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SUMMARY OF THE EXPERIMENT 


We propose an experiment to study the properties of charm particles produced In 

hadronlc InteractIons with a machine energy proton beam. The prinCipal goals of the 

experiment are to study lifetImes and spectroscopy of charm baryons, to explore 

production dynamics and correlations. and to search for coherent dlffractlve productIon of 

charm off silicon. The data sample will Include an estimated 1000 reconstructed A 's to 
c 

the p K rr mode alone and a total of 50,000 reconstructed D's to many modes. Twenty 

percent of the charm particles will be In 5,000 events In wh,ch both decays are 

reconstructed. 

The experiment will be carned out with our eXisting E653 hybrid emulsion 

spectrometer. Major components of the spectrometer are a vertex detector unaque for Its 

preCISion, redundancy, and large aperture, 12 multI-hit "vector" drtft chambers, highly 

segmented electromagnetic and hadronlc calorimetry, and an Independent muon 

spectrometer. The only major modificatIon to the apparatus will be to replace the nuclear 

emulSIon target with an active electronic target and a "multiplicity jump trigger". Decays of 

pairs of charm particles are detected by an increase in the multipliCIty of charged partIcles 

in an evacuated decay region downstream of the target. Multiplicity IS measured by pulse 

heights in SIlicon detectors bracketIng the decay regIon. A trigger IS generated if tne 

difference in pulse height between the downstream and upstream dectectors corresponds 

to three or more mInimum ionazing particles. The trigger has the properties that Its 

efficiency is correlated with spectrometer acceptance and that It selects events in which 

each charm decays into a multiprong mode well downstream of tne target These 

properties result in a data sample in which two vertices can frequently be reconstructed; 

thus, not only is the fraction of events contalnang two reconstructed charm particles large, 

but clean topological handles can be used to reduce background for events In whIch only 

one charm particle can be reconstructed. 

We intend to begin rUhning the proposed experiment upon the completion of our 

E653 emulsion exposure, near the end of the third (1988) Tevatron II running cycle, and to 

finish in the fourth cycle. The multiplicity jump trigger will be tested parasltlca"y dUring the 

1987 run of E653. Because little new apparatus or software is required, expehmental 

setup can be done quickly and analysis can be done efficiently. 
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1. 	 INTRODUCTION 

After over a decade of intense expenmental effort the study of hadronlc production 

of charm is now becoming a mature field. Experimental breakthroughs have been made In 

the deployment of high resolution detectors such as sIlicon mlcrostrip detectors, nuclear 

emulsions, and high resolution bubble chambers. New detector technologies have been 

complemented by Improvements In data acquiSition systems which allow expenments to 

record an order of magnitude more data per run. As experimental technique becomes 

more refined the questions expenments are designed to answer can become more 

focussed. Experiments can now be designed to explore specific problems in hadronic 

charm production. 

The major objectives of this experiment are the following: 


To measure charmed baryon production, spectroscopy, and lifetimes. 


2. 	 To investigate correlations and production dynamics of charm particles. 

3. To search for diffractive production of charm. 

These goals will be addressed with a sample of reconstructed decays including 1000 he's 

to the p K - 'ff T mode alone and 50,000 D's to many modes. Twenty percent of the D's, 

(5,000 pairs) will have both charm particles reconstructed. 

Our proposed experiment will use the existing E653 spectrometer in an all-

electronic configuration. The nuclear emulSion target will be replaced with an active 

electronic target and a multiplicity jump trigger, which Will permit triggering inclusively on 

the decays of pairs of charm particles. Because a primary goat of this experiment is to 

explore charm baryon physics, it will be run with a machine energy proton beam. We 

Intend to begin the experiment after the completion of the E653 emulSion runs 

approximately one month before the end of the third (1988) Tevatron It running cycle, and 

to complete it in the following cycle. The experiment requires little new hardware or 

software, so neither experimental setup nor offline analysis will require long preparation. 

The ability to detect secondary vertices with good effiCiency and with little 

background is crucial for the success of any heavy quark experiment. Measurements along 

track trajectories must be both precise and redundant. The E653 spectrometer has 18 

planes of silicon strip vertex detectors with analog readout and 12 multi-hit "vector drift" 



chambers. These features, together with Its highly seqmented calorimetry, provide the 

E653 spectrometer with unexcelled capability for Identification of charm events and 

complete reconstruction of the entire topology. As in E653, charm candidate events will 

be Identified by secondary vertices and tracks with large impact parameters rather than by 

peaks In mass spectra. At a later stage In the analysIs each charm candidate will be fit to 

a specific decay hypothesIs. Thus, the experiment suffers no biases introduced by the 

selection of specific decay modes 

2. PHYSICS MOTIVATION AND GOALS 

Our understanding of the physIcs of hadronic charm production dynamiCs is stili 

Incomplete. Currently, the best production data come from the LESC (NA27 1 AND NA 162) 

hybrid bubble chamber experiments. The 360 GeV pion data from NA27 show a two 

component distribution. D's having no quark in common with the pion are producedxF 

centrally With a a (1-xF)7 distribution, Those which share a quark With the pion are 

produced with a forward, (l-xF) 1, distribution. The gluon fusion model seems to describe 

the central piece of the cross section qUite well, but the forward region IS not on as firm 

a footing. According to the Lund model3 the forward component of charm production IS 

due to a color interaction between the projectile fragment and the charm quark, which 

accelerates the latter. 

An open question is whether the distribution for D's which have a quark inxF 

common with the proton is different from that for D's which do not. Also unknown is 

whether Ac production in a proton beam will exhibit the same leading particle effect 

observed in hyperon production by protons4 , 5 and in Zc production by a 1:- beamS. 

NA27 data for charm produced in a proton beam show no leading particle effects for any 

species of charm particles 7, while ISR data for Ac's appear to have the leading behavlor 7 

The Lund model predicts that the xF distribution of Ac's will have a flat component and that 

the Ac's will saturate charm production at large xF. See Figs, 1 and 2. 

Events in which both charm particles are reconstructed provide the maximum 

possible Information about the underlying production dynamiCs. These events permit the 

most detailed tests of model predictions, such as charm species correlations and kinematic 

correlations in xF and P T' The current status is that statistics are poor and correlations are 

not understood. Data from NA278 are consistent with no kinematic correlations beyond 
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those imposed by phase space, although agreement with other models seems acceptable 

Better statistics over a wide range of kinematic variables are needed, 

Pairs of charm particles may also be produced by dlffractlve mechanisms, The 

IntrrnSIC charm model predicts that the proton wIll contain as a pIece of its wave function 

the state [uudcc>9, 10, Brodsky, et at,9 estimate the amount Intrmslc charm to be 0,3%, 

which would imply that diffraction could account for a few percent of the total charm 

production cross section. The notion has the precedent that N* resonances on low lying 

Regge trajectorres frequently have substantial branching ratios to strange particles 1 1. ThiS 

model predicts diffractlve production by diSSOCiation. 'QCD Pomeron' models 12, 13, 14 

treat the Pomeron as a multi-gluon state, In these models a hadron-Pomeron colliSion IS 

much the same as a hadron-hadron collision if the center of mass is taken to be that of 

the collidIng particles. Diffractlve production of charm can occur by creating the charm 

quarks. The two classes of models can be distinguished by their different thresholds 

kinematics 15. DiffractIon via IntrrnSIC charm turns on sufficiently rapidly above threshold 

that the process can occur coherently off nuclei (see AppendiX II.) Diffraction via the 'QCD 

Pomeron' turns on slowly above threshold, as in hadron-hadron reactions 14 Coherent 

diffractive production of charm off nuclei is unlikely in these models because momentum 

transfer to the nucleus must be large. 

It is important that a search for coherent diffractive production of charm be carned 

out at the highest possible energy and preferrably off a light nucleus, For large diffractlve 

masses the (momentum transfer)2 to the nucleus, tmll"l' varies as M4/p2, where M is the 

mass of the diffractlvely produced state and p is the beam momentum. In order that the 

reaction be coherent the momentum transfer to the nucleus must be less than 11r, where r 

IS nuclear radius. Therefore, the maximum invariant mass that can be produced 

diffractively16 vanes as p1l2/A'/6; it IS 13 GeV/c2 for 850 GeV/c protons on Slltcon. 

Since the threshold mass for producing charm is 4 GeV/c2, use of beam energies much 

lower than 850 GeVIc will severely limit the phase space available and may not 

accomodate kinematic threshold effects. No searches for coherent diffractive production 

of charm have been reported, and the data that do exist do not appear to have been 

collected at sufficiently high energy with a vertex detector having the precision to resolve 

the topology. 
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Diffractive production of charm IS not only interesting as a new phenomenon, but If 

it 	exists, could provide the basIs of a powerful experimental technique. Charm pairs would 

be produced In low multiplicity events and carry most of the beam momentum. SuCh 

events could be both detected and analyzed With high effiCiency. Diffractlve production In 

a baryon beam could be a rich souce of charm baryons. 

The field of charm baryon physIcs is virtually open. Typical data samples are either 

very small. or contain Significant background contamination. The 1\ lifetime will soon be 

measured to 10- 15%, which is five times worse than the preCISion anticipated for D 

lifetimes 17. Fig. 3 shows the lower lying charm baryon levels and identifies those which 

have been observed. Only the neutral and doubly charged states of the Lc have been 

observed 1 1, 1 B None of the spin 3/2 or other eXCited states has been seen. Only one 

charm-strange baryon, the ~c ... , has been observed6, 19 Fig. 3 shows that good photon 

and rr 0 detection is required to see many of the excited baryons. 

The primary goals of the experiment are the following: 

1. 	 Study charm baryon physics, The 1\ is the key to studies of non-strange 

charm baryons, Since all are expected to decay to It. We expect to coliect 

1000 reconstructed 1\ decays to the p K rr mode alone, as well as a 

substantial number to other modes. The sample will be used to measure the 

Ac lifetime to better than 5%, look for the Lc'" and measure mass spltttings 

between the Lc'S, look for the spin 3/2 and other excited states, and study 

production dynamiCs for all observed charm baryons. The Lc --> 1\ rr 
cascade decays are particularly attractive from an experimental pOint of view 

because they provide the same handle on baryons as the D* cascade decay 

does on mesons. 80th the neutral and doubly charged Lc'S have signatures 

which cannot be confused with D*'s. We estimate a yield of 200 ~+ 's (which c 
would permit a 10"0 lifetime measurement) and will look for other charm 

baryons containtng one or more strange quarks. 

2. 	 Study kinematic distributions of charm particles. With our expected sample of 
50,000 reconstructed D's we will be able to map out xF and Pr distributions 

With high statistics, The important objectives are to measure their dependence 

on charm species and to extend current measurements closer to kinematic 

boundaries. Differences in xF dependences can be measured most effectively 

at large xF' where our trigger is most efficient 

3. 	 Study production correlations of charm particles. Twenty percent of our 

sample will be events in which both charm particles are reconstructed. These 

--_.._--_.._
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5000 pairs will be used to study xF' PT' and species correlations and search 

for incoherent diffractive production. The large sample will allow details of 

correlations to be studied in sparsely populated regions of phase space. such 

as at high PT, and permit correlations In one variable to be studied as a 

function of another. 

4. 	 Search for coherent diffractlve production of charm off silicon. If the 

prediction that the proton contains 0.3% IntrinSIC charm is correct 5% of the 

total charm cross section IS diffractlve and we would collect in a 2 week run 

4000 D's and 800 I\'S to the p K - 71 + mode alone. Thus, the experiment IS 

sensitive to an intrinSIC charm component of the proton at the level of 3 x 
10- 5 

3. 	EXPERIMENTAL TECHNIQUE 

The outstanding success of E691' 7 depends In part on the 1% charm-to

background ratio inherent in photoproductlon. Had the experiment been run with no 

modifications other than the use of a hadron beam (with a O. 1% charm-to-background 

ratio)' mass peaks in most decay modes would have been barely visible. This and the fact 

that the yield resulting from years of effort by the NA 1 1 group is comparable in 

statistics20 to that of LESC lead one to the conclusion that charm hadroproductlon IS still a 

difficult field. The success of LESC and other visual techniques demonstrates the 

importance of a high density of precise information, and thus defines a model for non

visual techniques. 

As in our hybrid emulsion experiment, E653, we will identify charm events in the 

proposed experiment solely on the basis of topology, and later fit individual decays to a 

specific hypothesis. When compared to selecting charm on the basis of peaks In mass 

spectra, this method has the advantage that no bias is introduced by the selection of 

specific decay modes, so, for example, beauty events would not be rejected. However, in 

order for the approach to work well. it is important that the events to be selected have 

clear topological handles, that the charm-to-background ratio be optimized at the trigger 

level, and that the probability of pattern recognition errors, such as fake track and vertices, 

be small. According to the model defined above, the latter requirement means that the 

vertex detector should have very high precision and redundancy. 

The existing E653 spectrometer (Figs. 4 and 5) has such a vertex detector, which is 

unique for its large aperture, as well as for its precision and redundancy. In the proposed 
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experiment we will exploit the spectrometer but replace the nuclear emulsion with an active 

electronic target and a multlpltclty jump trigger. The spectrometer will be used without 

major modifications. and IS described in a later section. 

The basIc Idea behind the multiplicity jump trigger IS to detect the decays of a pair 

of charm particles by obserVing a multipliCity Increase of three or more in an evacuated 

decay region downstream of a production target Fig. 6 illustrates the prinCiple 

schematically. Pulse heights In silicon detectors bracketing the decay region are used to 

measure the multiplicity change. To minimize the effects of Landau fluctuations on the 

tngger effiCiency and rate the maximum number of particles entenng the decay region IS 

reqUired to be less than 9. 

In the proposed expenment the charm-to-background ratio is optimized In several 

different ways. Use of an 850 GeV/c beam maximizes the charm cross section for a 

fixed target experiment. minimizes the effects of multiple scattering on vertex finding. and 

insures the longest possible flight path length of the decaying particles. Other Important 

factors are related to the multiplicity jump trigger and the Interplay between it. the beam 

energy, and the vertex detector. As discussed In the following paragraphs. the tngger 

selects a sample of charm whIch is easier to analyze and has less background than typical 

charm events. 

1. 	 Data from LEBC21 show that the distribution of charged multiplicity 

accompanying charm particles is very broad. so that the upper limit of 9 
particles entering the decay region retains a substantial fraction of the charm 

events. In preliminary 800 GeV proton data from E74321 roughly 50% of the 

background and more than 20% of the charm survive the upper limit cut (In 

the 400 GeV proton data from NA27, which has an order of magnitude 

better statistiCS, 40% of the charm survives. so use of the E743 result 

appears conservative. ) The upper level cut alone does not Improve the ratio 

of charm-to-background events. However. in addition to making it pOSSible 

to implement an effective multipliCity jump trigger, the cut forces the average 
number of primary tracks to be 6 or 7. The low multiplicity has many 

advantages, Including a small probability per event of having a secondary 

interaction ( 1.50/0) and a reduction of the number of ambiguous assignments 

of tracks to vertices, the number of fake vertices. and the amount of 

combinatoric background. The latter consideration IS particularly important for 

studies of excited charm baryon states. 

2. 	 The trigger efficiency for the sample of charm in which each decays in the 
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decay region to two or more stable charged particles IS 50%. For this 

sample the net trigger efficiency. which Includes a factor of .2 for the 

probablhty to survive the upper level cut. IS 10%. The trigger effiCiency for 

the 50% of the background events which surVive the cut IS 2%. Thus, the net 

Improvement in the charm-to-background ratio is more than 10 for the 

sample, 

3. 	 Because charm particles must reach the decay region to generate a tngger 

and are more likely to do so at large xF' spectrometer effiCiency is correlated 
with tngger efficiency. Fig. 7 shows the probability that a A - - > p K - "+ c 
decay be accepted by the spectrometer as a function of xF Fig, 8 shows 

the jOint probabllty that the same decay both reach the decay region and be 

accepted by the spectrometer. Companson of the two plots demonstrates 

the correlation. Average acceptance for decays occurlng In the decay region 

varies from 97% for a Ac to 78% for a charged D, 

4. 	 In order for the tngger to be efficient. both charm particles must reach the 

decay region. This requirement has three advantageous side effects, The 

first is that production and decay vertices are unlikely to merge; such merging 

has the consequence that the position of the production vertex is incorrectly 

predicted, (The active target also helps to define the production vertex,) The 

second is that the fraction of events in which both charm particles in the pair 

are accepted and reconstructed is enhanced. The third is that decay vertices 

of unreconstructed charm particles can be used to purify the sample of fully 

reconstructed partners, The geometrical acceptance for at least two charged 

tracks from a charm decay vertex is 85%. and is greater If only a single 

prong IS required. Large vertex detector aperture (+/- 139 mr,), high beam 

energy and the positive correlation between geometrical acceptance and 

trigger efficiency are responsible for the last two properties. 

5. 	 The tngger is Inefficient for 1 prong ('kinks') and 0 prong decays, Because 

these decays cannot usually be analyzed, their loss is not important. The 

trigger IS also inefficient for decays which occur before the decay region. 

The loss of these events is similarly not important. BaCkground for this class 
of events would be larger both because the decays occur in material and also 

because the decays would frequently be too close to the interaction vertex to 
permit unambiguous identification. Thus, most of the events for which the 

trigger is inefficient are those which would be eliminated in offline analYSIS. 

The ACCMOR collaboration evaluated a similar multipliCity jump trigger in NA32 and, 

despite the fact that the technique worked, decided not to use it22. Reasons for not using 

it 	were that the reduction in background trigger rate was a factor of 2 to 3 less than 
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anticipated, that online calibration and stability were problems, and that the trigger could 

bias the data. The multipliCity jump trigger to be used for the proposed experiment differs 

In that it is much simpler, that the decays are forced to occur in vacuum to eliminate 

background from secondary Interactions, that an upper level cut on the number of primary 

particles IS made to reduce Landau fluctuations, and that the system IS less senSitive to 

alignment. We have extenSive experience with the electroniCs to be used for the trigger 

(identical preamps are used on our liquid argon calOrimeter) and have had no problems With 

stability. Finally, It IS true that the trigger blasses the data, as does any trigger. The 

positive aspects to the bias have been discussed; the negative aspects are addressed later. 

3.1. IMPLEMENTATION 

During the 1985 run of E653 we evaluated a prototype multiplicity jump trigger. 

Results from that test which are desCribed In AppendiX I., were used to deSign the deVices 

to be used for thiS experiment and to predict their performance. DUring the 1987 run of 

E653 we will collect data parasitically in order to optimize the design of the trigger. Data 

Will be obtained with the detectors and preamplifiers to be used in the proposed 

multiplicity jump trigger, and Will be recorded with ADC's. 

Fig. 9 IS a schematic of the multipliCity jump trigger which we Will use for most of 

the proposed experiment. It consists of the following components: 

1. 	 The beam silicon strip detector (SSD), which has 100 micron pitCh. 50 strips 

Will be instrumented. 

2. 	 The uptream interaction veto counter, which is a 300 micron thick Silicon 

wafer detector. 

3. 	 The active target. The target consists of 6 alternating layers of 500 micron 

thick synthetiC diamond and 300 micron thick silicon wafer detector. Its mass 

is .735 g/cm2, 71% of which IS carbon. The total target length IS 2.4 mm. 

4. 	 The upstream multipliCity detector. This is a 100 micron pitch 200 micron 

thick SSD identical to the beam SSD. It is placed 400 microns downstream 

of the end of the target so the mean distance between the Interaction vertex 

and the beginning of the decay region is 1.8 mm. 80 strips will be 

instrumented. 

5. 	 The 6 cm. long evacuated decay region. 
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6. 	 The two downstream multiplicity detectors. These are 1 mm. pitch SSD's. 37 

striPS on each detector will be Instrumented. 

The trigger is organized as a two level system. Level one requires an Interaction In 

the target, and is Implemented In commercial fast logic. Level two IS Implemented In non

standard modules, In which sequential operations are synchronized by a clock started by the 

level one trigger The level two trigger accomplishes the following: 

1. 	 Events in which two or more partIcles would enter the target are eliminated 

by the upstream interactIon veto counter. 

2. 	 x and z coordinates of the Interaction vertex are determined from hits In the 

beam SSD and pulse height In the active target detectors, respectively. 

3. 	 A +/- 300 mr. angle from the Interaction vertex is defined In the x - z plane 

at the upstream multiplicity detector. Pulse heights of strrps within the angle 

are summed to form the 'before' pulse height. 

4. Pulse 	 heights for alt strips in each of the two downstream multiplicity 

detectors are summed. The smaller of the two is used as the 'after' pulse 

height to minimize fluctuatIons. 

5. 	 The 'before' pulse height IS subtracted from the 'after'. This is the multiplicity 

jump. 

6. 	 A trigger results If the multiplicity jump exceeds 3 (in units of minimum 

ionizing particles) and if the 'before' pulse height is less than 9. The latter 

requirement serves to limit the number of particles entering the decay region. 

Electronics used for level two of the multiplicity jump trigger are conventional. For 

every interaction pulse heights from alt wafers and strips are stored in integrate-and-hold 

Circuits. Thus, arithmetic operations can be carried out at low bandwidth. The indices of 

the strip hit In the beam SSD and the first target wafer downstream of the interaction are 

encoded into an address for a RAM. which IS programmed with the acceptance angle and 

strip offset. .Output bits of the RAM are used to gate the integrate-and-hold's for the 

upstream SSD to a summing amplifier. Final arithmetic operations are done with 

comparators. Because the RAM is programmable. there IS considerable flexibility for 

making software Changes in acceptance as well as alignment. All pulse heights will be 

digitized for use in offline anlaysis. The total number of instrumented channels is 209. 
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The design is driven prrmarily by the requirement that the effects of spallation 

protons from the primary Interaction be minimized. Diamond was Chosen as the target 

matenal for Its low atomic number (and, consequently, small average number of spallation 

protons) and its high density, 3.5 g/cm 3 We calculate from published data23 that In about 

20% of the Interactions a spallation proton will be Within +/- 300 mr. of the beam, and 

thus contrtbute to to the 'before' pulse height. 

3.2. BIASES IN THE TECHNIQUE 

As all electroniC experrments, the proposed experrment has several biases. Two are 

due to the fact that the target matenal IS not hydrogen. Measured distributions of 

kInematic varIables and normalization may have a complex A dependence7 However, the 

Important objectives are to compare the distributions for different species of charm 

particles and to Investigate correlations. NUClear effects are unlikely to bias these results. 

A second nuclear effect is an Inefficiency caused by spallation protons from the 

pnmary Interaction, Because of its low energy a spallation proton can depOSit a very large 

energy in the multiplicity detector upstream of the decay region, and thereby rUin the 

multiplicity measurement The effect is calculated to reject 20% of the events (see 

Appendix 1.), and can be compensated by running the experiment with an Interaction trigger 

for a few hours. 

The multiplicIty jump trrgger bIases the results in two ways also. The first, the 

requirement that both charm particles reach the decay region, is Similar to the effects of 

geometrical acceptance and can be corrected by similar techniques. All estimates of yields 

are based on the assumption that there are no correlations in xF' which is consistent With 

the LEBe result2 1 

The second is similar to the nuclear effects and potentially more serious. If the 

distributions of kinematic variables for charm particles depend significantly on charged 

multiplicity, a bias may be introduced by the cut which requires that no more than nine 

particles enter the decay region. Effects of the cut can be compensated by collecting 

some data with the cut level raised and determining how measured xF and Pr distributions 

vary with the multiplicity of charged particles and nO'S accompanying the charm pairs. 
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3.3. IMPLEMENT A TION FOR COHERERENT PRODUCTION 

The multiplicity jump trigger used for the search for coherent diffractive production 

of charm IS tailored to the specific characteristics of the process In a coherent process 

no spallation protons can be produced and the average number of charged particles 

accompanying the charm IS qUite small' S. Thus, the only Signature of an interaction can be 

nuclear recoil energy. The charm particles are produced on the average with half the beam 

momentum each. Therefore, to measure the nuclear recoil energy and detect the 

interaction vertex the target must be 100% active, and to contain the charm particles the 

decay region must be qUite long. Because spallation protons do not cause experimental 

problems, Silicon strip detectors need not be used in the trigger. Silicon wafer detectors 

are adequate, and thus, a simple multipliCity jump trigger seems Ideally sUited to this 

measurement 

The multipliCity jump trigger for coherent production consists of the following 

components: 

1. 	 The target assembly, which consists of twenty 300 micron thick silicon wafer 

detectors spaced on 400 micron centers. The first wafer in the stack serves 

as an upstream interaction veto counter. The last two comprise the 'before' 

multiplicity detectors. The 17 wafers in between are the active target. (A 

Similar target was used in an early experiment on diffractlve dissoclatlon24) 

2. 	 A 15 cm. long decay region. 

3. 	 Two 'after' silicon wafer detectors 

The trigger, also organized as a two level system, works as follows: 

1. 	 Events in which 2 or more particles would enter the target are eliminated by 

the upstream veto counter. 

2. 	 The wafer with the minimum pulse height in the 'before' pair is used for the 

'before' multiplicity measurement 

3. 	 The wafer with the minimum pulse height in the 'after' pair IS used for the 

'after' multiphcty measurement 

4. 	 The multiplicity jump is defined as the 'after' - 'before' pulse height 

difference. 
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5. A trigger results If the multiplicity jump corresponds to between 3 and 10 

particles and If the 'before' pulse height corresponds to 6 or fewer particles. 

To avoid biasing the data no Information from the target will be used In the tngger 

In offline analysIs pulse height information from the active target Will be used to 

discnminate against nuclear breakup and to measure nuclear recoil energy. 

4. THE E653 SPECTROMETER 

Major components of the E653 spectrometer (Figs. 4 and 5) are beam detectors. a 

Silicon strip vertex detector. a charged particle spectrometer (consisting of the vertex 

detector. a magnet. and a set of "vector" drift chambers), a tlme-of-fhght hodoscope. an 

electomagnetic calorimeter. a hadron calorimeter, and an Independent muon spectrometer. 

Components of the spectrometer most Important for the success of the proposed 

expenment and unique to It are the 18 plane high precIsion vertex detector and the 3400 

. channel electromagnetic calonmeter; each of these devices has a very large (+ /- 140 mr.) 

aperture. By emphasizing precision and redundancy the single magnet design provides good 

momentum resolution In a short spectrometer and does not compromise photon detection. 

General characteristics of the spectometer are as follows. Momentum resolution IS 

0.7% RMS below 55 GeV in the multiple scattenng limit and (0.0 17 x p)% at higher 

momenta. This leads to the mass resolution shown In Fig. 10. Acceptance for xF > 0 (see 

Fig. 7) is above 90'0 for decays to all charged particles. Ks's and A's can be reconstructed 

if the decays occur in the meter between the production target and the midplane of the 

analysis magnet Fig. 1 1 shows neutral "V" detection efficiency. 

The following subsections describe the vanous systems comprising the spectrometer 

to be used for the proposed experiment and the modifications to the E653 apparatus 

required. for the proposed experiment. Because we feel that a well understood 

spectrometer with existing software has signifcant advantages for timely running and 

analysIs. we plan no major changes to the eXisting apparatus. 
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4.1. BEAM AND BEAM SYSTEM 

The proposed experiment uses the eXisting NE beamhne, which IS capable of 

transporting the machine energy protons required for this experiment Beam particles are 

measured by two stations of silicon strip detectors (SSO's). Each station consists of SIX 

detectors arranged In three 60 degree views. The detectors are 20 micron pitch and are 

read out every 60 microns with the coordinate calculated using capacitive charge divIsion. 

The anticipated resolution for beam particles projected to the target IS 5 microns RMS. 

The required modifications of the existing beam measUring system are to replace a 

drift chamber with SSO's and to reconfigure the existing SSO's. 

4.2. VERTEX DETECTOR 

The vertex detector to be used for the proposed experiment IS unique for its large 

aperture, for its redundancy, and for its precision. It consists of 18 planes of silicon strip 

detectors arranged in three 60 degree views with 6 detectors per view. See Fig. 4. The 

detectors are mounted In a 27 cm long package Immediately downstream of the target 

assembly. All SSO's are 300 microns thick; all but the first three have strips on 50 micron 

centers; and all use capacitive charge diviSion to reduce (to 10,0001 the number of 

channels digitized by AOC's. The first three detectors are 3 x 3 cm. in active area and 

have 12.5 micron pitch in the central 6 mm. where alternate strips are read out The next 

nine detectors are 5 cm. square and in the central 8 mm. every strip is read out; the last 

six SSO's are 9.6 cm. square and in the central 25.6 mm. every strip is read out 

Oata acquired during the first run of E653 in 1985 (in which eighteen 5 cm. x 5 

cm. detectors were used) provide several measures of the vertex detector performance. 

In the central region the system had 8.5 micron RMS resolution per plane (see Fig. 12) 

At the periphery, where readout IS on every fifth striP, the resolution was 22 microns. 

Using the beam track along with those from the Interaction, we measured the RMS 

resolution at the primary vertex to be 7 microns in x and y and 360 microns in z. In the 

proposed experiment the resolution will improve to 4 microns in x and y and to 200 

microns in z. A stringent test of both apparatus and software is a comparison of the 

projected impact parameter distribution of high momentum tracks with a similar distribution 

obtained for non-interacting beam tracks (see Fig. 131. Note that the two distributions have 

similar widths despite the fact that the tracks used for the impact parameter distribution 
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are In the busiest region of the vertex detector, 

The vertex detector for the proposed experiment IS the same as that to be used In 

the second run of E653 (which IS similarly unique), except that the last three mldslzed 

SSD's must be replaced with 96 cm, square SSD's, 

4.3. SPECTROMETER DRIFT CHAMBERS 

The drift chamber system downstream of the SCM 1 04 magnet consists of 12 planes 

of 1. 7 meter square "vector" dnft chambers. Each chamber measures a track 5 times In z, 

providing a "mini-vector" with an angular resolution of 5mr, Large angle tracks can be 

adequately reconstructed USing hits In only three of the chambers. Drift chamber data are 

recorded with Lecroy 1879 multi-hit fastbus TDC's, which digitize both the leading and the 

trailing edge of the sense wire pulses. Because the spread in the pulse widths IS small, a 

hit position can be determined by the trailing edge of the pulse as well as by the leading 

edge, Consequently, hits can be resolved even when their sense Wire pulses overlap, and 

the resulting double hit resolution IS 600 microns. It is not unusual to reconstruct 5 tracks 

In the central cell alone. POSition resolution of a single wire IS 1 10 microns RMS for 

beam tracks and 140 microns in high multiplicity proton-emulsion Interactions, 

The spectrometer drift chamber system was designed to operate at low beam 

Intensities. For the proposed experiment we will improve by an order of magnitude the 

rate capability of the system with more senSitive preamplifiers on the central drift cells. 

4.4. CALORIMETRY 

The calorimetry was designed to accomodate high multipliCity events in which 

showers frequently overlap. To detect electromagnetic showers we use a 1.8 meter 

square lead-liquid argon calonmeter segmented into three sections In depth, The readout is 

organized into x and y projective strips to provide good position resolution, and a set of 

pads to match the two projectIons. This system routinely reconstructs 15 shower events, 

The' two shower resolution is less than 1 cm and the posItion resolution is better than 1 

mm. The central 6,4"x6,4" square is further subdivided into 256 rectangular pads in each 

view. Fig. 14 shows the resolution (12.5fo/E' 12 + 2,5%, RMS) of the calorimeter for 10 

GeV electron showers, Fig, 15 shows the di-photon mass resolution in the "0 mass 

region. Both figures are based on a preliminary analYSis. 
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Hadron calorimetery IS provided by an Iron-proportional tube calonmeter This device 

has 16 samples separated by 2" of steel and IS also read out USing a stnp-pad geometery. 

No modifications of the present calonmetry are required for the proposed 

expenment. 

4.5. MUON SYSTEM 

Muon identification uses an independent muon spectrometer. Muon tracks are 

measured by 12 planes of 3 meter square drift chambers - 6 each upstream and 

downstream of a toroid magnet. The upstream chambers follow the hadron calonmetery 

and 30 centimeters of Iron absorber The toroid IS 1.34 meters thick and prOVides aPT 

kick of .8 GeV/c The downstream muon chambers are followed by an additional 1.5 

meters of absorber and two walls of SCintillation counters. The muon momentum required 

to penetrate the system is 7 GeV 

No modification of the present muon system is required for the proposed 

experiment. 

4.6. HADRON IDENTIFICATION 

Our hadron identifier IS a wall of tlme-of-flight counters immediately downstream of 

the spectrometer drift chamber system. These can separate protons from pions up to 7 

GeV/c and kaons from pions up to 3.5 GeV/c. 

No modification of the time-of-flight system IS required for the proposed 

experiment. 

4.7. DATA ACQUISITION 

E653 was the first experiment to use a full commerCial fastbus system. Fastbus IS 

well matched to the high density of information provided by the spectometer. We have a 

total of 16.000 AOC channels and 2200 channels of multihit TOCs. An average event 

contains 26.000 bytes of data. Our fastbus is organized as a 12 crate system. 11 data 

acquisition crates and a master crate containing Lecroy 1891 buffer memories. All data 

collected during the spill are stored in these buffer memories and then transferred to a 

VAX 750 for tape writing. A MicroVax is used to monitor apparatus. We will be able to 

record 600 events in a 20 second spill. 
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To accomodate the vertex detector upgrade for the proposed expenment we will 

need two more fastbus crates with the necessary interfacing and control modules and 

some additional ADC's. 

4.8. EVENT DISPLAYS 

Event displays from the 1985 nuclear emulsion run of E653 provide a qualitative 

'feel' for detector and software performance TYPical event topology for the proposed 

experiment should be simpler than the events shown. not only because the target IS thin 

and composed of light nuclei but also because the maximum number of pnmary tracks 

must be less than 9. Figs. 16, 17, and 18 are event displays for the vertex detector, the 

spectrometer drift chamber system, and the liquid argon calorimeter, respectively. Figs. 16 

and 17 are for a charm candidate. Note that In the first two systems the densIty of 

information IS sufficiently high that tracks do not have to be reconstructed to be seen. As 

in 	 visual techniques the pattern is apparent from the hits. 

5. 	 YIELDS AND RATES 

5.1. YIELDS AND RATES FOR NON-DIFFRACTIVE CHARM 

1. 	 BEAM: We plan to run the experiment with a 0.35 MHz machine energy (850 

GeVIc) proton beam. We assume for a 16 week run 16 x 105 seconds of 

protons on target. which corresponds to 83 hours of beam time per week. 

2. 	 TARGET: The target, described in section 3, is .735 g/cm2 and 0.81% of an 

absorption length. The interaction rate is 2.8 kHz. The total number of 

Interactions is 4.48 x 109. 

3. 	 CROSS SECTION: To estimate yields we use the E743 result that the cross 

section for D pair production by 800 GeV/c protons is 30 microbarns25, and 

assume a linear A dependence. (The A dependence used here is that which 
seems to give agreement between the data on hydrogen and those on light 
nuclei7) The probability per interaction of producing D pairs IS .00 16. 

4. 	 TRIGGER ACCEPTANCE: To benchmark the experiment in a transparent way 

we Will conSider first only pairs of neutral D's. The LESe data26 show that 

neutral D's outnumber charged by a factor of 2. If pairing is statistical, one 

expects the follOWing ratios for pairs of D's: neutral-neutral:neutral

charged:charged-charged = 4:4: 1. Thus 4/9'5 of all D pair events should 

contain two neutral D's. The trigger acceptance depends on the following 
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factors: 

a. We require both D's of the pair to decay to two or more prongs. 

86% of neutral D decays are to two or more prongs27. so the 

experiment accesses 74% of all neutral D pairs produced. 

b. 	 The upper limit on the number of charged particles entering the decay 

regIon is 9. From preliminary E743 data21 we find that more than 20% 

of the total charm produced is In this sample. as is about 50% of the 

background. 

c. 	 Of the events which pass the upper limit cut 50% of the neutral D 

pairs will survive the requirement that the multiplicity jump be 3 or 

greater as will about 2% of the background. The efficiency was 

calculated for multiplicity Increase of 4 in the decay region. Every 

charm pair in the sample must have an Increase at least that large. 

d. 	 The probability that both neutral D's get to the decay region is .26 for 

central production. 

5. 	D YIELD: The net Yield of neutral D pairs is 

.0016 x 4/9 x 74 x .2 x5 x .26 = 1.37 x 10-s/interactlon. 

for a total of 61,000. Adding the charged-neutral and charged-charged pairs 

gives a total of 112,000 D pairs on tape. See Table I. 

6. 	 Ac YIELD: The Ac yield is calculated in a similar way. The Input conSists of 

the following: 

a. 	 We use as a benchmark the p K - rr + mode, for which the branching 

ratio was estimated by the Mark II group2B to be 2.2%. (There are 

many other modes which could be detected. albeIt With lower 
efficiency. The p K - 11 + rr 0 and 1:- 11 + 11 + modes, for example. have 

branching ratios estimated theoretically to be 3% and 6%. respectlvely29, 
which are to be compared to the 5% estimate for the p K - 11 + mode. 
Because the estimated cross section depends on the Mark II p K - 11 + 

branching ratio, other modes are ignored in the Yield calculation.) 

b. 	 The '\ is paired twice as frequently with a neutral D as WIth a 

charged, so 2/3's of all Ac's are accompanied by a neutral D. 

c. 	 The mean life of the Ac is .23 ps 1 1. We assume that the Ac IS 

produced with the distribution dN/dxF = (l-x ,n. The probability thatF
the Ac get to the decay region is .40, independent of n for 2 ( n ( 7. 

The probability that a Ac-neutral D pair get to the decay region is .20, , 



TABLE I - CHARM YIELDS 

;\ Do + ;\ 0 - ;. C.c. 
c c 

Produced pairs 

Net branching 
fraction for 
charge increase 
of 4 

Efficiency for 
primary 
multiplicity 
cut of 9 

Probability for 
both to decay 
In decay region 

Trigger 
efficiency 

Charm pairs 
on tape 

3.2 x 106 3.2 x 106 8 x 105 

.74 .39 .21 

.2 .2 .2 

.26 .34 .45 

.5 .5 .5 

61,000 43,000 7,500 

D0, DO 0+, 0

4.8 x 106 

.016 

(A --) p K ,.,)


c 

.2 

.22 

.5 

1,640 

Ac --) p K ,., 

Number 
tape 

on 166,000 58,000 1640 

Acceptance .88 .78 .97 

Reconstruct ion 
efficiency x 
fraction analyzable 

.25 .28 .60 

Number 
reconstructed 

36,000 13,000 950 

Number of interactions 4.48 x 109 

Number of triggers 4.48 x 107 

Trigger rate 28 Hz 
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that a A -charged 0 pair get to the decay region is .27. 
c 

d. A 's are produced about as frequently as charged D's. This result 
c 

(from NA2721) also has large errors, and is based In part on the p K 

11 + branching ratio. About 6/9's of all charm events should contam a A c 

Based on this input we expect about 

4.48 x 109 x .0016 x 2/3 x86 x.2 x.5 x .022 x .20 x 6/9::: 1210 

Ac's paired with neutral D's and another 430 paired with charged D's, all 

decaying to the p K  11 + mode. The final sample IS 1640 A's. c 

7. 	 -c YIELD: The -c has recently been observed In neutron-nucleus 
interactions 19 The decay modes detected were A K 11 11 and -ro K 11 11 and 

the xF dependence reported was (1 - xF)6 Net acceptance for this mode in 

the proposed experiment is .08. Including a factor of .2 7 for the A (see Fig. 

11). If the product of cross section times net branching ratio to these two 

modes is 1 mlcrobarn (which seems to be consistent with the reported result), 

the Yield would be 200 Ec's Yields to other decay modes, such as -r+ K

11 +, may be even larger. 

8. RATES: 	The trigger rate is 28 Hz and 44.8 x 106 events will be recorded on 

4500 magnetic tapes. 

5.2. YIELDS AND RATES FOR DIFFRACTIVE CHARM 

We plan to run the part of the experiment to search for coherent diffractlve 

production of charm for two weeks in a .5 x 106 MHz 850 GeV proton beam. The Yield 

calculation depends on many assumptions, and in particular on the estimate that the proton 

contains 0.3% intrinSIC charm. Details are presented in Appendix II. If the estimates and 

assumptions prove correct, the yield would include about 800 Ac's to the p K - 11 + mode 

alone and 4000 D's. The trigger rate is 25 Hz. 

6. EVENT SELECTION AND RECONSTRUCTION 

Initial event selection is implicit both in the operation of the trigger and in the charm 

sample used to calculate raw yields. Each of the charm particles in the pair must decay at 

least 0.6 mm. downstream of the target in the decay region, and into two or more stable 

charged particles. Offline analysis will be carried out in two passes, the first of which will 

use the Fermilab ACP. First pass cuts select events in which there are two or more tracks 

with impact parameters greater than 3 standard deviations away from the interaction vertex, 

and reject events in which there was a secondary interaction in one of the 'after' 
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multiplicity detectors. Monte Carlo studies show that these cuts retain more than 80% of 

the charm sample used to calculate raw Yields; the cuts are estimated to retain 1% of the 

original sample, or 400,000 events. Second pass cuts will be based on vertex finding and 

fitting, and therefore Include acceptance. We plan to analyze the charm decays which 

Include 0 or 1 " ° in addition to two or more stable charged particles. This selection 

criterion retains 40'1'0 11 of the raw Yield of D's (Decays Involving a A or Ks can also be 

analyzed, but are Ignored in the following. EffiCiency for these events is lower because 

the acceptance for the ''V'' , Fig. 11, is smaller than for other particles, because the "V" 

cannot be unambiguously assigned to a vertex, and because the 2 prong branching ratto IS 

not unity.) Acceptance for the all charged modes varies from 97% for Ac --> P K - "+ 
to 78% for the D+ --> K - "+ "+. The probability that the decay will occur at least 4 

standard deviations downstream from the rear of the target IS used as a tentative cut. and 

it varies from SO% for the Ac decay to 84% for the D decay. Balance of P
T 

must be 

used in decays Involving a "0, and the additional factor required for reconstruction 

effiCiency is estimated to be O.S. Table I gives the estimated Yield of fully reconstructed 

charm particles; entries include weighted averages of the quantities desCribed above. Of 

the fully reconstructed charm 2/3 are to all charged modes and more than 90% of these 

are to a K and one or more". Neutral D's account for 74% of the sample. It IS 

important to emphasize that we plan to select charm events on the basis of topology 

alone; mass resolution and particle Identification play no part in the procedure. If the cuts 

used for the entries in Table I prove Inadequate, other topological handles will be used. A 

powerful cut IS the requirement of another decay vertex; 85% of the charm candidates will 

have a second vertex formed by two or more accepted charged particles, and 75% of 

these vertices will be at least 4 standard deviations downstream of the target. 

Particle identification is important for distinguishing among charm species. 

Unfortunately, the use of Cherenkov detectors would be Impractical In thiS experiment 

because charm decay products generally have high momenta. For example, the average 

momentum of a proton from the accepted decays of A 's produced with a (1-x)2c . F 

distribution IS 110 GeVIc. Similarly, our time-of-flight hodoscope will be useful for only a 

small subset of the data sample. In most cases, however. particle identification can be 

achieved with good efficiency by kinematic constraints alone. If the mass of a daughter 

particle is incorrectly chosen, the parent mass will be wrong. An example should suffice 
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to demonstrate the technique (which we also employ In E653) There eXists a potential 

contamination of the decay i\ - > p K- "+ by the decay 0+ -> K- "+"+ We are 

primarily Interested in the Ac' so If all ambiguous cases are rejected, we lose those I\S 

which are consistent with a 0+ hypothesis when the proton IS called a "+. We have 

studied thiS case with a simple Monte Carlo simulation. Using the average mass resolution 

of 18 MeV for O's produced with a (1-xFI2 distribution, and eliminating 0 - 1\ ambiguities 

between 1830 and 1930 MeV/c2, the loss amounts to 21 % of the Ae's with a 2.6% 

feedthrough of O's, (See Fig. 19) In fact such a simple procedure would not be used. The 

A and 0 samples would be simultaneously fit assigning probablltles and calculating mass e 

resolution on an event-by-event basis, However, the example demonstrates that particle 

Identifiers are not needed In all situations to Identify charm particles, 

Another source of contamination of Ac's IS by O+'s and Fs decaying to 3 charged 

prongs and 1 or more neutrals. The effect of thiS contamination can be reduced by 

requiring that the Pr of the parent equal the sum of the Pr's of the daughters. However, 

background will stili be present and good mass resolution is important for extracting the 

signal. 

It is important to bear In mind that the amount of feedthrough of other charm 

species Into the Ae signal depends on ratio of the Ac inclusive cross section to the total 

Inclusive charm cross section. According to the Lund model the xF distribution for the Ac 

has a flat component which saturates the charm cross section at large xF' where our 

trigger is most efficient See Figs. 1, 2, and 8, 

A final handle available to purify the Ae is the ke --> Ae " cascade decays. As in 

the 0* - - > 0 11 cascade decays, the 11 must be monoenergetic in the rest frame of the 

daughter charm particle. The doubly charged and neutral ke decays have unique signatures 

that cannot be confused with a 0* decay. How useful the handle actually is depends on 

the k/Ae cross section ratio. Summed over all charged states, the ratio for strange 

particles, kiA, IS roughly .5 In 400 GeV/c proton copper Interactlons4, 5 If the ratio IS 

the same for charm baryons, 1/3 of the Ae's originate from Le decays. 
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7. COST ESTIMATES 

7.1. COSTS TO FERMllAB 

1. PREP electronics: $ 150K 

2. Surveying: $ 1OK 

3. AnalysIs time on 100 node ACP system: ~ 1000 hours) 

4. Technician: (6 months) 

5. Liquid argon and nitrogen for calorimeter: S35K 

7.2. COSTS TO EXPERIMENTERS 

1. Multiplicity jump trigger $100K 

2. Drift chamber rate upgrade: $ 1OK 

3. Vertex detector upgrade: $ 120K 

4. Beam detector upgrade: $40K 

5. Detector gasses: $50K 

6. Magnetic tapes: $80K 

7. Computing hardware: S30K 

8. Apparatus repairs: $40K 

9. Operating costs for 6 months: S140K 

10. TOTAL: $610K 
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8. SCHEDULE 

1/1/87--5/10/87 

Purchase detectors and front end electroniCS for trigger. Design of level 2 

electronics for multiplicity jump trigger. Prepare for second emulsion run of E653 

5/11/87- -10111/87 

Second emulsion run of E653. Test parasitically the multiplicity jump triggers. Test 

rate capability of drift chambers. 

10/12187 - -3/31/88 

Complete trigger electronics Upgrade drift chambers for high rate. 

411/88- -7131/88 

Third emulSion run for E653. 

8/1/88- -8131/88 

First run of proposed experiment 

911/88- -1131/88 

Upgrade vertex detector. 

211/89--6/30/89 

Second run of proposed experiment. 



------------------
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9. APPENDIX I. PREDICTED PERFORMANCE OF THE MULTIPLICITY JUMP TRIGGER 

9.1. SILICON WAFER TESTS 

In August, 1985 during the first run of E653 we evaluated a prototype multipliCity 

jump trigger. Beam was obtained parasitically from the experiment (E711) upstream of 

ours by channeling In a bent Silicon crystal. Fig. 20 shows the prototype device. It 

consisted of an upstream Interaction veto detector, a 3/16" long graphite target a pair of 

'before' multipliCity detectors, a 1" decay region, and finally 6 'after' multipliCity detectors. 

All detectors were 300 micron thick silicon wafers with a 14 mm. square active area. 

Data from tests carried out on the prototype can be used to predict the performance of 

the multiplicity jump detector to be used In thiS experiment 

Two remarks should be made about the pulse height distributions obtained In the 

silicon detectors. The first IS that the most probable energy loss per minimum IOnizing 

particle rises logarithmically as the number of particles Simultaneously passing through the 

detectors increases30 For a Single particle it is 86 KeV; for 10 particles It IS 100 KeV. 

The energy loss spectrum for a single particle is accurately described by an empirical 

model3Q, 31 which takes into account atomic effects by convoluting a Gaussian with the 

Landau distribution. All pulse height distributions discussed In the following are normalized 

to the most probable pulse height (not the average) for a Single minimum ionizing particle; 

the resulting normalized Unit pulse height IS called a 'mip'. 

The second remark is that predicted energy loss is not the same thing as energy 

deposition. This fact gives rise two experimentally significant effects. One is that the 

Landau 'tail', for which single delta ray production is the main contribution, disappears when 

the number of particles passing through a detector IS large. The delta rays are sufficiently 

energetic to escape from the detector. The other IS that In a stack of dectectors the 

width of the pulse height distribution is larger than predicted by the model. Delta rays 

produced by one detector can enter another, so that the stack is In a sea of delta rays. 

We' observed both effects In our tests. 

The tests of the prototype showed that use of wafers rather than SSD's in a 

multiplicity jump trigger would be feasible. (However, it is less efficient because of the 

larger effects due to spallation protons, and provides a poorer handle for background 

--~... 
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suppression,) To minimize fluctuations we used as the estimators of multiplicity the wafer 

with the minimum pulse height in the 'before' group (wafers 2 and 3) and that with the 

minimum pulse height of the first 4 In the 'after' group (wafers 4, 5, 6, and 7). Fig. 21 IS 

a plot of 'after' - 'before' obtained In this way, The long tall on the left of the dlstnbutlon 

IS due to spallation protons entering the 'before' wafers. If a cut is placed at 3, the 

efficiency for charm would be 22% and the background trigger rate would be 1,2%, 

9.2. ESTIMATES FOR MUL TtPLICITY JUMP TRIGGER PERFORMANCE 

To estimate how well the multipliCity jump trigger descnbed In the proposal would 

work for charm only the wafers at the downstream end of the decay region were used 

(see Fig. 20). In these wafers the effects of spallation protons can be ignored. Cuts on 

pulse heights in wafer 1 « 1.4) and 2 and 3 (both > 2.5) assured no interaction upstream 

of the target and an Interaction In the target 

The operation of the proposed multipliCity jump trigger was 'Simulated' by calling 

wafer 7 the detector upstream of the decay region and wafers 8 and 9 the detectors 

downstream of the decay region. Fig. 22 Shows the pulse height in wafer 7 (it looks 

peculiar at the low end because of the interaction requirement and some non-Interacting 

beam) The pulse height in wafer 7 was required to be greater than 2.5 to further 

suppress non-interacting beam. The pulse height was also required to be less than 13, 

approximately the median of the distribution. The proposal discusses.a cut of 9 particles 

entering the decay region, where 9 is about the median of the multiplicity distribution. Due 

to Landau fluctuations and the logarithmic rise mentioned above. the normalized pulse height 

cut in wafer 7 must be greater than 9 mips to have efficiency for 9 particles. In order to 

understand in more detail what this cut does, it is necessary to look at wafers 8 and 9. 

To get the best estimator of the most probable pulse height (i.e., suppress Landau 

fluctuations) the wafer with the minimum pulse height (minIS,9)) IS used. Fig. 23 is the ratio 

of the pulse height distribution of min(S,9) after the cut on wafer 7 to that before; it 

shows the probability that an event survive the upper limit cut as a function of the number 

of particles entering the decay region. Here. the logarithmic rise is again important; the 

most probable pulse height for 9 particles is 10.5, where the efficiency is 72%. Since 

there IS some efficiency above 9 particles, the approximation that the upper level cut is 

100% efficient for 9 or fewer particles and 0% above is used in the proposal. 
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FIg. 24 is a histogram of min(8,S) - wafer 7 pulse heights In thIs case the 

logarithmic rise is not particularly Important. If a cut is put at 3 partIcles, about 2% of the 

events In the hIstogram would pass the cut. A multIplicIty jump of 4 In the decay region 

(between wafers 7 and 8) would be equIvalent to shIfting the whole dlstnbution to the nght 

by 4 untts and 6 1% would pass the cut. 

The proposed multIplicity jump trigger will use an SSD In place of wafer 7 

Although in one dimenSion the trigger will select strips to subtend the same angle at the 

target as the wafers (+/- 300 mr), in the other dimension the angle will be pI radians. In 

about 20% of the events a spallation proton will still enter the devlce23. It is assumed that 

these events will be lost. Thus the estimate of 50% effICIency for a multiplicity jump of 4. 

Note also that In the proposed deVIce the Initial and fInal multiplicity detectors will not 

subtend the same angle parallel to the strips. This IS not particularly important in so far as 

both have suffiCient acceptance to detect essentIally all high energy particles. 
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10. APPENDIX II. ESTIMATES FOR COHERENT DIFFRACTJVE PRODUCTION OF CHARM 

1. 	 BEAM: We plan to use a 500 kHz 850 GeV proton beam and run for two 

weeks, or 2 x 105 seconds of beam, 

2. 	 TARGET: The target will be a 1% absorption length stack of Silicon wafers, 

The Interaction rate IS 5 kHz, and the total number of Interactions IS 109 

3, 	 CROSS SECTION: In order to estimate the cross section, we need to know 

the total coherent diffraction dissociation cross section for protons off 

silicon, This can be obtained from proton-proton data uSing factOrization 16 

Final state Interactions and energy dependence of the diffractlve cross section 

are Ignored, With these Simplifications, the fraction of the total cross sectIon 

which is dlffractlve diSSOCiation equals that in proton-proton colliSions (In 

which only the beam proton is dissociated) times the follOWing cross section 

ratio: 

(total elasticltotal for silicon)/(total elastic/total for protons), 

The result IS that the total coherent diffractlve diSSOCiation cross section IS 

15% of' the total cross section for Silicon, Next, the cross section must be 

integrated over the mass of the dlffractlve state from charm threshold to the 

coherence limit for silicon, The upper limit, 13 GeV, corresponds to a tmll1 

which equals the slope parameter, 0012, for coherent Single scattering, 

dO'/dlVl2 = const/M2, 

for diffraction between M2 of 1,5 and the coherence limit 16, Integration 

between these limits gives the total diffractive cross section, The Integrated 

cross section for which charm pairs can be produced IS about half of the 

total diffractlve dissociation cross section, We assume that in this mass 

region charm will be produced 0,1% of the time. Brodsky et al.9 estimate that 

the proton contains 0,3% charm. Our assumption is more conservative to take 

into account threshold and end effects. Thus. the probability of producing 

coherent diffractive charm is estimated to be 7.5 x 10- 5 /interaction (about 5% 

of the total charm production cross section)' and we would produce 75000 

pairs of charmed particles. 

4. 	 TRIGGER ACCEPTANCE: We choose a benchmark pair consisting of a 1\ and a 

neutral D. and assume that all charm produced consists of thiS pair, Only the 
p K 1T mode (branching ratio 2.2%) of the Ac is used in the estimates. The 0 

IS required to decay to two or more charged prongs. which occurs 86% of 

the tlme27 If. on the average. each charm particle' carries half the beam 

momentum. the probability that the pair reach the decay region IS 69%, The 

average number of charged particles accompanying the charm pair IS 2.5 16 

Of the charm pairs that enter the decay region 80"0 survive the cuts that the 
multiplicity jump be 3 or greater and that the number of charged particles 

entering the decay regIon be less than 6. 
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5, 	 NET YIELD: The net Yield of I\'S to the p K " mode alone IS estimated to be: 

75,000 x .022 x .86 x69 x .8 = 783 

If the branching ratio of the i\ Into three prongs IS 25%, the charm Yield 

would also Include 4000 D's to modes consisting of two or more stable 

charged particles and not more than one "0 The trigger rate is 25 Hz. 
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Measured pulse heights for the x and y views are displayed on tne Inside edges of the 

large box. Pulse heights of the pads are represented as CirCles centered on tne pads. 

Tne c:Uameter of a Circle I.S proportional to tne pUlse height Tne central small OOX IS tne 
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and predicted shower Shapes outside the box. The display shows that showers overlapping 

in one view can be resolved in software by uSing pulse height information in the pads. 



W 
..oJ 
4: 
u 
CI) 

>
IX: 
4: 
IX: 
I
a:I 
IX: 
4: 

I 
, I 

e 
1.2 ,.~ 1.6 1.S 2 

GeV/c 2 

FIGURE 19. Mass distribution for the '\ --> p K - r. + decay when the proton IS 

misidentified as a pion. The region wnere tne decay can be ambiguous with a 0 --> K

'Ir ". decay IS cross hatched. The curve is from a Monte Carlo Simulation. 



3/16" THICK GRAPHITE TARGET 
\!// 

~/'LiCON WAFERS 

1" LONG EVACUATED 
BEAM -----~)~ DECAY REGION 

23 456789 WAFER# 

1116" 

-~ ~ 

flGUnE 20. The prototype multiplicIty jump trigger evaluated parasitlcallv durmg the 1985 

lun o( E653. 



.... 
I 

I 


45 

.... 
413 ! 

35 

W 
...J 
..:( 
U 
V) 

>a:: 
..:(
a:: 
t-
ala:: 15..:( 

113 

5 

,r 
o 

-20 -10 e 10 20 

MIPS 

-
FIGURE 21. Performance of the prototype multlpiiclty Jump trigger. Tne nlstogram shows 

the 'after' - 'before' pulse helgnt difference distribution In tne two groups of silicon 

oetectors bracketing the decay region. See text for details. Data were obtained dUring tne 



55 r 
50 


45 
 I 

40 
 !W 

..J 
< 35 tU 
CI) 

> 30a:: 
<a:: 
I- 25 

/XI
a:: 
< 20 


15 I ~I

W, 

10 


5 
 ~ 

o o 5 


LEVEL 

I
I 00 
10 15 20 25 30 35 40 45 5e 


MIPS 

FIGURE 22. The pulse height spectrum of wafer 7 of the prototype for Interactions In the 
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of wafer 8 or wafer 9. vvnlchever IS smaller. The orobability distribution is the ratio of 
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FIGURE 24. The minIS.9) - wafer 7 pulse helgnt difference dIstribution for a pulse height 

cut of 13 on wafer 7. Mln(S.9) is the pulse height of wafer 8 or wafer 9. wnlChever IS 

smaller. ThiS distribution IS used to predict the prooablhty that a pair of charm particles 

which decay In the decay region will trigger the apparatus. Background events to the right 

of the cut at 3 mlps Will cause a trigger. For a Charm event In which each charm particle 

decays In the decay region to two or more prongs. the distribution would shift to the right 

by four mlps. Thus. In such an event the cut IS effectively at - 1 mlp Ih the plot above. 

Data were obtained dUring the 1985 run of E653 


