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Absbact 

The spectrometer uaed in Fermilab Experiment 687 to study the pho
toproduction and decay of charmed particles will be upgraded to enable 
it to accumulate 10' fully reconstructed charm particles. Capability for 
detection of B-mesons is also d.iscuued. 
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The purpose of Fermilab Experiment 687 is to study the production and 
decay of charm and beauty particles using a high intensity, high energy photon 
beam, the Fermilab Wideband Photon Beam. The E687 spectrometer is shown 
in Figure 1. E687 is presently half-way through its second run. In the first 
running period, from June 1987 to February 1988, a sample of about 10,000 
fully reconstructed charm particles was obtained. This sample is now being 
studied, lOme examples of the charm signals observed are given in Figure 2. 
In the first part of the second running period, from February to August 1990, 
about 5 times more data was collected. It is expected that a similar sample 
will be collected in the second part of the running period, from December 1990 
to the spring of 1991. When the 1991 run is complete, we expect to have a 
dataset containing 100,000 fully reconstructed charm particles decaying into all 
charged final states (including those with neutral vees) and a very large sample 
ofstates with ,.,G'., single photons, and ,,'s. These will allow us to explore charm 
spectroscopy at a level never before achieved and to begin a serious search for 
bottom photoproduction. 

As we look towards the future, there are two natural extensions of the work 
we have been doing. The first is to continue our studies ofcharm, which remains 
a rich subject with many unresolved issues. The second is to try to study 
bottom photoproduction and decay. In the case of charm, the dynamics of 
photoproduction i. by now well-established and the large samples already in 
hand allow us to predict with confidence what we can achieve. To address the 
mteresting questions, we will need to obtain a sample of about one million fully 
reconstructed charm particles, which is one order of magnitude hlgher than 
that anticipated in the current run of E687. In the case of bottom, we will 
not really know whether we have a signal for another year. For the p~rpose 
of this expression of interest, we will take as our primary goal the acquisition 
of a sample of order one million fully reconstructed charm particles. We will, 
however, note as we go along where the goals of the charm experiment and one 
more oriented to bottom coincide and where they are in conftict. H it turns 
out that the full E687 dataset demonstrates an ability to make an important 
·contribution to bottom physics, then we might want to alter the emphasis of 
the experiment. Fortunately, many of the modifications and upgrades described 
below for the charm experiment are identical to those required for a bottom
oriented experiment. 

This document is organiled as follows: Section 1 presents the physics moti
vation for obtaining a very large sample of charm particles; Section 2 presents 
one approach to the problem of obtaining the higher photon fluxes required 
to achieve this goal; Section 3 describes the modifications and upgrades to the 
spectrometer that are needed to handle the higher intensity (this includes .. dis
cussion ofchanges to the detector, data-aequistion system, and trigger); Section 
4 describes additional possible upgrades that will improve the overallefRciency 
for reconstructing charm and bottom decays and presents a method of achieving 
even higher beam flux that involves fundamental modifications to the beanilinej 
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Section 5 presents estimates of the computer resources required for offline anal
ysis of this large dataset. 
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Figure 2: Examples of Charm signals observed in E687 
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1 	 Motivation for a High Luminosity Investiga
tion of Heavy Flavors 

The subject of charm spectroscopy is now almost 15 years old. However, there 
are .till many areas in which our knowledge is rather limited. Information has 
been accumulated slowly because of the complexity of the final states, the small
ness of the cross sections, the small si.e of the branching fractions, and the large 
backgrounds. A major goal of the experiment proposed here is to investigate 
the open issues in the standard model of charm spectroscopy. For example, 
this experiment is unique in its ability to study charmed baryons, and should 
be a major contributor to the study of DO_DO mixing and semileptonic decays. 
These and other "programmatic" studies are discussed below. We also list areas 
where it is possible to search for new physics, beyond the standard model. These 
searches will emerge as a by-product of the programmatic investigations and will 
be referred to, following I. Bigi[I], as High Impact Physics studies. Finally, we 
discuss possible investigations of beauty photoproduction and decay. 

1.1 Programmatic Investigations of Charm 

1.1.1 IJO-Do Mixing aud Doubly-Suppressed Cabibbo Decays 

In the Standard Model, the classic mechanism for mixing is the box-diagram. 
Predictions for IJO-Do mixing are tiny[2], oforder 10-8 and would be unobservI 

able by any existing or projeeied experiment. However, it has been observed 
that, for the charm quark, the box-diagram that contributes most involves light 
quarks - s and d. As a result, long distance efFects could.be imp9rtant, and 
final state interactions may have to be taken into account[3]. A recent calcu
lation, which maintains a relatively close contact with existing measurements, 
predicts a mixing parameter r of 5 x 10-1 [4]. Mixing at this level will be mea
sureable in the proposed experiment. The associated topic ofdOUbly-suppressed 
Cabibbo decays will also be addressed. These decays should occur at roughly 
the 0.25 x 10-2 level. 

1.1.2 Se:m.ileptonic Decays 

Semileptoruc decays are interesting because they are easier to interpret theo
retically than hadronic decays. There are several important measurements to 
be made. From measurements of semileptoruc branching ratios, the proposed 
experiment could determine the ratio of CKM matrix elements Ve./Vea to 1%. 
In fact, the measurement of this experiment will be limited by theoretical and 
systematic errors. The form factors for the DO I D+ , and the D; mesons will be 
determined. An interesting theoretical advance by Isgur and Wise[5] shows that 
measurements ofcharm form factors can be used to predict beauty form factors. 
The polarization of the W in DO , D+ , and D; decays will be measured, and 
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inter£erence effects, such as those between the KO(890) and KO(1440), will be 
investigated. Finally, it will be possible to study the semileptonic decays o£ 
charm baryons. 

1.1.3 ID - the Pseudoscalar Decay Constant 

This parameter is determined by measuring the branching fraction o£ the decay 
D+ -+ I' - v. The branching fraction is estimated to be 10-4, hence with 100 
million D-decays produced in the experiment, about 10· such decays would be 
on tape. Two methods have been suggested to identity these decays. The first 
involves using DO+ -+ D+1I'°. The second requires determining the direction o£ 
the D+ by seeing the parent D+ in the microstrips. Another important Cully 
leptonic decay is D. -+ TV. This decay can only be reconstructed by observing 
the parent Dt direction. 

1.1.4 Dt and At Decays 

There are many topics to be investigated in the decays o£ the Dt and the At. 
This experiment should be able to isolate D. decays to channels with 1I'°'S and 
'I]'s and those without a bon signature. At one time it appeared that there were 
several missing D. decay channels. It now appears from work by CLEO and 
E691 that this is not the case, but several channels need to be measured as this 
con elusion is based on many assumptions. In addition, it would be extremely 
valuable to identity decays which proceed only through annihilation diagrams 
and to examine Cabibbo suppressed D. decays. 

Very little is known about the At. Our group has worked to improve the 
spectrometer reconstruction capability o£ A's, E's and E's. We are planning 
to add 1I'°'S to some o£ the channels we presently are investigating. Improved 
measurements ot the relative branching fractions ot the At would aid theorists 
in providing models ot charmed baryon decays. 

1.1.5 Meson Spectroscopy 

Here the effort would be to study and identity all the D** states and to categorize 
the states. The D:· states will also be interesting and will be investigated. 

1.1.8 Baryon Spectroscopy and Lifetimes 

The observation of charmed baryons requires large statistics and good particle 
identification. The proposed experiment will be unique in its abilites to study 
charmed baryon spectroscopy and decay. 

At present, very few of the decays o£ the charm baryon have been measured. 
Charmed meson decays appear to proceed mostly via two-body decays. From 
the limited information on charm baryon decays this does not appear to be 
the case. Scaling from last run where we reconstructed 90 pK1I' At decays, it 
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soc armedbaryonsTable 1: Predicted Yle. ld f h 
State Decay Estimated Events 

Ae(cud) p-k-1I" 9000 
Ee(cuu) add 11"+ 300 
E..,(cdd) add 11" 300 
E..,(cuu) add 11"0 50 
E..,(csu) :3- ...  ... 150 
Ec(csd) s:  1r+ 150 
Oe(css) 0-'11" 15 

is expected that 9000 At decays can be obtained from this proposed run and 
maybe a few hundred p-'II" - 11" and p-K-K events. In the At to p-K-1I" decay 
channel it will be possible to perform a Dalib plot analysis to investigate two
body versus nonresonant decay mechanisms, to cleanly separate the pK* and 
A ++ K- channels, and to search for possible (and expected) excited p-K Baryon 
resonances. 

Another issue is the relative lifetimes ofcharmed baryons. The lifetime of the 
At is much shoder than the lifetime ofcharmed mesons. This is presumably due 
to the £act that the decays proceed principally via the W+ exchange diagram, 
since for baryons this diagram is neither helicity nor color suppressed. There 
are two lifetime predictions[6] that diff'er on whether the At lifetime is less than 
or greater than the S.., and the 0..,. Estimates for the number of reconstructed 
events we would obtain for these states are hard to make since our experiment 
does not yet have clear signals for them. Assuming that the production rate for 
the Se (csu and csd) is below the A.., by a factor of 10 and down a £actor of 100 
for 0.., (css state), our predictions for reconstructed baryon decays are shown 
in the table 1. The estimate has further aasumed that the branching fractions 
oUhe Se to S-1I"+ and 8-11"+11"+ and oUhe O~ to 0-11"+ are the same sa for the 
At to pK11"+. From the table it seems that the experiment will make a major 
contribution in addressing baryon lifetime questions. 

1.1.T Charm PhotoproductioD Dynamics 

There are several open issues in charm photoproduction physics. The emphasis 
of this experiment is to study decay processes and not necessarily production 
dynamics. It would, however, be very useful to see how pairs of charm particles 
are produced. For example, how often are baryon-anti baryon pairs produced? 
Are D't mesons made with aasociated no mesons and bons or are they usually 
made sa D. - D. pairs? With 1 million reconstructed Charm events, these 
production dynamics questions will be addressed. 
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1.2 High Impact Physics 

1.2.1 CP Violatiou 

The Standard Model predicts very small levels of CP violation in charm decays. 
The predicted levels are out oC the reach of this experiment or any ~xperiment 
currently imagined. 

Ii has been pointed out, however, that charm particle decays may be a 
good place to look for CP violation which is caused by phenomena outside the 
Standard Model[7]. There are many models which predict levels ofCP violation 
that Car exceed the Standard Model predictions. Moreover, there are several 
characteristics of the charm mesons that make them especially suitable for this 
kind of search: 

• 	Standard Model CP violation is negligible, so that if CP violation is ob
served it will be a signal for new physics. In decays of B-mesons, it may 
turn out that the Standard Model contribution masks any contributions 
uom new physics. 

• 	The charm cross section is large and there are many relatively simple states 
with high branching uactions that can be used in this kind of exploration. 

• 	The D-decays are self-tagging through the D· . 

CP violation could be observed by looking for a dUference between DO -+ 

r+r- and Do -+ r+r- decays. Similarly, decays to a K+K- final state can be 
used. The parent is found by using D·+ -+ r+no. E687 presently has about 40 
no -+ K+K- decays uom our 87-88 run. Scaling to this proposed ~xperiment 
would yield 4000 events. Combined with the decay mode DO -+ r+r- the 
experiment could have more than 5,000 such decays, and would be senSitive to 
a 2% CP violating asymmetry. . . 

CP violation can also be detected in other ways - for example, by asymme
tries of the Vector-Vector decay modes in various angular distributions in D+ 
vs D- decays. 

1.2.2 Rare and Forbiddeu Leptomc Decays 

These decays have sensitivity to new kinds oC physics. The proposed experiment 
expects to lower the existing limits by 1 order oC magnitude. The decays that 
would investigated are no -+ ,.,.+,.,.-. e+e-, ,.,.+e- and Ire+. 

1.3 Possible Investigations of Beauty 

The study of beauty physics has been accomplished almost entirely in collid
ing beam experiments. Argus, CLEO, and now CDF have all contributed to 
our knowledge of absolute and relative branching uactions of the B mesons. 
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Presently there is a world-wide quest to observe CP violation in the beauty 
sector, yet the lifetimes of these particles are still poorly determined. The 
lifetime measuremenil are extracted principally through inclusive samples com
bined with Monte Carlo simulations, which suKer from many assumptions. Only 
recenily has one experiment (Mark II) succeeded in obiaining separate results 
for charged and neutral Bfs and the results have large error bars (20%). 

In E687 there is the opportunity to contribute to beauty physics using the 
data set collected in the 1990 run, which is expected to produce 105 fully re
constructed charm particles. Certainly the data from the 1990 run shpuld allow 
us to determine the beauty cross section and enable us to make more accurate 
calculations for the run proposed here. 

With a further factor of ten in statistics, the proposed experiment should 
fully reconstruct beauty decays and obtain lifetimes for the B- and the BO. 
One of the most important features of the E687 detector is its ability to obtain 
a direct and clean measurement of beauty lifetimes using the microstrip vertex 
detector. In the proposed experiment, the observation of beauty should be 
accomplished through the complete reconstruction of two secondary vertices 
in eucade. The use of only those tracks associated with the B-decay vertex 
eliminates the combinatorial background. A precise and separate measurement 
of the charged and neutral B lifetimes would provide a check of the role of 
diagr&m.l other than the spectator diagram. 
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2 Options for Obtaining Higher Flux 

We can increaae the number of reconstruct.ed charm events by improving the 
efficiency and acceptance of the spectrometer and by speeding up the data 
acquisition system (to decrease deadtime). However, the spectrometer already 
haa a rather large acceptance and good efficiency. One can imagine upgrades 
that will yield a factor of two gain. At least a factor of 5 gain must, therefore, 
come from increased luminosity. There are several approaches to achieving 
higher photon intensity. ACier a brief summary of the beam performance to 
date, we discuSll some of the options. 

2.1 Performance of the Wideband Beam 

The Wideband beam underwent two upgrades for the 1990-1991 run. The first, 
,the replacement of the beryllium production target by a liquid deuterium target, 
resulted in an increase in flux by a factor of 1.5, close to the 1.65 that was 
expected; the second, the use of the positron flux to create photons, resulted in 
an increase in lux of about 1.45. However, the positron beam had much more 
"hadronic background" than we expected and was never fully uti1i.lled. We 
investigated this hadronic background from two directions. One eft'ort involved 
developing a trigger that rejected the hadronic background on the positive side. 
By the end of the run, the eft'ort had almost produced a successful trigger and 
offline work has now produced a trigger strategy that will work. The second 
efFod tried to identify and eliminate the hadronic background. It is now rather 
convincingly established that the background is from A. decays between the 
downstream end of the target box sweeping magnets and the first bend, in the 
beam. A large fraction (still being evaluated) can be eliminated by adding 
a dipole magnet between the downstream end of the target box and the first 
quadrupole. We believe that with our present understanding we can use the 
positron beam for real dat.....taking in the future. The yield in the electron 
beam at 350 GeV/c is 4.S X 10-1 electrons per incident SOOGev/c proton. II 
the positron beam is used this becomes 7.0 x 10-1 electrons per incident SOO 
GeV/c proton. 

2.2 Options for Increasing the Flux 

2.2.1 Change in Incident Beam Energy 

II Fermilab is able to upgrade the proton beam energy, the beam lux will 
increase accordingly. An increase from SOO to 900 GeV /c will result in an 
improvement of about 1.6. 
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2.2.2 Change in Secondary Beam Energy 

If the primary emphasis of the experiment is charm, then lowering the energy 
will actually improve the total charm yield. If the energy is lowered to 250 
GeVIc the flux increases by a factor of three (and the relative background in 
the positron beam will drop quite a bit). The overall gain will be about a factor 
of two due to changes in cross section and acceptance. This option may be 
exercised if the primary proton energy can not be raised. 

2.2.3 Change in Choice of Experiment Parameters 

The experimental target can be increased to 15% (from our existing 10%) of 
an interaction length. In doing this, we lose resolution and acceptance for the 
interactiolUl in the upstream segments of the targei, as the interactions occur 
further from the microstrip, but do gain in events. We may not gain the entire 
50%, but we expect an increase of at least 30%. 

It is &lao possible to increase the radiator. This will increase the number 
of high energy photolUl but will also produce dramatically more low energy 
photolUl. The ability to do this will depend on how successfully we upgrade the 
rate capability of the detectors and improve the trigger. It is hard to imagine 
gaining more than 2()"30% by doing this. 

2.2.4 Increase in the NUlBber of Incident ProtolLl 

We could go from 4 x 1012 to 6 X 1012 protolUl on target per pulse. This gives us 
another factor of 1.5. The places where we could have trouble transporting this 
much beam are in the cryogenic bends and in the LD2 target. The LD2 targe~ 
is rated at lOla and should be ok. The principal problem is the cryo bends. The 
bends are supposed to be able to take this rate and we should try a test this 
year. The bends have taken rates of over 5 x 1012 for short periods of tim~ 10 

there is no reason to believe that this will be a problem. A major question is 
whether the laboratory would be able to deliver this many protons to us for the 
duration of the experiment. 

2.2.5 Changes in the Production Target 

We can increase our acceptance for photons getting thru the 0 degree dump 
channel to the converter by about 20% by pushing up the deuterium filter 80 

that it is centered where the old beryllium target used to be. This is not easy, 
as the existing cryostat would have to be modified to fit into the target channel. 
Another minor improvement would be to put helium into the target box and 
extend it up to the quadrupoles. Adding helium would decrease the probability 
for photolUl to convert to pairs in the target box and after the converter reduce 
the bremlltrahlung of electrolUl and positrons. Thus increases the flux by 10%. 
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Table 2: Summary of luminosity improvements for a charm experiment 
350 GeV 250 GeV 400 GeV 


Positrons 1.45 1.45 1.45 

LD2 Acceptance 1.2 1.2 1.2 

Accelerator Upgrade to 900 1.6 1.3 2.0 

Change Energy from 350 1.0 2.0 0.7 

More Intensity 1.5 1.5 1.5 


Total Gains 4.2 6.8 3.7 

2.2.6 SUDlIIlaI'y of "Conservative" BeaDl Options 

Table 2 gives a summary of what should be viewed as "conservative" approaches 
to increasing the luminosity. Strategies which require more fundamental changes 
are described in Section 4. Note that in this table we have not included changes 
to the experiment's operating conditions, such as more target or more radiator, 
which were also discussed above and can result in additional increases in the 
luminosity. 
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3 	 Modifications to the apparatus to handle high 
rates 

The main challenge Cor the apparatus is to be able to handle the increased 
rate at all levels. Each element will have to operate at at least five times the 
instantaneous and average rate which it now sees. Because the intensity in the 
e+e- pair region is 500 times that in the rest oC the detector, almost all ofthe 
difficulties are in the center oC the spectrometer. In this section, we dis,:uss 
how each detector and its associated front-end electronics needs to be modified 
to handle the increased rates. The required upgrade oC the trigger and data 
acquisition system is also discussed in this section. 

3.1 Trigger Counters 

To handle an instantaneous rate increase oC a Cactor oC 5, our trigger coun
ters will need to be changed. We presently trigger on TR1.TR2.(HxV)2 ."",' 
where TRI is a single scintilla.tion counter situated between the target and the 
silicon microstrip, TR2 is a single scintillation counter located immmediately 
downstream oC the microstrip, and HxV is an array oC vertical and horisontal 
counters placed downstream oC the last proportional wire chamber, P4. The 
symbol 2 6od1l reCers to the fact that we typically require 2 hits in the H)<V 
array. Counters TRI and TR2 presently operate at 1MBz. At a rate 5 times 
higher they would barely work. 

We have considered two options Cor replacements oCTRl and TR2. The first 
option involves replacing these counters with several smaller count~r. thereby 
distributing the rate over several phototubes. This choice would obviowywork, 
but since TRI sets the timing Cor the entire experiment, then special care would 
have to be taken when setting up these counters. : . 

The second option would be to replace the scintillators with Cerenkov detec
tors which are not sensitive to 0 degree pairs. This could, in principle,redU:ce 
the trigger rate by a factor oC over 100. 

The H x V counters would be replaced by triggers from the Hadron Calorime
try. By changing the Hadron Calorimeter from a gas detector to a scintillator 
readout (see hadron calorimeter section) it will become easy to generate a Cast 
energy sum. Again this would drastically reduce the Master Gate rate. We 
intend to partially test this idea in the 1991 run by moving part oC the HxV 
array behind the Inner Electromagnetic Calorimeter. 

3.2 Microstrip Detector 

The microstrip vertex detector is the the E687 spectrometer's most important 
device Cor disentangling charm and beauty events from the very large back
grounds. It is installed in the region between the target and the first analysis 
magnet (Ml) and consists oC twelve microstrip planes, grouped in Cour stations 
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of three detectors each, measuring three coordinates at 135, 45 and 90 degrees 
with respect to the horilontal axis of the spectrometer. 

The innermost central region of the system, covering the very forward pro
duction cone, has a resolution two times better than the outer region. The first 
station,which is the most crucial in determining the extrapolated enor to the 
production point in the target, has twice the position accuracy of the other 
stations. 

Each strip is read out by means of a bont-end preamplifier, a remote-end 
amplifier and a charge integrating FLASH ADC. The analog signal at the am
plifier output has a semigauAian shape with a base width of 100-120 nB. In the 
1990 run the integration time in the ADC was fixed at 130 ns, giving a signal 
to noise ratio of about 11 for a single minimum ionising particle. With a ilux of 
about 107 electrons/sec on a 20% Pb radiator and a 10% Be target, about 8% of 
the events had embedded e+e- tracks. These embedded pairs were due either 
to more than one particle in the same RF bucket or particles bom adjacent 
buckets. The vedex detector sees a pair mainly as a single track at 0 degrees 
not associated with the production vertex and having a pulse height consistent 
with 2 minimum ionising particles. ' 

The overall detection efficiency of every plane is > 99%. The extrapolated 
transverse enor to the mean interaction point in the target (placed 1em up
stream of the first microstrip plane) is about 9 microns. . 

The efficiency of the reconstruction code is 96%, on the average, for the 
tracks 'of Db events, including multiple scattering effects; contamination of 
spurious tracks is about 2.1%. 

In order to face the increased photon ilux we plan to replace the bont-end 
preamplifiers of the microstrips with a new design, similar to that used' for the 
beam momentum tagging microstrips, which is being operated at 10 MHI in 
the preSent run. The goal is to shorten the gate to 50-60 nsee, thus keeping 
oui-of-time tracks at a reasonable level (pile-up in a single microstrip signal is 
negligible). Possible further improvements (rotation of the microstrip detectors 
in the space to have a 0 degrees view in the non bending axis,change of the 
distance between the target and the microvertex, etc) are under study. We 
are also considering the possibility of developing a high level trigger for charm 
events, based on impact parameter. 

3.3 Proportional Wire System 

The proportional wire system has three planes in each station that are perpen
dicular (Y) or nearly perpendicular (U, V) to the bend plane. The ilux, is spread 
out across many wires. In the non-bend view (X), the entire pair region ilux 
falls on about 10 wires in the center of the chamber. The average rate in the 
pair region will be about 5 megahl. . 

There are three different approaches to upgrading the proportional wire sys
tem: 

15 



• 	 Reduce the need for gas gain by adding preamplifiers to the existing 
PWC's. This would allow one to lower the voltage by an estimated 300 
volts. The mechanical forces would be vastly reduced and the total current 
pulled Crom the chambers would be lell than they are now. 

• 	 Reduce the need for gas gain by reducing the threshold at which the 
amplifier-discriminators operate. This can be done by separating the 
chambers, which are packaged 4 per station in a single box, into 4 (or 
3 ) separate boxes. This would decouple the grounds and allow us to 
run the chambers at about 150-200 volis lower. This has been tested by 
running with only a single plane instrumented within the existing box. 

• Deadening the central region. If this is done, then it is probably desirable 
to cover this region with some other more robust tracking system. 

The plan might vary for the dift"erent chamber stations. For the most down
stream chamber, P4, the pairs which make it through both magnets are refo
culled. This chamber sees the lowest rate from pairs. The pairs would all be 
concentrated in a 2.5i", X 2.5i", region except for the eft"ects of bremlltrahlung, 
which spreads them out vertically. Still, most of the flux is concentrated in a 
region which is 2.5i", x 10.0i",. The plan would be to deaden this region and 
to cover it with a small plane with many fewer wires and preamps just down
stream oC the present plane. P3 has the next lowest rate and we believe that 
it will be adequate simply to split it into three boxes (X, UV;Y) to redu~e the 
operating voltage. PO, P1, and P2 would probably need at least to be separated 
into three or four boxes and to have preamps. The hope is to avoid deadening 
or at worst to just deaden the x-wires. This region would be recovered with 
some other detector such as very thin wall proportional tubes. Many ot these 
proposed upgrades can be tested with beam in the present configuration and 
some, such as the threshold reduction, don't need the beam but just require the 
local electrical environment, mainly the spectometer and beam magnets, to be 
operating. 

3.4 Cerenkov Counters 

The Cerenkov system has adequate but not optimal momentum coverage for 
the future run. The high degree of segmentation in the beam region, coupled 
with the fact that the beam is reasonably spread out vertically at C1 and C2 
allow the counters to survive the high rate environment. If there are problems, 
they will aft"ect only a few cells in the very center of the counter. The Cerenkov 
counters are discussed in section 4 in the context of upgrades to improve the 
efficiency of the detector. 
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3.5 Electromagnetic calorimeters 

3.5.1 Inner electromagnetic calorimeter 

The detector is read out in strips. Presently the pairs "paint" a stripe down 
the middle o( the IE. This rate is acceptable at the moment, but as the rate 
goes up photon reconstruction will be impouible. We will need to block off 
this region, probably with a vertical stack o( lead strips that range out all the 
electron-positron energy. Presumably this would be a 15 cm thick piece oClead. 

3.5.2 Outer electromagnetic calorimeter 

Thi, detector is at wide-angle to the beam and should be able to sustain the 
rate that it will see. 

3.6 Muon detectors 

The muon proptubes would be replaced with scintillators. The proptubes have 
a very long gate and would be subject to significant pileup. 

3.'( Hadron Calorimeter 

The main (unction oCthe hadron calorimeter (or E687 is to supply a trigger which 
rejects purely electromagnetic events, mainly e+e- pairs, and which enhances 
the selection o( events with charm or beauty quarks. The hadron calorimeter 
covers only the "inner" detector. In E687 this region is covered by two separate 
devices:. the main hadron calorimeter, which covers the region from 6 millira
dians to appro:rlmately 30 milliradiana, and the "Central Hadron Calorimeter", 
which covers the central 6 milliradiana. 

The main hadron calorimeter is an iron-gas sampling calorimeter with tower 
readout geometry. The absorber consists o( 28 iron planes each with dimensions 
304emx 203cmx4.46cm Each plate has a 30cm diameter hole for the beam to 
paaa through. The sum of the plates total 8 proton interaction lengths. The 
tower geometry allows the formation ofa trigger for the transverse energy E., •• ., 
in addition to a trigger for the total energy Eeflt • The calorimeter was built to be 
aenaitin to minimum ionUing particles (or monitoring and calibration purposes. 

The severe limitation of this gas calorimeter is that it is slow. The informa
tion for the second level trigger il only aftilable at 600 ns after the muter gate. 
For this propOl&l, the 600 ns delay in making a selection decision is unaccept.able. 
In fact, we propose to put the Hadron Calorimeter into the Master Gate. This 
choice substantially reduces the Master Gate deadtime and eliminates almost 
all electromagnetically produced evenil. 

To accomplish these goals we propose to build a conventional hadron calorime
ter composed of an iron scintillator sandwich design readout in a strip geometry 
through adiabatic light guides to large diameter (3 inch) photomultiplier tubes. 
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Figme 3: Propoeecl iron-lCintil1aw haciromeier 

We propose to use aU the exiaiins cui and machined iron plaies, bui will reduce 
ihe hole in each iron plaie £rom a 10 cm diameier hole io a US em square hole. 
This inYOl.,. making 28 iron inIeda. 

Orihosonal 1 cm ihic:k lCinilllator lirip! of veriical and horisonial counien 
are io be placed in ihe 28 gap! in the iron. The homonial and vertical aemenis 
are io be locaied in alierDaie gap!. Lighi £rom ihe ftni 7 horisoniallirip! will be 
collected into lighi guides as indicated in Figme I. Lighi £rom ihe ftui 7 vertical 
lirip! will abo be readoui into a lingle phoiomuliiplier iube. The arrangemeni 
will be repeaied for ihe dOWD8iream 14 gap!. A ioial of 128 cOuniers will be 
implemenied, wiih 84 in the upliream MCuon and 84 in ihe dOWD8iream lecuon. 
The lighi guides for aU 128 couniers will be idenUcal. A summary of ihe needed 
couniers is given in Table 3. : 

A furiher drawback of ihe exiaUng hadron calorimeier is the PAD readoui 
required Cor ihe iower geomeiry. The large pads are responsible for lignificani 
noise; hence aeciromapeiic evenis in coincidence with ihis noise can fake a real 
hadronic inieracUon. Phoioiubes and lCint.iUaior are very quiei. Coniaminaiion 
from aeciromapeue accideniallihould be minimal. 

Using a lCiniiUator readoui allows ihe ioial energy' and transverse energy 
sums io be made quickly. The energy' sum would be used ai ihe Maat.er lat.e 
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Table 3: Proposed Counters for refurbished Hadron Calorimeter 
Strip Type Width (em) Length (em) Number 
Vertical 16 152 48 
Vertical- Around hole 16 144 4 
Horuontal 16 101 72 
Horuontal- Around hole 16 93 4 

level. The transverse energy sum would be employed at the seeond level. 

3.8 Beam Instrumentation and Flux Monitors 

The current charged particle beam tracking will simply not work. There would 
be too many instances of two tracks per r-f bucket. We would remove it. 

The Recoil Electron calorimetry will probably have severe difficulty with the 
rates near the undeftected electron beam. The outer counters see much lower 
rates and will remain useful, primarily for measuring and monitoring the ftux 
and spectrum shape. 

The beam gamma shower counter will be replaced by an integrating quan
tameter which would measure the total electromegnetic energy in the beam. 
That will provide a normalisation and the spectrum shape would be obtained 
£rom rUIllJ at low intensities. 

The Central Hadron Calorimeter will follow the quantameter. The prellent. 
detector should be able to sust.ain t.he additional rat.e. 

3.9 Triggering 

The triggering st.rat.egy will have to be changed in t.his experiment.. Previously 
our group has always t.ried to write out all hadronic events on-line and then sort 
out the good events in software where more information is available (such as 
the number of charged tracks in the silicon microstrip). Rates will now be high 
enough to require that fast decisiolllJ need to be made during data-taking. 

The e+e- pair rate is expected to be 5MH~ with a hadronic rate of 5kH~. 
AI explained in the trigger counters ~tion the hadron calorimeter is being 
incorporated into the Master Gate. It is assumed that all pairs are rflmoved at. 
the Master Gate level. However the hadronic rate is luch that. we will need to 
reduce this rat.e by a factor of 4 before events can be written t.o tape. 

We plan t.o implement a pulse height t.rigger on TRI and TR2 requiring a 
pulse height equivalent to 3 or more tracks. (If the Cerenkov version of TRI 
works, then we will not have an accidental rate problem £rom pairs.) Further we 
will require more than 50 GeV of energy deposited in the hadron calorimet.er. 
These two changes are expected to reduce the hadronic rate by a factor of 2. 

A final factor of 2 will be gained using an EPERP trigger formed of informa
tion tiom the Inner Electromagnetic Calorimeter and the Hadron Calorimeter. 
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This trigger is very similiar to the trigger used by E691. In that experiment a 
factor of 2.5 was gained in the charm to hadron ratio. This EPERP trigger is 
presently being studied. Studies performed at Breckenridge and at Snowmass 
indicated that much larger improvement fadors could be made if both the inner 
and the outer spedrometers .were used in this trigger. 

3.10 Data Acquisition 

The problems of triggering and data-acquisition (DAQ) are closely related: the 
better the trigger, the lower the requirements on the DAQ. We assume that the 
combination of the first and second level triggers will produce a total of 25,000 
events per spill which need to be read in. The average event size is 3 kbytes so 
the total amount of data is 75 mbytes/spill. 

The following is the organization of the present DAQ: 

• 	 Froni-end digitizing electronics. This consists of special ADO's designed 
by Milan for the microstrip detector, Lecroy 4290 TDO's, fast latches 
designed by Fermilab and Lecroy POOS latches, and Lecroy 1885 ADO's. 
These are organililedinto I) 'streams' since the 1885's occupy two FASTBUS 
crates, each ofwhich is treated as an independent datasoUlce. The average 
readout. t.ime for each stream is summarised in table 4. 

• 	 "Real-t.ime" data buffering. The dat.a has to be transferred t.o. a buffer as 
it. is read out. so t.he electronics can be freed t.o record anot.her event.. This 
is present.ly accomplished using I) Lecroy 1892 Fast.bus 4 mbyt.e memo
ries, one for each st.ream. The event fragments are assembled from t.he 5 
memories and sent on t.o t.he next. level by a 68000 bued. processor, the 
GPM, which act.s as t.he FASTBUS mast.er. The average rat.e which must. 
be handled by this st.ream is equal to t.he t.ot.al amount of dat.a divided by 
t.he spilliengih of about. 20 seconds. The dat.a are read t.hrough t.his level 
quickly t.o t.he next. level of buffering. This frees the 1892's so they can be 
uaed in "circular" mode. 

• 	 "Int.ermediate" buffering. The dat.a are transferred t.o a larger buffer mem
ory, in t.his case 10 AOP I nodes wit.h 6 megabyt.es of memory each. Since 
t.hese buffers can hold a whole spill's worth of data, writ.ing t.he data t.o 
tape can occur over t.he spill and t.he int.erspill- that. is, at. an average rat.e 
of 1/3 of t.he rat.e at. which t.he dat.a is accumulat.ed. The maximum speed 
of dat.a transfer from t.hese buffers to t.he data-recording level t.hat. has 
been achieved with t.he present. hardware is 2 mbyt.e/second. 

• 	 Data. recording (taping). The data is recorded on up t.o four 8mm Ex
abyte t.apes in parallel. This allows an aggregat.e tape-writ.ing speed of 1 
mbyte/second. 
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Table 4: Average readout times for E687 data streams 
Data 
Stream 
Microstrips 
latches 
TDC's 
ADC (1) 
ADC (2) 

readout time 
(I"_ec) 

20 
50 

300-600 
1000 
1000 

In order to increase the throughput of the DAQ by a £actor of 5 several 
changes have to be made, although the buic siruciure and much of the equip
ment can be preserved. The front-end readout time of 1 millisec/event is obvi
ously not good enough. It needs to be improved to 100I"_ec. This would result 
in a total readout time of 2.5 seconds and a dead time of only 15%. Obviously, 
if the trigger rate wound up being a factor of two higher (50,000/spill), the 
deadtime situation would still be satis£actory. 

With l00I"_ec average readout time 8.1 the goal, table 4 shows that the 
microstrip stream and the latch stream need no revision. The TDC stream 
needs to be sped up by a £actor oCthree. We will do this by doubling the number 
of readout conirollers, since it is the data-transfer between the CAMAC crates 
and the readout controllers that are responsible for most of the time. We also 
need to use a futer processor in the controllers. The combination of these two 
improvements should reduce the TDC readout time to below 100I"_ec. This 
leaves the two ADC streams 8.1 the major problem. 

We know of no good way to upgrade the 1885 ADC's by the required £actor 
of 10. The readout speed is determined by the digitisation time of a single 96
channel ADC card plus a readout overhead for each ADC. One could cQncieve 
of ways to overlap these times but one is finally limited by the ADC digitization 
time of 400 ~ec. 

It will therefore be necessary to change the whole ADC system. There are 
commercial options available, such 8.1 the Lecroy FERA system, which would 
achieve the required speed. This system is quite e.xpen.isive. There is a design 
for a Futbus ADC by the Fermilab Physics department which hu very fut 
readout speed and is suitable in all other ways for the experiment and which 
is estimated to cost leu than S75/channel. This would probably be the best 
choice. 

The "zeal time" buffering is also Dot adequate to keep up with the higher 
rates. The solution here is to use the 100 mbyte "Baumbaugh" buffers, originally 
developed for E687 by Fermilab. The front ends connect euily to these buffers. 

The problem of moving the data from the "real time" buffers to the tape 
can be handled in several ways. Perhaps the most straightforward is to replace 
the GPM with a Cut VME bued processor. 
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The problem of recording the data can be easily handled within the present 
architecture by simply adding Exabyte tapedrives. Since the present system has 
more capacity than is currenUy utilized, doubling the number of drives to 8 is 
probably adequate and should achieve rates of 2.0 mbyie/sec. These could be 
upgraded to double density drives if necessary. 

In conclusion, the DAQ can be upgraded with existing technology to operate 
at the required rate. If the trigger rate exceeds the target of 25,000/spill by a 
factor of two, the "downstream" portion of the system can handle the situation 
with no trouble. The "front-end" will produce a factor of two more deadti~e, 
which will result in an increase from 15% to 30%, an acceptable situation. . 
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4 Upgrades to Spectrometer to Improve Em· 
•clency 

Some part of the improvement in the charm and beauty yield are obtained by 
improving the efficiency of the spectrometer for reconstructing these events. 
These improvements are described in this section. 

4.1 PWC in the First Magnet 

The tracking devices in the E687 spectrometer consist of the silicon microstrip 
detectors upstream ofthe first magnet, MI, and the proportional wire chambers, 
PWC, downstream of M1. While the two systems work extremely well together, 
there is still a category of wide angle and low momentum tracks which are 
detected in the microstrip but which don't pass through M1. We could improve 
our low momentum detection efficiency by installing another wire chamber in the 
center of M1. Having this chamber in the center ofthe magnet-halfway between 
the two systemll-would allO serve to improve the overall linking efficiency. 

This chamber has several advantages and only one disadvantage- that we 
would have to make it work in a magnet. This chamber would determine the 
momentnm of tracks that don't penetrate all the way through the Ml apperture 
and would improve our linking efficiency. It would also help to clean up the 
background Crom the neutral vees which decay in the magnet. FinaJiy, it would 
extend the kinematic region over which we are able to identify E-'s, E+'s, :::-'s, 
and n- 's through their decays to a neutral daughter and a charged track. 

4.2 Pixel Detectors in the Target Region 

Pixel detectors have only been used in experiment N A-32 at CERN, however 
experimenters are now discussing using these devices in other experiments and 
in the SSC detector designs. The two dimensional position information allows 
for an additional requirement that a back pass thru the predicted point. By 
having a Pixel Detector upstream of a supposed secondary vedex, one can 
require that no track in the secondary vertex originate from the primary vertex. 
One can alsoJn the case of a charged parent, require that the parent pass thru 
the predicted pixel. 

It would be possible to place a pixel detector directly downstream of the 
Beryllium target. The device would cover an area 3x3 cm2 with an array of 
500x500 pixels. This device would significantly clean up our signals and should 
allow access to signals that are otherwise unaUainable. 

Our group has not done much work on pixel devices, but we are following 
the advances in the field. Improvements in these detectors, especially in the 
readout speed, would be necessary before such a device could be used at the 
rates expected in this experiment. Should a new group join that wishes to 
finance and build such a device we would encourage the eft'ort. 
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Table 5: Characteristics of the Cerenkov Counters 

Counter Gas Threshold (GeV / c) No. of Cells 
Pion Kaon Proton 1 

C1 HeN2 8.4 29.6 56.4 90 
C2 N20 4.5 16.2 30.9 110 
C3 He 17.0 61.0 116.2 100 

4.3 Cerenkov Counters 

This section reviews the layout and performance of the present E687 Cerenkov 
system, and discusses possible improvements for a new run. Our basic conclu
sion is that the existing system performs well for much of the charm and beauty 
physics of a new photoproduction run but several improvements could signifi
cantly extend the capabilities of the experiment - particularly in the areas of 
electron identification for semileptonic decay physics. 

The present E687 Cerenkov system consists of three multicell Cerenkov coun
ters with different Cerenkov thresholds. Table 5 summariles the cell count and 
threshold. for the existing Cerenkov system. 

Low momentum (or wide angle) tracks which fail to traverse the M2 aperture 
are analysed by both C1 and C2j tracks which traverse the M2 aperture are 
analYled by all three counters. The existing Cerenkov system allows protons 
and bons to be separated from pions over a momentum range of 4.5. GeV 
to to 61 GeV and provides unambiguous electron identification for momenta 
up to 17 GeV for tracks traversing the M2 aperture. We used pure helium 
in C3 in order to achieve the highest possible Cerenkov threshold available 
using an atmospheric pressure counter. The Cerenkov threshold. of C1 and C2 
were matched to the C3 threshold to provide a continuous momentum range 
for particle identification (e.g. the bon threshold of C1 matches the proton 
threshold of C2 and the proton threshold of C1 matches the bon threshold of 
C3). 

The present E687 Cerenkov counter system performed well in both the 1988 
and 1990 run period. Figure 4 shows an inclusive, combined D -+ K1r,K21r,and 
K31r signal obtained in our 1988 run with and without Cerenkov identification 
requirements on the kaon. About 60% of the total charm signal survives the 
Cerenkov cut. H one considers cases where the bon traverses the M2 aper
ture and thus has a chance of being identified by C3, the bon is Cerenkov 
identified as definite bon or kaon/proton ambiguous about 70 %. of the time. 
These identification fractions include the effects of Cerenkov confusion due to 
overlapping tracks as well as the effects of the finite Cerenkov identification mo
mentum range. The good performance of the present Cerenkov system can also 
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Figure 4: Performance of Cerenkoy counters 

be eonfinned tluough. the decays. - g+ g- I g, - ..+..- and A - P..-. 
Roughly 80" 0( proto.. fiom A decay. are identiAed .. proton or bon/proton 
ambigaoDa in our 1888 data. 

The bon identiAeauon range of the CerenkOY .y.tem perf'OrDlll well for maDy 
of the charm and beauty phyua goala of E68T. Figure 6 .bo.. a amulauon of 
the bon .pectrum Cor otherwiae ac:cepted photoproduced D - g .. candidata 
created by1'1lDDiD.I the wide band beam at an endpoint enerc1 oC 360 GeV. 
FigaIe 8 .bows the iniegral o( this bon momentum .pectrum and shows that 
about 18 " 0( boaa have momentum exceeding 81 GeV which is the bon 
identiAeauon momentum limit o( the praent CerenkOY system. Althoulh the 
bulk 0( boaa from charm decay can be identified with the praent .ystem, 
the bUe particle identiAeauon range does create a ugniAcant inelleiency for 
charm particles at large _I' The uppu curve of Figure T .hoW1ll the geometrical 
acceptance Cor D - g- ..+..+ decay in the E88T apparatua .. a (unction of 
_I' The lower curve .bows the geometrical .. well .. particle identification 
acceptance for the praent Cerenkoy .ystem. The high _/ region is important 
(or some teata o( the photon-cluon fmon (PGF) model. In particular the PGF 
model predicts all inueaaed forward-backward peaking ofthe charm quarks with 
respect to the incident photon direction with increasing photon cluon center of 
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Figure 5: Kaon momentum .pectrum 

mau energ. The moat sensitive tests oftJU.. effect requize reasonable acceptance 
at high. a/. . 

Pnc:iaion study of charm aemileptonic decay is expected to be an important 
soal of a future high. statistic. photoproduction run. Elecuon identification has 
prcmlD to be crucial for our charm semileptonic decay anal,... Elecuons are 
identified in E88T using our excellent elecuoDl.a8Jletic calorimetry in coDjunction 
with Cereakov identification. The identificauon proYided by the Cerenkov .ys
tem is eaenUally complementary to that proTided by electromagnetic calorime
try. Comparison ofihe electron'. DI.a8Jletically deduced momentum to its calori
metricall, deduced enersr i. moat eff'ecuve at hiP. momenta. The present 
Cerenkov .,.tem proTides an independent handle on elecuon identification for 
eledro.. below the C3 threshold of 1T GeV where calorimetric identillcation 
is more dif!lcult. Figure 8 mows the electron spectrum obtained in a simUla
tion of photoproduced D+ - g.ell deca,.. Although. a reasonable fraction 
of aemi1eptonic secondaries are in a momentum region amenable to Cerenkov 
identification, it would certainly be desirable to increase the identifiable momen
tum r&llp beyond 1T GeV in order to further complement calorimetric eleCtron 
identification. 

One call easily contemplate two types of upgrades of the present E88T 
Cerenkov s,.tem - (1) improving the performance of the present· threshold 
Cerenkov counters, and (2) increasing the range of Cerenkov identification by 
building a RICH (Ring Imaging CHereuov counter). At present, both C2 and 
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Figure 6: Integrated kaon spectrum 
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(4) Electron Enerqy Spectrum 
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Figure 8: Electron spectrum from semi-Ieptonic D decays 

C3 have close to optimal performance with asymptotic photoelectron yielda in 
ezceu of 8 photoelectrons. The photoelectron yield of C1 is about 3 photoelec
trons primarily owing to ita .mall phyaicallength (only about 1.4 meters) and 
relatiTely high pion threshold (8.4 GeV). It would be relatively easy to extend 
the C1 radiator length. A 2 foot extension would raise the photoelectron yield 
to about 4.3 photoelectrons. Extra photoelectrons would aipificanily solidify 
particle idenilllcation for the cue of well isolated tracb and decrease the level 
of CerenkOT confusion for the cue of tracb which partially overlap the same 
Ceren.kOT cella. The penalty of a 2 foot extension would be a 12 % increase 
in the PO - P2 leTer arm, which, however, has a negligible efFect on the total 
acceptance. 

A more radical CerenkOT uppade involves the incorporation ofa Ring Imag
ing Ceren.kOT counter which would aipificanily increase the momentum range 
for both electron and bon CerenkOT identiftcaUon. The original design of the 
EG8T Ceren.kov system had a proTision Cor a rung imaging Ceren1tov read out 
for the centwaecUon of C1 designed to extend the momentum range. Figure 9 
show. the minor that would be employed. The original Cerwov design called 
Cor Cerenkov light striking the central 33 cm by 33 cm section of C1 to be im
aged by a 1.5 meter focal length minor on to a two dimensional photon position 
detector (constructed out of a multi-anode microchannel plane) with (T = 200 
micron position resolution. The RICH section of C1 would subtend ±25 millira
dian. which is matched to the solid angle of the M2 aperture. A RICH provides 
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an independent mass measurement for the track for each measurement of the 
Cerenkov ring radius. A device with 200 micron spacial resolution and a 1.5 
meter foca1length mirror offers 20- kaon - pion mass separation up to momenta 
of 150 GeV fo,. each. detected ph.otoelectron.. A 20- electron-pion separation (per 
photoelectron) would exist up to momenta of about 45 GeV. Time ran out in 
the development of this device for the 1988 run but the room still exists for a 
C1 RICH section for a t'uture run. 

4.4 Fundamental Change in the Style or the Beam 

Another possibility otincreasing our photon yield is to go to a 0 degree beamline 
and use a deuterium or,ifgutsy, a tritium filter. Clearly this beam would produce 
the highest intensity and energy possible in a photon beam. The photon energy 
would be as high as 800 GeV. The beam has the interesting advantage that there 
is no infrared catastrophe as in a bremsstrahlung beam. Low energy photons are 
Compton scattered out of the acceptance. The pair rate from this beam run at 
the same intensity as the double band would be roughly 1/10 the number of pairs 
of the double band. Finally this beam would have no problems with synchrotron 
radiation since there are no bends. To take advantage of these gains we would 
need to move the target box toward our experiment. Presently the target box 
is 1200 feet away from our experiment. We would want it more like 500 feet 
away. The rates, energy reach, and lower pair rate are the advantage.. The 
disadvantages are the hadronic contamination from Xl and neutrons, 'the closer 
proximity of the target box to the experiment- i.e. more muons, and the loss of 
transporting a beam of electrons and pions into our hall for calibration b~. 
Finally, it would be very expensive to move our target box. An alternative is 
to examine the possibility of producing the beam from our existing 'target box. 
We obviously lose by a factor of (500 feet/1200 feet)··2 and probably a liUle 
more. If we assume that we want a beam at our experimental target of Scm x 
Scm, then we have an acceptance of 9 nanosteradians. The actual photon yield 
at this position was calculated by Jim Win at the summer Snowmass meeting. 
This beam is similar to the old E87 beam. Scaling from that experiment we 
have roughly 1 photon to 1 neutron to 1/12 xz at the production target: After 
a filter- say 10 neutron interaction lengths- we have only gone thru S.4 pair 
creation lengths and 6.6 Xl interaction lengths. Thus the ratio of particles 
after the filter is 1 photon to 1/820 neutrons to 1/400 Xl. These numbers are 
shown in Table 6. This uses 10 interaction lengths of deuterium. Table 7 shows 
the same numbers t'or 10 interaction lengths ot'tritium. 

In examining the numbers from these tables it is observed that the photon 
beam is roughly S times more dean it' we use tritium as opposed to deuterium. 
The photon beam is roughly 3 times more intense. So you might argue that 
tritium is 10 times better than deuterium. 

Finally, another possibility is to keep all our options open. We could remove 
the existing neutral dump and replace it with a deuterium filter. The idea of 
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Table 6: Neutral beam with Deuterium filter 

Particle At production After Filter Interactions at our target 


Photons 1 1 1 

Neutrons 1 1/820 1/2.5

K! 1/20 1/600 1/3.0 


Table 7: Neutral beam with Tritium filter 

Particle At production After Filter Interactions at our target 


Photona 1 1 1 

Neutrons 1 1/2200 1/6.72

K! 1/20 1/1560 1/8.06 


this "triple" beam is to use the high energy photons Crom the filter and add to 
the intensity Crom the double band beams. A final comment on the 0 degree 
beam is that if we learned to remove hadrons Crom the beam, then the photon 
flux could increase still another £actor of 10. 
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5 Computing Requirements 

The data-analysis for the present run of E687 is extrapolated to require 400 
VAX/780-yean for the first p .... reconstruction. Since the data-set anticipated 
for the 1993-1994 run is 5 times larger, it is reasonable to estimate a require
ment of 3000 VAX/780-yean. We use a factor of 7.5 rather than 5 because the 
trigger will preferentially eliminate the lowest multiplicity, simplest events. We 
anticipate reducing computer use by approximately a factor of two by not per
forming the whole analysis on every event. One possible strategy would be .to 
perform all the track reconstruction and fast particle identification algorithms 
« 40% of the present offline analysis package) and only further analyze those 
events with evidence for a secondary vertex, or unusual final state particles 
(e.g. multiple kaons and protons and/or leptons). From our present analy
sis, we estimate that less than 20% of the events will survive these selection 
criteria. (We have previously skimmed with an algorithm that selected 10% 
of the events while still being 80% efficient for reconstructable charm decays.) 
Extensive hadron and electromagnetic calorimetry would only be performed for 
the skimmed events. This should result in a requirement of 1500 Vax years. H 
one takes the point of view that 1100 additional VAX/780-yean will need to 
be acquired for this experiment, then, assuming 8100/VUP by 1993, the incre
mental cost of the computing is 8110,000. It should be noted that the proposed 
gains come from doing less analysis on events which are already believed to 
be uninteresting, not by doing a less-than-complete microstrip or spectrometer 
tracking. We will, of course, investigate whether partial tracking can furtlier 
reduce the CPU requirement. 
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