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Introduction

The purpose of this report is to describe activities performed by the Intermediate Energy

Nuclear Physics Group (IENPG) at the Louisiana State University (LSU) under the terms

of grant DE-FG05-88ER40445. The report will cover, for the most part, the period of time

between April 1, 1991, and the present.

The principal focus of our activities is currently the muon subgroup of the P HENIX Col-

laboration. We are, however, in the process of concluding other activities, specifically our

memberships in the Di-Lepton Spectrometer (DLS) Collaboration at LBL and the AMY

Collaboration at KEK. These activities have been thoroughly discussed in previous progress

reports and renewal proposals, and further discussion of these activities is possibly repe-

titious. However, this report has been prepared under the assumption that none of the

referees with the exception of the grant monitor is familiar with the group or its previous

work. Consequently we shall cite a few examples of our contributions to these collaborations

when there seem to be valid reasons for so doing.

The renewal proposal that accompanies this progress report is, first and foremost, a request

to support the continued activities of this group within the muon subgroup in the PHENIX

Collaboration. We shall also ask the DOE to support us as we bring to a scientifically

valid and responsible cenclusion our long and valued affiliations with the DLS Collaboration

and the AMY Collaboration. Finally, as we shall discuss in the renewal proposal, we have

applied for membership in E866 at Fermilab, for which G. T. Garvey is spokesman. The E866

Collaboration is an order of magnitude smaller than PHENIX, and the experiment will be

mounted and concluded on a far shorter time scale. The focus of the renewal proposal then

is manifestly the muon subgroup of the PHENIX Collaboration, and the specific objective

of this progress report is to address those questions that, in our opinion, seem most likely to

arise in the minds of the referees as they consider our proposal within this context.

These questions are: (1) Does the record demonstrate that the IENPG has the capacity

to matte positive contributions to a large, international collaboration such as P HENIX ?

(2) What specifically has the group contributed to PHENIX in the past ? (3) What are

the strengths of the group ? (4) What are the weaknesses of the group, and what is the

group leader doing to correct them ? (5) Are the goals of the group within the PHENIX
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Collaboration well defined ? (6) Are they appropriate for a group of this size? (7) Is the

budget in line both with reality and with the scope of the proposed activities ? We shall

address questions (1)- (4) in this report and questions (5)- (7) in the accompanying renewal

proposal.

Personnel

The IENPG currently comprises undergraduate John Heilman, graduate student Jiangchen

Yu, senior postdoctoral associate Zhi-fu Wang, research associate Ying-chao Wang, and

principal investigator P. N. Kirk. Mr. HelIman, a junior at LSU, is studying physics and

computer science. Mr. Yu is a graduate student who will take his general examination

during the week that begins on January 10, 1994. He is a bit tense these days, as might be

expected, but we expect him to pass the examination and to begin full time research by the

middle of January. Zhi-fu Wang is a senior post-doctoral research associate and colleague of

many year's standing, and Ying-chao Wang is a technician who holds, interestingly enough,

a baccalaureate degree in physics.

We regard the education of students as being an important part of our responsibilities to the

DOE and to soc;,ety as a whole. For this reason we take pride not only in the achievements

of Mr. Hellman but in the record subsequently compiled by several of our students who are

now in graduat,e school. The record will show that Mr. Robert Rylan, Mr. Alijeet Bains, and

Mr. Mark Frey, all graduates of our group, have subsequently compiled noteworthy records

at the University of Maryland, the University of Illinois, and Rice University, respectively.

Although we claim no credit for the abundant natural abilities of these students, we played

no small role in sustaining their general interest in physics.

Publications

During the calendar year 1993 five papers that were supported in part by grant DE-FG05-

88ER040445 appeared in print. They are:

1. Measurement of dielectron production in niobium-niobium collisions at 1.05 GeV/nucleon,

S. Beedoe, et al., Phys. Rev. C, 47, 2840 (1993)
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2. Measurement of a, from the moment of particle momenta within jets from e+ - e- annihila-

tion, K. B. Lee, et al., Phys. Lett. B, 313,469 (1993)

3. Search for anomalous 3'7 production at TRISTAN, K. L. Sterner, et al., Phys. Lett B, 303,

385 (1993)

4. Mass dependence of pion production in heavy ion collisions near, but below, threshold, J.

Miller, et al., Phys. Lett B, 314, 7 (1993)

5. Relative dielectron yields in p + p and p + d interactions from Eb_ = 1.0 - 4.9 Gev, W.

K. Wilson, et al., Phys. Lett B, 316, 245 (1993)

A copy of the principal investigator's publication list is included in Appendix "A" of the

renewal proposal, but perhaps it might be useful for us to summarize briefly the rate of pub-

lications in the recent past. During the past three years, 1991 - 1993, nine publications that

were supported in part by this grant have appeared in internationally recognized journals.

During the preceding three years, 1988 - 1990, twenty-six publications that were supported

in part by this grant have appeared in internationally recognized journals. The total for the

preceding six years is then 35 publications, resulting in an average rate of approximately 6

publications per year.

Activities of the IENPG

In this section of our progress report we shall address the first two of the questions that were

posed in the last paragraph of the Introduction; namely, (1) Does the record demonstrate

that the IENPG has the capacity to make positive contributions to a large, international

collaboration such as PHENIX ? and, (2) What specifically has the group contributed to

PHENIX in the past ? Throughout this discussion we shall assume that the reader has a

basic familiarity with PHENIX, although detailed knowledge is not necessary.

At the possible risk of oversimplification, one might subdivide the muon detector of PHENIX

into two essential components, the instruments that identify a charged particle as being a

muon, and the instruments that provide information pertaining to its location and trajectory.

For simplicity we shall refer to the first set of instruments as the "muon ident:,fier', or muon

ID, for short, and the second set of instruments as the "muon tracker".
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The active element of the muon ID will be, most likely, the so-called "limited streamer tubes"

(LST), although we must emphasize that a definitive choice between competing technologies

has not as yet been made. The LSTs under consideration are manufactured and sold com-

mercially by a company in Houston, Texas, but the responsibility for testing and evaluating

the LSTs was borne principally by Dr. Felix Obenshain of ORNL and his graduate student,

Mr. Joe Kreke. The LSTs were assembled at ORNL, loaded onto a truck, and driven to BNL

by Mr. Kreke and colleagues during late May. The LSTs had been previously scheduled

for testing during the month of June, when the quark-matter conference and the meeting of

the PHENIX Collaboration in Lund, Sweden, claimed the attention and physical presence of

many members of the collaboration. Mr. Kreke was joined by Zhi-fu Wang and Ying-chao

Wang of LSU in early June, and we are delighted to report that the two Wangs contributed

in major ways to the successful testing of the LSTs.

On the following pages we display a series of photographs in which the two Wangs are

shown at work on this project. In the first two photographs one sees Ying-chao Wang at

the oscilloscope. In photograph 1 she is checking the performance of the counters in the

M1 hodoscope, and in photograph 2 she is, flashlight in hand, searching for a light leak

in the M2 hodoscope. Prior to the assembly of the apparatus at BNL the scintillators

and photomultiplier (PM) tubes had been stored separately. Most of bases for the PM

tubes required cleaning before use; many required repair; and all were attached to the

corresponding light pipe by means of a silicon pad. The Wangs were responsible for the bulk

of this work.

In photograph 3, Ms. Wang is exhibiting the individual members of the M4 hodoscope.

At the time this photograph was taken Ms. Wang had just completed the assembly of the

counters and was preparing them for testing. In photograph 4, Zhi-fu Wang is standing in

front of the veto detectors, which had just been installed by the Wangs. This installation

had been a bit troublesome in that the counters had required extensive repair and testing

prior to installation.

In photograph 5, Ms. Wang is shown testing the gas system for the LSTs. The entire gas

handling system was assembled and rendered operational by the Wangs. Photographs 6 was

taken in the counting house, and it shows Dr. Wang wiring the fast electronics.

In photograph 7, Ms. Wang is shown busily engaged in everyone's favorite activity, cable

pulling. Together the Wangs strung more than 700 cable.
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Photograph 7



The Wangs spent the month of June at BNL. Their stay was prematurely terminated when

they were, somewhat unceremoniously in our view, booted out of their rooms in order that the

housing office might honor previous reservations. Fortunately, by that time the ranks of the

experimenters had been replenished by persons returning from the quark-matter conference

and the meeting of the collaboration in Lund, and data acquisition proceeded smoothly.

It is not necessary that the reader take the author's word in regard to the extent of the

Wangs' contribution to this effort. For years, after the Wangs have completed every major

assignment, I have requested an evaluation of their performance from the person most closely

associated with them during the execution of the task, assuming, of course, that this person is

someone other than me. This assignment was no exception. In July, I requested an evaluation

of the Wangs' performance from Mr. Kreke, and I am enclosing with his permission the

complete and unedited text of his response.

From: ORPH01::KREKE "Joseph G. Kreke " 22-JUL-1991 09:39:36.98
To: PHEPDS::KIRK
C'Y KREKE

Subj: evaluation of the Wangs

Dear Paul,

Sorry it has taken me so long to get back to you on this. I hope I haven't inconvenienced
you too much with such a late response. As you know, it's a real burden when someone
working for you is lazy or unenthusiastic and a real pleasure when that worker takes the
initiative to get things done. Zhi-fu and Ying-Chao by far fall into the latter category. I
asked them to help with many jobs and all of them were done with a great degree of skill
and enthusiasm and always in a timely manner. The major jobs they worked on were the
Veto counter, the gas system for the LSTs, M0, continuity checks of all MuID channels (and
repair), and last but not least, cable-pulling. Their efforts on all these tasks were first-class
and I would recommend their work to anyone. I look forward to working with them again.

As to their early departure, I'm not certain why. I think it had something to do with
dormitory reservations running out. Toward the end of June all of the hardware was in place
and the only items remaining were getting the DAQ up and getting the trigger electronics
timed in. By that time Glenn Young and Xiaochun I-Iehad them under control and we had
more than enough people to help with small last-minute jobs so I saw no reason to ask the
Wangs to stay longer. When data taking started, we had at least three persons on each shift
and with several people overlapping shifts we often had 5-6 there. I'm sure that if I had
asked them to stay they would have but, again, we had plenty of helpers.

Thank-you for providing the Wangs to the project. They were a great team to work with.

Kind regards,

Joe Kreke
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The Wangs were in Baton Rouge for less than two days before departing for their next

assignment in Los Alamos. They were posted to Los Alamos from July 5 through November

20 in order to build a prototype for the drift chambers that are currently being considered for

use as the active element in the muon tracker. While they were in Los Alamos they worked

principally with the previous leader of the muon subgroup, Dr. Pat McGaughey, and the

present leader of the muon subgroup, Dr. Wayne Kinnison.

Various members of the IENPG have been building drift chambers for years. For example,

the front drift chambers that were used with such success throughout the entire lifetime of

the Di. Lepton-Spectrometer were designed by the author; built by the Wangs' predecessors,

Ms. Xu In-hua and Mr. Steve Christo; and maintained over all these years by present

and past members of this group. For this reason the task was a familiar and pleasant one

for the Wangs. If drift chambers of conventional design should, in fact, be selected by the

collaboration as the technology of choice for the active elements of the muon tracker, the

IENPG will be uniquely positioned to contribute to the construction and commissioning of

the muon tracker.

The response of the drift chamber had been previously simulated by Dr. Pat McGaughey.

Shortly after the Wangs' arrival at LANL, Dr. McGaughey delegated to them the respon-

sibility for designing and constructing the prototype. The prototype comprised six sense

planes that we denote in conventional notation by U, U', V, V', and Y, and Y'. The active

area of each plane was 30 cm x 30 cm. The spacing between sense wires was 2.00 cm so

that there were 15 sense wires per plane. The spacing between wires in the cathode was 5.00

mm, and the spacing between anode and cathode planes was 1.00 cm. Wires of different

orientation were separated by aluminized mylar, so that the prototype might be regarded as

an assembly of three smaller chambers, the U-U' chamber, the V-V' chamber, and the Y-Y'

chamber. The entire prototype was contained within an aluminum box of dimensions 80 cm

x 60cmx 50cm.

On the following pages we exhibit a series of photographs in which the Wangs are shown

working on the prototype in various stages of its development. In photograph 8, Dr. Wang

is shown at his desk designing the chamber. In photograph 9, Ms. Wang is shown in the

electronics shop at LAMPF soldering some surface mount components onto one of the frames.

Unfortunately the wires are too small to be visible, but they were soldered into place before

11



J I

the components were added.

Photograph 10 was also taken in the electronics shop at LAMPF. Ms. Wang is shown gluing

some connectors for ribbon cable onto the cover of the gas box. Photograph 11 was taken in

the testing room of the P2 group at LANL and shows Ms. Wang cleaning one of the frames

before inserting it into the gas box.

Photograph 12 shows Ms. Wang standing before the complete assembly. The input and

output for gas are visible and located a few inches to the viewer's left of Ms. Wang's right

hand. Patch panels for high voltage cable and ribbon cable may also be seen on the top cover.

Photograph 13 shows the interior of the assembly. Actually, at the time this photograph was

taken the prototype included only the U, U', Y, and Y' planes because the circuit boards

that were required for the completion of the V and V' planes had not been delivered by the

vendor.

in photograph 14, Dr. Wang is shown writing the software that will be required for calibrat-

ing the TDCs and testing the prototype. The photograph was taken in the testing room of

the P2 group at LANL. Finally, in photograph 15_ Ms. Wang is shown at the console in the

counting house of the High Resolution Spectrometer (HRS) at LANL. The final test of the

prototype will take place in facilities provided by the HRS, and the results of the test will

determine whether we use drift chambers of conventional design or cathode strip chambers

in the muon tracker.
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Photograph 12
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Photograph 13
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Photograph 14
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Because of the high quality of their work, the Wangs attracted considerable attention at

LANL, as they always do, and we include below the evaluation of their performance by Dr.

Pat McGaughey of LANL. His evaluation is complete, unedited and included in this report

with his permission. We call the reader's attention to the concluding sentence in the third

paragraph of Dr. McGaughey's letter. The Wangs work with such speed that they were able,

while simultaneously designing and assembling the drift chamber of conventional design, to

contribute substantially to the development of the cathode strip chamber!

From: P2VAX::PLM 22-NOV-1993 17:17:14.45
To: PHEPDS::KIRK
CC:

Sub j: Wang visit summary

Dear Paul,

Here is my summary report on the Wang's visit to Los Alamos:

Zhi-Fu and Ying-Chao Wang were stationed at Los Alamos National Laboratory for approx-
imately five months in 1993, starting in early July and ending in late November. During
this period we planned to have them design, construct and possibly test a drift chamber
prototype detector for the PHENIX muon arm.

In less than one month the Wang's completed the mechanical drawings of the detector and
a gas-tight enclosure. These were transmitted to the engineers who, working together with
the Wang's, converted them into CAD designs, which were then sent out for construction.
While waiting for these components to arrive, the Wang's assembled hardware and software
for a couple of data acquisition systems to test chamber prototypes. They also provided a
considerable amount of help in setting up a cathode strip readout detector at LAMPF.

After the mechanical components arrived, Zhi-Fu and Ying-Chao had them cleaned and
began the assembly process. Working together with technicians at LAMPF, they oversaw
the winding of the wire planes and construction of the ground foil planes. Next, they
attached the various electrical components to the wire planes. Finally, the wire and ground
planes were stacked and checked for electrical problems. At that time, the Wang's returned
to LSU, leaving behind the assembled detector, which is ready for testing.

I consider the Wang's visit to have been very successful and essential for the completion of
this project. They required only a small amount of oversight and worked well with a large
number of people. Each time they were running short of work, they volunteered for more.
It was unfortunate that they were unable to complete the testing of the prototype detector.
But this was due to delays in obtaining the printed circuit boards which were beyond their
control. We look forward to the Wang's return early next year, when we expect them to play
an important role in the next phase of R+D for the PHENIX muon arm tracking system.

Thanks again for making it possible for them to come to Los Alamos.

Sincerely,

Patrick L. McGaughey
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An examination of the record, then, shows that the IENPG has already contributed sub-

stantially to the activities of the muon subgroup of P HENIX despite the relatively brief

interval of time in which we have focussed our efforts primarily on PHENIX. Actually, an

examination of the record will show more than this; it will show that we have established an

enviable record of achievement that antedates our membership in P HENIX by many years.

As just one example of these achievements, we shall cite one of our contributions to the

AMY Collaboration at KEK.

Although the AMY Collaboration is less than one-third the size of PHENIX, it was the

largest collaboration with which we were ever affiliated prior to the time we joined PHENIX.

Despite the small size of our group we made several major contributions to AMY, the most

recent of which was impressive indeed.

As part of a major upgrade the AMY Collaboration decided to add so-called "front tracking

chambers" (FTC) to the interior of the magnet. A postdoctoral research assistant at the

University of Rochester accepted responsibility for the design and construction of the FTC,

and, initially at least, we participated in the project primarily as loyal colleagues and work-

ers. To the considerable misfortune of the AMY Collaboration, the postdoctoral research

associate resigned his position to accept an assistant professorship, and we found ourselves

suddenly and unexpectedly thrust into the spotlight. The construction of the FTC had been

completed prior to the departure of the postdoctoral research associate, but the design and

construction of the preamplifiers was not even underway. We accepted the responsibility for

developing the preamplifiers under adverse conditions but managed to build them in record

_ime. It was, in my opinion, the finest technical achievement of this group.

Only nine months remained until installation, a coincidence which provoked a number of

obvious and tasteless jokes. In addition the preamplifiers were constrained to fit into the

tiny annular volume that surrounded the outer circumference of each chamber. To compound

our problems the same circuit board that was used to bus signals from the chamber was used

to bus high voltage to the chamber, so that the resulting circuit boards were everywhere dense

in components, traces, and circuitry for testing and calibrating the preamplifiers.

The constraints were tight; the time, short; and our tempers, frayed; yet in the following

nine months we managed to design, to build, to test, and to ship approximately 1850 of the
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preamplifiers, and the)' are still in use to this day. We reported our progress to the grant

monitor in the progress report that we submitted in 1991, and we shall include a portion of

that discussion below.

The text between this point and the row of asterisks below has been extracted verbatim

from an earlier progress report and will therefore be familiar to the grant monitor.

Ongoing Activities of the IENPG

In this section of our progress report we shall describe the achievements of the group during
the year that has elapsed since the submission of last year's progress report. In order to
avoid repeating discussion that appeared in last year's report we shall refer the reader to
specific sections of that report for details.

(a) development of a sensitive new preamplier

Our participation in the AMY Collaboration was described in section (d) of last year's
progress report which begins on page 27. The fast preamplifiers described therein were
installed in the AMY apparatus in late April and early May, 1991. Despite a shortage of
manpower at KEK that is approaching critical proportions, the amplifiers were gradually
brought on line by a team of eager but untrained graduate students. We are happy to
report that as of October 24, 1991, the preamps were being used successfully under actual
experimental conditions during the current data-logging run.

This project is already successful, and it is regarded as such by our colleagues as we shall
soon demonstrate. However, in the case of this specific project successful operation is not
enough. Perfection is within easy reach; and at least one member of the group, Dr. Zhi-
fu Wang, will return to KEK in :January to address the remaining problems, which are
minor but admittedly troublesome. Included below is the complete text of a message that
we recently received from Dr. Robert Walker, who is currently in .Japan. The message is
unedited, but we have used boldface type for emphasis.

From: KEKVAX::RCW

"Robert C. Walker, AMY Group, KEK" 24-OCT-1991 13:47:15.57
To: PHEPDS::KIRK

CC: PHEPDS::WANG, URHEP::ALANSILL,RCW

Sub j: Future post-doc work on the FTC.
Paul:

I've talked to the people here, and the idea of having Zhl-fu come to Japan again (if he
doesn't object too strongly to the idea of having to apply for a visa again!) has been met

with a very positive response. Specifically, he's talents would be most useful for:

1. Repairing some of the electronics that are not working.

2. There are some dead channels (the number ranges from 20-100/side, de-

pending on the date and how "dead" is defined) that the people here have

not been able to repair. The general feeling is that the "Wizard of LSU"

could get these working in no time at all, and we could have the FTC in

tip-top shape in 3anuary.
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3. Alan has been floating the idea of fixing the ground loop problem between the calgate
and preamp grounds on the preamp boards. I'm personally opposed to the idea, but I

think it is something we all need to discuss and reach a decision.

As far as the present status of the FTC is concerned, I don't have anything

new to report (we are getting beam now, by the way), except to say that

things are generally in very good working order, and I hope to be able to re-

port some greater concrete evidence of tracks before I leave. The only significant

problems are 3 -}-HV lines that were damaged on Tsukuba side (1050-100 electronically

dead channels/side (either dead because of preamp/postamp problems or calgate prob-
lems), and that the calibration system is not yet working, so we can't convert TAC counts

to drift times yet. Online scanning of the FTC looks very promising, however.

A good time for Zhl-fu's trip would be sometime in January. I think it might be a good
idea for either myself or Alan to come at the same time too, and we can finish up on the
FTC hardware once and for all!

Bob

We would like to call the reader's attention to the phrase "Wizard of LSU" which appears

in item #2 of Dr. Walker's list. The phrase refers, of course, to Dr. Zhi-fu Wang, and in

my opinion it is singularly appropriate. I have no idea whether or not the DOE has ever

wondered what it receives in return for Dr. Wang's salary, but if so I think this unsolicited
endorsement of Dr. Wang should dispel all doubts. The "Wizard of LSU" as he is known

at KEK, makes quite a name for himself wherever he goes.

The comment about "ground loops" that appears in item #3 of Dr. Walker's list refers to
the existence of a small amount of noise that appeared when the amplifiers were assembled

in mass and operated as a complete system. It was necessary to increase the threshold to the

discriminator from 1.0 volts to 1.3 volts in order to suppress the noise. Dr. Walker believes

the problem is too minor to worry about, and there is much to recommend this point of

view. We set the thresholds to 1.0 volts during bench tests when a single board was operated
in a benign environment and in isolation from other amplifiers. We would be astonished if

this setting could be achieved under actual experimental conditions. Dr. Sill has a different

point of view, though, and we must resolve our differences within the immediate future.

As mentioned in the paragraph that begins at the bottom of the preceding page, the system

is in "very good working order", and is currently in use during an actual data logging run.

Approximately 5% of the channels are either dead or functioning less than perfectly, however,

and we see no reason to accept this degradation in the quality of the system. Our plans are

to complete all work on the system in January, 1992.

Our affiliation with the DLS Collaboration at LBL is Of even longer duration than our

affiliation with AMY, and over the years we have contributed repeatedly and significantly

to the success of the DLS. Because such a large portion of our energy and effort over the

years has been devoted to the DLS, we shall cite in this report several examples of our

contributions.
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By the standards of PHENIX, or even AMY, the DLS Collaboration was, and is, tiny. We

acknowledge that the ability to function successfully within the context of a small collabora-

tion is no guarantee of successful functioning within the context of larger collaborations with

their complex sociologies. Our purpose in citing contributions to the DLS is not to establish

this point. To the contrary, we contend that our experience with the AMY Collaboration

shows clearly that we have functioned successfully within a large collaboration and that we

continue to do so. The purpose of these examples is to establish the existence of a track

record that is both strong and long, and, in conjunction with the examples cited previously,

to establish our fundamental technical competence.

Within the last year analysis of data logged on the DLS revealed an inefficiency in one of the

Cherenkov counters. The inefficiency was attributed to a misalignment of mirrors, and the

collaboration saw no alternative to opening the counter and checking the alignment. As some

of the readers are doubtless aware, aligning mirrors is a thankless task. It requires patience,

attention to detail, and skill in the manipulation of the lasers. The Wangs were dispatched

to LBL to carry out the tests, and although this assignment required less than two weeks

of time I requested an evaluation from Dr. James Carroll, of UCLA, upon their return.

Dr. Carroll replied with characteristic cogency, and his complete and unedited response is

included below with his permission.

From: LBL::" carroll" 19-APR-1993 15:59:08.84

To: ST%" kirk@phepds.span"

CC: CARROLL

Subj: RE: everything OK ?

Hi Paul

Everything went just as I have come to expcct from ZhiFu - perfectly smooth. Please thank

him/them for me, I didnt see them the morning they left. I assume he will tell you about

the mysterious mirror-pair.

Jim

Perhaps it would be useful for us to comment on the curious phrase "him/them" that appears

in Dr. Carroll's message. Although Zhi-fu Wang speaks English well, Ying-chao does not.
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She can, on occasion, make herself understood, but her comprehension of rapidly spoken

English is non-existent. She interacts with the English speaking world through Zhi-fu, and

most of our colleagues have never conducted a single conversation with Ying-chao. For

this reason it is no surprise that all the letters of evaluation contained in this report refer

principally to Zhi-fu, but Ying-chao can and does perform admirably. She carries more

than her fair share of the load, and we are anxious that her contributions to the group be

recognized at this time.

We have already mentioned the design, construction, and maintenance of the front drift

chambers in the DLS, and we shall cite these chambers as our final example of technical
i

competence. There were two of these chambers, and they were among the most reliable and

dependable instruments in the spectrometer despite their proximity to the target and their

exposure to high fluxes of incident particles. The chambers worked reliably throughout the

lifetime of the spectrometer, and it is appropriate, in our opinion, to ask why.

Instruments do not function reliably for years at a time for no reason. Such performance

does not just happen. We contend that, in the long term, reliability is the product of design,

and we have no hesitation in asserting that the front chambers in thc DLS worked reliably

for so long because the members of this group, both past and present, made it happen.

As one example of the steps that we took to ensure the proper functioning of our chambers

we cite our experience with the LeCroy edge cards. As the readers may perhaps be aware the

first edge cards produced by LeCroy were not troublefree. The nature of the problem that we

encountered is described in considerable detail below. In response to the problem the author

devised a simple procedure that produced startling results, and it was precisely because of

procedures such as this that the front drift chambers functioned so well. We described the

procedure to the DOE in our progress report for 1990, and we include a portion of that

description below.

The text between this point and the row of :_sterisks was included in a previous progress

report and will therefore be familiar to the grant monitor.

(b) testing and selection of PCOS amplifiers

Two paragraphs above wealluded to experiencewith the PCOS III amplifiersthat are used

22



)
q s.

toprocesssignalsfrom thedriftchambersintheDiLeptonSpectrometer(DLS) atLBL. As

thereadermay perhapshaveinferred,our experiencewiththissystem,initiallyatleast,was

not altogethersatisfactory.

Although the PCOS Illsystemiscommonly used throughoutthiscountryand Europe,

almosteveryonewho usesthem hasproblems.First,it_,asbeenalmosteveryone'sexperience

thatifthe low voltagesaresetto therecommended value,:1:5.00volts,thentheamplifiers

willoscillateno matterhow finethepower suppliesmay be and no matterhow wellfiltered

theinputlinesmay be.Second,afterconnectinga groupofamplifierstothewiresinone of

thechambers,we found itdifficultand frequentlyimpossibletofinda singlevalueforthe

thresholdvoltageat which everyamplifierinthegroup functionedproperly.For example,

atsome nominalvalueforthresholdvoltageaportionoftheamplifierswould work properly

and efficiently,but otheramplifierswould be inefficient.In orderto bringthe inefficient

amplifiersintoefficientoperationwe wouldlowerthethresholdvoltageonlytodiscoverthat

thepreviouslyefficientamplifiersbegan tooscillate.

Itispossibletosolvethisproblemby maintaininga highthresholdvoltageand by increasing

thehighvoltagesuppliedtothechamber accordingly.Formany monthsthiswas thesolution

adoptedby our collaboration.Unfortunatelythissolutionhas undesirableconsequences,

suchas an increaseinthemultiplicityofhitsand a decreaseinthelifetimeofthechamber

itself.

The IENPG decidedtodeviseaprocedureforselectingamplifierswithsimilarcharacteristics.

Our objectivewas tomount similaramplifierson thesame cardand tousegroupsofsimilar

cardson a chamber. Thisselectionprocedurewas tediousbut conceptuallysimple,and it

was carriedout atLSU by Mr. Mac>.

The firststepwas to choosea valueforthe amplitudeof the outputpulsefrom a signal

generator.Thiswas doneby arbitrarilyselectingone amplifierasastandardforcalibration.

The low voltagesappliedtothestandardamplifierweresetto:1:5.00volts,and thethreshold

voltagewas setto2.00volts.The outputOfthesignalgenerator,afterappropriateattenua-

tionand shaping,was connectedtothe inputofthestandardamplifier,and the amplitude

ofthepulsewas slowlyincreasedfromzero.When theamplitudeofthepulsereachedsome

minimum valuethestandardamplifierbegan tofire,and at aslightlyhigheramplitudethe
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standard amplifier fired wit l an efficiency of 100%. We shall denote the smallest ampli-

tude at which the standard :.aplifier was fully efficient by the symbol An. According to

the literature supplied by LeL.roy, when the amplitude of the output pulse from the signal

generator was fixed at A, the current being supplied to the standard amplifier was 4.0-4-0.8

microamps. The amplitude of the output pulse from the signal generator was fixed at A,

for the entire duration of the selection procedure.

After the amplitude of the output pulse from the signal generator was fixed, all amplifiers,

including the standard one, were subjected to the same sequence of steps. First, the magni-

tude of the positive low voltage was decreased from 5.00 volts to 4.75 volts. The reduction

in voltage was necessary in order to decrease the noise to a tolerable level. Because the

magnitude of the positive low voltage also controls the gain of the amplifier, the decrease in

voltage caused the amplifier being tested to stop responding to the input current. We then

slowly lowered the threshold voltage until the amplifier being tested was once again fully

functioning. This value of threshold voltage, which we shall label Vh, was recorded. Then

the threshold voltage was lowered again until finally, at some value which we label I4, the

amplifier being tested began to oscillate. The range of threshold voltages, Vt, that satisfied i

the inequality I_ <: Vt _<Vh was the .ange in which the amplifier being tested responded to

currents of 4 microamps with full efficiency but without oscillation.

In what must be regarded as an act of either heroism or masochism Mr. Mao tested all 760

amplifiers in the group connected to the front drift chambers and recorded Vh and V} for all

of them. Many amplifiers had no acceptable range of operation at all, by which we mean

that _ was larger than Vh. These amplifiers were retired from use. Some amplifiers had

ranges of acceptable operation that hardly overlapped at all with others. Nonetheless, as a

consequence of Mr. Mao's efforts, we were able to select a single value of Vt at which all the

remaining amplifiers functioned properly.

This effort was spectacularly successful. Indeed, it will be a long time until we enjoy a

comparable success. In May, 1990, we were able to demonstrate our success quantitatively

during two weeks of running that were devoted exclusively to the study of the MWPC and

the testing of the liquid hydrogen target.

On the pages that follow we exhibit seven graphs. Each of these graphs corresponds to one
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of the sevenplanesof wires in the left front drift chamber. The ordinateon each graph is

the probabilityfor an accidentalcoincidenceanywhereon the planeexpressedin percent.

The abscissaon eachgraphis the thresholdvoltage. Wethinkthe readerwill agreethat the

resultsarestriking,andperhapswe shoulddiscussbrieflythe significanceof these results.

In case some of the readers might be interested we shall inclv _ in this report one of the

seven graphs mentioned above. The others are available on request.

In summary, then, we contend that we have already established a place for ourselves in the

P HENIX Collaboration, and in response to the first of the questions that were posed in the

Introduction we assert that not only are we capable of contributing to PHENIX, we already

have. We also contend that an examination of the record provides abundant confirmation of

our technical skills, our prior experience in large collaborations, and our knowledge of what

must be done in order to ensure the long term reliability of the instruments for which we

might be responsible.

The strength of the group is difficult to miss in my opinion. By any reasonable standard

this group is very strong in terms of instrumentation. On the other hand there is one

significant weakness that must surely also be evident, and that weakness is iIi some areas of

computational physics.

Although every member of this group without exception is competent in the use of FOR-

TRAN, experimental physics has evolved to the point where this level of competence is no

longer adequate or even acceptable. A basic competence in skills and areas of knowledge

that I might loosely call "file manipulation" and "computer architecture" has become as

essential to the practice of the profession as the experimental skills that we already possess

in abundance. It has been clear to the author for years that we must broaden the base of

competence of this group. As the grant monitor will surely verify we have discussed this

problem in every progress report and every renewal proposal that we have submitted for

years, and we shall do so once again in 1993.

We have already taken on our own the first steps toward the goal of broadening the base of

this group's competence. Indeed, the process of Grand UNIXification is well underway in
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the IENPG. The author has developed, with some degree of difficulty to be sure, sufficient

skill in the use of UNIX and the EMACS text editor that he rarely even logs on to the

group's VAXstation any longer. We have announced to our colleagues our intention, and

perhaps determination would be a better word, to participate in the development of off-line

software for PHENIX. To this end we have purchased a SUN LX workstation, learned UNIX,

and will soon turn our attention to GEANT and PISA, which is the simulation package for

PHENIX. We have additional proposals in mind, but since they pertain to future, rather

than to past, developments perhaps we should conclude this progress report and direct the

reader's attention to the accompanying renewal proposal.
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