masses ~ 3 GeV) and high 

resolutlon (op/p ~ 1%). Initially the eqUipment consist mainly of 

elements in E27/E305~supplemented by proportional wire ) 

upstream the BJVI109 analyzing magnet. However, a maj or is nOl\}' underl.'lay 

to existing downstream spark chambers with a of 

proportional· wire chambers and drift chambers. As t.his new becomes 

available~ it will replace that presently installed. 

The acceptance is de:fined by the 

distance the magnet aperture (± 60 mrad horizontally ± 20 mrad verti­

cally) . are detected using two hodoscopes ~ HI and H2, which 

were E27/E305. til consists o:f 6 s and covers the aHo9 

II horizontally x 8" vertically). placed 15 m downstream 

of and consists o:f 16 elements an area 7211 horizontally x 

32" 
The interaction point o:f the neutron in the 1;vill be provided 

by the aforementioned vertex hodoscope. cosines of cnarged parti­

cles o:f the magnet will be detennined by proportional chanillers P~Cl~ 

PWC2 (both shared by the muon arm) ~ and PWC5 which covers the BVll09 aperture. 

Downstream of the magnet, spatial in:formation be provided by a new magneto­

strictively-readout wire spark chaniller 8 gaps (X, X, u~ y~ v, Y, X, X) 

innnediately behind the HI hodoscope. The area of this chanber (34 11 

x.ll" vertically) is designed to match the magnet aperture, and 

will not register low momentum are bent at large a~les 
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by the field. The rest of the downstream end of the spectrometer will remain 

as it was for E27/E305. It consists of 4 gaps of wire spark chambers with 

rnagnetostrictive readout and covers an active area 9611 horizontally x·48" 

vertically. Behind this are a 40-elernent shower detector used to identify 

electrons and photons and a 10' thick iron hadron absorber backed by a 12 

counter, liquid scintillator muon hodoscope. futh of these elements were 

used in the January, 1975 run of E305, and details of the calibration and 

resolution of the electron detector are presented in Appendix C. We cuso plan 

to increase the power of our electron and photon detection by ultimately replacing 

our present shower detector with a system of higher spatial resolution. At 

present the shower counter is an effective electron detector, but less· 

efficient in detecting wOs -- a consequence of the coarse segmentation the 

device into vertical strips only. We envisage constructing a detector along 

the lines of the present Cal Tech system consisting of two banks, each with 

a sensitive area of 32 x 32 in2 
• It will be composed of 64 horizontal and 

64 Vertical elements, incorporate 256 photonultipliers, and shadow most of 

the useful aperture of the forward spectrometer. With the addition of this device 
+ we will be able to extend our hadron spectroscopy to systems such as h-~o and 

+ + 
hlh2~o • 

~ne Muon Spectrometer 

Directly produced muons will be identified and analyzed via a 

spectrometer having an angular acceptance encompassing a vertical angular 

range of 30 ~ 8 ~ 100 mrad above the horizontal plane and a horizontal angular 

range of ± 115 rnrad. Hadrons enterlng thls solid angle will be filtered out 

via an absorber conSisting of 20 fl heavirnet, 72" steel, 80" magnetized iron 

(the return yoke of the BVIl09 magnet), followed by 611 more of steel (see Fig. 1). 

The ionization loss for a charged particle traversing this much lnaterial is 

'V 6 GeV. 

~ne presence of a particle in the muon arm will be detected by three 

scintillation counter hodoscopes (MI-M3 in Fig. 1). The first of these 

upstream of the B'lJ109 magnet and consists of 8 ele'1lents, each 2. 51t horizontally 

x 8" vert1cally. The second and thlrd are dmJYlstrearn of the BVII09 and contain, 

respectively, 4 elements, each lL11I horizontally x 16" vertically, and 6 elements, 

each 14" horizontally x 20" vertically. The pulse heights from each of these 

counters ':fill be d:igltized using 8-bit AX's. A possible triggering sche'1le 
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a muon candidate would be one and one minimwn ionizing 


in each of the three hodoscopes. 


direction of the muons of the flI1l09 magnet will be deter-

by the vertex hodo scope plus Ij sets of RiC! s (see Fig. 1). umts 

of 5" x 51! active area will be between the heavii'Tlet and steel 

chambers 1'Jill have XY readout .75 mn effecttve vItre '.['11e 

two units of 28" x 7.5" area will be placed wtthin of 

face of the E'III09. will have UV readout (± with 

to the vertical).. and 2 rrrrn spac:L'1g. The wires will be 

of 8. The direction of the muon downstoream of the be 

by 8 gaps of wire with m2..gnetostrictive 

chambers have an active area 36!1 x 60" .. and were previously used 

E27/E305. 

The rromentum of the muon be measured using the coordi­

nates and after the magnet .. the field in the flIH09 

accuracy of this determirBtion be limited by multiple coulomb 

For of momentV1l1 > 12 GeV/ c., we expect to be able to p to 

25%; particles of lower momentum will not satisfy the 

A further discrimination hadron contamination wIll be 

requiring the muon candidates to extrapolate back to the production 

Initially .. this requirement be imposed off-line, but 

we expect to be able to build (partially) into 

Such a trigger would consist of a between an elEment of P\VC3 and 

an OR of three elements of pwc4 chosen to favor particles from 

the The OR of elements in pwc4 will be provided by a , and 

the coincidence between appropriate of Pl1C3 and pwc4 will be accom­

using MCL3 logic. 

The 	effectiveness of this spectrometer in eliminating hadrons 

on the momenta of the hadrons which enter its upstream end. The 

momentum spectrum can be ascertained using bubble 

is shown in Fig. 3a. This data, the experimental rates which 

are obtained when successive portions of the hadron absorber are removed, will 
be to assess the contamination the muon sigrnl by hadron 
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YIEIDSIII. TRIGGER 

~he basic trigger scheme which we envision (see 1) involves a 
+prompt 11- signal, an:1 least one detected charged particle in both the left 

(H11, H21) and the right (HlR, H2R) halves of the spectrometer. The charges 

of the particles in the spectrometer need not be of opposite sign. 

Our estimates of trigger rates and background are based on the geo­

metrical acceptance described in the previous section and on studies of 102 

GeV/c and 400 GeV/c p-p data obtainal from bubble chamber exposures at Fermilab. 

\-Ie have assumed that the average of the results at the two energies vJill serve 

as a useful guide to backgroundsl/\fe might expect for similar geometrical 

configurations in n-Be collisions in the M-3 beam (typical momenta ~ 230 GeV/c). 

Figure 3(a) displays the expected momentum spectrum of all particles 

emitted into the range of angular acceptance defined by the mu0n spectronleter. 

(The distribution is based on an average of the measured 102 GeV/c and 400 

GeV/c inelastic pp data in the same region of geometrical acceptance.) The 

threshold for the momentum acceptance in this arm of the detector is ~ 12 GeV/c, 

and is determined by the energy lost in the hadronic shield and by the bending 

in the magnetized iron. As shown in the figure, the inclusive cross section 

for the emission of a hadron of momentum greater than 12 GeV/c into the muon 

channel is 1.3 mb; the average momentum of such particles 16 GeV/c. (This 

cross section is consistent with the work of Cronin, et al at Fermilab.) We 

now assume that n-Be reactions will display similar behavior. Assuming 10 5 

interactions per spill, t'fe estiIr.ate 10 5 X 1. 3 mb/33 rub ~ 4,000 particles per 

spill (mostly pions) traversing the muon arm of the spectrometer. (The 33 mb 
in the denominator corresponds to 	the total inelastiC pp cross section.) If 

-411 production can be taken to be 10 of 1f production in our range of kinematiCS, 
then we expect ~ .4 prompt muons/beam spill. 

A lower limit for the background to direct muon production can be 

obtained from an estimate of the number of pions and kaons which decay into 

muons within the angular acceptance of the muon arm of"the spectrometer. This 
-4 6corresponds to a decay rate of '\J 1.7 x 10 for 1 GeV/ c pions. Approxima.tely 

one-third of the muons from these pion decays will have sufficient momentum to 

trigger the event and thus we expect a rate of 4000 ~± x 6 x 10-5, or 0.25 

muons per spill due to decaying pions. (A 'comparable number of muons are expected 

from K± decays.) This indicates that after making use of the PHC and spark 

chamber inforrnation, the data can be filtered to achieve a ratio for the signal­
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to-noise level of roughly 1 to 1. We do not aSSlUne that we can do this well 

in our trigger. However, He hope to approach this level of suppression in 

analysis. For the following estimates of backgrourrJ rates we will a:::;3LL'11e that 

sources such as beam halo, accidental rescattering of pions, etc., will 

dominate the trigger and make it at most a factor of ten times less effic:Lent 

than that indicated above. Our past experience with muon filters gained durirG 

the execution of Experiment #305 leads us to believe that a D3r1rOrl ~j;,xp;~iresGion 

factor of :S 2 x 10-3 in triggering should not be difficult to achieve using; 

the envisioned Ml, M2, M3 muon telescope. Consequently, with this assu.lYlption, 

a total of 10 5 interactions per spill will yield approximately 8 background 

triggers in the muon-telescope arm of the spectrometer, along with Em average 

of 0.4 directly produced muons. 

Combining the muon-arm trigger with the additional requirement of 

having a left/right signal in the vee spectrometer, provides an 'U 50% dimuni­

tion in the overall hadron production cross section. We will assume that the 

reduction factor in the direct muon yield is the same as for the background 

triggers. 

From pp bubble chamber data we expect a mean charge rrultiplicity of 

'U 9 for the trigger events; however, only 3-4 of the charged tracks in an 

event will typically reach the spark chambers downstream of the BV'l109 magnet. 

Consequently, we expect clean separation of trajectories and no great diffi­

culty with reconstruction or with rQulti-track efficiency. 

Our spark chambers have dead times of 30 msec, so that the trigger 

rates of 'U 4 per spill appear to be well matched to the data acquisition 

capability of our equipment. In fact, if the background levels permit, we 'will 

increase the beam intensity by perhaps a factor of three and obtain a yield of 

'U 0.6 direct muons per spill. 

Figure 3b displays the dihadron effective mass spectrwn obtained from 

bubble chamber data under our specific trigger conditions. (All the hadrons 

which satisfy the left/right requirement, and are associated .'lith an addj_tional 

hadron satisfying the rruon-arm trigger,have been assigned K and 1T mass values.) 

The mass distribution is observed to peak at VeFj smaLl invariant ~ass, with 

90% of the two-body combinations having mass values < 1.8 GeV. Thus, as far 

as a search for two-body charm-particle decays which accompany the p is con­

cerned, the effective background will be comparable to the yield from prompt 

fl triggers. 
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To assess the sensitivity of proposed experiment and the yields of 

interesting events which we expect to obtain, we 111ill assume that only one half 

of all real triggers which involve direct ~ production are connected ~Qth 

the production of normal vector mesons (i.e., p, ¢, or w). ~nus in lOG triggers 

we suppose 40,000 interesting ~ events which may be the result of ~, or charm 

production, or the like. objects such as the if or D- are produced in 

C 20% of the associated charm-pair events (where one of the associated objects 

decayed into the detected ~), and if ~ 20% of the time these D mesons decay 
+ - + - ­either into K n or K TI TI states, then we expect to observe ~ 200 event 

signals per 40-MeV bin, in the two-body and three-body mass distributions at 

'\, 2 GeV, over background levels of 'S 600 events/40 MeV. (This includes correc­

tions for the 50% acceptance of the spectrometer.) Consequently, if the above 

decay rates are realized, we observe significant peaks in_four independent 

mass spectra at a unique mass value. In addition, the D events should be 

associated with ~- triggers while IT events should accompany ~+ triggers. 

Some of the most interesting results fran this experiment will be 

derived from a study of the nature of the leptons which accompany the 11-
+ trig­

gers. The charge of the trigger ~ will be determined from its traj ect~a""'.f through 

the magnet iron. If we assume that any leptons associated with the ~ trigger 

are from leptonic or semi-leptonic decays of charm particles, then we expect 

1000 ~ and 1000 e to register in our do~mstream ~ and e detectors in coincidence 

with the direct ~ triggers. 

The background to these ~~ and ~e coincidences can be estimated using 

the data we have recorded with our dmmstrearn ~-filter and e-detector in 

Experiment #305. Figure 4 indicates the fraction of time a hadron (mostly TI) 

simulates a muon or an electron. Integrated over momentum,the hadron rejection 

capability for ~ and e triggering is 7 x 10-3 and 5 x 10-3 respectively. Thus, 

for 10 6 triggers, of which ~ 1.5 x 10 5 will be indistinguishable from prQ~pt muons, 

we expect '\, 2000 ~~ and ~ 1500 ~e accidental coincidences. .Consequently, it 

appears that correlations production between the upstream ~ and the downstreall1 

~ or e can be ascel~ained with excellent precision in an experiment consisting 

of 106 triggers. Table I summarizes the expected yields. 
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In the above discussion~ we have that the 

to-noise ratio for prOt'1lpt ]1 triggers 1/20. We believe this to be a conserva­

tive estimate. Also, in our discussion, we have not that truly un­

usual phenomena may distinguish the real ]1 associated events from the fake ones 

(for example, the transverse momentum spectra of the events accompanying; prompt 

]1 triggers, etc.). Our large apert.ure spectro:neter is particularly Viell suited 

for studying many facets of the physics \-'1h:i.ch cannot be in th:1.s 

exploratory investigation of particle production in assoclation vrtth muons. 

106As indicated above, we envision a run consisting of "u 

produced by muons, with the additional requirement of having two or more 

particles entering the vee spectrometer. In order to systematically study and 

minimize the background in such a triggering scheme, to optimize the trigger, 

and collect the data, we will need 1000 hours of running tine. 

-------------_ .. _--_..- .. ­.._ 
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SSHEDUIE FOR 1975 

June Shutdown Install steel for muon detector. 

Install counters for muon detector. 

The muon detector is not in the beam line and does not 

disturb normal operation of the beam. 

July Parasitic tune up of muon detector. 

August 4 weeks prime beam time for tune up 

of both spectrometers and preliminal~Y 

data taldng. 

Novenmer, Decerrmer 4 weeks prime beam time for data 

taking. 

SCHEDULE FOR 1976 

Two four-week running periods. 



COST OF 'rill APPARATUS 

Below is a list of additional equipment to be incorporated into the 

eXisting E305 set up, in order to carry out the proposed exper~~nt. 

a) Requested from Fermilab: 

PREP Rc~uest (see attached ) ,'706.00 
Hadron Shielding and Support, for Muon 
Spectrometer (6000 lb, iron) 2,500.00 

Beam Defining Collimator 
(Detailed drawings have already been made 
under the agreement for E305, as part of the 
polarized beam experiment, which been 
dropped in order to carry out charm particle 
search) 10,000.00 

$ 28,206.00 

b) Supplied by Experimenters: 

Vertex Defining Hodoscope 
(24 scintillation counter system, 
photomultipliers previously used in 
hydrogen gas target) 7,300.00 

Ml, M2 and M3 Hodoscopes for Ivluon Spectrometer 12,530.00 
(18 scintillation counters) 

Proportional Chambers PltJC f s - 5 41,710.00 

CAMAC Interface for FwC 11,270.00 

Decision Logic PitIC3, 4 4,730.00 

pwc Gas SystelTI 1, .00 

PWC IN Power Supply 1,750.00 

Pulsed Clearing Field for Spark Charnbers 2,500.00 

New 8-Gap Wire Spark Charriber 8,500.00 

$ 91,5}~0 .00 

http:8,500.00
http:2,500.00
http:1,750.00
http:4,730.00
http:11,270.00
http:41,710.00
http:12,530.00
http:7,300.00
http:28,206.00
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PREP 

$ each 

5 NTIVl Crates, Powered C± 6v) 600.00 3,000.00 

6 Quad Discriminators, 621 695.00 4,170.00 

2 Dual If-Fold r,1aj. Logic, 635 695.00 1,390.00 
2 Dual 4-Fold Programmable 

Maj. Logic, 635 ALP 628.00 1,256.00 
2 C~~C Units for 635 ALP 500.00 1,000.00 

6 Pan-tn/Fan-out, 428 395.00­ 2,370.00 
2 Dual Gate Generator, 222 695.00 1,390.08 

2 Dual Delay Units with Remote 
Control 400.00 800.00 

3 NTIVl Cooling Fan rvu27IN 110.00 330.00 

$15,706.00 
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TABLE I 

YIELDS EXPECTED FOR 1000 HOURS OF BEAM 

FINAL 3rATE SIGNAL -r BACKGROUND t 
+ ­

l-l-l-l+ rv 10!; :j: 10 3* 
+ ­ 750 * l-l-e+ 	 10 3 

l-l+ + associated K+
IT 

- 200/40 fJIeV 600/40 MeV 

+ + + ­l-l + associated K IT IT state 100/40 MeV 	 300/40 MeV 

l-l - + associated K - IT
+ state 200/40 MeV 600/l-to r·1eV 

+ - + ­l-l + associated K If IT state 100/LIO MeV 	 300/40 MeV 

-r Rates have been corrected for acceptance. 

* 	 Approxirn:itely the same number of "wrong" charge pairs 
+ + 

(i-i-) are expected. 

If the trigger is not restricted to one only one 

particle in the muon arm, then electromagnetically produced 

dirnuon of low mass are expected to CA'JCC;'U charm-

associated l-l pairs by more than an order of magnitude. At 

masses the yields may be comparable. 
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Figure 1. 


Figure 2. 


Figure 3. 

Figure 4. 

Schematic of the experimental apparatus: 

(a) side view~ (b) top vieN. 

(a) The upstream face of the vertex hodoscope, showing 

the position of the scintillators and several light 

guides and tubes. The active area of scintillator 
3141! wide x 3/411 high. 

(b) A perspective drawing showing the spatial extent of the 

colUmL'lted 'beam~ 1/10 interaction length Eetarget, and 

active area of the vertex hodoscope. 

Results from 102 and 400 GeV/c Fermilab bubble charrber 

data on p-p collisions specialized to the proppsed geometry 

of the muon arm: (a) the momenturrl distribution for single 

hadron inclusive production into the angular range 

30 < e < 100 mr vertical by ± 115 mr horizontal; 

(b) the invariant mass distribution for the two particles 

detected by the forward spectrometer for the assumption that 

one a pion and one a kaon. 

Experimentally observed hadron rejection ratios as a function 

of incident hadron momentum (a) the muon detector, 

(b) the electron shoNer detector. The ratios represent the 

fraction of the time the incident hadron (Tf) decays into or 

penetrates as a muon or electron. 
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We present the results of a search for charged two-body 


decays of neutral high mass resonances produced via neutron 


di~sociation. The experiment t-.'as executed with a vee spect­

rometer in the M-3 neutr,,:,. beam at Fermilab; the incident 


noutrons had an average momentum of -200 GeV/c. Tho detector 


was sensitive to final states with charged multiplicity ~4, 


produced forlvard in the center of mass (x > .3). We find no 


significant enhancements in the high maGS K~TI-,K-TI+ or pK 


systems. We estimate an upper limit for cross llection times 


branching ratio of any narrow K+n- state to be ~ 50 nb/nucleon 


for masses between 2 and 3 GeV. 
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The known properties of the recently discovered J-particle 1 or 

~ (3100), and of the ~(3700)2 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 charm. 3 

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 llyperon-kaon systems, one expects charmed particles to be associatively 

produced in reactions such as: 

n + Be 	 -+ Bg + MOe + anything (1) 

n + Be ->- n + M~ + MO
c + anything (2) 

where 14, B, and c refer to meson, baryon, and charm, respectively. Since the 

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

n ->- NIT + anything, and.'" 200~b for n ->- KY + anything), it is a logical domain 

to search for charmed objects. 

We report here a search for the charged two-body decays of neutral high 

mass particles produced by neutron dissociation. The experiment was performed 

at th('! Fermi National Accelerator Laboratory in the 113 neutral beam. Neutrons 

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

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

radiation leng·ths of lead followed by sl"eoping magnets. The number of mesons 

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

neutron flux was continuously monitored by t<vo systems of dete9tors: a hadron 

calorimet('!r consisting of 21 scintillation c~unters equally spaced within five 

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

monitor telc~cope, concisting of 3 "cintillation counters and lucite converter, 
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which sampled 3/4% of the beam. Neutron fluxes were typically /: x neutrons 

pcr pulse. The "vee" spectrometer, showl1 in Figure 1, consisted of. a BMl09 

analyzing magnet (which provided 1 G<'V/<= of tr,mnversc momenLum), 20 g~ps of 

wire spark chambers with rnagnetostrictive readout, and a variety of scintillation 

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

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

beam entrance and exit. Information from these counters was recorded during each 

trigger,and was used to study the coher"nce of reactions (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 (detected) 

particl€! in the left (HOL, HlL, H2L) and one in the right (HOR, HlR,H2R) halves 

of the spectrometer. The HOR, HOL, and Vi·Scounters imposed a minimum 

angle of 20 mrad on the vee, and consequently suppressed low mass, large x back­

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

plicity events produced at small x were eliminated by the V2 counter and by pulse 

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

particles allowed in each counter to S 2. 

The kinematic domain allowed by the trigg€!r was for particles (vees) p~oduced 

fOrl'lard in the center-of-mass (x ::: .3). The geometrical acceptance of the apparatus 

was defined by the limiting aperture of the SlU09 magnet, less the solid angle subtended 

by the VI counter: 20 < 101 < 75 mrad horizon tally, lsi < 25 mrad vertically. 

This translates into an acceptance of 101; for an object of 3 GeV mass decaying 

into two bodies. The mass resolution for a 3 GeV K1T st.ate was estimated to be 

±20 MeV from Y~nte Carlo calculations based on spark resolution and spark chamber 

placement; this value is consistent with the observed width of detected KOS + 

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

the on-line perfor~ance of the equipment. 

-1\­

3
Roughly one in 5 x 10 intel:uctions satisfied the trigger requirement, anel 

over a hlo-"eek running period 7.:; x 10
5 

trigycr!O ~lcre rcconkd. TodO thinh of 

thl~ cvcnL~ yicl.<1cd more. Lhan L\10 track:.; in the "l'cd'.romc,tcr, Lhe rnul Lipllci t,y 

being limited by the triggering requirements. !1ultiplc truck efficiency has 

been estir~ated by comparing the nun-ber of recotlstrueted tracks to the nurr.ber of 

hodoscope counters latched, and was found to be - 80% for 6 tracks. 

Events were analyzed via a p<:ltt€!rn recognition and fitting program "hich 

searched for charged two-body configurations. sinco thespeetrorr,eter provided 

no particle identificiltion,' the invariant rn.,"ss of a given tVlo-body co~ination 

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

mass of a b,o-body system, it is straightforward to show th<lt if a specific two-

body mode contains a narrow resonance, then the corresponuing mass peak will be 

the sharpest when thc decay products arc assigned their correct masses. Had a 

.significant mass peak been observed, t.'1is property 1tlould have boen used tc- identify 

the specific mode involved. 

'Assuming a K\r- mass assignment, 1.S x 101\ events were obtained having 

invariant masses greater than 1.85 GaV. Figure 2 displays the K+n-, , and 

pK invariant mass distributions in bins of 20 NeV for' accepted vees having a 

Q. value:: 0.8 GcV. Each distribution "/as fitted with a fourth orda): polynomial 

in the mass variable. The devia·tion of the observed mass dis tribntion fro," the 

smooth polynomial fit, in nlli"t1berz of standard deviations, is sno, • .;n Ul';.(~Crn8ath 

each mass distribution. No significant signal is observed. We also divided 

the data into ·coherent and incoherent samples using the latched information fro:n 

the coqnters surrounding the t-.... rget. The mass spectra were similar in both 

samples and revealed no significant enhancements. 

An upper limit for the cross section (a) tin'"s branching ratio (13R) for the 

production of a neutral high-ma~:s particle and its subsequent decay into two 

hadrons has been calculated from the neutron flux, the nurrbcr of t~rget nu~lcons, 
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and the spectrometer acceptance. ~!ak.ing the assumption that a positive result 

"ould have been reported had we observed at least a four standard deviation effect 

in a 	 ma~s interval ,~hoso size is <:liven by four times the expcd.mental resolution 

., we 	 obtain Figure 3, which displays O'ER as a function of 

invariant mass. A value of O'BR greater than that shown would have resulted in 

a statistically significant signal. This curve includes a factor of 3 correction 

for the probability of vetoing a good charmed-vee event by having the a~sociated . 

char~cd particle in reactions (1) or (2) strike one of the veto counters. 
7 

These 

upper 	limits are an order o~~magnitude smaller than previous theoretical estimates 

S 
based on a 1/M2 dependence of the mass spectra for diffractive processes. 

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

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

at Northwestern Univcrsity, in particular J. Hahn and T. Phillips, and Drs. 

P. Koehler and J. R. Sanford at Fermilab for their assistance and encouragement. 
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APPENDIX B 

rrhe basic kinematics underlying the decay of a narrow mass state can 

be directly investigated using the formula (or the effective mass of a high 

energy two-body system: 

-+ -+
2M2 = (E

l 
+ E

2
) (PI + P2)2 

m2 l ~2)
~ P P 8

I 2 + (PI + P2 ) ( 2 PI + P . 
2 

hlhile the leading term dominates at high ]\12 , the additioml term is not 

negligible. For asymmetric breakup (in the lab), the effect of alteI'ing either 

the ml or m2 assigrunents provides a significant dispersion of M2 For very 

large M2 the acceptance of the apparatus tends to enhance symmetric decays and 

our ability to distinguish between mass assigrunents diminishes some'i';hat. 

We illustrate this point quantitatively in Fig. Bl in which \'Ie indicate 

how a 500 event peak at 2.5 GeV would appear when the charged particles are 

(correctly) interpreted as n-K+ (Fig. Bl(a», or (erroneously) interpreted as 

K+K- or pK- (Figs. Bl(b) and Bl(c), respectively). The tails on the distribu­

tions shovm in Figs.Bl(b) and Bl(c)arise from asymmetric decays as indicated 

above. (Other mass misassigrunents have also been investigated and yielded 

peaks even broader than those displayed.) The two-body system was assumed to 

have a lab momentum of 100 GeV/c and isotropic decay in its rest frame; the 

effects of resolution and geometric acceptance have been included. The dis­

tributions shown support the claim that a signal of this magnitude could be 

correctly interpreted via the described technique. 



Figure Bl. 

FIGuRE CAPI'IONS 

For a 2.5 GeV particle of zero width which decays into 
+ - )K TI , Monte Carlo results show: a the expected distri­

bution taking into account the experimental resolution; 

b) the expected distribution when the particles are 

assigned K+K- masses; c) the expected distribution when 

the particles are assigned pK- masses. For the incorrect 

mass assignment the signal is reduced in amplitude and 

increased in width. 



t 

· 150 


~ 
Z 
~IOO 
lLJ 

50 

- - 2.4 

100 
~ 
Z 

~ 50 
lLJ 

- 2.5, 


100 

~ 
Z 
W 50Gj. 

2.6 

(a.) 

m(1<"17-"
2.5 2.6 GeV 

(b) 

m (k""IC)
2.6 2.7 GeV 

(e) 

m (p K'-) 
2.7 2.8 GeV-

FlGUR.E 81.. 



C 

Electron Identification 

Electrons are identified the last module of spar'k cha'Tbers, 

which has 1.8 cm of converter in front, and an array of 40 lead-lucite 

shower counters immediately behind. The counters are 2" x 36" , 

consist alternating of (:11j" thick) and luc:1te , each 

viewed by a 56 AVP photomultiplier froID one end. 'Ihe counters are 

positioned vertically and grouped into two banks, each 40" ·wide x 36" hig;h. 

A four-inch horizontal gap between the two banks allows the neutral belli'TI 

to pass without interference. 

The criterion for an electron is that the ratio E/p be of order unity, 

where E == energy deposited in the shower array, and p :: the momentum of 

incident particle. 

The detector was calibrated in the following way. y converters 

situated in the M3 beam line, normally used to filter out photons during 

studies of neutron-induced reactions, were removed. Electron pairs were then 

generated by plaCing a thin lead target in the beam at the upstreffin end of 

the vee spectro.'TIeter. 

Then a ~" trigger counter was positioned in front of shower 

detector stand. Given the longitudinal distance of this counter from the 

EMI09 magnet center and its lateral distance from the beffiTI axiS, electrons 

of specific momentum could be selected simply by adjusting the TIlclgnetic field 

to the appropriate value . Individual shower cO.LLl1ters were then placed behind 

the ~If counter and the energy deposited (pulse height) was measured as a 

function of electron momentum Cl). After conversion of pulse 

to energy, the ratio E/p was obtained for each counter. A typical example 

shmm in • C2 and reveals the energy resolution to be 40% F'vlHi',L 

In addition, the dependence pulse height on the 

distance of the electron shower from the photo tube was studied by raising 

and lowering the shower counter in measured increments for fixed incident 

electron momentum (~tI trigger counter in position and fixed magnetic 

field). The results revealed a linear. correction for signal attenuation. 



FIGURE CAPI'IONS 

Figure Cl. 	 A plot of the pulse height measured in a given shower 

counter versus the momentum of the electron incident 

on the counter. 

Figure C2. 	 The ratio E/p for electrons detected in the shower counters: 

E energy deposit, p = momentum of the incoming electron. 
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