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Forward

The seventh (and final) JSD workshop was held at the Aizu-Tajima facility of Tokyo

Metropolitan University on February 16th - 17th, 1994, even though the SSC was cancelled by the

US government in the previous October, four months prior to this meeting. A number of Japanese

high energy physicists had been actively committed to the SSC project from its very beginning. In

1989, these commitments converged into the formation of the JSD group, consisting of about 100

Japanese physicists. This group played a leading role in the formation of the SDC group, an

international collaboration directed towards the construction of a large solid-angle solenoidal

magnetic spectrometer for SSC experiments. Since then, the JSD group has been working on the

development of the SDC experiment. The activivities of the JSD members included major

contributions to most of the detector components, including the development of silicon sensors,

straw chamber readout electronics, superconducting solenoid, calorimeter system, muon chambers,

muon readout and trigger electronics, data acquisition and computing.

The purpose of this workshop is to summarize our achievements and to provide a forum for

discussions about our near future, addressing, in particular, what to do next after this unfortunate

demise of SSC. In these proceedings, we collect and summarize, as much as possible, our work on

the SDC experiment. We hope these reports will be helpful for people engaged in related future

activities.

Susumu Terada; KEK

Workshop organizers

Ryosuke Hamatsu; Tokyo Metroplitan University

Susumu Terada; KEK
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Japanese (JSD) Contribution to the Straw Outer Tracker
of SDC: a brief history

Shigeru ODAKA

KEK, National Laboratory for High Energy Physics

1-1 Oho, Tsukuba, Ibaraki 305, Japan

A brief review is made regarding the history of the contribution of the

Japanese-SDC (JSD) members to the straw-chamber outer tracker subsystem of

SDC. Some details are presented for those R&D works which are not covered by

other talks in this workshop.

1. Prologue

A systematic contribution from JSD members to the straw outer tracker [1] of

SDC started in March 1992, when the JSD-straw group was formed, and intensive R&D

works were carried out until the demise of SSC in October 1993. The contribution was

mainly on the development of the digitizer and trigger-generator electronics. Since most

of the R&D efforts are covered by other speakers, details are mentioned in this talk only

for those items which are not covered by them.

Before March 1992, there was no systematic contribution from JSD members to

the straw outer tracker, except for the development of the Time Memory Cell (TMC), a

low-power and high-resolution pipe-line time-digitizer chip [2]. The development of a

32-channel CAM AC module (CAMAC-TMC) employing a prototype TMC (TMC 1004)

was also carried out at KEK [3].

During these prehistoric days, efforts were made to probe into the possibilities of

Japanese participation in the straw outer tracker subsystem; e.g. Arai, Iwasaki and Odaka

participated in the tracking workshop at ORNL in February 1991 and visited Duke

University on the way back from the workshop.

2. March 1992 - February 1993

The JSD-straw group was formed in March 1992 by JSD members from KEK1,

Tokyo Metropolitan University (TMU)2 and Tokyo University of Agriculture and

1 Y. Arai, M. Ikcno, S. Odaka, T.K. Ohska and Y. Watasc.
2 T. Hirose, R. Hamatsu, M. Chiba, C. Fukunaga, T. Kageya, K. Kondo, K. Yamauchi and H.
Yoshioka.
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Technology (Tokyo A&T)3. At the SDC collaboration meeting at KEK in May 1992, a

tentative agreement was made in the straw outer tracker subgroup that the JSD-straw

group would take a major responsibility on the production of whole frontend electronics

of the straw outer tracker. An agreement was also made on the R&D work sharing that

the JSD-straw group would take primary responsibility on the development of the

digitizer and trigger-generator assembly and relating components.

Since March 1992, intensive R&D efforts were made by sharing the works

among collaborating institutes. At KEK, the conversion of the prototype TMC

(TMC1004), which is a full-custom VLSI developed in collaboration with NTT, onto a

gate array of Toshiba proceeded [4], aiming at further transfer to a radiation-hard gate

array being developed by Toshiba. In parallel, the development of a 64-channel VME

module (VME-TMC) employing TMC1004 was carried out [5].

Since originally all the frontend electronics including the digitizer were planned to

be placed inside the tracking volume, close to the end of the straw modules, the

electromagnetic shielding and the cooling of the digitizer electronics were considered to

be serious problems. As a solution, we introduced a concept of Microcrate, which is an

electrically shielded box and looks quite similar tn ordinary crates except for its very

small size.

The main difference is in the cooling method. The heat produced by the

components mounted on inserted circuit boards (Microboards) is transferred to an outer

metal shell utilizing the thermal conductivity of Microboards and the card guides. Once

the heat is transferred to the outer surface, it becomes easy to remove it by means of

water flow or air/gas flashing. The feasibility of the concept was demonstrated by using a

prototype Microcrate and Microboards [6]. Along with the test, a conceptual design of the

data-transfer and control scheme as well as a trial for circuit layout proceeded; examples

are shown in Figs. 1 and 2.

Another effort was made at KEK to develop a circuit board including printed

resisters in the inner layers [7]. This technique would allow us to reduce the size of

circuit boards significantly.

At TMU, studies were made to optimize the track-trigger logic [8,9] by using a

full detector simulation of SDC (SDCSIM), in collaboration with University of Michigan.

Another effort was made at TMU to prepare a test bench for testing developed electronics

in a realistic environment. A 64-channel short prototype straw-chamber constructed at

Indiana University was instrumented.

At Tokyo A&T, efforts were devoted to the development of Level-2 Buffer (L2B)

and the design of a FIFO register, the most essential component of L2B, was established

on the Toshiba's gate array [10].

3 T. Emura, F. Sudo and T. Murata.
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There was a remarkable event at the end of this period. The SDC Tracking

System Review was held in February 1993, aiming at the final technology selection for

the outer tracker system. The straw outer tracker remained as the primary technology.

3. March 1993 - October 1993

A workshop of the frontend electronics and trigger for the outer tracker and the

muon detector of SDC was held at TMU in March 1993 [11]. This was a remarkable

turning point for our R&D works. A new configuration of the frontend electronics was

decided to be pursued as the baseline design, in which the digitizers were located outside

the barrel calorimeter. A significant descoping of die SDC detector having been made to

stay within the available budget eventually made this configuration possible.

The new configuration had many advantages; the components of the digitizer need

not be radiation-hard, and constraints on ihe packing and cooling of the digitizer

electronics are remarkably relaxed since significantly larger space would be available. As

the results, the development of the radiation-hard gate array was terminated and the

direction of the TMC development was turned to an application of more advanced VLSI

technology, a 0.5 (J.m-process gate array [12]. R&D works relevant to Microcrate were

terminated. Being independent of these changes, the development of an on-chip

microprocessor, Level-2 Processor (L2P), was started [13] aiming at a flexible data

processing in L2B.

On the other hand, development of compact cables turned out to be a key issue to

realize the new configuration. There was not only a geometrical constraint but also a

severe requirement on the material thickness in radiation length, since the cables would

run through the tracking volume. Two types of very compact cables, a thin twisted-pair

cable and a thin flat-ribbon cable, were prototyped and their electrical properties were

examined [14]. The size of both cables was well within the geometrical constraint and the

properties of the twisted-pair cable were satisfactory for our application. However, the

estimation of the material thickness based on the use of the prototype twisted-pair cable

showed that the total cable material would amount to nearly 20% of the radiation length in

the pseudorapidity range, 1.7 < rj < 1.95 [14]. The reduction of the thickness was not

significant, only about 25%, even if a use of the prototype flat-ribbon cable was

assumed.

These results indicated us that we would need to test other cables with thinner

conductors, since the material thickness was dominated by the copper conductor.

Actually such cables were available, although new problems such as the connection to

circuit boards and the signal attenuation might arise. The SSC project was terminated

when we were going to the next step.
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A noticeable event during this period was the beam test performed at BNL from

July to August, 1993. Four full-length (4 m) straw modules, 2 trigger-modules (8 layers)

and 2 stereo-modules (6 layers), were installed to a test beam line of AGS, and about 500

readout channels were instrumented. We brought in a total of 15 CAMAC-TMC modules

for time digitization. Four persons from the JSD-straw group participated in the beam

test: Ikeno, Odaka and Ohska from KEK, and Yamauchi from TMU. The analysis of the

collected data was carried out at TMU [15] in cooperation with people in the US.

4. Epilogue

The history of the JSD-straw group, the Japanese part of the SDC straw outer

tracker subgroup, was relatively short, shorter than two years. Despite, much progress

was made in a healthy collaboration with other members of the straw outer tracker

subgroup in the US and Canada. The sharing of the R&D works was well organized

between collaborating institutes with a friendly relationship. These were the results of

persistent efforts of all collaborating members to keep a tight communication by frequent

mutual visits and through various media: electric mail, TV conference, video tapes,

telephone, telefax etc.

Most of the R&D works being specific to SDC have been terminated or are being

terminated. The achievements are presented in this workshop or will be described in other

reports. Non-SDC-specific R&Ds, such as the development of TMC on a gate array, are

continued aiming at application to other experiments [12]. A summary of the development

of the SDC straw outer tracker is being prepared for publication.

Finally, we would like to express our thanks to all members of the SDC straw

outer tracker subgroup in the US and Canada, and of the SDC frontend electronics

subgroup lead by A. Lankford, for their persistent efforts that made the collaboration

fruitful.

References

[1] B. Adrian et al., Conceptual Design Report for the Modular Straw Outer Tracking

System, IUHEE-91-10 and SDC-91-125 (1992).
[2] Y. Arai, T. Matsumura and K. Endo, A CMOS 4 chxlk Time Memory LSI with I

nslbit Resolution, IEEE Journal of Solid-State Circuits, 27 (1992) 359.

[3] Y. Arai, M. Ikeno and T. Matsumura, Development of a CMOS Time Memory Cell

VLSI and a CAMAC Module with 0.5 ns Resolutior. IEEE Trans. Nucl. Sci., NS-

39 (1992) 784.

- 4 -



[4] Y. Arai, F. Sudo and T. Emura, Development of Time Memory Cell VLSI's, in

Proceedings of the Third Annual Conference on Electronics for Future Colliders,

May 1993, LeCroy Co.

[5] Y. Arai and M. Ikeno, A 64-ch Time Memory Cell Module with a DSP and a VME

Interface, KEK Preprint 93-151 (1993), submitted to the IEEE Nucl. Symp., San

Francisco, 1993.

[6] S. Odaka, T.K. Ohska and M. Saito, Test of the Conduction Cooling of

Microcrate, KEK Preprint 93-210 (1994), contribution to this workshop.

[7] T.K. Ohska and T. Murakami, Multilayer PC boards with silk-screened inner-

layer HV resistors, contribution to this workshop.

[8] K. Kondo, Master Thesis (Tokyo Metropolitan University, 1993).

[9] R. Hamatsu, talk in this workshop.

[10] F. Sudo, Master Thesis (Tokyo University of Agriculture and Technology, 1994).

[11] Proceedings of SDC Straw and Muon Frontend Electronics and Trigger Workshop,

Tokyo Metropolitan University, March 4 - 6, 1993, SDT-000107 (1993).

[12] Y. Arai, talk in this workshop.

[13] T. Murata, talk in this workshop.

[14] S. Odaka, T.K. Ohska and T. Murata, Prototyping of Compact Cables for the SDC

Straw Outer Tracker, KEK Preprint 94-2 (1994), contribution to this workshop.

[15] K. Yamauchi, Master Thesis (Tokyo Metropolitan University, 1994); and talk in this

workshop.

- 5 -



I
en

I

Control Signal/Dala 11 us

Hoard Selection
loCIC

Micro Crnlc Onln Link
Preliminary
S. ODAKA (KEK). 1992.831

Fig. 1. A conceptual diagram to show a proposed data-transfer and control scheme in the

Microcrate system.



Fig. 2. A test drawing of the schematics of Microboard, the circuit board to be installed in

Microcrate. Circuit layout was tried based on this drawing.



Preliminary Results from the Beam Test
for the SDC Straw-tube Tracking Detector *

Kazuo YAMAUCHI, Masami CHIBA, Chikara FUKUNAGA,

Tsuneo KAGEYA, Ryosuke HAMATSU and Tachl.,hige HIROSE

Department of Physics, Tokyo Metropolitan University

1-1 Minami-Ohsawa, Hachioji-shi, Tokyo 192-03, Japan

Yasuo ARAI, Masahiro IKENO, Shigeru ODAKA and Tokio K. OHSKA

KEK, National Laboratory for High Energy Physics

1-1 Oho, Tsukuba-shi, Ibaraki-ken 305, Japan

Tsuneo EMURA, Toshimitsu MURATA and Fumio SUDO

Tokyo University of Agriculture and Technology

2-24-16 Nakacho, Koganei, Tokyo 184, Japan

A beam test of the straw-tube tracking detector, developed for the SDC detector at

SSC, was carried out at BNL in July 1993. We present the results from our analysis of

the beam-test data. The analysis is devoted to the study of the detection efficiency and

the spatial resolution in a standard operation condition. The performance is studied for

two straw-tube modules employing anode wires of different diameters, 25 and 37 |im.

Two methods, a triplet method and a reconstructed-track method, are applied in the

analysis.

1. Introduction

The straw-tube tracking detector [i] has been developed for the application to the

barrel outer tracker of the SDC detector [2] at SSC. The development has been carried

out in collaboration between the institutes listed in Table 1. The proposed detector is

composed of five cylindrically concentric superlayers of straw drift tubes. Each

superlayer consists of six or eight layers of tubes (8 layers in trigger superlayers and 6

layers in stereo superlayers). The straw drift tube is composed of a Kapton-film tube

with thin copper coating on the inner surface and a central anode wire made of tungsten

with gold plating. The tubes are all 4 mm in diameter, which allows individual element

occupancies to be sufficiently small even in the high-radiation environment at SSC.

The straw tubes are arranged in modules of trapezoidal cross section, each

containing about 200 tubes, as shown in Fig. 1. The module is essentially an

* Presented by K. Yamauchi.



independent tracking chamber with its own gas and power connections and electronics.

The superlayers have the straw-tube modules running either parallel to the beam

direction (trigger superlayers) or at a small angle with respect to the beam direction

(stereo superlayers). Table 2 summarizes the component information in the final design.

A total of 137k straws were planned to be used.

In order to evaluate the performance of the developed straw-tube modules and

associated electronics, a beam test was carried out at BNL in July 1993. The beam rest

was performed in a situation which closely resembles a section of the actual SDC outer

tracking system and was expected to provide us useful information for finalizing the

design.

The analysis of the beam-test data has been carried out at several institutes in the

US and in Japan. Preliminary results from the analysis performed at Tokyo

Metropolitan University (TMU) are presented in this report. The analysis was devoted

mainly to the study of the detection efficiency and spatial resolution. Further details of

the beam test and the analysis are described in ref. [3].

2. Setup of the beam test

Four straw-tube modules of full length (4 m) were used in the beam test. The

module shells were made of a carbon-composite-foam sandwich and served as a vessel

for the drift gas. One end of the module, the end that would be at the center of the actual

detector (z = 0), was sealed with a simple endplate with no external connection. A more

complicated endplate was attached to the other end, the outer end in the actual detector

(z = 4 m), to permit all the required connections of signal, gas and high voltage.

The modules were mounted on an aluminum support structure as illustrated in

Fig. 2. The placement of the modules simulated the inner 4 superlayers in the proposed

layout, though all modules were placed in parallel. The modules were of two types: the

stereo modules containing 159 straw tubes and the trigger modules containing 212

straw tubes. Modules 1 and 3 were the stereo type and the others were the trigger type.

Another difference between the modules was in the thickness of the anode wires; wires

of 25 |im-diameter were strung in modules 1 and 2, while thicker wires, 37 (im in

diameter, were used in modules 3 and 4. The entire test stand was mounted on a table

capable of moving the modules vertically and horizontally, which allowed all parts of

the modules to be put in the beam.

The analog signals from the straw-tube modules were processed with bipolar IC

chips (ASD-8) developed at Pennsylvania University for the SDC straw-tube tracking

detector [4], Each ASD-8 chip includes eight channels of amplifier-shaper-

discriminator (ASD) circuits. The chips were mounted on circuit boards attached to the

endplates of the straw-tube modules. About 500 channels of the straw tubes were
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instrumented with the ASD chips. The output signals of the ASD chips were fed to

digitizers through twisted-pair cables.

For the drift-time digitization, we used the TMC-CAMAC modules developed at

KEK [5]. The module has 32 input channels and a total of 15 modules were used at the

beam test. The TMC (Time Memory Cell) chip, TMC1004, employed in the modules

records the history of the input signal by means of a fully digital method, with a r.m.s.

time resolution of 0.52 ns. The digitized data were collected via VME by using the

SDC portable data acquisition system (UNIDAQ) installed on a UNIX workstation.

3. Analysis of the beam-test data

3.1. General

Although the beam test was carried out in various combinations of the operation

condition (gas mixture, applied HVs and discriminator thresholds) and the experimental

condition (venical and horizontal positions and angle of the beam incidence), results are

presented in this report only for those data with the discriminator threshold of 3 fC, the

gas mixture of CF4 (80%) + isobutane (20%) and the beam incident angle of 90°,

perpendicular to the wire direction.

The measured drift time distribution in a typical run is shown in Fig. 3, where

time offsets of individual channels are corrected and an arbitrary overall time offset of

50 ns is added. In order to eliminate spurious hits, we use only those hits contained

within the time window, 45 < r < 75 ns, in the following analyses, unless noted

otherwise.

The time-to-distance relation was extracted by means of a self-consistency

method, in which all the applied HVs were set to the standard values. The relation was

found to be well described with a linear function, i.e. a constant drift velocity. The

obtained results are given in Table 3.

In our analysis, studies were made mainly for modules 1 and 3, in order to

investigate possible effects of the anode-wire thickness, 25 \ixn in diameter in module 1

and 37 |im in module 3. The track segment used in the analysis is defined as follows: A

2 mm-wide tracking unit is defined as illustrated in Fig. 4. If we find n or more hits in a

certain tracking unit, we call such a set of hits an /i-hit track segment.

3.2. Detection efficiency

We studied the HV and z-position (position along the wire) dependence of the

efficiency by means of a triplet method. We picked up hits in three contiguous straws

- 10 -



aligned along the beam axis, as shown in Fig. 5. Hits in the first and third straws of the

triplet were required and the efficiency of the middle straw was studied.

The results obtained for modules 1 and 3 are plotted in Fig. 6 as a function of the

applied HV for two z positions of beam incidence, near the center of the straw-tube

modules (z = 1.7 m) and close to the readout end (z = 3.45 m). We can see that the

efficiency reaches a plateau around 1850 V in module 1 and around 2050 V in module

3. The results for module 3 show a z-position dependence of a few % level in the

plateau region, while it is not clear in the results for module 1 although the dependence

is obvious at lower HVs. At z = 1.7 m, the (plateau) efficiency was found to be 93% in

module 1 at 1950 V and 94% in module 3 at 2150 V.

Another method was applied to study the track-distance dependence of the

efficiency in the standard condition, the HVs of 1950 V for module 1 and 2150 V for

module 3 and the beam incidence at z = 1.7 m. In this method, tracks were

reconstructed by using hits found in other modules than the module under the study.

We required that one and only one track segment comprising an appropriate number of

hits must be found in each module to be used. In addition, we required that the

difference in the vertical position between these track segments should be within a

reasonable range. The specific numbers in the selection condition will be given later.

Tracks were reconstructed by fitting the hits in the selected track segments to a

straight line. The reconstructed track was extrapolated or interpolated to the module to

be studied, and the efficiency was estimated for the straws that were expected to be

penetrated by the reconstructed track. The time-window cut described in section 3.1

was not applied, so as to avoid possible small loss of hits in the tails of the time

distribution.

In the study of module 1, tracks were reconstructed by using modules 2 and 3. We

required a 7-hit track segment in module 2 and a 5-hit track segment in module 3. The

vertical position difference allowed for the track segments was chosen to be 2 in the

unit of the tracking-unit width, i.e. 4 mm.

We introduce a variable dy in order to represent the distance between the track

and straw chamber wires. It is defined as

**y — ^ track ~~ Slower'

where yaac^ is the vertical coordinate (y) of the extrapolated track at a certain layer and

Slower *s the y coordinate of the nearest wire in the lower side of the track in this layer

(lower-side straw). This definition is convenient for studying the behavior around the

straw boundary. With a perfect alignment, the straw wall should be at dy = 2 mm and

the wire of the nearest straw in the upper side (upper-side straw) should be at dy = 4

mm (Fig. 7).

The efficiency was studied for both the lower-side straw and the upper-side straw.

The efficiency of the ORed signal was also evaluated. The obtained results are plotted

tt



in Fig. 8. We can clearly see a degradation around the wires and the straw-tube

boundaries. The efficiency of the ORed signal averaged over the whole track distance is

88%. Note that the boundary effect is smeared by a finite tracking error. The tracking

error is expected to be about 200 fim if a spatial resolution of 150 |im is assumed. If we

exclude a region around the boundary, 1.5 < dy < 2.5 mm, we obtain an average

efficiency of 89% for the ORed signal. Therefore, the degradation due to the straw wall

is to be about 1%.

The efficiency obtained here is about 5% worse than the efficiency estimated with

the triplet method. The inefficiency around the straw boundary tends to be

underestimated in the triplet method due to a geometrical constraint. So that, the triplet

method should give somewhat larger efficiency than the method using reconstructed

tracks. However, even if we exclude the region around the boundary, there still exists a

4% discrepancy, which is marginal but not negligible.

A similar study was also carried out for module 3. In this study, modules 2 and 4

were used for tracking. A 6-hit track segment was required in each module, and the

allowed tolerance in the vertical position was chosen to be 4 tracking units. The

obtained results are plotted in Fig. 9. The overall average was found to be 88% and the

average excluding the boundary region, 1.5 < dy < 2.5 mm, to be 89% for the ORed

signal. These results are in good agreement with those obtained for module 1. The

boundary effect is more clearly seen in this result, since the tracking error is smaller.

The error is expected to be about 50 urn for a spatial resolution of 150 |im. The

disagreement with the results from the triplet method is not negligible also in this result.

3.3. Spatial resolution

The HV and z-position dependence of the spatial resolution was studied by using

a triplet method. The definition of the triplet is the same as that used in the efficiency

study (Fig. 5). We made a distribution of the triplet time difference, Att^p]<.t, defined as

'̂triplet = (h+h)/2-t2.
The spatial resolution, Otripiet. was evaluated by multiplying the standard deviation of

the ^triplet distribution with a factor of V2/3 and with the drift velocity. In this analysis,

used were only those hits which belonged to a 6-hit (8-hit) track segment when a stereo

(axial) module was studied; i.e. no inefficiency was allowed. Further, events were not

used if two or more such track segments were found in the straw module under the

study.

The results obtained for modules 1 and 3 are plotted in Fig. 10 as a function of

the applied HV. We can clearly see an improvement of the resolution as the HVs are

increased. The results for module 1 show a reasonable agreement with the results

reported previously [6]. The z-position dependence is not clear, mainly because the
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available data points are limited. On the other hand, the results show a significant

difference between module 1 and module 3. In the standard condition, the HVs of 1950

V for module 1 and 2150 V for module 3 and the beam incidence at z = 1.7 m, the

obtained resolution is 165 |im in module 1 and 224 |im in module 3.

The spatial resolution in the standard condition was studied as a function of the

track distance by using a reconstructed-track method. The selection applied was the

same as that used in the triplet method. Tracks were reconstructed by fitting hits in the

studied module, excluding the hit in the layer under the study.

We introduce a variable dyrcs\du&\ to represent the distance between the track and

the measured position. It is defined as

^residual = ^drift - -Xfib

where D drift is the drift distance in the vertical coordinate (y) extracted from the

measured drift time, and XfU is the .y-coordinate difference between the reconstructed

track and the wire position (track distance). The study was made for hits in layers 3 and

4 since the tracking error is minimum in these layers. The obtained dyresiduai

distributions are shown in Fig. 11.

From a simulation, we found that there is a relation between the standard

deviation of <iyresiduai (cvesiduai) a nd the spatial resolution (ax) as

Residual = 0.002 4 1.08 <7X (mm),

for layers 3 and 4. The spatial resolution extracted by using this relation is plotted in

Fig. 12. We can see a small degradation of the resolution around the wire. Comparing

the data of 0.0 < Xfn < 0.5 with those of 1.5 '< X(n < 2.0, the degradation was found to be

about 10% for both modules. The average resolution was obtained to be 173 (im for

module 1 and 224 |im for module 3.

Since the Attiipfa and rfyrCsiduai distributions are not pure Gaussian, a systematic

uncertainty at a level of 10% should be postulated to the resolution results. Taking such

uncertainty into consideration, the results from both analysis methods are in a

reasonable agreement, while the difference between module 1 and module 3 is

significant.

4. Summary and discussion

Analyzing data from the beam test at BNL, we studied the detection efficiency

and the spatial resolution of the prototype straw-tube tracking detector developed for

the SDC detector at SSC. The performance was studied for two straw-tube modules

employing anode wires of different diameters, 25 and 37 Jim. Two methods, a triplet

method and a reconstructed-track method, were applied in the analysis.

Using a simple triplet method, we found that the detection efficiency reaches a

plateau around 1850 V in the straw tubes with 25 p.m wires (module 1) and around
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2050 V in those with 37 \xm wires (module 3) in the standard threshold setting, 3 fC,

and with normal incidence of the beam. In the standard operation and experimental

condition (HVs of 1950 V for module 1 and 2150 V for module 3 and normal beam

incidence near the center of the straw-tube modules), the detection efficiency was found

to be 93% for module 1 and 94% for module 3; i.e. no significant wire-diameter

dependence was observed.

We have clearly observed a degradation of the efficiency around the straw-tube

boundary and the wires, by using a reconstructed-track method. The average efficiency

was found to be 88%, and the inefficiency due to the straw boundaries to be about 1%,

for both modules 1 and 3 in the standard condition. The obtained average efficiency is

somewhat smaller than that from the triplet method. We infer that the results from the

reconstructed-track method must be more reliable, since the used sample is more clearly

defined and is expected to be free from any bias.

The observed efficiencies are, in any case, appreciably worse than the

expectation and results from cosmic-ray tests of about 97%, a few % inefficiency due

to the boundary. Noise pick-up, cross talk or contamination in the drift gas may have

deteriorated the efficiency at the beam test. The reasons need to be clarified by further

studies.

Concerning the spatial resolution, two analysis methods give consistent results.

However, we observed a significant difference between the modules, i.e. a wire-

diameter dependence of the resolution. The average resolution was measured to be

about 170 |im for module 1 and 220 Jim for module 3 in the standard condition. The

result for module 1 is roughly consistent with results from cosmic-ray tests of about 150

Urn, while the result for module 3 employing thicker wires, 37 [im in diameter, is

significantly worse. Further studies need to be carried out to find the reason and to

optimize the chamber design.

One of the main purposes of the beam test at BNL was to operate the developed

straw-tube detector system including associated electronics of a large number of

channels in a realistic environment, in cooperation between many institutes

participating in the development. The beam test was quite successful from this point of

view. On the other hand, as described above, unexpected problems were found in the

obtained data. Further studies are necessary to solve the problems. Although SSC has

' been terminated, they will give valuable information for future application of this type

of detector to other experiments.
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Table 1. The collaborating institutes of the SDC straw tracking group.

Colorado State University

Duke University

Indiana University

KEK

Lawrence Berkeley Laboratory and University of California, Berkeley

Northeastern University

Oak Ridge National Laboratory

Quantum Research Services

Supercomputer Computations Research Institute, Florida State University

Tokyo Metropolitan University

Tokyo University of Agriculture and Technology

TRIUMF

University of Colorado

University of Michigan

University of Pennsylvania

Westinghouse Science and Technology Center

Table 2. The proposed configuration of the SDC barrel outer tracking system.

superlayer

1

2

3

4

5

mean radius
(m)

0.816

1.103

1.351

1.488

1.631

channel
count

19,504

19,716

32,224

26,712

39,008

number of
modules

92

124

152

168

184

layers/
superlayer

8 (trigger)

6

8 (trigger)

6

8 (trigger)

zmax
(m)

2.410

3.281

4.033

4.033

4.033

stereo angle
( ° )

0

+3

0

-3

0

Table 3. The measured time-to-distance relation. A constant drift velocity was assumed.

module type wire diameter (\im) HV (V) drift velocity (mm/ns)

1950 0.112
1950 0.113
2150 0.121
2150 0.122

1
2
3
4

stereo
axial

stereo
axial

25
25
37
37
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Fig. 1. The basic module design. The two basic designs are shown: a 6 layer module for

the stereo superlayers, and an 8 layer module for the trigger superlayers in which all

straws are radially aligned.
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Module 4 Module 3 Module 2 Module 1

28.58 cm

oo

I

Beam

96.52 cm

Fig. 2. A schematic layout of the straw-tube modules at the beam test. Four straw-tube

modules are mounted on the support structure. Modules 1 and 3 are the stereo type and

the other two are the trigger type. The layout approximately emulates the arrangement

of inner 4 superlayers in the proposed straw-tube tracking system.
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tracking unit

beam

Fig. 4. A picture showing the definition of the tracking unit.

Fig. 5. A picture showing the definition of the straw triplet.
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Results are presented for (a) module 1 and (b) module 3 as a function of applied HV.

The results for two different z positions, z = 1.7 and 3.45 m, are plotted in each figure.
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Fig. 7. A picture showing the definition of the track distance, dy, which represents the

distance between the reconstructed track and the straw chamber wires for the study of

the track-distance dependence of the efficiency.
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Fig. 8. The efficiency of the straws in module 1 in the standard operation condition, the

HV of 1950 V and the discriminator threshold of 3 fC. The results were obtained by

using a reconstructed-track method and are presented as a function of track distance.

The results for the lower-side straw and the upper-side straw are plotted together in (a),

while those for the ORed signal is plotted in (b).
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Test of the Conduction Cooling of Microcrate

Shigeru ODAKA, Tokio K. OHSKA and Masatoshi SAITO

KEK, National Laboratory for High Energy Physics

1-1 Oho, Tsukuba-shi, Ibaraki-ken 305, Japan

Cooling of the digitizer circuit for the SDC straw outer tracker is a serious

problem since the circuit will be placed in a tiny space and surrounded with

sensitive detectors. As a solution we introduce a conduction cooling scheme

based on the Microcrate concept, where the heat produced by the circuit is

transferred to the outer surface of Microcrate utilizing the thermal conductivity

of the circuit boards and card guides. Feasibility of this scheme is demonstrated

by a test using a simple prototype Microcrate and some types of test boards.

Possibility of further improvement is discussed looking over the test results.

1. Introduction

According to the original baseline design, digitizers for the SDC straw outer

tracker [1,2] are placed in the tracking volume, close to the end of the tracker system.

This configuration has a benefit that we can minimize the amount of cables between the

electronics inside the calorimeter and those outside. On the other hand, various

requirements which may be difficult to be fulfilled arise from this configuration. Since

the tracker system is a very sensitive sensor, the electromagnetic noise emission from

the digitizer has to be carefully eliminated. Besides the heat produced by the digitizer

has to be efficiently transferred out of the tracking volume. Otherwise the power

dissipation would result in an overall temperature rise in the tracking volume, and/or

produce a dangerous temperature gradient through the tracker system.

The concept of Microcrate has been introduced as a candidate enclosure system

of the digitizer. The conceptual structure of Microcrate is illustrated in Fig. 1. The

structure is very similar to an ordinary crate system except for its very small size. The

size is about 8 cm in width, 5 cm in height and about 8 cm in depth. This size has been

determined to fit to the tiny space at the end of the straw tracker. The crate shell is made

of thin metal and it encloses 7 or 8 Microboards. Each Microboard contains maximum

32 channels of the digitizer and trigger generator. We consider that each Microcrate

corresponds to one straw-chamber module; i.e. maximum 212 channels are

implemented in each crate. The metal shell, together with adequately designed ground

planes in the signal connection board and the backplane board, forms a shielding case

eliminating the electromagnetic interference. The backplane includes bus lines for data
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acquisition and crate control, as well as power lines and some lines for transmitting the

trigger information generated on Microboards. One of the Microboards includes a crate

control circuit for the communication with external devises, e.g. Crate Interface Card.

Cooling may be a serious problem of Microcrate since the available space is

limited. Ordinary air-cooling would not be suitable for the Microcrate concept.

Complicated and/or massive attachments would be needed to preserve uniform air flow

inside the crate. In our present concept, the heat produced on Microboards are

transferred to the metal shell of Microcrate through the boards and card guides. The

heat transferred is removed by cooling the metal shell someway. Though we originally

considered a water cooling, many other methods would be applicable; e.g. by blowing

cooled air or other gasses onto the shell. In any case, the critical issue is the thermal

conductivity of the components inside the crate shell. We built a simple prototype of

Microcrate in order to investigate basic properties regarding thermal conductivity of

circuit boards and crate components. The structure of the prototype and the results of

tests using the prototype crate are presented in the following.

2. Prototype Microcrate and Microboards

The structure of the metal shell of the prototype Microcrate is shown in Fig. 2.

The shell is composed of two pieces of 0.5 mm-thick aluminum plates. A flat plate

serves as the bottom part and the other is bent to form the side and top parts of the

shell. U-shape card guides made of 0.1 mm-thick phosphor bronze are riveted to the

top and bottom part of the shell, forming 7 slots with 1 cm-spacing. A spring property

of the card guides provides a good thermal contact between the boards and the shell. A

backplane board and a front board, both of which are made of 2 mm-thick glass-epoxy,

are fixed to the bent edges of the metal shell with screws to form a closed box. The

inner dimension of the box structure is 5x8 cm in cross section and 8 cm in depth.

The prototype Microboards (4.8x7.1 cm ) are regular FR4 glass-epoxy printed

circuit boards with a thickness of 1.6 mm. The circuit patterns are only on the surface.

A total of 61 surface-mount chip resisters of 1.5 kQ are uniformly attached on both

sides of the board. These resisters simulate the power dissipation of the digitizers. On

some boards 9 temperature sensors, LM35DZ of National Semiconductor Co., are

mounted in a form of 3x3 array in order to measure the temperature distribution on the

board. A multi-pin connector is attached on an edge of the board, which mates to a pin-

connector mounted on the backplane. The powers for the boards are supplied via the

backplane and these connectors. The temperature sensors are also connected to the

connector. The boards have no connection to the front board in this prototype. The

ground pattern near the upper and lower edges is not covered with solder resist in order

to ensure a good thermal contact to the card guides.
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The thermal conductivity of circuit boards is expected to depend on the total

thickness of conductor material, since glass-epoxy is not a good thermal conductor. We

made 3 types of prototype Microboards in order to measure this dependence. The

difference between them is only in the thickness of inner copper layers. Type-0 boards

have no inner layer, while two 35 Jim-thick (1 oz.) copper layers are buried in Type-1

boards and two 70 [im-thick (2 oz.) copper layers in Type-2 boards. These inner layers

are connected to ground pattern on the surface via through-holes near the edges of the

boards.

3. Test Setup

Figure 3 shows the setup for the test. Because no suitable heat sink nor cooling

device was available, the prototype Microcrate was tightly screwed to an aluminum

block in order to decelerate the overall temperature rise. The heating speed could be

eliminated to less than 0.1°C/min even at the measurements with the highest power

dissipation. Each measurement was done by installing the same type of Microboards to

all 7 slots. The temperature inside the crate was measured by sensing the output voltage

of the temperature sensors mounted on Microboards. The measurement was done for

the board placed in the center slot, since the temperature rise is expected to be highest

on that slot. The voltage measurement was carried out by multiplexing the outputs from

9 sensors. The numbering of the sensors is shown in Fig. 3.

The measurements were done more than 10 minutes later since the resister

voltage was set, in order to wait for an equilibrium. Each measurement took about 3

minutes and the overall temperature rise was monitored at the start and the end of each

measurement, by measuring the temperature on the crate shell using a thermocouple.

The temperature sensors were calibrated beforehand in a thermostatic oven. In the

calibration the temperature inside the oven was monitored using the same thermocouple

that we used for monitoring the shell temperature. The test was carried out under a

circumstance with almost no external air-flow. We expect that the contribution from air-

flow inside the crate, except for the convection, is negligible.

The power dissipation inside the crate was controlled by varying the voltage

applied to the resisters on Microboards. The measurement was done up to an applied

voltage of 6 V, corresponding to a power dissipation of 10 W in total or about 1.5 W

per Microboard. We expect the power dissipation of TMC [3] and L2B [2], the main

components of the digitizer, to be about 20 mW per channel. We plan to mount 32

channels of the digitizer on each Microboard and implement up to 212 channels in each

Microcrate. These lead to a power dissipation of 0.64 W per board or 4.2 W per crate.

Therefore the present test safely covered the conceived situation.
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4. Results

Figure 4 shows results for the Type-2 board at a total power dissipation of 6.9

W. The temperature monitored on the aluminum shell (To) is indicated at the sensor

number 0 in the figure. The measurements were done for three different To values. The

room temperature was at around 23°C throughout the measurements. We can see an

identical sensor-number dependence, in spite of a significant difference in the overall

temperature. The Umperature rise with respect to To,

ATi = Ti-T0 ( / = 1 , . . . , 9),

is independent of To. This fact indicates that the area inside the crate shell was a closed

system and the measured temperature rise, ATt, represents the thermal resistance inside

the crate.

The results for the three types of test boards are compared in Fig. 5 in terms of

AT. The results are for a total power dissipation of 6.9 W. We can see an apparent

difference between the board without inner layers (Type-0) and those with inner layers

(Type-1 and Type-2), while the difference between Type-1 and Type-2 is not very

significant. For Type-0 the temperature rise amounted to 25°C at maximum and the

variation through the board was as much as 15°C. A systematic difference between the

upper, middle and bottom rows is clearly seen. The effect of the backplane connection

is significant, too. On the other hand, the maximum AT was only 13°C for Type-1 and

12°C for Type-2. The variation through the board was less than 4°C for Type-1 and

less than 2°C for Type-2.

The temperature rise averaged over 9 sensors, <AT>, is plotted in Fig. 6 as a

function of the total power dissipation. The results show a good linear dependence

upon the power dissipation. The most important issue in the circuit-board design is the

maximum temperature rise on the board. The AT of the sensor number 5, which is

attached at the center of the board and shows nearly the maximum temperature rise, is

plotted in Fig. 6. Again a good linear dependence on the power dissipation was

observed. The difference between the boards with and without inner copper layers is

very significant. For Type-1 and Type-2 boards, AT$ is smaller than 10°C at a total

power dissipation of 5 W and smaller than 20°C even at 10 W.

5. Discussion

The above test results indicate that the conduction cooling scheme is feasible in

the proposed Microcrate concept. If the temperature on the crate shell is controlled to

20°C by means of any external cooling system, the temperature on digitizer boards can

be kept lower than 40°C even at a power dissipation of 1.5 W/board, by adopting a
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simple Microcrate design similar to the present prototype and a Microboard design

similar to the Type-1 or Type-2 board.

The thermal conductivity of 1.6 mm-thick glass-epoxy is negligibly small,

compared to 70 u.m-thick copper. Thus thinner boards, e.g. 1 mm-thick board, would

be acceptable from this point of view. The test results show that the total thickness of

the copper conductor dominantly determines the thermal conductivity of circuit boards.

The results also show that the total thickness of 70 u.m is sufficient for the conceived

power dissipation, and the difference between the 70 (im-thick and 140 |im-thick

copper layers is not significant. Therefore inner layers thinner than 70 |im in total may

be acceptable, depending on the (still-ambiguous) actual total power dissipation.

The results for the Type-1 and Type-2 boards indicate that the temperature rise

on these boards is dominated by the thermal resistance at the card-guide contact. The

card-guide design that we adopted in the present prototype was very simple. We may

be able to further eliminate the temperature rise with an improved card-guide design.
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Prototyping of Compact Cables

for the SDC Straw Chamber Readout

Shigeru ODAKA and Tokio K. OHSKA

KEK, National Laboratory for High Energy Physics

1-1 Oho, Tsukuba, Ibaraki 305, Japan

Toshimitsu MURATA

Tokyo University of Agriculture and Technology

2-24-16 Nakacho, Koganei, Tokyo 184, Japan

Two types of very compact cables, a thin twisted-pair cable and a thin flat-

ribbon cable, have been prototyped, aiming at the use for the SDC straw-

chamber outer tracker readout in the digitizer-outside-the-calorimeter

configuration. The results of the tests performed so far are presented. The

development is incomplete since the SSC project demised before completion.

However, the knowledge that we have collected will be useful for other

presently planned or future detectors.

1. Introduction

According to a significant descoping of the SDC detector to stay within the

available budget, the number of readout channels of the straw-chamber outer tracker [1]

was much reduced; it was about 140k channels in the final design. Originally we

planned to install all the frontend electronics including the digitizer inside the

calorimeter, in order to minimize the amount of cables passing through the calorimeter

system. However, since the number of channels was not so huge in the final design,

we thought that it would be possible to transfer all discriminator signals outside of the

calorimeter through cables. This configuration, digitizer-outside-the-calorimeter, had

many advantages; the digitizers need not be radiation-hard and, in general, relatively

large space was available for them. The latter condition would make the packing and

cooling of the digitizer electronics much less difficult.

In order to realize the digitizer-outside-the-calorimeter configuration, we

needed to prove that the total amount of cables to be used for the signal transfer would

fit within the available space inside of the gaps between the barrel and endcap

calorimeters. As a reference, we now consider about a twisted-pair cable used for

experiments at TRISTAN. The conductor of the cable is composed of 7 copper wires of
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0.14 mm in diameter, equivalent to 27 AWG (American Wire Gage), and is covered

with 0.25 mm-thick FEP insulator. Individually shielded 19 pairs of such cables are

combined to form a bundle of 10 mm in diameter. This cable has good characteristics in

cross talk, attenuation and frequency response, sufficient for transmitting analog

signals of drift chambers up to several tens of meters.

If we use this cable for the SDC outer tracker, the total cross section of the

cables amounts to at least 140kx^x(0.5 cm)2/19 = 5,800 cm2, i.e. 2,900 cm2 in each

end. The area available in the calorimeter gap is about 6,600 cm2 in each end. All cables

as well as pipes needed for the trackers placed inside of the calorimeter pass through

this area, and about 1/4 of the space is occupied by the optical fibers of the endcap

electromagnetic calorimeter. Therefore, the space available for the signal cables of the

outer tracker would not be larger than 1/4 of the total area. Further, we have to take into

account the packing density of the cables. Taking some safety factor into consideration,

we had to make the thickness of the outer-tracker cables be at least one half of the cable

referred above.

In order to study the feasibility of thinner cables, we fabricated and tested two

types of very compact cables. One of them is a natural extension of the cable used at

TRISTAN, a twisted-pair cable with thinner conductor, and the other is a new type of

cable, a long and thin flat-ribbon cable. The structure of the fabricated cables and the

results of the tests performed so far are presented in this report. In addition, the total

thickness of the cables measured in radiation length, which may have caused a serious

problem in our application, is estimated on the basis of the specification of these cables.

The development is incomplete since the SSC project demised before

completion. However, the knowledge that we have collected through the development

will be useful in designing the readout "•ystem of other presently planned or future

detectors. The cable is one of the most low-tech parts in rapidly evolving modern

electronics. The information described in this report will not become outdated in

coming several years.

2. Twisted-pair cable

A thin twisted-pair cable (100 m long) w^s fabricated by Junkosha Co. The

specification of the cable is listed in Table 1. The conductor of the cable is composed of

7 tin-plated copper wires of 0.079 mm in diameter (32 AWG). This conductor diameter

was chosen because connectors are commercially available down to this size.

The conductors are covered with 0.12 mm-thick ETFE insulator. ETFE

(ethylene tetrafluoroethylene copolymer) is known to have good mechanical properties

as well as good electrical properties; e = 2.6 and tan<5 = 0.005 even in MHz range.

Besides it is fire retardant, produces very small amount of smoke in fire and has
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superior radiation hardness. Good mechanical and electrical properties are preserved up

to nearly 10 Mrad irradiation. The thickness of the insulator was minimized as far as

sufficient mechanical strength could be maintained in the production process. Hence,

the characteristic impedance was expected to be lower than ordinary twisted-pair cables.

Each twisted cable pair is shielded with aluminized polyester film, in order to

eliminate the cross talk between pairs. The cable bundle comprises 19 such shielded

pairs with a structure shown in Fig. 1. The bundle is further shielded with aluminized

polyester film and sheathed with PVC. Two drain wires are inserted in each bundle for

external connection for the shields. The diameter of the finished bundle is only 6 to 7

mm. The cross section is less than one half of the cable used at TRISTAN. Therefore,

this cable satisfies the requirement on the size. The total size can be further reduced if

we adopt a bundle with larger number of cable pairs, since the overhead with the sheath

is significant.

Electrical property of the cable was measured by Junkosha. The measurements

were done on 5 pairs in a 10 m-long sample of the fabricated bundle. The setup for the

measurements is schematically shown in Fig. 2 and the results are summarized in Table

2. The characteristic impedance was found to be about 70 Q. and its variation was

within ±5%. The signal attenuation was approximately 0.5 dB/m at 50 MHz. Since the

rise time of the discriminator signal will be a few to ten nano seconds, the bandwidth of

the signal would be around 50 MHz or narrower. Therefore, we expect that the signal

attenuation should be at most 30% for a typical cable length of 5 m. This would be

sufficient for our use. The signal propagation delay is 4.9 ns/m, corresponding to a

velocity of 20 cm/ns.

The measurements can be compared with calculations described in ref. [2]. The

estimated characteristic impedance is 76 Q for the round-shape shield and 61 Q. for the

race-track-like shield. The reality must be in-between. In fact the measurement, 70 Q.,

lies between these estimates. The results for the signal attenuation are plotted in Fig. 3

as a function of signal frequency. Curves drawn in the figure show the predictions

obtained by rescaling the values for 100 Q. cables [2] to the three impedance values: 61,

70 and 76 Q. The predictions roughly reproduce the measurements.

Measurements were also carried out at KEK by using typical square wave

signals as input. The setup is shown in Fig. 4, where an ECL line-driver (10192)

provided the input signal and the transmitted signal was received by a differential

amplifier (TL592). The differential signal lines were terminated at both ends with two

36 Q. resisters. A 4.5 m-long sample of the cable bundle was used for the

measurement. The input signal was measured by connecting the line-driver and the

receiver with short cables. The input and output signal shapes are shown in Fig. 5. The

attenuation was found to be 12%, which is in a reasonable agreement with the

42 -



expectation. The cross talk was also measured between typical pairs and was found to

be always smaller than 1%.

3. Flat-ribbon cable

A new type of cable, a long and thin flat-ribbon cable, was fabricated by Hitachi

Cable Corp. The structure of the cable is illustrated in Fig. 6. Copper conductors, 50

(im-thick and 0.5 mm-tvide, are placed with a pitch of 0.8 mm. The conductors are

sandwiched with Kapton films coated with polyester-base glue. These materials are

heat-pressed to form a flat cable. Before making the cable structure, windows are cut

our periodically on one of the Kapton films. External connection is allowed at both ends

by cutting the continuously produced cable at the windows. The distance between the

windows can be specified at any value, according to the required cable length. We

chose a length of 4.5 m for the present test. The end structure of the cable is the same

as ordinary flexible printed circuits (FPC), so that a wide variety of connectors are

commercially available.

The structure described above is the original structure of this type of cables.

Such cables are widely used in printers and image scanners to connect a moving head

with a control circuit. In ordinary use, each cable is at most several 10 cm long and the

signal frequency is not very high. Cross talk and noise pick-up do not cause a serious

problem in such use. However, in our application, the cables are relatively long,

typically 5 m. Furthermore, since the available space is limited, the cables must be

tightly packed. The interference between cables could become a serious problem with

the original structure.

From these concerns, we added a 9 jim-thick copper sheet and a covering film

to the original structure, as shown in Fig. 4. The total thickness of the fabricated cable

is about 220 |i.m. If we use this cable in differential mode, the cross section occupied

by each signal channel is 2x0.8 mmx0.22 mm = 0.35 ram. The cross section of the

cable used at TRISTAN is about 4 mm2 per channel. Therefore, with this flat-ribbon

cable, we can achieve a reduction of more than one order of magnitude in the cable

cross section. This is far better than the required value.

The fabricated cable is 4.5 m long and 2.5 cm wide, containing 30 conductors.

Property of the cable was measured at KEK. The characteristic impedance was

measured with a setup similar to that shown in Fig. 2a. The measured impedance is 10

Q. between the conductor and the shield, and 20 Q between neighboring conductors.

Since the distance between the conductors and the shield is very small, about 60 (im,

the capacitance between them is very large and far larger than the capacitance between

the conductors.

- 43 -



The attenuation was measured with the setup shown in Fig. 7 (a). The setup

was the same as Fig. 4, except that the terminators were replaced with 10 Q. resisters,

and the signals were measured directly on the signal line through a 1 kf2 resister and a

50 Q coaxial cable. The observed signal shapes are shown in Fig. 8, and the signal

attenuation was measured to be about 50%. We worried that a ringing seen in the

observed signal shape might be caused by an interference between the conductors,

because the cable was wound and tied compactly. However, no visible change was

observed in the signal shape when we untied and widely spread the cable.

The cross talk was measured with the setup shown in Fig. 7 (b), and found to

be nearly 2% between neighboring pairs. It decreased to about 1% when a ground line

was interleaved between the pairs. A part of the cross talk may have originated in the

connectors and the wiring in the measurement circuit, because small connectors for

FPCs were used.

4. Thickness in radiation length

The material thickness of the cables measured in radiation length was an

important number to be considered carefully, since the cables were planned to run

inside of the electromagnetic calorimeters and a part of them run in front of the

intermediate trackers (ITD). Figure 9 shows probable cable paths in the tracking

volume. In the figure, the paths that may affect the tracking by ITD are drawn with

solid lines, while the parts that would not affect the tracking are drawn with dashed

lines. The radiation length was estimated as a function of the pseudorapidity (77) for the

particles produced at the interaction point.

In the estimation for the thin twisted-pair cable, we assumed a use of 61-pair

bundles. The cross section of the copper conductor (32 AWG) is 0.0343 mm2 per

cable. The cross section of the ETFE insulator and the sheath amounts to 35 mm2 per

bundle, if the sheath thickness is 0.5 mm. If the radiation length of these materials is

comparable to ordinary plastics, about 15 times the radiation length of copper, the cross

section is equivalent to 2.3 mm of copper. Therefore the overall cable material is

61x2x0.0343 + 2.3 = 6.5 mm2 copper-equivalent per bundle.

We assumed that 4 cable bundles would be used for each trigger module (212

channels) and 3 bundles for each stereo module (159 channels). The total material

thickness, calculated on the basis of these estimations anc the module count presented

in the SDC Technical Design Report [3], is shown in Fig. 10. The result shown with

the solid line corresponds to the cable paths drawn with solid lines in Fig. 9, and the

dashed line shows the total thickness including the paths drawn with dashed lines. The

average thickness is nearly 20 % of the radiation length in the angular region, 1.7 < 77 <

1.95.



A rough estimation was also carried out for the thin flat-ribbon cable. In this

case, the cross section of copper is 0.064 mm2 per channel (pair) including the shield

plane. The cross section of the plastics is 0.27 mm2 per channel, which corresponds to

approximately 0.018 mm2 of copper. Therefore, the total cross section is 0.082 mm2

copper-equivalent per channel. This is about 75% of the estimation for the prototype

twisted-pair cable. The ratio almost corresponds with that of the conductor cross

section; 0.0343 mm in the twisted-pair cable and 0.025 mm in the flat-ribbon cable.

5. Summary and discussion

We have prototyped two types of compact cables, aiming at the use for the SDC

straw-chamber outer tracker readout in the digitizer-outside-the-calorimeter

configuration. One of them is a thin twisted-pair cable and the other is a thin flat-ribbon

cable.

The twisted-pair cable has a 32 AWG conductor (7x0.079 mm^-wires), and

individually shielded 19 pairs of the cables are combined to form a bundle of 7 mm

(maximum) in diameter. The measured impedance is 70 Q. This is smaller than

ordinary twisted-pair cables since we have minimized the insulator thickness in order to

reduce the cable volume. The signal attenuation has been measured as a function of

signal frequency; it is about 0.5 dB/m at 50 MHz. The attenuation and the cross talk

between pairs were also measured for square wave signals. The measured properties

were sufficiently good for our application, and they were in a reasonable agreement

with predictions calculated with known formulae and data.

The thickness of the twisted-pair cable, about 1/2 of typical such cables in cross

section, is small enough to fit inside the space available for cabling. However, the

thickness in radiation length could be a problem. The estimated thickness amounts to

nearly 20% of the radiation length in the pseudorapidity region, 1.7 < T] < 1.95. The

manufacturer can provide thinner cables down to 36 AWG (7x0.051 mm^-wires) as

their regular products. However, adopting such cables, a problem will arise in the cable

connection, since no connector is commercially available. We will have to adopt a non-

standard way for the connection; for example, direct soldering onto circuit boards.

Besides, for such very thin cables, the conductor material has to be replaced with a tin-

copper alloy in order to preserve required mechanical strength. As a result, the

conductivity will decrease and eventually the attenuation will become larger, although

the degradation may not be so large.

The thin flat-ribbon cable is a new type of cable, in which flat copper

conductors placed in parallel with 0.8 mm pitch are sandwiched by Kapton films coated

with polyester-base glue. A thin copper layer is attached on one side of the cable, in

order to shield the conductors against external noise and interference between cables.



'Phis cable is very compact, about 1/10 of ordinary twisted-pair cables in cross section,

and a wide variety of connectors are available since the cable geometry is chosen to be

the same as ordinary FPCs. The impedance of the cable, 20 Q between neighboring

conductors, is rather low because the distance between the conductors and the shield is

very small. The signal attenuation was measured to be about 50% and the cross talk

between pairs to be at most a few percents, for a 4.5 m-long cable on square wave

signals.

Although the measured properties were not unacceptable for our use, we have

not measured some other basic properties of this flat-ribbon cable, such as frequency

response and radiation hardness. Moreover, although the physical thickness is very

small, the material thickness measured in radiation length is not very small; about 75%

of the prototyped twisted-pair cable. It is possible to reduce it further by adopting a 0.5

mm-pitch cable, which Hitachi Cable can provide. Anyway, many things are still left to

be examined before discussing the feasibility of this cable.
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Table 1. The specification of the twisted-pair cable manufactured by Junkosha.

conductor 7x0.079 mm^ tin-plated copper (32 AWG)

0.237 mm0 in total, < 612 n/km (DC)

insulator 0.12 mm-thick ETFE

insulated individual cable 0.480 mnr

shield of pair aluminized polyester (Al on outer surface)

shielded pair 1.04 mnr

number of pairs/bundle 19

drain wires 2x(7x0.079 mnr tin-plated copper)

shield of bundle aluminized polyester (Al on inner surface)

sheath 0.5 mm-thick PVC

finished bundle 6.3 mrrr (max. 7.0 mm'O

Table 2. Results of the tests done by Junkosha.

test item (method)

impedance (TDR)

unit

Q

sample

70.9

1 2

69.8

3

72.1

4

66.9

5

67.2

attenuation 10 MHz dB 2.96 2.97 2.96 3.71 2.78

for 10 m 50 MHz 6.52 6.52 6.41 6.03 4.96

(NA) 100 MHz 9.74 9.78 9.74 8.72 8.22

propagation ociay (TDR) ns/m 4.89 4.88 4.92 4.89 4.86

propagation delay 10 MHz ns/m 5.20 5.20 — — —

(NA) 50 MHz 5.11 5.04 — — —

100 MHz 5.14 5.01 — — —
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aluminized polyester
(aluminum on outer surface)

aluminized polyester
(aluminum on inner surface)

copper conductor (32 AWG)

ETFE insulator

drain wires

sheath

Fig. 1. The structure of the twisted-pair cable fabricated by Junkosha. The cable bundle is
composed of individually shielded 19 pairs of cables.
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(a)
TDR

Tektronics CSA803, SD-22

reference air-line
50 Q

test sample

(b) network
analyzer

hybrid matching
couplers resisters

test sample

Fig. 2. The setup for the measurements performed at Junkosha: (a) the TDR method
(TDR) and (b) for the network-analyzer method (NA).
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Fig. 3. The signal attenuation through the thin twisted-pair cable as a function of the signal
frequency. The plots show the measurements by Junkosha, and the curves show the predictions

for three impedance values: 61 Q (race-track-shape shield), 70 Q. (measurement) and 76 Q.

(round-shape shield).
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(a)

square
pulse XXYX TL592 > output

(b)

square
pulse xxxx

36

signal

cross
talk

Fig. 4. Schematic diagrams to show the setup for the measurements of the thin twisted-pair
cable performed at KEK: for the (a) attenuation and (b) cross talk measurements.
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(a)

1.3 V

20 ns

(b)

1.15 V

Fig. 5. The (a) input and (b) output signal shapes observed in the attenuation measurement
of the thin twisted-pair cable performed at KEK.
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Kapton 25(im
Glue 40 jam

Cu conductor
50 jim-thick
0.5 mm-wide
0.8 mm-pitch

Glue 40 jam
Kapton 25jim

Glue 5 Jim

Cu9jim

" Glue 20 Jim
Polyester 12 |im

Fig. 6. A picture to show the components of the thin flat-cable fabricated by Hitachi Cable.
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cable (4.5 m)

shield plane
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pulse

cable (4.5 m)

shield plane

.10

-c
TL592 > signal

TL592 cross
talk

10

Fig. 7. Schematic diagrams to show the setup for the measurements of the thin flat-cable
performed at KEK: for the (a) attenuation and (b) cross talk measurements.
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input

output

20 ns

Fig. 8. The input and output signal shapes observed in the attenuation measurement of
the thin flat-cable performed at KEK.

- 55 -



440

-SL5- J VL-

.' '. -SL4-

- S L 3 -

SL2

SL1 ^ , - - ®

cable
path

or-

beam line

Fig. 9. The cable paths assumed in the estimation of the cable thickness in radiation length.
The paths that may affect the tracking with ITD are drawn with solid lines, and the paths
that would not affect it are drawn with dashed lines.
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Fig. 10. The total thickness of the cables in the unit of radiation length, estimated by assuming
a use of 61-pair bundles of the thin twisted-pair cables (32 AWG). The estimation is shown as
a function of the pseudorapidity. The calculation was carried out according to the cable paths
illustrated in Fig. 9. The solid curve shows the contribution of the paths drawn with solid lines
in Fig. 9, and the dashed curve shows the total thickness including the paths drawn with
dashed lines.
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Multilayer PC boards with silk-screened inner-layer HV resistors

Tokio K. OHSKA and Takeshi MURAKAMI

KEK, 1-1 Oho, Tsukuba, Ibaraki 305, Japan

To achieve a very high packing density, printed-resistor PC board for high

voltage distribution circuits was developed. Printed resistors are common in hybrid ICs,

but this one is on an inner layer of a multilayer board and has very high resistance values.

It will be more resistant to moistures and surface contamination that will cause leakage of

current when high voltage is applied. It will surely achieve higher packing density as no

high voltage resistors are on the surface. In addition the silk-screening of all resistors are

done in one shot, time and cost saving are significant for large number of channels.

Multilayer printed circuits with inner-layer printed resistors have been around, but for

relatively low resistance values at low voltages. Most were done for signal line

termination so that the values were up to 1 kQ or so. To produce such boards with

resistance values above 100 k£2, new resistive paint material had to be found.

We finally got a score of test boards produced for evaluation. Our major concern

was smearing of the resistive paint in a process of pressing layers together under heat

which might cause a short inside and/or large change in resistance values. On the test

boards, the resistors were printed with various spacing between each other. The tightest

spacing was 0.2 mm between the resistor pads. After the heat pressing, resistance value

between separated resistor pads were above 1 GQ.. Heat pressing caused average 4.1%

reduction in resistance value (see figure 1), but the value 4% was found to deviate little

between samples.

Heat shock by solder dip (when soldering other components) at 260°C for up to 2

minutes caused up to 40% reduction of the resistance value (see figure 2). This can be

8% if the solder dipping was done in less than 15 seconds.

Variation in resistance values were found to be within 7% over 180 samples.

Stability of the isolation resistance value under 40°C and 90% relative humidity was

tested. It did not cause any reduction in the isolation resistance values for the printed

resistors separated by 0.3 mm after 952 hours. However, resistors separated by 0.2 mm

at the tightest spots did show a significant change after 450 hours. It is known that

humidity gets inside FR4 (or G10) type boards after a long exposure to a very humid air.

Here is the conclusion: As long as one keeps more than 0.3 mm separation

between the resistors, it can be used for HV distribution boards. Since HV isolation

resistance value is not a critical issue as long as it will stay above a certain value, the

change due to an exposure to high humidity, high temperature high pressure and so forth

are not going to pose a problem. We feel that we do have a technique to fabricate the high

voltage distribution boards this way.
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Evolution and Present Status of TMC
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1. Introduction
Time Memory Cell (TMC) VLSI is a new kind of TDC chip developed to meet the

requirements of the SSC experiments. It has unique features of low-power, deadtime-less readout,
high density, high precision and low cost. In the SDC straw and muon systems, about 140k and
90k channels of TMCs were planned to be used respectively.

Even the SSC project was canceled, many users still express the interests on the TMC chip for
other experiments; DO upgraded muon system, PHENIX drift chamber, KEK PS experiments and
possibly in LHC experiments. Thus the development of the TMC chip is still worth while, and it
is expected to be one of the great assets from the SSC.

In this paper, the brief history of the TMC chips and modules are shown. Then the status of
latest chip which use 0.5 |im process is presented.

2. Evolution of TMC
TMC chips are classified in three generations by the process and architecture differences.

Figure 1 shows the historical evolution of the TMC chips and modules. Features of each
generation chip are described below.

1988

1990

1991

1992

1993

1994

NTT LSI Lab.
(0.8 urn Full Custom LSI)

TMCTST1

TMC1004

I
32ch TMC CAMAC \

1 ns/bit
1 (is depth

64 ch TMC 9U-VME

1 ns/bit
64 j is depth

Rad-Hard, Mass Production
Cost, Turn-Around Time

Toshiba
(1 urn Sea-of-Gate)

TMCSSC1

| TMCSSC2I
1.14 ns/bit
4 us depth

Non Rad-Hard
Performance

Toshiba
(0.5 urn Sea-of-Gate)

TMCTEG3 I

0.8 ns/bit
3-4 jis depth

Fig. 1 Evolution of TMC chips and modules.



First Generation

First TMC chips are developed as a full-custom chip in collaboration with NTT LSI
laboratories from 1988. After a test chip (TMCTST1) [1] production, 4 ch x 1 (is TMC chip
called TMC1004 was developed [2] by using 0.8 u,m CMOS technology. This chip demonstrates
the effectiveness of TMC architecture such as good timing resolution (a = 0.51 ns) and low-
power consumption (7 mW/ch for 100 kHz trigger rates).

By using this TMC1004 chip, 32 ch CAMAC modules [3] and 64 ch 9U VME [4] modules
were developed and have been used in straw and muon chamber beam tests. This chip was
commercialized and has been used in many areas such as distance measurement, surface ion
analysis along with the HI upgraded calorimeter.

Second Generation

In the SDC straw chamber, radiation hardness was required in the TMC chip. Therefore, we
changed CMOS process to Toshiba 1 (im CMOS Sea-of-Gates (SOG) gate-array. This process is
radiation hard up to 1 Mrads(Si) [5]. Besides that, the gate-array technology has additional
advantages of its shorter turn-around-time and its lower cost characteristic compared with the full-
custom one.

Test chips (TMCSSC1 & 2) [6] were developed in non rad-hard SOG process of which
electrical characteristic is almost same as that of the rad-hard version. Figure 2 shows the
photograph of the TMCSSC1 chip packaged in a 144 pins plastic QFP. Several problems were
appeared in realizing the TMC circuit in gate array, but the experience gained from these test
chips was succeeded to the third generation chip.

Third Generation

The position of the TMC chip for straw chamber was originally planned to be near chamber,
but it was changed to outside of calorimeter afterwards. Therefore we don't heed to stick to the
radiation hard process. Thus we changed the process again. We selected 0.5 |im CMOS SOG
process of Toshiba for the further improvement of chip and elongate the life of the chip.

A test chip called TMCTEG3 have been designed and processed by using this process. The
chip will be available soon. The main specifications of the TMCTEG3 are shown in Table 1 and
the block diagram of the chip is shown in Fig. 3. The chip will be one order less expensive
compared with the TMC 1004.

Table 1. Main features of TMCTEG3
Technology
Digitization Step
System clock
Channels and Timing Range
Power Supply Voltage
Master Gate Size
Feedback Circuit
Encoding Scheme
Double Pulse Resolution
Package

0.5 urn CMOS Sea-of-Gates (TC180G).
0.8 ~ 1.1 ns/bit (resolution < 0.4 ns expected)
40 ~ 30 MHz (10 ~ 7.5 MHz: x4 mode)
4 chx (3.2 -4.1) us
3.3 V.
66k Master (6.4 x 6.4 mm die), 32k gates used.
Phase Lock Loop.
Dual edge encode (hit tag + 5 bit) x 2
25 - 32 ns
0.5 mm pitch, 144 pins plastic QFP
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3. TMCTEG3 circuits

There are several differences between the TMC 1004 and the TMCTEG3 chips (Fig. 4). In the
TMC 1004, each TMC cell works as both time digitizer and a level 1 buffer. However, in the
TMCTEG3, the digitized data are soon moved from TMC to dual port memories which act as a
level 1 buffer. By dividing time digitizing and buffering function, the number of gates in time
digitizing part becomes small, so the layout of that part, which is done by manually to get high
precision, becomes easy. For other parts, we can use automatic routing.

This design approach is fit to the gate array technology very well. Some other blocks which
design was also changed are described below.

TMC1004

0.8 u.m CMOS Full Custom

(TMC Array)

Signal

Write

Tcycle Delay Lock Loop

TMCTEG3

0.5 u.m CMOS Sea-of-Gate

Dual Port Memory

Signal | T I I r~f-

CLK

Tcycle Phase Lock Loop

Fig. 4 Architectural difference between TMC1004 and TMCTEG3.

Feedback Circuit

The feedback circuit is changed from Delay Lock Loop (DLL) to Phase Lock Loop (PLL) to
ease the implementation in gate-array and get more timing precision. Although the DLL circuit is
a naive solution to the TMC like circuit, it has intrinsically difficulties in matching the delay
between the clock path and delay path. On the other hand, the PLL circuit is insensible to such
difference and can attain more stability since the phase error is cumulative, so it has more
sensitivity to the error than the DLL circuit.

Asymmetric Ring Oscillator

Although the uniformity of gate delays within a chip is rather good, there are still some
differences between the cells in the feedback circuit and actual TMC cell. It is better to get timing
signals directly from the cells used in the feedback circuit.
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A ring oscillator is often used in the PLL circuit as a voltage controlled oscillator. It can
generate timing signals which period is equals to the oscillating period divided by the number of
inverter stages. Since the number of stages in the ring oscillator must be odd, we can get only odd
number of signals. Since we want even number of bits in a row, such as 16 or 32, the odd number
of stages does not fit well. Thus we invented an asymmetric ring oscillator which produces
equally spaced even number of timing signals.

A simplified example of the asymmetric ring oscillator (8 stages) and its wave form is shown
in Fig. 5. The edge denoted by arrow lines are equally separated by T/8 (T = clock cycle). Of
course, in actual design, the loads of each stage are carefully adjusted to get same delay time.

Encoding Scheme

There are two encoding circuits for each channel. One is for encoding a rising edge and
another is for encoding a falling edge. The encoding scheme is shown in Table 2 - (a) and (b).
Since one cycle of data is consists of 32 bits, these 32 bits and first bit of the next cycle are used
to detect a first rising/falling edge. The encoder converts the input data into a hit tag plus 5 bit
data. There are also provisions for distinguish all 0 data and all 1 data.

4. Summary
We have been developing TMC LSI's which span in three generations. First generation chip,

TMC1004, has been developed as a full custom chip by using 0.8 urn CMOS process. The chip
was used widely and CAMAC and VME modules are available to use. In second generation chip,
which use 1.0 urn CMOS gate-array technology, radiation hardness and cost reduction were
aimed.

Third generation chip, TMCTEG3, is under development and soon be available. It uses 0.5 |im
CMOS gate-array technology, and has 0.8 ns/bit resolution. The circuit was more optimized for
the gate-array technology. Many TMC users in future high energy experiments and other fields
are expected to be.
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1. Introduction

The SDC straw chamber had been designed to have about 140k channels which timing signals
are digitized and buffered in Time Memory Cell (TMC) VLSI's [1, 2, 3, 4, 5]. Although
sophisticated level 1 and level 2 trigger logics will be employed and reduce the readout rate to a
factor 10^-5 i e s s than the beam interaction rate, there are still large number of data to be read out.
To minimize the bandwidth of the data acquisition system, data processing logic must be
employed with the TMC. Since the data formatting scheme is still under study and the readout
procedure is somewhat complicated to handle the consecutive triggers and errors, we selected
CPU approach rather than designing a specialized sequencer.

The TMC chip was planned to place near the straw chamber, so the chip must be radiation
hard up to 1 Mrad. Final TMC chip is planned to be processed in rad-hard gate-array process of
Toshiba 1 (irn CMOS[6]. On the other hand, commercial microprocessors, which are not radiation
hard, can not be used in this place. Thus it is natural to combine such processor with the TMC in a
chip. This approach has another benefits of reduced cost, area and power consumption, and
improved reliability.

CPU cores, such as Z80 8-bit microprocessor equivalents, are often used when a processor is
required in custom gate-arrays. However, such CPU cores have no radiation hard structure.
Furthermore, it takes relatively large Si area and may not have enough processing power due to its
general purpose structure. In addition, existing processor architectures are usually protected by
many patents. Thus we started a design of a simple CPU optimized for the readout of TMC.

Here, we report our first round trial to develop such custom processor (Level 2 Processor:
L2P). Although this chip is not yet optimized for the TMC, it provided us rich experience for
designing a special CPU and development of softwares. It also opened up the possibility of such
embedded processor in all the frontend electronics. We start from brief introduction of the TMC
readout scheme, then describe about the L2P circuit and test results.

2. TMC Readout Scheme

Figure 1 shows the basic readout scheme of the TMC with the L2P. Timing signals from
chambers are continuously digitized at the TMC with ~lns/bit resolution. The digitized data are
buffered in a dual port memory (DPM) up to 4 (isec. There are 4 channels in a chip and the
system clock is synchronous to the RF signal of the beam but has half frequency (30 MHz) of the
RF. The bunch identification will be done by using the phase of the system clock.
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Fig.l TMC/L2P readout scheme.

Level 1 Output Buffer

When a level 1 (LI) trigger signal is arrived of the chip, the corresponding data is moved from
the DPM to a LI Output Buffer (LlOB) in a format as shown in Table 1. In the TMC, the data for
16 ns period is encoded into a 4-bit data, so dual 4-bit data are moved at each clock cycle (32 ns).
Each data line also has 15 bits common information. Thus, in total, there are 47 bits in a line of
data at LlOB. For an event, necessary data spans to several data lines, so the first data line is
tagged by a trigger bit. This enables us to handle consecutive triggers during the data readout
time. The shared data for the consecutive triggers are copied at next stage. If all 4 channels' data
are zero's, those data are skipped and not written to the LlOB except the first data line. Since the
TMC runs with half clock frequency of the RF, a trigger phase is denoted by a trigger phase bit.

Table 1 Data format in LI Output Buffer

Common Information

lbit

Trig, bit

l=first data

O=other

lbit

Trig, phase

O=first 16 ns

l=later 16 ns

6 bit

LI Trig. ID

7 bit

Read Pointer

Coarse
Timing

ChO Data

4 bit I 4 bit

Upper data

Fine Timing

Lower data

Fine Timing

Chi

8 bit

data

Ch2

8 bit

daUi

Ch3

8 bit

data
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Table 2.
7 6

FlaR(OO)

FlaR(OO)

—

L2B

1

1

proposed format.
5 4 3 2

Level 1 Trigger ID
Ch No. 1

Data (drift time)
Ch No. 1

Data (drift time)

End-of-Data (01010101)
Next Event

1 0

Level 2 Buffer

After the data movement to the LI OB, the L2P starts processing of the data. The data are
collected in an 8-bit buffer called L2 buffer (L2B) and formatted to compose an event (Table 2).
If there are shared data in the L1OB, the data will be kept in the L1OB for the next trigger.
Otherwise the data are removed from the LI OB. The data format shown in Table 2 is a typical
case and programmable by L2P software. The L2P also converts the raw data, which spans
several data lines, into a drift time.

External Readout Control

Readout from the L2B is controlled by a readout controller. If the "Level 2 accept" signal
comes, the controller sends the corresponding data which match the LI Trigger ID. If there is no
matched data, then the controller just sends no-data flag to notice it to the next stage.
If the "L2 reject" signal comes, the controller discards the corresponding data from the L2B.

3. L2P Prototype Design

Figure 2 shows the block diagram of the L2P prototype circuit. The processor is composed of
an 8-bit ALU, four 8-bit general registers (R0, Rl, R2 and R3) and one I/O register (RF). The
ALU block is taken from Toshiba's library and has same logical functions as 74181. The A-port
of the ALU is connected to a multiplexer which select one of four ports (RF, FIFO1, FIFO2 or
Status Register (SR)). The inputs of FIFO1 and 2 are connected to TMC circuit internally. The B-
port of the ALU is connected to the general registers. The output of the ALU (F-port) is sent to a
shifter logic, then the shifter output appears at the F-BUS. The program counter is consists of an
8-bit addressable counter and an incremental circuit. Usually the address will be incremented by
one at each clock cycle, but the address will change to a jump address if required by the condition
of Carry, A equal B (AEQB) and so on. The status register indicates the status of the FIFO, Carry,
AEQB, and an external trigger signal. External data are written to the RF and/or general registers,
and send out through the RF register. Primary specifications of the L2P are listed in Table 3.

The L2P prototype circuit is implemented in TMCTEG2 chip which use Toshiba 1.0
CMOS Sea-of-Gate technology. The number of master gate of the chip is 54k and usable number
of gate is about 40% of the master gates. Most of gates are used for the TMC circuit, and only
1,434 gates are used for L2P. The circuit design and simulations were done by using a Toshiba's
CAD software (VLCAD) on a SPARC workstation. The chip was packaged in a 144 pin plastic
QFP, and 42 pins are used for the L2P signals.
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Fig. 2 Block diagram of the L2P prototype circuit.

Table 3. Primary Specification of the L2P.
Commands

Registers
Address
Number of gates
L2P signals
Power

Move, Add, Subtract, Shift, Logical OR, Logical AND, Exclusive OR,
Condition Jump, Invert, Negate, etc.
8 bit width. Four general registers and one I/O register
8 bit
1,434 gates (L2P part)
42 pins
3.3 V

4. Test Setup and Microcode Development.

We have made a VME test board for the test of the L2P chip. Photograph of the test board is
shown in Fig. 3. The board has been implemented as a 6U VME slave module. There are 4 Dual
Port Memories (DPM), and each DPM has 8-bit by 2 k word memories. There are several
switches, LED's and registers for debugging. The system clock is selectable from crystal
oscillator, external clock, or one step clock by a switch.

Microcode is assembled by a microcode assembler [7]. Several operation codes were defined
at first, then programs were written by using the pre-defined operation code. An example of the
definition file is shown in appendix. Signal lines for the jump address and external I/O data are
shared to reduce the number of bits for the microcode. There are 29 bits in total for a microcode.
The assembled codes are transfeaed to the DPM through the VME bus and executed by the L2P.



Fig. 3. Photograph of the L2P Test Board
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Fig. 4 L2P blocks

5. Test Results

Several test programs are developed to measure the performance of the L2P prototype circuit. The
processor speed was evaluated in three parts; microcode memory, control part and processing part
(Fig. 4). Access time of the microcode memory is specified as 30 ns in data sheets but actually has
18.0 ns in our measurement. Maximum delay of the control part occurs at jump operation and
measured to have 20. 0 ns. Several commands were performed to measure the processing time
and we got 18.0 ns as a maximum value. Maximum delays for the control part and processing part
derived from simulation are 20.0 ns and 16.0 ns respectively, and has good agreements with the
measured value.
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Cycle time of the processor is determined from the total delay time of above three parts and
becomes 56 ns (18 MHz). If we neglect the memory access time which is irrelevant to the L2P
performance, the maximum speed of the processor is calculated to be 26 MHz. The cycle time of
the processor will be easily doubled by introducing parallel operation in the control and
processing parts. Further improvements are also expected from optimization of the circuit and
inclusion of the microcode memory within the chip. An example of observed wave form is shown
in Fig. 5. This example shows bit shift and conditional jump (at point A) operation. The wave
form matches with the simulation results.

I ! GHz T iming 8 | f Waveforms J

flccumulate
O f f Samp le p e r i o d I ns

j s/Div ] i Delay " ( rurkers 1
[ 200 ns j { 656 ns J ( Off J

n rt nJVTrLriri

Fig. 5. An example of L2P signal waveform. Only a part of signals are shown.
Operation is jumped to different location at point A.

6. Summary and Future Improvement

We have developed a prototype 8-bit processor for the level 2 data processing for the TMC.
The first prototype processor successfully runs with 18 MHz clock. The operation of same clock
frequency as TMC (30 MHz) will be easily achieved with simple modifications. Although the
processor is very primitive one but shows its powerful performance and flexibility.

To realize the compact TMC/L2P system, it is better to include the microcode memory within
the chip. Encoding logic of the microcode must be included to reduce the microcode memory in
this case.
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[Appendix: L2P operation code definition file.]

TITLE TMCTEG2 L2P DEFINITIONS
; Length of Microword
WORD 29

; ALU FUNCTIONS (SELB,SELA,CSEL1,CSELO,M,S3,S2,S1,SO)

APL1:
NOTA:
NOR:
FEQO:
NAND:
NOTB:
ASUBB:
PLUS:
EXNOR:
ANDAB:
FEQ1:
ORAB:
FEQA:
ROTRA:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

B#000000000
B#000010000
B#000010001
B#000010011
B8000010100
B#000010101
B#000000110
B#001101001
B#000011001
B#000011011
B#000011100
B#000011110
B#00001I l l l
B#010011111

;F=APLUS1
;F=NOT A
;F=NOT(A + B)
;F=0
;F=NOT(A * B)
;F=NOT B
;F=A MINUS B
;F=A PLUS B
;F=A EXNOR B
;F=A * B
;F=1
;F=A + B
;F=A
;F=Rotatc Right A

; A-sourcc control (YB.YA)

DR:
SR:
F2:
F l :

EQU
EQU
EQU
EQU

B#00
B#01
B#10
B # l l

; B-source control (XB.XA)
; B destination control (WR1.WR0)

RO:
Rl :
R2:
R3:

EQU
EQU
EQU
EQU

B#00
B#01
B#10
B#l l

; NEXT MICROINSTRUCTION ADDRESS

FALSE:
CARRY:
EQUAL:
TRUE:

EQU
EQU
EQU
EQU

B#00
B#01
B#10
B#l l

;Dara Register
;Status Register
;FIFO2(Addrcss)
;FIF01(Data)

SELECT (CONDI,CON

;No Branch
;Branch If Carry Set
;Bianch If Equal
;Branch Always

; Other Control (DIN,DOUT,COND2,SOUT)
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DIN:
DOUT:
FIFOW:
FIFOR:

EQU
EQU
EQU
EQU

B#1000
B#0100
BflOOlO
B#0001

;Extcrnal Data Latch (DIN)
;External Data Out (DOUT)
;FIFO Write (COND2)
;FIFO Read (SOUT)

; Microcode Definition
; (SELB,SELA,CSEL1,CSELO,M,S3,S2,S1,SO),(YB,YA),(XB^A),(WR1,WRO),
; (COND 1 ,COND0),(DIN,DOUT,COND2,SOUT),(DA7..C)
»
; ALU function,A-source,B-sourcc,Register
ALU: DEF 9VB#000011010^VB#OO^VB#00,2VB#00,2X,4X,8X
t

; COND condirtion jump-address
COND: DEF 9X,2X,2X,2X,2VB#00,4X,8VH#00

; EXIO DR_and_FIFO>Immediate-Value
EXIO: DEF 9X,2X,2X,2X,2X,4VH#0,8VH#00
*
; No operation (set Carry 0)
NOPO: DEF B#000011010,B#00,B#00,B#00,B#00,H#0,H#00

; DEFINE MACROS

MOVE:

ADD:

NOT:

MACRO
IFC
ALU
ELSE
IFC
IFC
ALU
EXIO
ELSE
IFC
IFC
ALU
ELSE
•
•
MACRO
NOP1
ALU
NOPO
ENDM

MACRO
ALU NOTB
ENDM

P,Q
P,H#,2,2
FEQD,,,Q & EXIO DIN.P

P.F.1,1
Q,DR
FEQB..P, & EXIO DIN,
FIFOR,

P,SR
Q.DR
FEQB.JP, & EXIO DIN,

P.Q.R

PLUS,P,Q,R

P
,,P,P

;Move Reg.P to Reg.Q
;Sourcc is Immediate?

;Source is FIFO?
;Dcstination is DR?

;Gct Next FIFO Data

;Source is SR?
;Destination is DR?

;Add P and Q and save

;Not Reg.P

OR: MACRO P,Q
ALU FEQB ,,P, & EXIO DIN,
ALU ORAB.DR.Q.Q
ENDM

ROTL: MACRO Q
ALU ROTLB,,Q,Q
ENDM

BAEQB: MACRO P,Q,S
ALU EXNORAB J>,Q, & COND EQUAL.S
ENDM

;OR Reg.P and Reg.Q

;Rotate Left of Reg.Q

;Branch to S If P=Rcg.Q
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Tsukuba Group Activities for the Development of
SDC Scintillating Tile/Fiber Calorimeter

Tsukuba SDC Tile/Fiber Calorimeter Group])

Institute of Physics, University of Tsukuba

Tsukuba, Ibaraki 305, Japan

Scintillating tile/fiber calorimetry has been developed intensively to employ it for the SDC

central calorimeter at SSC. It takes advantage of high speed response of scintillator. Signals

from scintillating tiles are readout to phototubes located behind the calorimeter by use of about

1 mm(|) waveshifting fibers embedded in the tile. The calorimeter dead space is hence minimized

and the longitudinal segmentation is easily achieved. We describe the design of the SDC

tile/fiber calorimeter and the Tsukuba group contributions to the calorimeter R&D that include

the fiber fabrication method, optimization of tile/fiber optics, development of radiation hard

scintillators and developments of phototube test system and Cockcroft-Walton type phototube

base. In Appendix, we summarize the publications and talks by the Tsukuba group.

1. Tile/Fiber Calorimetry

Scintillating tile/fiber calorimetry consists of scintillating plates (tiles) interleaved with lead or iron

sheets, and the signal from the tile is readout by waveshifting fiber. Fig. 1 shows the conceptual

view of the SDC tile/fiber calorimeter. The calorimeter is divided into towers and each tower is
PMTs

tiles readout
fibers

EM

1m

calorimeter tower

Fig. 1 Conceptual view of the tile/fiber

calorimetry.

longitudinally segmented into three sections, EM

(electromagnetic), and two HAC (hadron calori-

meter) sections to measure the energy of EM

particles (electrons and photons) and hadron

particles, respectively. The absorber plates use

lead for the EM and iron for the HAC sections.

Since thin fibers are used for readout, the space

between the calorimeter modules, which is needed

for fiber routing, is minimized and hence the dead

space is maintained small.

Details of the tile/fiber optical system are shown

in Fig. 2. A groove with a key-hole-shaped cross

section is machined in the tile, which keeps hold

the waveshifting fiber at position. Scintillating

lights travel in the tile to the waveshifting fiber,

where the lights are converted and re-emitted lights
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Fig. 2. Detail of the tile/fiber optical system.

Fig. 3. Absorption and emission spectra of

typical SCSN38 scintillator tile and Y7 wave-

shifting fiber.

are, in part, trapped in the fiber. In order to reduce attenuation in the fiber, the waveshifting fiber is

spliced to a clear optical fiber right after exiting the tile. Typical fiber length is 3 m. For the fibers,

we use Kuraray multiclad fiber which has a polystyrene core and two cladding layers (see Fig. 2).

The emission and absorption spectra of typical SCSN38 scintillator and Y7 waveshifting fiber

are shown in Fig. 3. Tile/fiber calorimetry takes full advantage of fast response of scintillator, and

approximately 90% of the lights is collected in 30 ns integration time. This is an important

feature in the SSC where beam collision occurs every 16 ns.

Each of the three sections in a tower, which consists of 20-30 tile/fiber systems serves as the

minimum unit for the energy measurement, and is viewed by a phototube (PMT). Since the shower

develops differently for EM particles and hadrons, combined information of subdivided energy

measurements and the tracking device located in front of the calorimeter allows us to identify and

measure the energy of electrons, photons, and hadrons. Momentum of neutrinos can be determined

from the unbalance in the calorimeter energy sum. Muons can be identified from the energy deposit

consistent with that of minimum ionizing particies. Hundreds of particles are produced in single pp

collision at the SSC. Dividing the calorimeter into towers helps in reducing the effect of

background in the energy measurement.

Design of the SDC central tile/fiber calorimeter has been carried out by, among many other

institutions, University of Tsukuba, Fermilab, ANL and LBL. The Tsukuba group has contributed

to the tile/fiber optics design, development of radiation hard scintillator, development of tile/fiber

fabrication methods, and developments of a test system for low-noise PMTs with large-dynamic

range and a low-noise Cockcroft-Walton type base.
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2. Performance Requirements for the SDC Central Calorimetry

The design luminosity of the SSC, 20 TeV on 20 TeV proton-proton collider, is 1033 c m s

and the beam crossing interval is 16 ns. The requirements for the SDC calorimeter is summarized

in Ref. 2. Main requirements are:

• Calorimeter coverage (EM I r) I < 2.5* HAC : I r) I < 5) 3)

©Energy resolution (EM: c/E= 15%/^Er © 1%, HAC: 7 0 % / / i r © 6 % ) 4)

© Tower size (EM:Acj) = Arj = 0.05* HAC:A<!) = Ari =0.1)

© Nonlinearity in energy measurement (EM: <1% up to 4 TeV * HAC: <l%/TeV)

© EM depth > 22 Xo* EM+HAC depth > 10 X5)

© The first tile in the EM section is readout separately to correct for early shower in front.

© Implement a shower maximum device to detect position and lateral shape of the shower

© The region for precision calorimetry is divided into the barrel calorimeter ( I T\ I < 1.4) and the

two endcap calorimeters (1.4 < I TJ I < 3.0 ; 28°>0 > 5.7°), where tile/fiber technology is

employed.

The barrel calorimeter is made up of 28 towers in TJ times 64 towers in <j> direction. The

benchmark process used to determine the requirements for the EM section is a Higgs decaying into

two photons. Since the lateral shower size is small for EM particles, the tower size is made

smaller, 1/4 of the HAC section, in order to reduce the pile-up background to H—*• yy to an

acceptable level. The transition from HAC1 to HAC2 section is tapered in <j> (Fig. 1) to reduce

dead space to below 1 % for the SUSY particle search. The requirement for the hadron energy

resolution is for reconstruction of 2-jet invariant mass, and that for the nonlinearity is for testing

the composite model up to 25 TeV.

The energy resolution is expressed in terms of sum in quadruture of the stochastic term, the term

being inverse proportional to yEr , and the constant term. The stochastic term which is due to

fluctuation in the shower development and the sampling becomes small at high energies. The

constant term comes mainly from response nonuniformity and shower leakage. To achieve the

requirement of 1% for the EM calorimeter demands lots of design work. The absorber plates are

chosen to be 4 mm lead for the EM, 24 mm thick iron for HAC1 and 54 mm thick iron for HAC2

to achieve the stochastic term requirement.

3. Design of Tile/Fiber Optical System

3.1 Fabrication of Fiber Assembly

Plastic scintillating fiber is relatively new in high-energy physics experiment. We tested the

stability against bending. Fiber is designed to trap lights by using plastics cladding with smaller
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refractive index. Bending may cause the light

to escape from trapping and may initiate

mechanical damage to the cladding. We tested

soft and flexible fibers (S-type) newly developed

by Kuraray. While injecting lights from one end,

we measured the light yield emerging from the

other end. The light yield starts to drop at a

bending radius smaller than 1 cm and degrades

substantially below 0.5 cm. Then, we traced the

light yield with fixing the bending radius at

0.5-4 cm. The fiber used was 3 m long and kept

at room temperature. As shown in Fig. 4 , the

light output is stable at a radius 2 cm and above.

We therefore design the fiber routing so as to keep the bending radius larger than 3 cm.

The fiber end located in the tile is mirrored to reflect the lights back towards the phototube. The

mirroring method has been developed with ULVAC. The method uses aluminum sputtering where

accelerated aluminum ions are bombarded on the fiber end. The reflectivity becomes constant for

aluminum thickness greater than 60 nm. Polishing the end surface has to be controlled to achieve

uniform reflectivity. The ends are cut by a flying diamond cutter and polished chemically just

before the sputtering. We have achieved a reflectivity of nearly 90% with an rms variation of 2%.

The surface of the aluminum sputtering is coated by MgF2 evaporation, which improves the

hardness of the mirror.

For bonding the waveshifting fiber to clear fiber, we have developed with Nissei Electric a heat

splicing method that uses a tube.'' We use tubes of 0.2 mm wall thickness and 10 mm length. The

tube material is PEEK, which has good properties for extrusion and against radiation. The tube

helps in alignment of the axes of the fibers to splice and works as mechanical support after. The

fiber joint inserted in the tube is heated using a nichrome wire set below. By optimizing the

3500 ., , , , conditions in the splicing, heater temperature

3000^ Entry = 28324 ^ ...j j j. j heating time, pressure to the joint etc., we. have

| 2500 'j—i—-: H i f -I I | -. achieved a transmission of more than 95% with

£ 2000 i- I ! \ m fc-i r i -. an rms variation of 1.5%. The spliced joint

jjj 1500 i- ! I- j f | mm- - 1 •: holds tensile force of nearly 2 kgf, which is

.g1000 : I !• j i | | Il l l i - i -_ good enough for usual handling. Fig. 5 shows
500 i- I ijjjfjl llliii I '• the optical uniformity of 28,000 fiber assemb-

0 F<" • i ••«iJfll l lmMHftk».. . i... A lies fabricated for the plug upgrade EM tile/fiber
-20 -15 -10 -5 0 5 10 15 20

%dcviation from the average calorimeter for the CDF detector at Fermilab.

The histogram shows the light yield distribtuion

Fig. 5 Uniformity of the fiber assemblies. when the fiber near the aluminized end is ill-

77 -



uminated by a UV lamp. Since the lengths of the waveshifling and clear fibers are different,

deviations from the mean calculated for the same lengths are plotted. The measured uniformity is

4%, which is the overall uniformity including the variations in mirroring, splicing, and fiber

attenuation, and the reproducibiliry 2% in the measurement system,

3.2 Light Yield of Tile/Fiber System

With the present calorimeter sampling, the total energy deposition in the EM tiles per GeV

electron corresponds to the energy deposition of 100 mip's (minimum ionizing particles) passing

through a tile. The shower fluctuation itself contributes to the energy resolution by l3%//fH .

There- fore, a light yield of 2 PE's (photoelectrons)/mip/tile is sufficient to achieve 1 5 % / V E . We

set the design goal to 4 PE's/mip/tile, taking into account radiation damage. For the HAC section

where the requirement for the energy resolution is substantially loose, a light yield of 1 PE/mip/tile

is good enough.

The light yield of the tile/fiber system is a combination of various factors such as the light output

of the scintillator tile itself, matching of tile emission spectrum and the waveshifter absorption

spectrum, matching of the waveshifter emission spectrum and the quantum efficiency curve of the

photocathode (see Fig. 3), the fabrication methods (grooving in the tile, reflector sheets, fiber end

mirroring and splicing), and the attenuation in the clear fiber (see Fig. 2).

We measured the light yield for various scintillator tile and waveshifter combinations. Kuraray

SCSN38 and Bicron BC408 scintillators combined with Kuraray Yl 1(200 ppm) fiber give the best

light yield. Especially, Kuraray multiclad Y l l waveshifter makes it possible to achieve uniform

splice to multiclad clear fiber, and the light yield of tile/fiber increases by 30-40%. Mirroring the

fiber end increases the light yield of tile/fiber by nearly 50%. When measured with a green

extended PMT of Hamamatsu R580-17, SCSN38/Y11 and BC4O8/Y11 combinations give 6 . 5 - 7

PE's/mip for 4 mm thick tile of typical EM size (11 cm square) and 0.83 mm <f> waveshifting fiber

spliced to a 3 m long clear fiber. SCSN81/Y11 gives 4.0 PE's/mip. The light yield could still be

increased by using thicker fiber, but we chose 10

0.83 mm <f> fiber to keep the space for fiber <= R

routing small and to take full advantage of fiber

flexibility.

The light yield decreases as the tile sizee

increases due to light absorption in the tile.

Fig.6 shows the light yield as a function of the

side length measured for SCSN38 and SCSN81

scintillators. The side length of the HAC2rear

tiles is about twice that of the HAC1 front tiles.

The hadronic energy resolution degradation due to
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Fig. 13. Schematic digram of linearity measurement
apparatus.
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we developed a low gain and low noise charge sensitive amplifier and to get large light yield, we

developed an LED driver.

The light source is made of 4 x 4 LED lattice. By turning on the each LED, all combination of

two out of the sixteen LEDs, all combination of three out of , and all LEDs, we get the light

yield from one to sixteen. In addition, by placing ND filters of 10'1 to 10s, we get the light yield

of 106 dynamic range. We also made an LED driver using avalanche transitors to get a large light

yield.

To get the PMT linearity, we measured the PMT output charge by a charge sensitive amplifier.

The gain of the amplifier was to be low to keep linearity under a large dynamic range of 106. The

amplifier was made by changing a feedback capacitor of a charge sensitive amplifier (Hoshin

N012-1). To match with an ADC (Hoshin C008), the output of the amplifier was fed to xl and

xlOOO amplifiers.

Fig. 13 shows the schematic diagram of the linearity measurement apparatus. A shaper amplifier

(Hoshin NO 12) was followed after the charge sensitive amplifier. The electronics calibration was

done by the charge injection method.

We have measured the linearity for a Hamamatsu R5380HA and Hamamatsu R5325-01Xs. A

typical nonlinearity data is shown in Fig. 14.

5.2 Gain Measurement

Hamamatsu gives us a gain data sheet for each PMT but it is measured against DC current.

Therefore, we developed an AC gain measurement circuit board since there is no reason to coincide

those gains. The schematic diagram is shown in Fig. 15. The LED driver is the same as the one

used in the linearity measurement The charge sensitive amplifiers of cathode and anode are the

Hoshin NO 12-1 and the one used in linearity measurement, respectively. Positive high voltage,

instead of negative, was supplied in order to reduce noise at cathode where the signal is very small.

As shown in Fig. 16, the measured AC gain was higher than that of DC gain measured at

Hamamatsu although the results are preliminary.

6. Development of low-noise Cockcroft-Walton PMT Base

The PMT signal is digitized by use of a current splitter and FADC implimented in the PMT base.

Use of Cockcroft-Walton (C-W) type PMT base allows us to deal with only low-voltage control

and digital signals to and from the base. Development of small and low-noise C-W base is essential

to reaK?:; such compact and digital readout scheme.

We have fabricated a couple of test bases with the voltage ratio that fits to Hamamatsu R5380

specification 3:1:1:1:1:2:2 (from cathode to anode). R5380 is a 6-stage 1" tube with its linearity

optimized at this integer voltage ratio. The development has been initiated in collaboration with

Matsusada Precision which has good experience with ZEUS C-W bases, and soon with REPIC
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which uses an intensive on-board feed-back system. The main concern is the noise level. The

target noise level is less than 1 fC in the 16 ns integration time. This corresponds to noise more

than 3 fiV is not allowed when measured into 50Q. By optimizing shielding and filtering, the

ripple noise associated with the C-W pumping cycle (230 kHz for Matsusada, 500 kHz for

REPIC) was measured to fulfill the requirement. The measurement of the ripple noise was based

on the noise measured into IMQ. of a scope: Translation to the noise level measured into 50Q was

made by taking into account the capacitance in the measurement system. Faster noise associated in

the diode switching and field leakage from the transformer was measured separately using a

video-amplifier (Hamamatsu C4543) which has an amplification factor of 80. The measurement

was limited by the noise of the amplifier, but no evidence of excess noise was seen. The cor-

responding limit to the noise level is less than about 10 (iV. We have to imporve the measurement

system to quantify further the fast noise.

7. Summary

Scintillating tile/fiber calorimetry fulfills the specifications required for the SDC central

calorimeter. It has superior properties such as fast response, small dead space, and easiness in

longitudinal segmentation. We have developed tile and fiber fabrication methods. The fiber splicing

using a PEEK tube showed optically and mechanically excellent performance. The variation of the

splices is estimated to be 1.5%. We studied the optics of the tile/fiber system, and designed the

HAC tiles and EM tile package. The EM tile package uses scintillating pins to position precisely the

tiles. The response of the EM calorimeter is evaluated to be nonuniform near the fiber groove by at

most 3%. Since this nonuniformity is systematic, it was shown to be correctable by a simple

method that uses left-right asymmetry in tower energies to evaluate the impact point. We have done

extensive tests of radiation hardness of scintillator using 2.5 GeV electron beam and fflCo Ys. It

was shown that the conventional scintillators can be employed in the SDC barrel region and 3HF

can be usable in the endcap region. We are developing new scintillator which is radiation harder

twice the conventional scintillators and brighter by 25% than Kuraray SCSN38. We have

constructed a PMT test stand that can measure the response linearity with nearly 106 dynamic range

and pulse multiplification for low-gain 6-stage PMT's. We have developed a low-noise Cockcroft-

Walton type PMT base.
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APPENDIX 1 RGB Scintillation Fiber Calorimetry

Research and development of a Red-Green-Blue scintillation fiber calorimeter was carried out by

the Tsukuba group as a candidate for the calorimeter at the SSC. RGB calorimetry consists of a

lead absorber block in which joint fibers of SCSFR4 and SCSF81 run along the particle trajectory

to the phototube located behind the calorimeter. Since the fiber signals are readout in parallel to the

tower direction, no dead space exists between the towers and the granularity can be made fine.

RGB calorimetry can be segmented into EM and HAC sections by use of joint fibers of R4 (red)

and 81 (blue) scintillators. The HAC blue lights are converted into green by a Y7 waveshifting

plate set at the end of the fibers and read out by conventional PMT's. The EM red lights pass

through the Y7 plate and are directly read with a red-sensitive (multi-anode) PMT. Thus the EM

and HAC signals are separately detected.

We have constructed a test module and beam tested at Fermilab. The test result shows that the

principle of the RGB calorimetry work and the contamination of the red (EM) lights in the blue

(HAC) lights is 5%. The EM fiber was measured to give a light yield of about 9 PE's/mip/fiber

when viewed with Hamamatsu R1221. The constant term in the energy resolution was shown to

be dependent on the fiber-to-fiber light yield variation. In order to achieve 1% constant term, the

fiber-to-fiber variation has to be controlled to better than 5%.
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Cosmic Ray Study of Muon Detectors

Contributed paper for JSD close-up workshop at AIZU-TAJIMA in Feb. 1994

presented by K.Abe

JSD Muon Group*

Abstract

A performance test for prototype muon tubes was carried out by using

cosmic rays. A spatial resolution less than 250 |im was achieved,

which was better than the design goal value for the SDC muon detector.

An effect of multiple scatterings of cosmic ray muons on the resolution

was not negligible and was corrected for data. It was also found that

amplifier gain affects the resolution.

* KEK, Dep, Phys., Kyoto Univ., Dep. Phys., Tohoku Univ., Dep. Applied Phys.,

Tohoku-Gakuin Univ., and Inst. of Applied Phys., Tsukuba Univ.
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Prototype muon tubes were produced in Japan on the basis of the SDC muon detector

design[l],[2],[3]. Two tests were performed for these chambers. One is the beam test using 4

GeV/c pion beams from 12 GeV proton synchrotron at KEK in March of 1993. In this experiment

studies of basic performance of the tubes and Level 1 trigger scheme of muons were made[l],[4].

The other is the performance test made by cosmic ray muons. This report describes results

obtained from the cosmic ray study on the spatial resolution of the drift tubes carried out at Tohoku

University.

The drift chamber is made of an aluminum tube with inner diameter of 90 mm , thickness of

1.8 mm and length of 80 cm. Two aluminum electrodes for field-shaping are set inside the tube to

obtain a uniform drift field and to achieve two-track separation. A gold-plated tungsten wire with

90 nm diameter is used as an anode. The wire was clamped on end caps of the tube with tension of

200 gw. Fig. 1 shows a cross section of the tube[3]. Shown in Fig. 2 are field lines and equal time

contours computed for application of 6 kV for both the anode and the field-shaping electrodes[3].

Fig. 3 shows the electric field as a function of distance from the anode wire for the operating

voltage of 6 kV. Fig. 4 shows drift velocities as a function of electric fields for different gas

compositions of Ar and CO2 [3].

In the cosmic ray test, we used five drift tubes which were used for the beam test at KEK. The

setup of the tubes and four trigger scintillators is shown in Fig. 5. Tube spacing is 11.35 cm and

the tubes are staggered alternately by 1 cm to solve left-right ambiguity easily. Two pairs of the

scintillation counters are set above and below the tubes in order to get a trigger and reference time

Each pair overlaps by 30 cm in order to determine a rough position of a track along tube. This setup

reduces possible errors due to tube misalignment and ambiguity of the re.'^rjnce time. Three of the

scintillators are 60 cm long and 10 cm wide. The other is 80 cm long and 10 cm wide. A lead

absorber of 25 cm thickness is inserted under the tubes to remove low momentum muons in cosmic

rays. A block diagram of trigger electronics and data acquisition system is shown in Fig. 6. An

amplifier, shaper and discriminator(ASD) of output signals are mounted on a single board which is
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supported at one end of the tube. The ASD's are the prototypes made for the beam test at KEK[4].

A Time-to-Analog Converter(TAC) with a least count of about 1 nsec was used to measure drift

time. A time resolution and a linearity of the TAC are calibrated to be less than 1 nsec. A board of

high voltage supply is set on the opposite side of the tube to the ASD. The same voltage is applied

to both the anode and the field-shaping electrodes. Typical signals from the amplifier at operation

voltages of 6.0, 6.1 and 6.2 kV are shown in Fig. 7. A saturation of the signals is observed to start

from 6.2 kV. Gains of five amplifiers as a function of high voltages are shown in Fig. 8. Fig. 9

shows high voltage curve of each tube normalized to the scintillator triggers. The ASD's for tube 2

and 3 have high gain and plateau to start at low voltage compared to the others. Fig. 10 shows an

example of drift time distributions obtained by the TAC. Defining drift times to be tM, t; and ti+1 for

the successive three tubes i - 1 , i and i+1 with equal spacing, a following relation holds ;

t ( )

v 2

where A is the displacement of the tube stagger and v is drift velocity. Signs of t M, t ; and t i+1

depend on which side of the anode wires that the track passes through on(left or right). Fig. 11

shows an example of A / v distributions. The figure shows an apparent peak around 200 nsec as

expected from the drift velocity of 5 cm / (isec.

Left-right ambiguities of 2" combinations should be solved in order to determine a track from n

tubes. To solve the ambiguities we choose one of combinations with a minimum chi-square for a

linear fit of the track.

Three successive tubes out of the five are used at first in the analysis to obtain the spatial

resolutions of the chamber . There are three sets of tubes, (1,2,3), (2,3,4), and (3,4,5) in this

case. We define Am as a residual of a hit point on the target tube in the middle of them to a straight

line connecting hit points on two adjacent tubes. If a standard deviation for Am distribution is

defined as om and the individual resolution is assumed to be same for the three tubes, the

resolution, a, for a single tube is written with the standard deviation am :



Fig. 12 (a), (b) and (c) show residual distributions for the combinations of the tubes (1,2,3),

(2,3,4), and (3,4,5) respectively, where the operating voltage was 6.0 kV. The fixed gas mixture

of Ar(90 %) and CO2(10 %) was used during the test. Figs. 13 and 14 show the distributions for

6.1 and 6.2 kV operations respectively. The tubes were divided into three counting zone by

partially overlapping the pairs of the scintillation counters. An independent analysis on the data in

each zone may reduce the effect of the tilted alignment of the tubes and the ambiguity of the

reference time. This procedure improved the resolution by 10-20 |im and therefore was used for

the analysis. Those figures indicate that the set (1,2,3) gives the best resolution and the set (3,4,5)

gives the worst one. -This results from the lower gains and the higher thresholds in ASD's for

tubes 4 and 5. The figures also show better resolutions for higher voltages. The resolutions were

obtained from a fit with a gaussian and a polynomial up to the second order. The results are given

in Table 1 with ones converted to single tube, a's, which are obtained from the equation (2).

Position dependence of the chamber resolution in the operations at 6.0, 6.1 and 6.2 kV for the set

(1,2,3) is shown in Figs. 15,16 and 17 respectively.

Next, an analysis was made to four tubes (1,2,3,4) ignoring tube 5 because tube 5 has the

low gain and the high threshold. The tube 3 is taken as a target tube in the analysis. The resolution

of tube 3 is deduced from a residual to a fitted line for data of the remaining three tubes under the

assumption that the individual resolution for all of four tubes is the same:

where am is a standard deviation for the residuals. The resolutions are given in Table 2 with am .

Position dependence of the detection efficiency of tube 3 in the operation at 6.0 kV is shown in Fig.

18, where a hit point in the target tube is accepted, if the residual is within 0.1 cm from the fitted

line. Fig. 19 shows the efficiency for the residual within 1.0 cm for comparison with that of the 0.1

cm cut. Although the efficiency is low for the tight cut of the residual, the efficiency becomes high

with the loose cut of the residual. This can be understood, because the present TAC accepts only

the first signal from the ASD and the true hit of muons is sometimes lost.
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The momentum spectrum of cosmic ray muons is mainly distributed below a few GeV/c,

although the component with momentum less than 0.45 GeV/c was removed by the lead absorber.

This may give a significant effect on the position resolution due to multiple scatterings. A

simulation was made to evaluate the effect on the resolution of the muon detectors. The geometry

used in the present study was put into GEANT[5]. The momentum spectrum of muons in cosmic

rays was introduced so as to reproduce several measurements at sea level, ignoring a small fraction

of muons above 20 GeV/c[6]. A simulated sample of data was generated under the assumption of

chamber resolution of 200 )im. The same analysis procedure used for the cosmic ray measurements

was applied to it. Distributions of the deviations from a straight line for target tubes to sets of

three and four tubes are shown in Figs. 20 and 21 respectively. The fit with the gaussian and the

polynomial up to the second order gives 288±2 and 291 ± 3 p.m as the standard deviation, om, for

both the sets of tubes. The resolutions for one tube are obtained to be 235 ± 2 and 243 ± 3 (I m from

those values by means of equations (2) and (3). As 200 |im is originally assumed to the chamber

resolution, the rms deviation of the track due to multiple scatterings is estimated to be 123 ± 2 and

138 ± 3 |im under the assumption of a quadratic sum of the chamber resolution and the deviation

due to the multiple scattering. Subtracting the effect of multiple scatterings from the resolutions

obtained in the measurements, the final results for the both sets are given in Table 3 and 4.

As a summary, we have measured the spatial resolution of 200 jim for the prototype drift

tubes made in Japan. This resolution is less than the design goal of 250 |im required for the SDC

muon detectors. It is found that the multiple scattering of muons in the chamber walls gives the

significant effect on the detector resolution in the present measurement. It is also found that we

need higher gain than that of the present prototype ASD. The new ASD's with higher gain have

been used in the second beam test at KEK and operated successfully[7].

We would like to thank O.Sasaki for providing the KEK type of ASD's
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High Voltage

(KV)

6.0

6.1

6.2

Combination

of Tubes

1.2.3

2.3.4

3.4.5

1.2.3

2.3.4

3.4.5

1.2.3

2.3.4

3.4.5

From Three Tubes

Resolution am(fj,m)

315±2

334±2

416±3

292±2

304±2

366±2

284±1

294±1
330±2

Reduced to One Tube

Resolution a(fim)

248±1

263±2

319±3

227±1

239±1

275±2

211±1

218±1
235±1

Table 1 : Resolutions obtained for three tubes and resolutions

reduced to one tube

High Voltage

(KV)

6.0

6.1

6.2

From Four Tubes

Resolution am(fim)

332±2

306±2

276±1

Reduced to One Tube

Resolution a(iim)

278±2

256±2

231±1

Table 2 : Resolutions obtained for four tubes(1.2.3.4) and

resolutions reduced to one tube(3)
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High Voltage

(KV)

6.0

6.1

6.2

Combination

of Tubes

1.2.3

2.3.4

3.4.5

1.2.3

2.3.4

3.4.5

1.2.3

2.3.4

3.4.5

Corrected

Resolution CT(IIVI)

215±2

232±3
294±3

191±2
205±2

246±2

171±2
180±2

200±2

Table 3 : Resolutions reduced to one tube and corrected for the

multiple scattering in the case of three tubes

High Voltage

(KV)

6.0

6.1

6.2

Corrected

Resolution a (/Am)

241±3

216±3

185±3

Table 4 : Resolutions reduced to one tube and corrected for the

multiple scattering in the case of four tubes(1.2.3.4)
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Fig. 1 Cross section of the aluminum tube with a gold-plated tungusten

wire of 90 jxm diameter and two field-shaping electrodes.
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Fig. 3 Electric field as a function of distance from the anode wire for
application of 6 kV to both the anode and the field-shaping electrodes.
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Fig. 4 Drift velocity as a function of the electric field for various

mixing compositions of Ar and CO2.
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Fig. 5 The experimental setup of tubes and trigger scintillators.
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Fig. 6 Block diagram of trigger electronics and data aquisition system
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Fig. 8 Gain of five amplifiers used for the cosmic ray test.
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Fig. 9 Counting rates relative to scintillator trigger as a function
of high voltages for the five tubes.
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Fig. 10 An example of the drift time distributions measured by the TAC.
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Fig. 11 A/v distribution obtained from tubes (1,2,3), where A is the staggering

and v is the drift velocity which are described in the text.
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Abstract

A basic study of performances of the drift tube with a pair of simple field shapers, which

was designed to be used for the barrel-part muon detector at SDC, was performed by using a

newly developed ASD (amp., shaper, discriminator) board with the "stack amp.".

With the proposed gas mixture, Ar(90)+CO2(10) or Ar(88)+CO2(12), the aimed position

resolution of 250 jam was easily satisfied but the aimed two-track separation, 5mm, was found

to be rather difficult to satisfy without sacrificing resolution.

Drift tube

Fig. 1 shows the drift tube used for this study. The tube is made of extruded aluminum,

with the anode wire (gold plated tungsten) of 90 mm in diameter. Fig. 2 shows relations of

drift field, field strength at the anode, width of the waist of the drift field, as functions of high

voltage at the anode and the field shaper taken from the design report by II. Lubatti et al..

By optimizing the gas gain and the UV-photon emission probability, the operating region is set at

100 kV/cm for the field strength at the anode. Fig. 3 shows the set-up arrangement of 5 drift

tubes used for cosmic-ray tests.

Electric field
Fig. 4 shows drift velocities of electrons in Ar, CO2 mixtures as a function of electric fields,

taken also from the above design report. Constant velocities are realized for the electric field

of about 800V/cm for Ar(90)+CO2(10) and 950V/cm for Ai<88)+CO2( 12). This figure and

Fig. 2 determine the operation voltage almost uniquely. We checked electric field strength in

drift regions by sampling points in the region ± lcm from the mid-plane parallel to the field

shapers and calculating electric field strength of the points by a computer code Garfield. (We

thank K. Norik for teaching us how to use Garfield). Fig. 5 shows the distribution of the

calculated electric field strengths for (a) anode voltage=shaper voltage=6 kV, (b) anode
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voltage=5.5 kV and shaper voltage=5.0 kV. Both sets correpond to the field strength of 100

kV/cm at the anode. For the case (a), most of the regions have the field strength of 0.8-1.1

kV/cm; for the case (b) most of the field strengths are 0.7 kV/cm-0.95 kV/cm. Therefore, as

Fig. 4 shows, the case (a) is good for the gas mixture of Ar(88)+CO2(12); the case (b) is good

for the gas mixture of Ar(90)+CO2(10). We studied both cases.

Fig. 6 shows the corresponding electric field lines and isochrones around the drift regions ,

calculated by the Garfield. We notice that the width of waist of field lines is a little narrower for

the case (a). Therefore, a better two-track separation capability is expected for the case (a).

Fig. 7 shows the corresponding output pulse shapes simulated by the Garfield. We see that the

case (a) indeed gives a little narrower pulse. Difference is not large. We experienced, however,

that the case (b) is much easier in operation. A high voltage of 6 kV in a small read-out space is

rather cumbersome, especially when a long maintenance-free operation is necessary.

ASD board

A new ASD (amp., shaper, discriminator) board was designed and fabricated so that it could

fit in the assigned space on one end of a tube. The board is about lcm longer than the original

design of the compartment by the SSCL, but it was agreed that this size could be tolerable.

The board is shown in Fig. 8. In order to realize this down-sizing, 4-layer printed circuit board

was used. The circuit diagram is shown in Fig. 9. A "stack amp." is attached to the board;

the discriminator is a commercially available one, AD96685, which is used with a hysteresis

width of 3 mV in order to avoide multiple triggering. An external gain selection capability was

added by providing a solder bridge. A better input protection was implemented. A monitor

terminal for the observation of a raw signal of the amplifier was added.

Pulse shape
Fig. 10 shows output pulses of the prc-amplifier observed by a digital oscilloscope for the

two sets of high voltage arrangement and corresponding gas mixtures. The main peak

corresponds to 5.9 keV y rays from an isotope source, the peak at lower energy corresponds

to a minimum ionizing particle (which corresponds to 4 keV) from the cosmic ray. We can

confirm that the two sets of high voltage arrangement and the corresponding gas mixtures do

indeed give the same gas gain, as is calculated. Also we can observe that the pulse shape for

gammas is slim and well-behaving, whereas the cosmic rays give wider pulses. Observation

of isochrones in Fig. 6 ( dotted lines, spacing = 100 ns) suggests that even for small angle

tracks the pulse width cannot be smaller than about 100 ns. This is the main reason why two-

track separation of 5 mm is difficult to realize, which will be restated later. Fig. 11 shows an

example of the timing distribution for the IECL output of the ASD with respect to the trigger

timing formed by a coincidence of scintillators in a cosmic-ray test. The separation between

the leading edge and the trailing edge corresponds to a mean pulse width. The pulse width is

seen to be between 100 ns and 300 ns, the mean value is about 200 ns, corresponding to the
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two-track separation of 1 cm.

Cosmic-ray test
Cosmic-ray tests were performed by using 5 drift tubes arranged in a half-cell staggered

configuration, and a pair of scintillation counters put on top and bottom of the tube assembly.

Above the bottom scintillation counter, a hardner was placed in order to cut a soft component

in cosmic rays. The thickness of the hardner (lead) was varied to see the effect of multiple

Coulomb scattering on the spatial resolution of the tubes. Fig. 3 shows the arrangement of the

tubes. ECL outputs from 5 tubes were fed into a CAMAC TMC module (we thank Y. Arai

for letting us use a module) and data were read into a PC98 personal computer by a BASIC

based CAMAC handler and written on a (loppy disk for off-line analysis.

Spatial resolution
Fig. 12 shows the spatial resolution for two sets of gas mixture, as a function of high voltage

applied at the anode and the field shaper at the same time, fora constant discriminator threshold

voltage fixed at 40 mV. If only the spatial resolution is of interest, the resolution becomes

better for higher voltages. But, generally, the pulse width also increases as the voltage increases,

which makes two-track separation capability worse. The resolution is almost the same for the

gas mixtures Ar(90)+CO2(10) and Ar(88)+CO2(12), except that the former can be operated at

100 V lower voltage. Fig. 13 shows the spatial resolution when the shaper voltage is fixed at

5 kV and the anode voltage is varied, for the two gas mixtures, with a fixed discriminator

threshold of 40 mV. The best resolution, 220 urn, can be obtained for the gas mixture Ar(90)+

CO2(10), at anode voltage of 5.6 kV. This value of spatial resolution is not corrected for the

effect of the multiple scattering. As will be described below, the correction makes the resolution

better by 15-20 jum. So the net resolution is about 200 pin. This condition, however, gives a

wide pulse as we will see later. Figs. 14 and 15 give threshold curves for the gas mixture

Ar(88)+CO2(12). Fig. 14 was obtained for the high voltage of 6.0 kV both at the shaper and

the anode, whereas Fig. 15 was measured for the fixed high voltage of 5.0 kV for the shaper

and 5.5 or 5.6 kV for the anode. From Fig. 14, the best threshold value is about 40 mV, since

much lower threshold (10 mV) can give a better spatial resolution but the efficiency drops due

to triggering by noises. From experiences it is difficult to operate the ASD with lower threshold

values at a noisy place. Fig. 15 suggests that the gas gain is high enough for the anode voltage

of 5.5 kV, since the resolution for anode voltage of 5.5 kV is almost the same as that for 5.6

kV.

Correction for the multiple scattering

As these measurements were done for cosmic rays, whose momentum is peaked at around 0.5

GeV/c, a correction is necessary for the effect of multiple Coulomb scattering. The momentum
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distribution of cosmic rays was fitted to a function and used in a Monte Carlo simulation. In

order to see the validity of this calculation, the thickness of the hardner (lead) placed above the

bottom scintillation counter was varied and the calculation was repeated for each thickness.

Fig. 16 shows the results of correction. In this figure the diamonds represent the raw data

without a track-quality cut in the track fitting. The X marks show the results of track quality

cut (residuals of track fitting<0.4 mm2); this cut eliminates effctively very low momentum tracks,

shower particles, or noises, which give poor track fitting. Circles denote results of correction by

the Monte Carlo simulation. We can confirm the validity of the simulation by seeing that

corrected results are independent of the thickness of the hardner. An improvement of the spatial

resolution by 15-20 urn is obtained after correction. None of the results presented in this

paper, however, are corrected for the multiple scattering. In order to obtain the net spatial

resolution, 15-20 um should be subtracted from the values in this paper.

Two-track separation
Fig. 17 shows the mean pulse width as a function of high voltage for various conditions.

We see that the best value (about 150 ns) is obtained for Ar(90)+CO2(10) with the high voltage

of 5.8 kV both for the shaperand anode. This corresponds to 7.5 mm of two-track separation.

A compromise between the spatial resolution and two-track separation is obtained for the high

voltage of 5.9 kV both for the anode and the shaper; this condition gives about 1 cm of two-

track separation and 250 urn (without multiple scattering correction) of spatial resolution.

The best resolution 220 um can be obtained for the high voltage of 5 kV for the shaper and 5.6

kV for the anode, but this condition gives a very wide pulse.

Conclusion
The best operating conditions are as follows. We fix the gas mixture to Ar(90)+CO2( 10),

since the gas mixture Ar(88)+CO2(12) gives essetially the same results at about 100 V higher

operation voltage. If the best spatial resolution is desired we get about 220 um (without multiple

scattering correction) for the high voltage of 5 kV for the shaper and 5.6 kV for the anode for

the discriminator threshold of 40 mV. The two-track separation, however, is much worse than

1 cm on this condition. A compromise between the spatial resolution and the two-track

separation can be obtained for the high voltage of 5.9 kV both at the shaper and the anode.

The spatial resolution is about 250 jjm (without multiple scattering correction) and the two-

track separation is about 10 mm.
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Amplifier-Shaper-Discriminator for
SDC Muon Mini-tower

Drift Tubes

Y. Nemoto, 0. Sasaki, S. Shimazaki and S. Terada

KEK, National Laboratory for High Energy Physics
1-1 Oho, Tsukuba-shi, Ibaraki-ken 305, Japan

An amplifier-shaper-discriminator (ASD) system was
developed for the use of drift tubes studied in the second SDC muon
mini-tower beam test at KEK-PS. Significant improvement was
achieved upon the first version ASD used for the first mini-tower
beam test one year before. In the new version ASD, the A part was
separated from the SD part and only the A part was mounted on an
end of the tube, while in the first version whole ASD was fabricated
as a small PC card to be attached on the tube end. The new ASD
system showed good stability and low noise with improvement on
gain and signal shaping.

1. Introduction

As a critical milestone for the development of the SDC [1]
muon chamber system, we had planed the 2nd SDC muon mini-
tower beam test. Although the SSC project had been canceled on
November 1993, we carried out the beam test at a KEK-PS beam
line in March 1994 in order to productively conclude our
development effort on the SDC muon system.

The mini-tower system, which is essentially the same one
used for the first beam test one year before [2], consists of 31 muon
drift tubes of 80 cm in length. Primary purpose of the test was, as
like the previous test, to investigate general performance of the
tubes and to test prototype trigger logic modules. Based on the
experience on the first mini-tower beam test, we have developed
an improved version of an amplifier-shaper-discriminator (ASD)
system optimized to read out the drift tube signal for the
measurement of a drift time as precise as possible.
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In this report we briefly describe the ASD system prepared
for the second beam test by KEK group.

2. Configuration of ASD

As reported in Ref. [2], the ASDs' used for the first mini-tower
beam test were suffered from instability causing high frequency
oscillation, in particular, when they were installed on the drift
tubes in the mini-tower set-up at the beam area. In order to
ensure their stability, the gain had to be reduced significantly
together with the removal of one of the pole/zero cancellation
stages in the shaper circuit. Consequently, the tubes had to be
operated at an uncomfortably high voltage and the signal had a
long tail. Furthermore, the ASD occasionally generated false after
pulses which were very harmful for the study of the trigger
modules. This false pulse was caused by a switching characteristic
of the discriminator affecting to the amplifier and shaper, since
they were closely packed together on a small PC card to be attached
on the end of the drift tube.

In the configuration for this 2nd version ASD, therefore, the
shaper and discriminator were separated from the amplifier, and
only the amplifier part was attached on the tube. Thus, the new
ASD system was divided into two parts. The amplifier part was
realized in a small size PC card (A card) to be attached on the tube
end using a pin connector. The picture of the A cards is shown in
Fig. 1. Fig. 2 is the picture of the SD board, in which 8 channels of
the shaper and discriminator circuits were fabricated in a 6U-VME
size PC board. As shown in Fig. 3, the SD boards were installed in a
VME type crate (SD crate) which provided DC powers and the
control to the discriminator threshold. Four boards were used for
the beam test.

Cables from the A cards were connected on the backplane of
the SD crate. 20 m long twisted pair cables were used for the
connection between the A card and the SD crate which was placed
in a counting room beside the beam line. Each twisted pair was
shielded individually and five of it were bundled by means of an
outer shield and an insulation cover layers, since each A card
required five twisted pairs for the use of the output signal in a
pseud differential form (two pairs), test pulse injection (one pair)
and DC powers (two pairs).

3. ASD Circuit
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Well-experienced circuits were used for the ASD system. The
circuit diagrams of the amplifier and the shaper-discriminator are
shown in Fig. 4 and 5, respectively. The amplifier is a common base
charge amplifier widely used for various wire chambers [3]. It has
the charge gain of 0.25 mV/fC. Since the input impedance of the
amplifier is about 100 ohm which is significantly small compared
with that of the tube chamber which is about 400 ohm, a pulse
transformer was used to have the impedance matching between
them. The transformer also provides an isolation of the amplifier
from the drift tube. This isolation was quite helpful to sort out an
appropriate ground connection between the tube and the amplifier
in order to minimize pick up noises and to improve stability.

In the shaper circuit. TL592 differential video amplifier was
used The shaper circuit has two pole-zero cancellation stages to
compensate a tail of the tube signal amplified by the charge
amplifier. The cancellation of the signal tail is quite important for
the SDC mil on system in order to achieve good two track separation,
which is expected to be about 5 mm. The shaper stage has the
voltage gain of about 8. Thus, the overall gain of the ASD was about
2 mV/fC. MX9687 dual ECL comparator was used for
discriminating the amplified signal at its leading edge timing. One
of the outputs of the TL592 in the shaper stage is buffered out to
provide an analogue monitor output. After the comparator, the
signal is converted into the fixed width ECL pulse of about 80 ns
duration. This ECL differential pulse of the discriminator is
transmitted to the trigger modules and the TMC module.

For the purpose of diagnoses, a test pulse can be fed to the
amplifier through the SD board using a conventional NIM pulser
module. The A cards to which the pulse is to be sent can be
selected manually with mechanical switches installed on the board.

4. Performance of ASD

Fig 6 shows an analogue output of the ASD in response to a
small charge injected at the amplifier through 1 pF capacitor. The
rise time of the output signal is 10 ns and its width is 40 ns at
FWHM with a moderate tail. It is sufficiently fast for the use of the
drift tube, although the signal shows a characteristic ringing of
about 50 MHz. This ringing appeared at ne shaper stage and is
thought to be caused by an inadequate layout of some components
in the shaper circuit. Fortunately, however, it did not appear when
the amplifier was installed on the tube, nor caused any noticeable
instability in the actual operation at the beam area. In fact, Figs'. 7
and 8 show clean output signals in response, respectively to a 5.9
keV X ray from Fe55 and to a 4 GeV/c/c pion of the test beam. The
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rise time of them are 18 ns and the width of them are 65 ns at
FWHM with well dumped tails. Although, in the beam test, the ASD
could be operated with the discriminator threshold level at as low
as about 20 mV, it was usually set at 40 mV to have the best tube
resolution as well as to minimize undesirable after pulses.

The power consumption of the ASD was measured to be K35
W/channel of which the A card consumed 0.35 W/channel.

5. Conclusions and Discussions

We have developed the second version ASD for the second
mini-tower beam test by improving the ASD used for the first mini-
tower beam test. In the new ASD system, the amplifier part was
separated from the shaper and discriminator parts in contrast with
the first version ASD in which the amplifier, shaper and
discriminator were al! placed on a small PC card.

The new ASD was improved significantly in both stability and
reduction of pick-up noises. As a result, the chamber signal was
properly shaped and the discriminator threshold was able to be set
lower at about 40 mV with a comfortable margin. The overall gain
was 2 mV/fC, which was about 30% higher than the previous one.
Using the ASD with this gain, we could operate the tubes at 6.0 - 6.1
kV. "

It is desirable, however, to lower the chamber HV to be at
about 5.9 kV or even lower, in particular, at a very high rate
environment such as SSC . From the experience on this beam test,
we can conclude that an optimum amplifier gain for the tube
chamber is in a range of 5 - 10 mV/fC. Therefore, further effort to
increase a gain of the ASD without introducing instability and pick-
up noises would be necessary to achieve the final goal. The output
pulse shape was quite satisfactory, although the improvements
would have to be completed to remove the high frequency ringing
in the shaper. Finally It may be necessary for a long term
operation to reduce the power consumption of the A card in order
to ensure reliability by minimizing the heat dissipation at the tube
end where access may be quite limited.
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tut

Fig.l Pictures of the A card; the size of the PC board is 26.5 mm
(width) x 60 mm (length). One on the right is covered with an
aluminum shield tube to be mounted on the tube end.

Fig. 2 Picture of the SD board; eight channels of the shaper and
discriminator circuit are fabricated in a VME 6U size board.
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Fig. 3 Picture of the SD crate; the crate is similar to a 6U VME crate.
Four SD board are inserted in the crate.
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Fig. 5 Circuit diagram of the Shaper and discriminator circuit; Eight
of them are fabricate in the SD board.



Fig. 6 Analogue output of the ASD in response to a charge injection;
the upper trace is the pulse for the charge injection, while lower
trace is the corresponding analogue output signal seen at an
analogue monitor.

Fig. 7 Analogue output of the ASD installed on the tube chamber in
response to a 5.9 keV X ray from Fe55. Chamber HV was 5.86 kV,
and the gas used was the mixture of Ar (90%) and CO2 (10%).
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Fig. 8 Analogue output of the ASD in use with the tube chamber for
the measurement of a 4.0 GeV/c pion at the test beam. Chamber
HV was 6.1 kV, and the gas used was the mixture of Ar (90%) and
CO2 (10%). The upper trace is the beam signal identified by the
three fold coincidence of scintillation counters on the beam line
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Electrostatic Property of the Jet Muon Chamber

Shigeru ODAKA*

KEK, National Laboratory for High Energy Physics
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Electrostatic property of the Jet Muon Chamber proposed for the SDC muon

detector is discussed by using various estimation methods: linear, nonlinear and

iterative methods. In conclusion, even for the maximum wire span of 5 m, the

wires are expected to be quite stable and the electrostatic sag of the sense wires

to be smaller than the expected mechanical accuracy.

1. Introduction

Electrostatic instability may be a problem in the Jet Muon Chamber proposed

for the SDC muon detector [1], since the wire span (maximum 5 m) is relatively longer

than other chambers of this type which have been built so far.

The drift cell arrangement of the Jet Muon Chamber is schematically shown in

Fig. 1. Each cell is composed of three sense wires with 1 cm spacing, interleaved with

four potential wires. A guard wire is placed 5 mm apart from the outermost potential

wire in each end. The cathodes are placed 4 cm apart from the wire plane and are made

of metal plate of 10 cm in height. Other parameters of the electrodes are summarized in

Table 1. The wire tension is chosen so that the gravitational sag should be identical for

all wires. This cell structure is made inside a 14 cm-wide gap between the upper and

lower metal ceilings of the chamber structure. The chamber is filled with the HRS gas,

Ar/CO2/CH4 (89/10/1).

In this report, the electrostatic properties of the jet muon chamber is discussed

by using various estimation methods. The results are presented for 90° cells, in which

the wire and cathode planes are perpendicular to the chamber structure. There is no

significant difference for other tilted cells, since the cell structure is designed so that the

electric potential should be essentially the same around the wire plane for all cells.

E-mail: KEKVAX::Odaka, ODAKA@JPNKEKVX and odaka@kekvax.kek.jp.
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2. Linear approximation

In the drift cell design of the Jet Muon Chamber, the stability of the wires was

evaluated by calculating the following instability parameter [1J:

where df/dx is the gradient of the force per unit length that the examined wire suffers

from, T is the wire tension and L is the wire length. Consider that the wire is at an

unstable equilibrium point (f = 0), then the behavior of the wire is described by the

followii.a equation:

T~ + ccx = 0, (2)

where / is the coordinate along the wire and

a = dfldx. (3)

The parameter a can be considered as a constant if the sag (x) is small. In order to keep

the wire stable, eq. (2) must not have any nontrivial solution. This requirement leads us

to the stability condition that the instability parameter defined by eq. (1) must be smaller

than 1. This method has been applied in the design of micro-jet chambers [2].

The instability parameter E, of the wires in the 90° cell of the Jet Muon Chamber

is listed in Table 2, where the wire length is assumed to be 5 m. The directions in

which the wires are most unstable are listed in the last column. The assignment of the

wire number and the definition of the coordinates are shown in Fig. 2. The instability

parameter is smaller than 0.1 and far below the stability limit for all wires.

3. Nonlinear effect

The above method has some obvious problems which may become serious in

long chambers. One of the problems is the nonlinear effect. Namely, if the examined

wire moves, the charge distribution on the other electrodes somewhat changes and such

change produces additional force to the wire. This effect is significant in simple tube

chambers. In this case, the force to the wire is produced by an unbalance of the charge

distribution on the tube wall induced by a wire displacement.

In our computer program, dfldx is calculated by a finite difference method:
df f(Ax)-f(-Ax)

dx= 2Ax ' ( )

where Ax represents a possible wire displacement. The nonlinear effect can be taken

into account by recalculating the charge distribution in the estimation of f(Ax) and
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f{-Ax). The results of such nonlinear calculation are also listed in Table 2. The

instability parameter is always smaller than 0.1 again, and the increase due to the

nonlinear effect is very small in the Jet Muon Chamber.

4. Iterative method

Another problem may arise from higher order terms in the force gradient. The

higher order terms proportional to x* (n > 2) are neglected in the linear approximation,

eq. (2), but may become effective when the sag is not small. Besides, rigorously the

linear approximation is not relevant to the wires at non-equilibrium points. Burckhart et

al. [3] introduced an iterative method to solve such problems, and obtained a good

agreement with the measurements using their 4.5 m-long prototype chamber.

In their method the charge distribution is recalculated in each iteration step

according to the wire positions predicted in the previous step. Namely, the amount of

wire sag with which the electrostatic force and the wire tension are balanced is searched

by iteration. Convergence of the iteration indicates that the wires are stable, while

divergence indicates an instability. Note that this method tends to lead us to an over-

estimation of instability, because the electrostatic force is estimated by assuming that the

whole length of wire is at a maximum sag point. However, this would not be a problem

since generally such tendency leads us to a safer design.

As a proof of the method and our computer program, we applied the iterative

method to the straw chamber of Indiana University, for which the instability was

systematically studied [4]. The straw that they used is 4 mm in diameter. The wire is 25

|im in diameter and 1.03 m long, to which they applied a tension of 40 g. Their result is

shown in Fig. 3. The high voltage value where the wire became unstable is plotted as a

function of the displacement of the wire support position. There is a small offset in the

support position arising from a setting accuracy.

We examined the stability for the high voltage value of 2000 V and three values

of the support displacement (Ax): 100, 200 and 300 |J.m. The examined points are

indicated in Fig. 3. The total displacement, the support displacement plus sag,

estimated by the iterative method is plotted in Fig. 4 as a function of the iteration step.

Figure 5 shows the additional sag estimated in each step. The results show that the

case, Ax = 100 |im, is stable and the case, Ax = 300 |im, is obviously unstable. The

case, Ax = 200 |im, looks to be around a critical point. These results well reproduce the

behavior of the measurement.
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The iterative method was applied to the 90" cell of the Jet Muon Chamber. The

wire span was taken to be the maximum, 5 m. Table 3 shows the result for the case of

ideal wire placement. There is no sag along x-axis since the cell arrangement is

symmetric in this direction. The iteration converges to a level of 1 Jim within 3 steps.

This indicates that the wires are quite stable.

There must be some displacement of wires due to a finite mechanical accuracy

(~ 50 Jim) and a variation of the wire tension. Such displacement may results in an

unexpected sag of wires. In order to study such effects, we repeated the calculation by

adding an offset displacement of 100 Jim to the wires. The offset was added in the

direction in which the examined wire is most unstable. The results are shown in Tables

4 to 7. In all cases the sense wire sag is smaller than a few 10 Jim and the iteration

converges within 3 steps.

We also examined the case in which all wires have an identical offset

displacement of 1 mm out of the wire plane. This simulates the effect of gravitational

sag and/or a possible cathode misalignment. The result is shown in Table 8. The

additional sag of the sense wires is only 35 Jim.

5. Conclusion

The linear approximation method, which has been used to evaluate the wire

chamber stability, has obvious problems that may become serious in very long

chambers. In addition to the linear method, we applied a nonlinear method and an

iterative method to evaluate the electrostatic property of the Jet Muon Chamber

proposed for the SDC muon detector, which has a maximum wire span of 5 m. The

results indicate that the wires are quite stable and the electrostatic sag of the sense wires

is small, compared to the expected mechanical accuracy.
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Table 1. Parameters of the electrodes composing the drift cell of the Jet Muon

Chamber.

sense

potential

guard

cathode

material

W

CuBe

CuBe

—

diameter

70 ̂ im

140 |im

200 Jim

—

tension

400 g

690 g

1.40 kg

—

voltage

+ 2.07 kV

0

+ 2.33 kV

- 3.04 kV

wires/cell

3

4

2
—

Table 2. The instability parameter £, of the wires in the 90° cell of the Jet Muon

Chamber. The directions in which the wires are most unstable are listed in the last

column.

wire

SI

S2

S3

PI

P2

P3

P4

Gl

G2

linear

approximation

0.069

0.060

0.069

0.085

0.066

0.066

0.085

0.016

0.016

nonlinear

calculation

0.070

0.061

0.070

0.088

0.067

0.067

0.088

0.017

0.017

most unstable

direction

0°
0°
0°

90°
90°
90°
90°

0°
0°
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Table 3. The electrostatic wire sag (|im) in the 90° cell of the Jet Muon Chamber,

estimated by the iterative method for the ideal placement.

wire and offset step 1 step 2 step 3
coordinate

SI x
S2x
S3x
S ly
S2y
S3y

PI X
P2x
P3x
P4x
P l y
P2y
P3y
P4y

Gl x
G2x
G l y
G2y

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0

0
0
0

17
0

-17

0
0
0
0

-39
1

-1
39

0
0

-215
215

0
0
0
9
0

-9

0
0
0
0

-30
0
0

30

0
0

-216
216

0
0
0
8
0

-8

0
0
0
0

-29
0
0

29

0
0

-216
216

Table 4. The same as Table 3 but with an offset displacement of 4x(Sl) = 100 |J.m.

wire and
coordinate

SI x
S2x
S3x
S l y
S2y
S3y

PI X
P2x
P3x
P4x
PI y
P2y
P3y
P4y

Gl x
G2x
G l y
G2y

offset

100
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0

step 1

9
-6
-1
17
0

-17

4
3
0
0

-39
1

-1
39

-3
0

-215
215

step 2

10
-7
_l

9
0

_9

3
3
0
0

-30
0
0

30

-3
0

-216
216

step 3

10
-1
-1

8
0

-8

' 3
3
0
0

-29
1
0

29

-3
0

-216
216

step 4

10
-7
-1

8
0

-8

3
3
0
0

-29
1
0

29

-3
0

-216
216
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Table 5. The same as Table 3 but with an offset displacement of zix(S2) = 100 \xm.

wire and
coordinate

SI x
S2x
S3x
S l y
S2y
S3y

P l x
P2x
P3x
P4x
PI y
P2y
P3y
P4y

Gl x
G2x
Gl y
G2y

offset

0
100

0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0

step 1

-6
7

-6
17
0

-17

0
3
3
0

-39
0
0

39

-1
-1

-215
215

step 2

-7
9

-7
9
0

-9

0
3
3
0

-30
0
0

30

0
0

-216
216

step 3

-7
9

-7
8
0

-8

0
3
3
0

-29
0
0

29

0
0

-216
216

step 4

9
-7

8
0

-8

0
3
3
0

-29
0
0

29

0
0

-216
216

Table 6. The same as Table 3 but with an offset displacement of Ay(Pl) = -100 [im.

wire and offset step 1 step 2 step 3
coordinate

SI x
S2x
S3x
S l y
S2y
S3y

PI X
P2x
P3x
P4x
P l y
P2y
P3y
P4y

Gl x
G2x
G l y
G2y

0
0
0
0
0
0

0
0
0
0

-100
0
0
0

0
0
0
0

0
0
0

23
0

-17

0
0
0
0

-50
0

-1
39

0
0

-212
215

0
0
0

16
1

_9

0
0
0
0

-41
0
0

30

0
0

-212
216

0
0
0

15
1

-8

0
0
0
0

-40
0

_ j

29

0
0

-212
216
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Table 7. The same as Table 3 but with an offset displacement of Ay(P2) = 100 |im.

wire and offset step 1 step 2 step 3
coordinate

SI x
S2x
S3x
S l y
S2y
S3y

PI X
P2x
P3x
P4x
PI y
P2y
P3y
P4y

Gl x
G2x
Gl y
G2y

0
0
0
0
0
0

0
0
0
0
0

100
0
0

0
0
0
0

0
0
0

10
-7

-17

0
0
0
0

-39
9
0

39

0
0

-215
215

0
0
0
1

-8
-10

0
0
0
0

-30
10
0

30

0
0

-216
216

0
0
0
0

_9
-9

0
0
0
0

-28
10
0

29

0
0

-216
216

Table 8. The same as Table 3 but with an offset displacement of zk(all wires) = 1 mm.

wire and
coordinate

SI x
S2x
S3x
S l y
S2y
S3y

PI X
P2x
P3x
P4x
PI y
P2y
P3y
P4y

Gl x
G2x
G l y
G2y

offset

1000
1000
1000

0
0
0

1000
1000
1000
1000

0
0
0
0

1000
1000

0
0

step 1

37
37
37
17
0

-17

-5
-5
-5

-39
1

-1
39

16
16

-216
216

step 2

35
34
35
9
0

-9

-2
-2
-2
-2

-30
0
0

30

15
15

-216
216

step 3

36
34
36

8
0

-8

-3
-2
-2
-3

-29
0
0

29

15
15

-216
216

step 4

36
34
36

8
0

-8

-3
-2
-2
-3

-29
0
0

29

15
15

-216
216
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2 cm

Fig. 1. The drift cell structure of the jet muon chamber.
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Fig. 2. The assignment of the wire number and the definition of coordinates.
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Fig. 3. A test result concerning the stability of the Indiana straw chamber by Ogren et
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Abstract

Simulation studies to estimate the performance of the muon detector and the adequacy
of the two-track separation of the drift tube concerning with the trigger efficiency for
high energy muons in the SDC muon detector system is carried out by using a simulation
program package SDCSIM which includes physics event generation, detector simulation,
and event analysis. We calculated the trigger efficiency and the effect of trigger efficiency
owing to the two-track separation.

The result of the simulation studies indicates that the "2-4" logic provides the highest
and the most redundant trigger efficiency, and that the two-track separation of 1 cm is
sufficiently adequate for high energy muons for the triggering purposes.

1 SDCSIM

We study the performance of the muon detector and the adequacy of two-track
separation. The two-track separation is one of the most important parameters on the
evaluation of tube performance. For example, suppose that there are several hits in a
drift tube. It depends on this parameter whether all the hits are identified or not. In
the SDC group, the requirement of two-track separation is 0.5 cm.

In this simulation study, the SDCSIM was used as a simulation tool. This package
has been developed to help designing the SDC detector and evaluating the design. The
program includes physics event generation, detector simulation, event reconstruction
and event analysis. The basic structure of the SDCSIM is shown below:

'Institute of applied Physics, University of Tsukuba
'Hiroshima Institute of Technology
:KEK
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SH framework

(input: reading event)

SE interface to event generators

SG interface to subdetector simulation program

SR interface to reconstruction program

US user analysis program

(output: writing event)

The SDCSIM consists of many program packages. A unique two-letter name is
assigned to each package. These first two letters of subroutines and common block
names are used in order to avoid conflicts between packages. The interface package
for the event generators has the letters SE, the interface to the detector simulation
program has SG, etc.

The package SE interfaces to popular event generators, HERWIG, ISAJET, and
PYTHIA as well as a single particle generator, called PRTGUN.

The package SG interfaces to GEANT and subpackages for detector simulations.
(GEANT is a system of detector description and simulation tool developed at CERN.)

The package SR interfaces to a reconstruction package which reconstruct tracks in
the central tracker, but not vertex points.

The package US is an interface program for a user code. In this routine users write
analysis programs.

2 Geometry and Tube Configuration

In the SDCSIM. the geometry is almost the same as the SDC detector setup, so we
can study without worrying about the geometry except special cases. In this simulation
study, the default geometry is used. This is shown in Fig.l.
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Two types of the tube configuration were suggested: one is called "Interleave-pair"
and the other is called "Adjacent-pair". Fig.2 shows these configurations.

• Interleave-pair. Wires in the first and third layers and in the second and fourth
layers are projective to the interaction region.

• Adjacent-pair. Wires in the first and second layers and in the third and fourth
layers are projective.

At first, the interleave-pair configuration was adopted in the muon system, but it
was rejected for the reason of poor efficiency for low-p( muons. Then, the adjacent-pair
configuration was suggested. This configuration satisfies both low-pt trigger efficiency
and requirement for tube electronics. For example, the clock cycle of the muon trigger
system is 32 ns (30 MHz), and the delta-t (explained in the following section) is about
160 ns for pt of 10 GeV/c. So, the delta-t is sufficiently long compared to the clock
cycle. In the latest version of SDCSIM, BW2, BW3, IW2, and IW3 have adjacent-
pair configurations, whereas BWl and the forward chambers (FW1 ~ FW5) have
interleave-pair configurations in the muon system.

In this simulation, the spatial resolution of tubes was assumed to be infinitely good
(for actual tubes in the SDC detector, it is aimed at 250 fim) .

3 Procedures of Calculation

3.1 Delta-t and Trigger Logic

The delta-t is the time difference of a projection tube pair. In the barrel muon
system, there are four projective pairs. The first time difference of a pair is Tl for the
BW2 first pair. The second pair is T2, and so on. The trigger is carried out by means
of these four sets of time information. The trigger logics suggested are three types,
namely

• (Tl*T2)+(T3>:T4) • • • "and-or"

• (Tl+T2)*(T3+T4) • • • "or-and"

o two out of four pairs • • • "2-4"

where " x " is a logical "and" and " + " is a logical "or".
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In this case, the trigger requires, "Tt < Tcu<". uTclLt" is a cut value depending on
the polor angle [6). given by the following expression:

^ (1)
smO

where A and B are constant parameters depending on ?;.

3.2 Simulation

In this study, two types of simulations were carried out. The condition of particle
generation is given in the following table:

1) Trigger efficiency
generator
particle
p*(GeV/c)
region
# of events
logic

PRTGUN
^+- /'"

10, 15, 20, 25
0 < T ? < 2 . 8

3000
3 types

, 30, 35, 40, 45,
( u n i f o r m l y ) , q> ••

50, 60, 70, 80, 100
= 0

2) Two-track separation
generator PRTGUN
particle fi+, pT
p,(GeV/c) 100, 200
region r\ = 0.05, 0.6, 1.2, <p = 0
# of events 1000
logic 3 types

The trigger efficiency is given by

. . . . & of events passing trigger logic ...
efficiency = = —-— . (2

# oj input events

PRTGUN is a single particle generator. We can select a particle kind, energy or
momentum, and the direction of firing. In the step of firing a particle, a generating
point was randomized with a = 5 cm in the direction of the beam axis.

- 165 -



hi the calculation of trigger efficiency, low-j>,, medium-;^ and high-p* trigger? were
set at 10 GeV/c. 20 GeV/c. and 40 GeV/c, respectively. Signal digitization was 4 ns,
8 ns. and 16 ns . For example, in the case of 16 ns, we digitize the time information
At as follows:

At = 248.3 ns

digitization

= 16x16
= 256 ns, (3)

where At is a drift time in the drift tube.
As shown in the previous table, particles were generated uniformly in 0 < 77 < 2.8.

In this simulation study, the 77 dependence of the trigger efficiencies was calculated.
In the two-track separation study, Tcut was set at 80 ns and 160 ns. These values

correspond to pt thresholds of 20 GeV/c and 10 GeV/c, respectively. The intervals of
two-track separation were taken 0 cm. 0.5 cm, 1.0 cm ,..., 4.5 cm. For instance, suppose
the time difference between the first and second signals in a tube was 126 ns. In the
case of 0.5 cm interval (100 ns). the second signal was identified, and the number of
signal was ''two". In the case of 1.0 cm interval (200 ns), the second signal was not
identified and the number of signal was i:one". Thus, when two signals arrived within
a fixed time interval, the second signal was not detected. Only detected signals for
each input particle were analyzed. Input particles were generated at 7/ = 0.05, 0.6, and
1.2 and trigger efficiencies were calculated as a parameter of two-track separation.

4 Results and Discussions

The three cases of signal digitization, namely 4, 8, and 16 ns, were used in simulation
studies. As anticipated, we saw no noticeable differences in the calculated efficiency in
the three cases. Therefore, we present the results only for the signal digitization of 16
ns in this chapter.
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4.1 Trigger Efficiency

Figures 3 (a), (b). and (c) show results of calculated efficiency for the trigger logic
of ':and-or'\ "or-and". and "2-4". respectively, in the case of the medium-/)/ trigger
(At — SO ns) as a function of ?/. From Fig.3 (b), we can clearly see that the "or-
and" logic is too slringent and gives poor efficiency at some 77 intervals corresponding
to the boundary areas of super modules. Fig.4 (a) shows the boundary areas of super
modules. Muons which go through the boundary areas of BW2. /z]; do not make trigger
signals for BW2, but they are very likely to make trigger signals for BW3. The same is
true at. the BW3 boundary areas for /J2. Therefore, the "or-and" logic is inefficient for
those muons. whereas the "and-or" and "2-4" logic can be efficient even at the module
boundary areas.

As seen from Figs.3 (a) and (c), as far as the trigger efficiency is concerned, the
"and-or" and "2-4" logics seem to be quite adequate. It must be pointed out that
the ''and-or" logic has poor efficiency at low 77, due to the geometrical limits. The
tube configuration at nearby ?/ = 0 is shown in Fig.4 (b). For example, the muon
track shown in the figure does not give any trigger signal for logical "and" in BW2.
The same can happen in BW3. Thus, the "and-or" logic is inefficient for such muons.
Meanwhile, the "2-4" logic is triggered when two projective pairs out of four give pt

signals regardless of the combination of any two pairs. Therefore, even the muon track
shown in Fig.4 (b) gives a trigger signal. Thus, the "2-4" logic provides the highest
and the most redundant trigger efficiency.

Figures 5 (a), (b), and (c) show results of calculated efficiency for the trigger logic
of "and-or", "or-and", and "2-4", respectively, as a function of p<. In the calculations,
the azimuthal angle is fixed at 6 — 0, namely at the middle of the super module in
the 0 direction. Therefore, the efficiency shown in Fig.5 does not include inefficiency
caused by the super module boundaries in the 0 direction. Fig.5 (b) indicates that the
"or-and" logic is rather inefficient even for high-/?* muons as pointed out above.

4.2 Two-track Separation

The trigger efficiency as a function of two-track separation interval is shown in
Figs.6 (a) and (b) for pt = 100 GeV/c and in Figs.6 (c) and (d) for pt = 200 GeV/c at
7/ = 0.05 and 0.6. respectively, in the case of negative muons.

From these figures, the trigger efficiency does not seem to be effected by two-track
separation for the " or-and" and "2-4" trigger logics. It should be noted that the areas
of t) — 0.05 and 0.6 are outside of the module boundary areas and that the trigger
efficiency for the "or-and" logic is good as can be seen in Fig.6 (b). At 7/ = 0.05
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the trigger efficiency for the "and-or" logic decreases appreciably with increasing two-
track separation ami depends on the delta-t value. This is considered to be due to the
geometrical effects shown in Fig.4 (b). No noticeable difference in the trigger efficiency
is seen for pt = 100 and 200 GeV/c, despite the fact that high energy muons produce
more electromagnetic shower particles.

There is essentially no charge effect for negative and positive muons in the present
detector arrangement.

In the SDC group, the two-track separation was aimed at 0.5 cm. It has been
pointed out that the two-track separation of 0.5 cm is rather difficult to be met consid-
ering the performance of tube electronics. According to the results of these simulation
studies, if we select a trigger logic, for example, the "2-4" logic, the two-track separation
of 1 cm seems to be quite acceptable, concerning with the trigger efficiency.

5 Conclusions

There seems to be no noticeable differences in the calculated trigger efficiency in
the three cases of signal digitization. Therefore, the digitization of 16 ns is sufficiently
fast and adequate.

Three types of the trigger logics, namely "and-or", "or-and", and "2-4", were stud-
ied to evaluate trigger efficiency. The "or-and" logic has rather poor efficiency at some
T] owing to boundary areas of super modules. The "and-or" logic is partially inefficient
at low 7; due to geometrical effects. The "2-4" logic provides the highest and the most
redundant trigger efficiency. Therefore, this logic seems to be quite adequate.

The two-track separations of 0.5 and 1 cm make no great difference concerning
with the trigger efficiency. The two-track separation of 1 cm seems to be sufficiently
adequate for high energy muons for the "2-4" logic.
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Fig.4 (a) The boundary area of super modules at BW2 and BW3
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Abstract

We studied trigger rates of cosmic muon backgrounds in a

high energy hadron collider detector. As a model detector the

SDC detector arrangement with two layers of scintillation

trigger counters for a muon trigger system was used in

calculations. The trigger counters were placed outside an

octagonal iron toroid of 8.3 m in outer radius and 28 m in

length. The magnetic flux was in the circumferential

direction. The distance between the two counter layers was 2

m. The counter width of the inner layer was adjusted to be
2

15/sin 9 (cm) in the toroid axial direction. The counters in

the outer layer had a projective geometry as those of the inner

layer, but they were displaced by a half counter width. A muon

trigger was formed by taking a coincidence between each inner

counter unit and the two corresponding outer counter units. A

counter telescope of two scintillation counters was employed to

measure cosmic ray data at sea level. The trigger rate in the

barrel region was obtained to be 12.2 and 1.3 kHz at sea level

and in the underground detector hall about 40 m below the ground

surface, respectively.
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1. Introduction

In a high energy hadron collider such as the SSC a general

purpose detector must have a multi-level trigger arrangement to

select interesting events out of a very high interaction rate.

At the SSC, for example, the interaction rate is approximately

33 — 2 —1100 MHz at the design luminosity of 10 cm s In the SDC

(Solenoidal Detector Collaboration) detector [1], one of the

detectors proposed to study high p T physics at the SSC, the

time of a muon detected in the barrel region is tagged by

scintillation counters to identify every beam crossing time of

16 ns.

Before a trigger decision is made, all data must be stored

in a pipe-line mode. It is useful to estimate cosmic-ray

background trigger rates in a level-1 muon trigger system. In

this paper we report results of calculations of cosmic-ray

trigger rates in a two layer scintillator muon trigger system.

The angular dependence of cosmic muon fluxes at sea level was

measured by a telescope system of two scintillation counters.

The attenuation rate due to absorption of low energy muons by

earths was taken into account.

In section 2 the trigger counter arrangement in the model

detector is described. The experimental method and results are

discussed in sections 3 and 4, respectively. Finally

conclusions are given in section 5.

2. Trigger counter arrangement

The schematic side and end views of the SDC detector are

shown in fig.l. In the present model detector two layers of

scintillation counters are placed outside of a 1.8 Tesla iron
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toroid of 1.5 m in thickness. The separation of the two

counter layers is 2 m. The counter arrangement is depicted in

figs.2(a) and 2(b). The counter width of the inner layer is

2

adjusted to be 15/sin 0 (cm) (6: polar angle) and the length is

1/3 of the octagonal side length. The length is determined to

give a time resolution of better than the beam crossing time of

16 ns. in the present study signals from three counters

aligned at each octagonal side are always added in trigger

logic. The dimensions of outer layer counters are adjusted to

be projective to the corresponding inner layer counters, but

the outer counters are displaced by a half counter width in the

toroid axial direction. A muon trigger is formed by taking a

coincidence between each inner counter unit of three counters

and the two corresponding outer counter units of six counters

in total. As shown in fig.2(b), a very high energy muon

originated at the interaction point goes through the middle of

an inner layer counter and the edges of two adjacent counters

in the outer layer. A low energy muon is bent by the toroid in

the yz plane at octant 3 and does not make a trigger signal.

Fig.3 shows trigger efficiency curves calculated by a Monte

Carlo simulation at 0 = 45°, 60°, and 90°. The trigger
2

efficiency for the counter width arrangement of 10/sin 0 (cm)

is also shown at 0 = 90°. Multiple Coulomb scattering effects

in the iron toroid and barrel calorimeter are included.

Effects due to a longitudinal rms beam spread of 7 cm at the

interaction point are found to be very small in the
2

scintillator trigger system even for the 10/sin 0 counter

width.
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3. Experimental method

The angular dependence of cosmic muon fluxes at sea level

was measured by a set of two scintillation counters at the

third floor in a building of four stories. The experimental

arrangement is shown in fig.4. The two counters (SI = 90 x 2 4

2 2

cm and S2 = 130 x 19 cm ) were installed on a frame with two

parallel counter holders. The distance between the parallel

holders was 1 m.

The length of an actual trigger counter is 2.49 and 3.04 m

in the inner and outer layers, respectively and the separation

of the two layers is 2 m. It is very important to note that

the present test counter arrangement with the separation of 1 m

reproduces quite adequately the azimuthal angular coverage of

1/3 of each octant in the SDC trigger counter arrangement. The

counter width of the inner (outer) layer varies from 15 cm

(18.3 cm) at 0 = 90° to 51 cm (61.7 cm) at 9 = 38°. The

counter widths of SI and S2 do not quite match those of the

trigger counters. On the other hand, since the angular

coverage by individual counters in this direction is reasonably

small, measurement errors due to this mismatch are expected to

be insignificant.

3.1. Polar angle dependence, f(8)

In the underground detector hall the major contribution to

the cosmic-ray trigger comes from octants 2, 3, ar •'' 4 due to

absorption by earths as will be described later. We assume

that the polar angle dependence is the same for all octants.

In the present experiment the dependence was measured in the

horizontal plane corresponding to octant 3. The relative

position of the two counters was adjusted by moving one of them
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on the parallel plane (fig.2(b)). Fig.5 shows measured and

calculated cosmic ray fluxes as a function of the polar angle.

The 6 dependence of the cosmic-ray flux in the calculation was

2 2 —2 — 1 —1

assumed to be jnsin 9, where j' = 0.8 x 10 m s sterad [2].

Thus the overall 0 dependence of the counting rate is

proportional to sin 0 in the present test counter arrangement.

The agreement between the two flux curves is reasonable. The

suppression and enhancement of the measured fluxes near 0 = 90°

and 40°, respectively, are considered to be partly due to

effects of the finite counter dimensions.

We note that the fluxes shown in fig.5 correspond to the

test counter arrangement in which the sizes of the two counters

are fixed. On the other hand the counter width of the actual

muon trigger system of the model detector is arranged to be
2

proportional to 1/sin 0 to obtain constant pT threshold

independent of the polar angle as described in the previous

section.

3.2. Azimuthal angle dependence

As mentioned earlier, the three-counter arrangement at

each octant can be simulated rather well in the present

measurement. Fig.6 shows counter configurations in which

coincidence measurements are performed at 0 = 90°. In octant

3, for example, there are only three patterns. In pattern 1 a

coincidence is taken between two overlapping counters and there

are three combinations. In pattern 2 a coincidence is taken

between two counters in crossing but adjacent positions and

there are four combinations in this pattern. In pattern 3 a

coincidence between two counters far apart is taken and there

are two combinations. Table 1 gives measured counting rates,
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C, ., for pattern j at octant k.

The measured flux rate by the test counter telescope for

each pattern is scaled to the actual counter arrangement. Then

the flux rate for pattern j of octant k at 0 = 90° can be given

approximately by

J. .- = C, .N, .(2 x S.S /(SnS_))/4kjO kj kjv l o' v 1 2' ''

where S. and S are respectively the areas of the inner and

outer counters at 0 = 90° and S.. and S? are those of the two

2 2
test counters. They are given by S. = 3728 cm , S = 5569 cm ,

2 2S = 2160 cm , and S = 2470 cm . N. . is the number of1 z. KJ

combinations of pattern j at octant k, given in fig.6. The

factor of 2 corresponds to the trigger logic arrangement in

which a coincidence is formed between each inner unit of three

counters and the two corresponding outer counter units of six

counters. The factor of 1/4 is due to the layer separation of

2 m compared to the test counter separation of 1 m. Thus we

have the solid angle correction factor of F , = (2 x

SiSo/(S1S2))/4 - 1.95.

Finally the muon flux rate of octant k corresponding to

the inner layer unit of three counters at 0 = 90° is given by

Jk0 ~ t Jkj0
J

Therefore, J1Q = J5Q = 12.3 Hz, J2Q = J4Q = 25.2 Hz, and J3Q =

34.8 Hz. In the present study we assumed that the flux rate

for k = 6, 7 and 8 was 0 Hz. Table 2 summarizes J, .n and J. n
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4. Results

4.1. Sea-level union trigger rate

Combining the polar and azimuthal angular distributions of

the muon trigger rates obtained in the previous two

subsections, the cosmic-ray trigger rate at octant k in the

barrel region, R, , is given by

R. = J.. f f ./sin4e.k kO h 1 I

where the sum over i is taken for all the counters of octant k,

f. and 6. are respectively the polar angle dependence and the

polar angle at the i-th counters in the toroid axial direction,

and the factor of sin 0. is due to the fact that the trigger

2
counter width is arranged to be proportional to 1/sin 8 as

mentioned earlier. By using the measured data for f., the sum

is obtained to be 110. Therefore, RJ = Rg = 1.4 kHz, R2 = R4 =

2.8 kHz, Ro = 3.8 kHz, and R_ = R^ = Ro = 0.o b i o

The overall cosmic muon trigger rate at sea level, R ,, is

thus given by

R , = f R,si *• k
k

= 12.2 kHz.

If a muon trigger is formed by a coincidence between two

overlapping counters (pattern 1 in fig.6), we have the relation

t h a t Jk0 = CklNklFangle = 5' 8 5 x Ckl' T h e n Rl = R5 = °'5 k H z'

R2 = R4 = 1.7 kHz, and R3 = 2.3 kHz. Therefore, R = 6.7 kHz.
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4.2. Muon flux in the detector hall

The underground detector hall is modeled as illustrated in

fig.7. Low energy cosmic muons are absorbed with earths before

reaching the detector. The soil path length of a muon depends

on the location of trigger counters. In the present study we
3

assume the uniform soil density of 2.5 g/cm and the energy

2
loss of 2.0 MeV/(g/cm ). Fig.8 shows estimated energy losses

as a function of the polar angle for octants 1 - 5 .

Fig.9 shows the number of cosmic muons integrated above

the muon energy of the x-axis at sea level [3]. From this

curve we can estimate the penetration rate of cosmic muons at

the underground detector. Fig.10 shows the estimated

penetration rate, H, . , as a function of the polar angle 0. for

octant k (k = 1 - 5).

The overall cosmic muon trigger rate is given by

R , . = J T J, _H. . f ./sin 9.det /• h kO ki r Ik l

= 1.3 kHz.

Similarly as in the previous section, if a muon trigger is

formed by a coincidence between two overlapping counters, the

cosmic muon trigger rate is reduced to 740 Hz in the detector

hall.

5. Conclusion

The trigger rate of cosmic muons in the scintillation

counter muon trigger system of the SDC detector was estimated

in the barrel section. The model detector used in the present
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study had two layers of scintillation counters outside a 1.8

Tesla iron toroid of an octagonal cylinder of 1.5 m in wall

thickness. The outer radius and length of the toroid were

respectively 8.3 and 23 m. The counter width of the inner

2
layer in the toroid axis was arranged to be 15/sin 8 (cm) in

the barrel region to provide p T threshold independent of the

polar angle. Each octagonal side were divided into three

counter units to provide a good time resolution. The counters

.in the outer layer had a protective geometry as those of the

inner layer, but they were displaced by a half counter width.

A muon trigger was formed by taking a coincidence between each

inner unit of three counters and the two corresponding outer

counter units of six counters in total.

A counter telescope of two scintillation counters was used

to measure the angular dependence of counting rates at sea

level. The attenuation rate of cosmic muons due to earths was

estimated by using the existing energy distribution data of

cosmic muons at sea level [3]. The overall cosmic muon trigger

rate in the underground detector hall was obtained to be 1.3

kHz in the barrel region. The estimated rate at sea level was

12.2 kHz.

If a muon trigger is formed by a coincidence between two

overlapping counters, the cosmic muon trigger rate is reduced

to 740 Hz in the detector hall. It is interesting to note that

the reduction ratio is not simply scaled to the combination

ratio of 3 due to relatively large angular coverage by the

trigger counters. Since the cosmic muon trigger rate is

approximately proportional to the product of the areas of

coincidence counters, the rates for other counter arrangements

can be estimated by using the present results.
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Table 1. Counting rate for pattern j of octant k, C. . (Hz)

Octant Pattern (j)

(k) 1 2 3__

1

2

3

or

or

5

4

0

2

3

. 7 3

. 5 7

. 4 9

0

2

1

. 8 3

. 3 5

. 6 3

0 .

0 .

0 .

39

04

38

0.21 0.01

Table 2. Cosmic muon flux rate for pattern j of octant k at

6 = 90°, J,._ (Hz), and that for octant k, J,n (Hz)

The latter flux rate corresponds to the trigger

arrangement in which a coincidence between each

inner counter unit and the two corresponding outer

counter units is formed.

Octant Pattern (j) J,

(k) 1 2 3 4 5

I o r 5 4.3 6.5 1.5 - - 12.3

2 or 4 15.0 9.2 0.1 0.8 0.0 25.1

3 20.4 12.7 1.5 - - 34.6
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Figure captions

1. Schematic drawings of the SDC detector arrangement.

2. Schematic diagrams of the muon trigger arrangement by two

layers of scintillation counters.

3. Muon trigger efficiency versus p T for the two-layer scin-

tillation trigger counter system. The counter width (in

the z direction of (b)) is arranged to be proportional to

sin 0 and to have a projective geometry in the two layers,

while the counters of the second layer are displaced by a

half counter width. The muon trigger is formed by taking a

coincidence between each ORed counter unit of three

counters in the inner layer (fig.(a)) and the two corres-

ponding counter units of six counters in the outer layer.

This arrangement provides nearly constant p T threshold

independent of the polar angle.

4. Schematic diagram of the experimental setup used to measure

sea-level cosmic-ray fluxes.

5. Measured and calculated cosmic-ray flux rates as a function

of the polar angle for the counter arrangement shown in
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fig.4.

6. Counter configurations used to measure the azimuthal angle

dependence of cosmic-ray fluxes. See the text for detailed

explanations.

7. Underground detector hall used to estimate attenuation

rates of cosmic-ray fluxes.

8. Energy losses of muons with earths before reaching the

detector installed in the underground detector hall. Earth

thicknesses were calculated for muon tracks which satisfied

the trigger requirement by the scintillation counter

trigger system.

9. Integrated momentum distribution of the cosmic-muon

intensity at sea level [3]. The ordinate corresponds to

the integrated intensity above a given momentum of the

abscissa.

10. Penetration rates of cosmic-muon fluxes to the underground

detector.
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1. Executive Summary

In the present SDC baseline, the SDC detector is controlled and

operated from the detector operations building at the SDC detector site

(IR8). As of late December 1992, there was a proposal by the SSCL Director

to center all on-site physicist functions at West Campus. Also, in the

online section of the SDC Technical Design Report, we proposed to

investigate feasibility of remote control centers outside of the SSCL site (

SDC TDR p.9-4 ). Therefore, it is important at the present stage to examine

its feasibility and its affect to overall design of our detector system if the

data-taking operation is done from a remote location.

To study this, a task force on control of SDC detector operations was

formed by Tom Kirk in February 1993. The charge to the task force is to

evaluate technical feasibility and cost/schedule impact of operating the

SDC detector at

- the SDC Control Room at West Campus,

- a Control Room and Monitoring Center located at a very remote

location, such as KEK,

during the data-taking phase of the SDC experiment.

The members of the task force are:
Katsuya Amako (KEK),
Chris Bebek (SSCL),
Tom Eliof (SSCL - Operations),
Alan Fry (SSCL),
Irwin Gaines (FNAL),
Steve Hahn (FNAL - CDF Operations),
Terry Johnson (SSCL - Network),
Yukio Karita (KEK - Network),
Youhei Morita (KEK),
Byron Roe (Michigan),
Larry Schneider (SSCL - Experimental Facilities).
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Because these members are distributed between the U.S. and

Japan, the task force decided to have all discussions by video link between

SSCL, PNAL, Univ. of Michigan and KEK. This policy of not having a get-

together meeting but doing all discussions through video is a challenge to

the traditional way of organizing task force activities. A critical issue of

controlling a detector remotely is how efficiently and reliably people can

exchange information and make decisions through networking.

Therefore the present task force, itself, is a good' exercise for remote

operation. The following is the list of video meeting we had in the past.

1. March 8/9, 1993 ( Note: 1st date is in U.S. and 2nd is in Japan )
2. March 22/23,1993
3. April 6/7, 1993
4. April 19/20,1993
5. April 27/28,1993
6. May 10/11,1993

In these task force video meetings and in home work between the

meetings, the following subjects were studied:

- Feasibility for operating the detector of an existing big experiment. To

distribute and collect questionnaires on remote operation to current

running ee and pp experiments.

- Reliability requirements for the detector in order to realize remote

operation.

- Functional requirements for local/remote control rooms.

- Technical feasibility and cost/schedule impact.

- Possible operating scenario for remote control.

Based on these studies, the conclusions of the task force are as follows:
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- To realize a remote control center, the most critical issue is to

construct a high reliability detector system.

No technical difficulty is foreseen in realizing a remote control center

both at the west campus and outside of SSCL.

Because of an expected limitation of availability of bandwidth and

limitations of reliability in international network, some functions may

be limited at a remote control center outside of U.S.

There will be some duplication of equipment between IR8 and the west

campus control center, but the cost impact is modest and there should

be no schedule impact.

The planned data bandwidth between east and west campuses is

sufficient. Personnel traffic between sites should be minimized due to:

1) the strategy of building a highly reliably detector;

2) using the east side operations crew to do most routine

maintenance, repair and servicing; and

3) developing electronic systems (including trigger systems) that

are designed for remote control, diagnosis and repair.
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2. Summary of Questionnaire

A questionnaire on shifts and operations has been distributed to and

returned from various existing HEP experiment groups. Five e+e-

collider experiments and one hadron collider experiment have responded

to this survey. Number of shift crew, control room functionalities,

emergency response chain, detector trouble recovery and run

management scheme have been reviewed.

Idea behind this questionnaire is to learn from the existing

experiments about their shifts and operations, so that a typical shift

scenario and efforts to minimize the detector downtime can be reviewed in

a systematic way. It is clear that the complexity and the size of the SDC

detector will demand an unprecedented reliability of hardware and

software with a top-down, well defined, systematic approach.

Extracted questions and answers of this survey have been attached

as Appendix B. Questions raised in the survey are:

- time required for detector commissioning

- number of shift crew

- site operation personnel on shift

- emergency handling / Lab regulations

- typical shift duties

- number of terminals and TV monitors for shift

- frequency of contact with accelerator control room

- frequency of paging subsystem experts

- frequency of detector "fix" by experts

- typical detector problems and cures

- non-network equipment in the experiment

- general comments about remote control of the detector
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Concern has been raised from the DO experiment about the

feasibility and effectiveness of the remote control room, based on their

experience of the need for access to the electronics during the shift.

Though we did not hear from CDF, one task force member from CDF

raised the same concern about the accessibility of the electronics. This is

quite contrary to the answers from most of the e+e- experiments, where

they had mild and optimistic views of the detector remote control.

One reason for the concerns from the Fermilab experiments may

come from the fact that the hadron collider faces a radical increase of the

luminosity. The requirements to the triggers for the new luminosity are

so severe, both experiments may never have left the "detector

commissioning phase". It is thus the group policy rather than a

technical feasibility which determines whether a detector should go into

an "operation phase" and the shift should be performed on a routine

basis.

Nothing in the normal shift activities prevents remote operation

of the detector, provided appropriate and reliable high speed networks

are constructed between the detector and the control room. High voltages

and solenoid cryogenics are assumed to be controlled by well-trained

engineers at IR8. Thus having a reliable sub-system, and minimizing the

time for the fix become the key issues. Also the frequency, scenario,

and bookkeeping of the detector access, troubleshooting and fixes should

be carefully designed and controlled. The DOE requires an 80%

availability

of the detector during times of stored beams. In the TDK, we set a goal

of greater than 90%. The importance of reliable and well-partitioned

subsystem should not be underestimated.
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3. Reliability Issues

The increased distance between the SDC detector and the West

Campus operations canter relative to the IR8 operations center has

heightened our awareness of the need for high reliability of the detector

components, electronics, and software. There will not be casual access to

the detector hall for repair failures. Many hours can elapse from the time

of a failure until the accelerator and other detectors agree to an access.

The collider must then be ramped down and the detector hall air volume

purged. A mode of operation that SDC should strive for is to limit repair

access to the weekly maintenance period. This requires careful design to

avoid failures in the first place and to gracefully tolerate failures that do

occur in the second place. The latter is accomplished by designs that

localize failures to small sections of the detector, provide redundancy

where required, and provide alternate access paths to data and control

systems.

It can not be too strongly stressed that reliability must be a major

design parameter of the SDC detector if we are to meet the DOE

requirement of 80% availability and the collaboration's even more

stringent requirement of 90%.

The following are policy statements for the design and construction

of the system which enable us to operate remotely.

- The required reliability will have to be achieved by component and

system level reliability and by minimizing the time to make repairs.

- Reliability must be designed into the system from the beginning. This

includes

- component selection,

- systems partitioning,
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- fault analysis,

- redundancy.

Failures are inevitable but in many cases their effect can be localized.

Fine granularity in failure points leads to graceful degradation of the

detector.

For certain systems redundancy can contribute to the reliability. For

example, computer networks should have alternate routing paths.

Work-arounds should be included to bypass failure points, such as

disabling a faulty fror.t-end module from the data readout stream.

Detailed monitoring of system performance and environmental

parameters can track slowly deteriorating conditions. These can be

scheduled for preventive maintenance at scheduled down times.

• Failures will occur. Minimizing the time to repair will contribute to

the reliability. For hardware this means

- modularizing the sub-components,

- providing diagnostic tools to localize the problem to the module

level,

- providing easy physical access to the failure point.

• For software failures,

- fail-over mechanisms including on the fly reconfiguration,

- rapid re-booting or re-initialization.

• The above discussion is to be taken seriously. As part of the review

process of design documents before approval for construction, the

reviewers will have to be convinced that reliability and maintainability

goals have been met.
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4. Functional Requirements

Most of the functional requirements are automatically satisfied by

the baseline DAQ and Online system designs as described in the TDR.

Since all systems are controlled by computers which are connected to a

network, there are, in principle, no requirements placed on the location of

the screens and keyboards used to control data-acquisition. Restrictions

arise from consideration's of network bandwidth and its associated cost to

implement effective access from a remote location, questions of safety and

system security, procedural/bureaucratic considerations, and network

reliability. Recall that the online system is automated, and that the

human interfaces to the system are location independent. The human

interfaces are there for purposes of monitoring normal data-taking. In

the case of network failure (between IR8 and the west campus control

room), data taking will continue. Their secondary function is control of

data-taking. This is necessary, only when the system is in an abnormal

state requiring human intervention. Such states include unanticipated

(or "irregular") modes of operation requiring re-configuration of the

system and DAQ software and hardware troubles (e.g. HV problems,

debugging). The human interfaces run on workstations located in the

respective (i.e. remote or local) control room, alternatively they can be run

on workstations located at IR8 with displays redirected to remote

locations. All other functions of the DAQ/online systems remain "local".

That is, the choice of the particular CPU's on which they are running is

not impacted by the control room location.

1) Control Room at West Campus

It shall be possible to execute all run-control functions from the

west campus control room. These functions include starting and

stopping data-acquisition, pausing and resuming runs, control and
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logging of detector parameter configurations. Full control of DAQ

resource allocations and partitions as well as the trigger system is

possible from this location. The electronic log of DAQ activities can be

accessed and updated with full functionality. Full control of the data-

logging system and tape robots may be exercised from the west campus

control room.

Slow control functions necessary for data-taking and ensuring good

data quality may also be accomplished remotely. Interlocks and

"Lockouts" located at IR8 will permit safe access by service personnel.

These functions will include HV control and adjustment from the remote

location as well as control of other devices requiring frequent human

adjustment. They may not include direct control of gas or cryogenic

systems and other "routine activities" which will require in-frequent

adjustment and control.

The main activity and function performed in the remote control

room is to monitor the detector performance. This is accomplished in a

variety of ways. Under normal operation, dedicated programs in the

online and DAQ systems will sample events from the data streams and

disk-buffered "event pools" as well as other information from the slow-

control, DAQ, Trigger, and accelerator systems. These programs will

produce "event displays", histograms, alarms and other information, all

of which can be viewed in the remote control room. Additionally, optional

monitoring programs may be initiated by the people in the remote control

room and at other locations. These programs may run at the remote

location or on the DAQ/online processors as necessary. Software and

hardware error conditions detected by the DAQ and online systems are

logged in a database. Those deemed to be of interest to the human control

will be displayed in the control room. The human interface can access the

database to review error messages and conditions recorded there.
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Additional data such as "non-event" data originating from a

variety of sources including the slow control system is also monitored by

the DAQ system in a similar manner. Some systems may be more

appropriately monitored visually (rather than by computer) using TV

cameras. Several TV monitors will be located in the west campus control

room for this purpose. While there will be many more TV channels than

monitors, the desired channels can be selected for display as needed in the

remote control room. Depending on the configuration of the CATV

network at SSC and network bandwidth considerations the channels

selected for display may be selected at IR8 and their video signals

transmitted to the west campus, or all channels may be accessible from

the CATV network on the west campus. The TV signals originate from

cameras (both fixed and moveable by remote control) that view various

parts of the detector, the detector building, gas-systems, and electronic

systems. They may also originate from computer generated displays

stored in frame-buffers and from elsewhere throughout the SSC.

If a fault is detected by the people in the west campus control room,

they will proceed with diagnosis, localization, and correction remotely. If

it is determined that these activities cannot proceed further or efficiently

without "hands on" activities. Requests for "on-site" operations can be

initiated by telephone from the west campus. Additional consultations

can be carried out if necessary, using video conferencing equipment

between the IR8 and the west campus control room. It will be possible for

people at remote locations to access the public address systems in the

buildings at IR8 by telephone.

Permission for all non-routine activities affecting data-taking will

originate from the west campus control room. Normal communications

and feedback between the accelerator and detector systems are

independent of the west campus control room, however, occasionally,
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special accelerator beam tuning may be requested that requires special

feedback to be initiated from the west campus control room. Finally, it

must be possible for personnel at IR8 to override remote control in certain

emergency situations.

The following is a summary of functional requirements to the

control room at the west campus.

- Run Control:
Starting/stopping/pausing/resuming data acquisition
Logging/restoring detector parameter configurations
"Changing tapes"
Control of DAQ partitions

Resource allocation
Control of trigger
Electronic log

- Monitoring detector performance
Subsystem monitoring

Spying on events
Dedicated subsystem programs

Trigger system monitoring
Analysis of event pools Calibrations
Calibration Control
Analysis of calibration data sets
Data base access

Physics monitoring
Event displays
Dynamic histogramming
Level 3 trigger monitoring
Full offline analysis

- Slow Controls
Alarms and limits, error handling, error logging
Non-event data acquisition & monitoring

Accelerator and beam parameters
Environmental parameters
HV, etc
Status of other experiment groups
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Experiment adjustment and control
HV
Adjustable devices
Solenoid/Toroid ( probably controlled only from IR8 )
Gas flow/purity/pressure ( probably controlled only from IRS )

Monitoring detector hardware - digital data or TV monitor
Visual inspection of detector & IR8 control room
Magnet current
HV current
LV current
Gas flow/purity/pressure
Crate power, temperature, cable configuration, etc
Response to gas/HV/chamber trip alarm

Routine upkeep and maintenance (performed at IR8, logged in
MCR)

Video communication
Request for control/tuning beam to accelerator control
Information exchange between IR8 and other remote control rooms
Shift summary between remote control rooms

- Emergency Procedure
Transfer of control to IR8
Procedures for loss of signals/communication outages
Interlocks
Access
Resource allocation and management ("resource broker")

- Diagnostic and repair
Detection of fault
Localization of fault
Request for module replacement
Permission for replacement/repair
Change/configuration control

• Feedback to accelerator control
Tuning parameters

Loss monitors/scraping monitors/luminosity monitors/Si protection
Beam positioning/pick-ups
Closed circuit TV, esp during commissioning
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2) TBS

All of the control functions implemented for the west campus

control room must also be implemented at IR8. Some of the functions

could be implemented in a cost saving way compared to the west campus

control room. Some functions are restricted to IR8. These include things

like HV lockout and other safety devices to prevent remote control of

certain devices for safety reasons. Some devices require such infrequent

control and adjustment that the cost of implementing remote controls is

not justifiable or even desirable. Gas systems will be controlled solely at

IR8. The solenoid and toroid magnet power supplies as well as cryogenic

systems will probably be controlled exclusively from IRS.

3) Remote Controls outside of SSCL

There is no significant difference between the west campus control

room described above and a remote control room outside of SSCL. Some

details of implementation may vary due presumably to higher cost of

network bandwidth and to lesser reliability of network connection.

5. Technical Feasibility and Coiist'Schedule Impact

1) Technical feasibility

The baseline design for the SDC detector requires moving 100 MB/s

of physics data from the output of the Level 3 trigger farm at IR8 to the off-

line romputing facility at the West campus. If this is implemented with

SONET, this requires four active fibers and four spares.

Beyond this, there is the need for networking between IR8 and the

West Campus for general clustering of workstations and remote

operations of the detector from the West Campus operations center. This
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will integrate to a few tens of MB/s and can be accommodated on an

additional four fibers running SONET.

The requirement that the SDC detector be operated from the West

Campus generates additional fiber requirements. Some fraction of the

raw data stream will need to be sampled at the west operations center.

There will be the need for video circuits for both monitoring and

conferencing. There will be additional needs for protocol-less links

carrying timing information from the West to East. We cannot quantify

the number of fibers required at this time, but feel that twelve additional

fibers would be adequate. The SDC has requested 24 fibers linking the IR8

and the West Campus. If implemented today, the SONET links would be

2.4 Gb/s. Towards the endof the decade, SONET at 10 Gb/s should be

widely available.

With the new requirement that the detector be remotely operated

from the West Campus, we are more concerned than ever about

redundant paths between the two sites. It is assumed that these 24 fibers

will be available by two independent routes from the West Campus to IR8,

for example, 24 fibers in each of the north and south accelerator arcs or

24 fibers in one of the arcs and 24 fibers in the east-west cross connect.

For links to non-SSCL sites we observe that standard long distance

carriers in the USA will have have ATM at 155 Mb/s widely implemented

by 1995. ATM at 622 Mb/s will initially be offered in 1995 and 2488 Mb/s

will become available later in the decade. Since remote control rooms will

be implemented as X-clients to server tasks located at IR8, any of these

speeds will support the monitoring aspects of a remote control room,

especially at the latter two speeds. Movement of vast quantities of raw

data will not be practical but, again, the client-server model can be applied

here with the data being processed at SSCL and results displayed off-site.
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Also for international links we expect ATM will be the standard

mode in the middle of 90's. Therefore national and international networks

will be seamless, and we do not foresee any technical difficulty in

realizing remote control rooms outside of U.S. Reliability which is believed

to be lower for international links may suppress some functions at a

remote control room outside of U.S.

2) Cost impact

2-1) Cost for basic equipment for each control site

The West Campus control room can be implemented with

workstations, network connection hardware, TV monitors, and a video

conferencing center. Two workstations and two X-terminals (additional

glass for display space) can be used for overall operations control and each

of the five detector sub-systems can have a workstation-X-terminal pair.

For the West Campus we GUESS that this will cost $300K. A non-SSCL

remote control room might consist of only the two workstations and two X-

terminals to implement the high level control functions.

2-2) Running costs

The only additional costs caused by remote operations are network

links between SSCL and non-SSCL sites. At the present stage, it is

impossible to predict what the network cost will be in the year 2000. As

mentioned in the technical feasibility section, the functions of a remote

control room will be limited so that the network cost can be kept in a

reasonable range.

2-3) Personnel costs

No additional costs. We re-deploy resources that are already costed.

The following are our interpretation of the current SSCL staffing plan at
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IR8. See also "SSC Laboratory Operations Program Plan - FY20.00 to

FY2005", SSCL-SR1216, November 1992, Distribution Category:400.

There are 21 persons on day shifts and 10 on other shifts. A week

has 20 shifts in the model (there are actually 21 but that is swept under the

rug for now). There are 3 off-hour shifts for every day shift. This gives a

staff of 51 engineers and technicians dedicated to IR8. Vacation coverage

does not increase this number; 51 is the size of the crew to support SDC

year-round. The number 51 has an uncertainty of+-10. These 51 people

are probably a sub-set of the -100 people that will be hired for the 4 year

assembly period of SDC. The appropriate way to interpret this staff is that

they are the technical support for SDC. During the 40% down time of the

collider, they are in the detector hall doing maintenance, repairs,

upgrades, etc. During collider operation, they are stationed at IR8 doing

other maintenance chores, refurbishment, preparing for the next down

time, and helping with detector R&D and upgrade projects. This staff is

also available to support SDC during remote operations. They are at IR8

anyway doing the other chores mentioned above. The distribution of the

staff across the various shifts is something that will be learned from

operating experience. It may well turn out that only 3 to 5 people are

required during the non-day shifts. This 51 person technical support team

is reasonable for SDC. The appropriate fraction of them, which we will

learn from early operating experience, can be distributed across the non-

day shifts to support the remote operations of SDC during data taking.

3) Schedule Impact

We don't forsee any need for modification of the current baseline

schedule.
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6. Scenario for Remote Operation

To obtain better understanding of characteristics of remote

operation of the SDC detector, an operation scenario is created. To

generate this scenario, we made the following assumptions:

(1) At a remote control room, there is an operation group which is

mainly composed of physicists. The TDR states that data-taking can

be conducted by two physicists who are not specialists in DAQ

during normal operations. At certain times more people may be

required. The remote control room is envisaged to have

approximately 14 screens with keyboards and can accommodate

about 6 persons comfortably. Prom time to time, sub-system experts

will visit the control room to correct problems, do special sub-system

checks and diagnostics, familiarize themselves with current

operating conditions and perform certain sub-system maintenance

functions. Each operation group has an 8 hour responsibility for

data taking.

(2) An experiment facility operation group is located at IR8. This group

consists mainly of engineers and technicians. At all times of

detector operation there will be at least one person present who is

qualified to conduct emergency operations such as solenoid

shutdown and emergency cryogenic operations. This person will be

able to perform simple adjustments to the gas system if necessary,

but under normal circumstances such activities will be performed

by a regular maintenance person or persons. A site supervisor will

be on duty at all times to provide building security and periodic

patrols of the area. Additionally, there may be a super-conducting

magnet operations specialist present at IR8, although it is likely

that monitoring of the solenoid operation for both GEM and SDC will

be conducted from a single location (possibly IR8) to reduce
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manpower requirements. Thus we envisage a minimum, of

approximately 3 persons will be required to maintain normal IR8

operations during weekends and non-day shifts.

(3) Each detector sub-system has on-call shift crews. Typically, these

people are located within commuting distance from IR8 so that if

necessary they can respond in person at IR8 with a reasonable

delay. Also sub-system experts daily visit IR8 to perform certain

sub-system maintenance functions.

Notation:

An operation group at remote control room = ORCR

An operation group at IR8 = OIR8

1) During beam filling period / At run-begin period

1-1)* ORCR monitors the beam condition of the accelerator.

1-2)* ORCR may communicate with accelerator crews for beam

information.

1-3) ORCR monitors the basic status of detector components

1-4) ORCR monitors basic status of the data acquisition system.

1-5) ORCR monitors the trigger conditions. If necessary,

ORCR may adjust the trigger conditions.

1-6)* ORCR may turn on and adjust the high voltage as necessary

1-8) ORCR may initiate data-taking manually if necessary. Normally

this would be an automatic procedure which ORCR would

observe.
(Note) The steps marked "*" are not necessary at a run-begin

period.

2) During data taking
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2-1) ORCR monitors globally the quality of data by watching samples

events on display screens, etc.

2-2) ORCR monitors each detector component by checking various

displays/histograms from the monitoring programs in the

online system.

2-3) ORCR monitors various parts of the detector by monitor TVs.

2-4) OIR8 also monitors various parts of the detector by monitor TVs.

and periodically patrols the accessible parts of SDC operations.

2-5) If a trouble/error in the system is found by ORCR/OIR8, ORCR

takes appropriate actions. For example, to stop data taking, to

transfer operation to OIR8, etc.

2-6) ORCR may define the period of the current run and ORCR

informthis to OIR8, the accelerator control and other experiment

groups as necessary.

3) At run-end / At beam dump period

3-1) The beam-dump pending signal from the accelerator initiates

DAQ system run end procedures which ORCR observes.

Alternatively, ORCR many manually end the run.

3-2) If necessary, ORCR asks appropriate actions to OIR8 for the next

run.

3-3) ORCR writes information of the last run to the log book - the log

book must be accessible from the remote locations.

3-4) ORCR checks the results of the monitor program for each

detector component. If necessary, ORCR compares the results

with ones from runs in the past - these data need to be accessible

remotely.
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3-5) During the period of no beam, ORCR may initiate various

calibration, diagnostic, and other procedures that are necessary

for the continued operation of the data-taking system.

4) Shift begin/end

4-1) ORCR/0IR8 briefs the shift summary to next shift crews. This

briefing will be broadcast via video link.

4-2) ORCR transfers the master key for the'detector operation to the

next shift coordinator. Without this key, nobody can

start/stop/change the data acquisition system. This key should be

transferred via network, i.e. it is a software key. This key

guarantees that the system cannot be controlled by multiple

locations simultaneously, hackers, etc.
(Note) it is always possible for personnel to gain control of the

system through physical presence at IR8.

5) Trouble shooting by shift crews

5-1) ORCR/OIR8 may invoke an expert system to figure out the source

of a trouble.

5-2) ORCR/0IR8 also try to figure out the source of a trouble by

analyzing monitor data.

5-3) ORCR/OIR8 may run a diagnostic programs.

5-4) If the trouble cannot be fixed by ORCR/OIR8, calls up an on-call

expert for help by phone, pager, etc.

6) Trouble shooting by experts

6-1) If the expert is at IR8, he works through the operation control at

IR8.

6-2) If the. expert is not at IRS, he tries to figure out the source of of the

trouble by running diagnostics remotely. He may consult by
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telephone with people at IR8 and at the remote control room. The

expert and ORCR decide when and if it is expedient to travel to

IR8 to correct a problem.

7) Hardware fix

7-1) If an access to the detector is necessary to fix the trouble, to follow

the regulation.

7-2) If an access to the detector is not necessary, fix the trouble with

help by crews at IR8.

7-3) ORCR controls and keeps the track of changes done by fix. A

hardware/software locking mechanism is necessary for careless

operations.

8) Emergency

8-1) ORCR/OIR8 invokes the emergency procedure.

8-2) OIR8 takes the control of the detector.

9) Accelerator shutdown period

9-1) ORCR at the SSCL coordinates various activities related to

detector operations.



7. Conclusions

The following are the conclusions of the task force:

- To realize a remote control center, the most critical issue is to

construct a high reliability detector system.

- No technical difficulty is foreseen in realizing a remote control center

both at the west campus and outside of SSCL.

- Because of an expected limitation of availability of bandwidth and

limitations of reliability in international network, some functions may

be limited at a remote control center outside of U.S.

- There will be some duplication of equipment betv.^en IR8 and the west

campus control center, but the cost impact is modest and there should

be no schedule impact.

- The planned data bandwidth between east and west campuses is

sufficient. Personnel traffic between sites should be minimized due to:

1) the strategy of building a highly reliably detector;

2) using the east side operations crew to do most routine

maintenance, repair and servicing; and

3) developing electronic systems (including trigger systems) that

are designed for remote control, diagnosis and repair.
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Appendix A

Appointment and Charge to a
Task Force on Control of S2C Detector Operations

February <i, 1993

BACKGROUND

As of late December, there was a proposal by the SSCL Director to center all on-
site physicist functions at the SSC Central (West) Campus. This proposal also
includes the SDC Control Room, so it seemed a good idea to examine the
consequences for the SDC experiment, especially if data-taking operations would
be affected by operation from a remote location.

In the present SDC baseline, the detector is CONTROLLED from the IR8 Detector
Operations Building. The Level 3 farm is also located at IR8. The mass storage
for the output of the Level 3 farm may be located elsewhere than at IR8. Opera-
tions staff (ie. shift personnel) are located solely at IR8 in the current
baseline. However, MONITORING of the detector could be accomplished remotely
(including elsewhere on the SSC site) via network connections between IR8 and
the location of SDC mass storage devicels). Data-taking operations are further
complicated by the fact that both data-taking functions and maintenance
functions for SDC go on simultaneously, the first being largely physicist
associated and the second involving a mixture of technicians and (probably)
engineers.

CHARGE

The Task Force is requested to evaluate and report on the technical feasibility
and cost/schedule impact of operating the detector from a site or sites
other than the operations building at IR8 during the data-taking phase of the
detector (defined below). The Task Force is specifically requested to evaluate
an operations SDC CONTROL ROOM located at the Central Campus (assumed to be
on the west side of the ring) and also to evaluate the feasibility of a CONTROL
ROOM and MONITORING center located at a very remote location, such as KEK. The
Task Force is further to assume that operation of the detector is located in
the operations building at IR8, during the installation and commissioning phase
of the detector. The end of the commissioning of the SDC detector is
arbitrarily taken as one year after first colliding beam at IR8.

In this charge, the Task Force is asked to consider separately the people-
associated functions from those that are accomplished electronically under the
complex of computers that oversee the SDC operations. The electronic elements
and the online computers will definitely be located at IR8 in the operations
building; the people plus monitoring terminals and computers are being
considered for the remote location. The key question has to do with the links
between the two locations, both in terms of electronic information flow and in
terms of people traffic. Indeed, the practical distinction between monitoring
and controlling the experiment may be the information flow bandwidth and the
person-specific commuting traffic needed between the operator's location and
the main electronic installation.

REPORT AND TIMESCALE

The Task Force is requested to produce a written report. A final draft of the
report should be produced by May 17, 1993 for review at the collaboration
meeting in KEK(May 26-29, 1993). The report will be reviewed by the Technical
Board. A final report is requested by June 30, 1993.

MEMBERSHIP

Task Force Co-Chairmen:
K. Amako - KEK and I. Gaines - FNAL

Task Force Members:
C. Bebek - SSCL
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A. Fry - SSCL
L. Schneider - SSCL
T. Elioff - SSCL
S. Hahn - FNAL
Y. Karita - KEK
Y, Morita - KEK
T. Johnson - SSCL
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Appendix B

Summary of Questionnaire on HEP Experiment Shift and Operation

This is a summary of the Questionnaire on HEP Experiment Shift and
Operation, which has been distributed to and returned from various existing
HEP experiment groups. Five e+e- collider experiments and one hadron collider
experiment have responded to this survey. Number of shift crew, control room
functionalities, emergency response chain, detector trouble recovery and run
management scheme of the existing experiments have been reviewed.

Questions and answers are compiled below. Editorial comments are placed
into (...) clause. One should note that the size of the experiments varies
from the order of 80 physicists to over 400 physicists. Complexity of the
detector and the requirements to the trigger/DAQ system also lies in a wide
range of environments, ."ince the size and the complexity of the SDC detector
is well beyond any existing collider experiments, answers of this
questionnaire should not be regarded as a direct guide to the SDC experiment.
Rather, SDC should achieve unprecedented reliability on hardware and software
systems based on their experiences.

List of the collaborations who have responded to this survey is attached
below. Answers from each group are given with the same ordering with this
list.

collaboration: ALETH
person: Olivier Callot (VXCERN: .-CALLOT)
type: Electron Collider
number of physicists: - 400 institutes: - 30 countries: - 10
commissioned: 1989

collaboration: AMY, Tristan
person: Takashi Sasaki (sasaki@amyux2.kek.jp)
type: Electron Collider
number of physicists: 79 institutes: 20 countries: 4
commissioned: 1987

collaboration: VENUS, Tristan
person: Hiroshi Sakamoto (kekvax::sakamoto)
type: Electron Collider
number of physicists: 80 institutes: 16 countries: 1 (+2)
commissioned: 1986

collaboration: OPAL
person: PatricK Le Du
type: Electron Collider
number of physicists: 300 institutes: 25 countries: 9
commissioned: 1989

collaboration: CLEOII
person: J. Kandaswamy (JK@sscvxl.ssc.gov)
type: Electron Collider
number of physicists: 200 institutes: 22 countries: 2
commissioned: 1989

collaboration: D Zero Collabration
person: Marvin Johnson (FNAL::MJOHNSON)
type: Hadron Collider
number of physicists: 270 institutes: 20 countries: A
commissioned: 1991
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Q. Define the Detector Operation Phase by a stable operation of the detector
by non-expert shift crew. How long did the experiment take (in the beam
time, not in the calendar time) to go into the Operation Phase since the
detector got its first beam?

1.
1.

1.

a.
l.

12
4
1
1
3
5

months
months
year
year
months
months

[ detector commissioning phase to stable operation phase takes typically
half to one year in most experiments ]

Q. Number of the physicist shift crew, and responsibilities of each crew in
the normal and the emergency situations in the Detector Operation Phase.

_2-l. _2 person(s) per shift
_2-2. Crew#l : Runs the DAQ
2-2. Crew#2 Checks the data quality _:

2-1. l-2_person(s) per shift
_2-2. Crewtl _leader : operation of detector :

2-1. _2 person(s) per shift
2-2. Crewjfl _leader : execute experiment run_:
2-2. Crew#2 member : same as above :

SLIMOS

call

call

experts

experts

3 person(s) per shift
Crewffl _Data taking_: call detector "experts" :
Crew#2 DAQ : software and computers :

_2-2.
_2-2.
_2-2. CrewS3 Safety
_2-2. Crew#4 _analysis_

fire,gas and radiations :

2-1. _2
~2-2. Crew#l

person(s) per shift
Run Control; change tapes: None; call for Help_

2-2.

2-2.
~2-2.
~2-2.
~2-2.
~2-2.

6 person(s) per shift
Crew#l Shift leader

directed by the crew:

Ciow#2 Muon System
C:fcw#3 Cal System
CrewS4 Central Tracking
CrewSS Data Acquisition
Crew#6 Trigger Monitoring

Assist SOD crew as \

Same as shift leader:
Same as shift leader:
Same as shift leader:
Same as shift leader:
Same as shift leader:

[ number of physicist shift crew is typically 2 in e+e- experiments.
In CDF and DO, it is 4-6. The difference comes not from the type
of the beam but from the run management policy of each group. ]

Q. Does the experiment site require the presence of the site operation
personnel in the control room during the experiment? If yes, what are
their duties?

_3-l. N person(s) per shift : == Only physicist shift crew ==

: turn off magnet, etc
_3-l . Y _1 person(s) per shift
_3-2. Crewffl _safty : _nothing

_3-l. Y _2 person(s) per shift
3-2. CrewSl : _cryogenic_
_3-2. CrewS2 : _safety

N person (s) per shift

N person (s) per shift

_3-l. Y 2 person(s) per shift



3-2. CrewSl High Voltage, Magnet: Ops oversee emergencies:
"3-2. Crew#2 Plant,Utilities : :

What type of communication methods (pager, lab-phone, talkies, mouth) and
a chain of command (who reports what to whom) will be used in an emergency
situation between the physicist shift crew and the experiment site
(including the site operation crew on shift)?
Type of Emergency Chain of Command Typo of Coir.rr.ur.icaticr.

_4-l. Power failure :
4-2. Safety alarm :

~4-3. :

SLIMOS
idem

=> exoerts

4-1.
4-2.
4-3.

4-1.
1-2.
1-3.

1-1.
1-2.

1-1.
1-2.

detector trouble
DAQ :

cryogenic :
detector :

_DAQ/computer :

detectors :
machine :

Computer/network
Cryogenics

_report to expert
same as above

Beep, then phone, then mouth

_pager, phone, e-mail
same as above

_phone_
_phone_
Dhone

shift crew to expert :
shift crew to Control room:

Talkies or portable phone
phone

Crew-Run Manager-Subsystem
Crew-Run Manager-subsystem

-1-3. Power supply failures: Same as above
_4-4. Broken wire : Crew—Subsystem_
4-5. Cooling System crew-run managei'-subsystem

Lab phone
Lab phone_
Lab phone
Lab Phone
Lab Phone

_4-l. _ALL : _Fire dept_>_ops_>_shift leader_>__Crew_: _Talkies_:

[ definition of the "emergency situation" was not clear in the original
question, and it caused a confusion in answering the detector failure
with the site-level emergency. j

Q. How often the emergency situations listed above has actually occured to your
experiment?

Type of Emergency time(s) per month(s) in beam time
_5-l. Power failure
_5-2. Safety alarm

_5-l. _magnet trouble
5-2. DAQ

5-1. _cryogenic
5-2. detector

5-1. (blank)

2
1

3
10

1

1
1

60
_60

36
6

always fake

(blank)

5-1.
5-2.
5-3.
5-1.
5-5.

Computer/network
Cryogenics
Power supply
Broken wire
Freom Cooling

2 :
1
1
1
1

1
6
1
2
3

(blank)

_5-l. Power outages : _l/6 :
5-2. False Alarms : 1/4 :

The above is for more than a year of operation

Q. List the normal duties of physicist shift crew. Could those duties be
carried out with workstations and/or X-terminals? If not, why?

Task WS/X-term Why can't?
_6-l._Runs the DAQ : Y:
_6-2._Checks the data quality : Y:

_6-l._HV monitor
_6-2._Experiment monitor
6-3. Event scan Y:
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6-4._Plot detector information : N: _to keep crews not sleeping

"6-5. _ _ : :
"6-6.;

6-6.'

note Run Control and HV are completely automatic
i.e. shift crew does not begin,end runs , does not turn on HV etc*
manual reset of HV trips is required.

_6-l._run control :
_6-2._Experiment monitor :
_6-3._Plot experiment data :

_6-l. data taking :
_6-2. Trigger control :
_6-3. detector histograms control:
_6-4. on line analysis :

N: _dedicated program_
Y:
N: _give crews to pay attention

y:
Y:

N:
Y:
v .

Y:

reset. replace electronics

6-1.Run Control
_6-2.Diagnostic routines
6-3.Monitoring Gas, Cooling ..

6-l._Minor repair of detector_
_6-2._reset HV
6-3._Monitor trigger
6-4.reboot, reset DAQ

most of normal shift duties can, in principle, be carried out via
workstations and/or X-terminals using computer networks. ]

Q. How many workstations, X-terminals and character terminals are in the
detector control room? How many are used for detector control? How
many for accelerator informations?

workstation X-term ch.term etc.
_7-l. Detector: 12 2 25
7-2. Accelerator: 1 1

_7-l. Dutector:
7-2. Accelerator:

7-1. Detector:
7-2. Accelerator:

_7-l. Detector:
7-2. Accelerator:

10
1

3 3 hi-speed graphic terminals

10
2

10 5 graphic terminals

_7-l. Detector:
7-2. Accelerator:

_7-l. Detector: 7
7-2. Accelerator: 1

4 PCs

Q. How many TV monitors are in the detector control room? How many
channels are monitored on the shift? List the type of information for
each channel.

-1. 6 monitor (s)
-2. 3 channel (s)
-2-1. Accelerator status
-2-2. Camera in the cavern
-2-3. Magnet status
-2-4. TCP clock signal
-2-5. Beam pick-up signal
-2-6. Safety alarms

_8-l. _2 monitor(s)
_8-2. _31 channel(s)
_8-2-l. _beam status
_8-2-2. _accelerator status
_8-2-3. _experiment status

8-1. 11 monitorts)
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8-2. _15 channel(s)
8-7-1. _beam status
_8-2-2. _accelerator status_

8-1. 2_monitor(s)
8-2. 1 channel(s)
8-2-1. Beam status

_8-l. 2 monitor (s)
_8-2. 1 channel (s)
_8-2-l. _Beam Status
8-2-2. Acclerator status

_8-l. 10_monitor(s)
_8-2. 35_channel(s)
_8-2-l. _4 VESDAs, gas monitors_:
_8-2-2. views of detector, gas shed cro tanks etc. :
!! Very little quantitative information other than Vesdas and gas flows

( number of TV channels to be monitored, together with the number of
workstations from Q7, gives a size of required network bandwidth. )

Q.

_9-
_9-

_9-
_9-
9-

How often does the shift crew make a contact with accelerator control
room?
1. 2 time(s) per shift
2. 2 time(s) per beam cycle

1 time(s) per shift
time(s) per beam cycle

•1.
2.
•2.*** normally one of 3 TRISTAN experiments takes responsibility

for contact with accelerator on a rotating basis

9-2.
A time(s) per shift

time(s) per beam cycle

_9-l. 1 time(s) per shift
_9-2. 1 time(s) per beam cycle

_9-l. time(s) per shift
_9-2. 2 time(s) per beam cycle

_9-l. 2 time(s) per shift
_9-2. _4-6_time(s) per beam cycle

Q. How often are the shift crew required to page subsystem experts to fix a
detector problem during the beam time?

_10. -l_time(s) per shift (s)

10,
"lO.
]l0.
"lO.
"lO,

0.5_time(s)
few_time(s)
1 time(s)
1 time(s)

per
per
per
per

shift (s)
shift (s)
shift (s)
shift (s)

1 time(s) per 7 shift (s)
This is very rare, the crew almost always fixes the detector problems

Q. How often are the subsystem experts required to come in to the detector
building to fix a problem during the beam time?

_11. -l_time(s) per 2_shift(s)
11.
11.
11.
11.

1 time(s)
few_time(s)
1 time(s)

per
per

shift (s)
shift (s)

per 3 shift(s)
1 time(s) per _20 shift(s)

. _3-4_time(s) per 1 shift(s)
This is the on shift crew. Most repairs are 5 minutes or so.

frequency of paging experts, together with the availability of experts
to the experiment site, defines the downtime fraction due to the detector
failure. On-call experts have to be equiped with appropriate network
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devices *and* should be within half hour driving distance to the detector.

List the typical detector problems during the beam time, ratio of the
downtime to the beam time, and their approximate fractions to all
problems in your experiment. Could the problem be fixed remotely by
an expert, if appropriate computers and/or network devices are
installed? (Q12A) If the problem is repetitive, could it be fixed
automatically without an human intervention, if appropriate devices
are installed? (Q12B)

Type of problem Downtime Frac Q12A Q12B Required devices/technics
_12-1. HW failure
_12-2. Power problems_

_12-1. _broken wire
_12-2. _broken create_
12-3. DAQ trouble

12-1. DAQ

12-1. _hardware
software

_12-1.Computer/network: 2 %: 80 %

50%:
30%:

_N:
~N:

tl:

>: N: N: _disconnection_
s: N: N: _replacement

5 %:
5 %:

N: _human

N:

Y:

2
1
1

.5%:

.5%:

.5%:

31 %
18 %
51 %

Y:
Y:
N:

Y/N:
Y/N:
Y/N:

work
work
work

station
station
station

_12-1. HV trips :
_12-2. Software crashes:
_12-3. hardware faults_:
!! The above results were for a better than average week (but not our best)
!! where the total down time was 8%. We are inproving all the time so by the
!! end of the run we hope that this is the average.

[ this is the most important question in terms of a reliable system operation.
It is clear that most part of Computer/Software related problems can be
fixed remotely, and any fixes which requires the detector access cannot be
done remotely. We should evaluate the recovary process of other failures
such as HV trips, and Trigger/DAQ failures. )

Q. Is there any sub-detector control system which is _NOT_ connected to the
local area network? If yes, what type of sub-detector, and why?

_13_1. Y
_13_2._Magnet : Safety + Historical

13_2. magnet :
_13_2.***A11 TRISTAN magnets are connected to a "private" control network
13 2.***can be controlled from a single location

13
13

13

13

13

_1.
2.

_1.

_1.

1.

Y
a few

N

N

N

old fashioned

Remote control of the detector component should be selected carefully to
meet the security requirements. It is also clear that all components
which should be controlled by physicists should b- designed so that
they can be controlled remotely. )

Q. Do you think having a remote detector control center for the normal
detector operation is a good idea? We would appreciate any comments.
It does not necessarily reflect the view of your collaboration.

_14-1. Y and N
_14~2._The ALEPH control room is 'remote', as it is on the surface while the
_14—2.experiment is 150 m underground. The control room contains only
_14-2.computer screens, so can be at any location. But as the Network is
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14-2.not 100% proof, due to Ethernet storms, HW failures, hackers, we had to
14-2.disconnect from the network from time to time. The shift crew is also
14_2.doing safety tours around the experiment every 8 hours. Most problems
_14_2.can be fixed by experts remotely, but is faster and safer to do that from
14_2.the control room, with many displays available. The control room is about
_14_2.10 km away from the offices.

_14-2._0n-site shift persons are required at the same time because
_14-2. 1. network nay down dute to a trouble,
14-2. 2. need hardware works,
14-2. 3. emergency, fire, etc.

J.4-1. Y
14-2. Practical ?

14-1.

_14-1.Y Y/N
14-2._ See my enclosed statement_

I 've done my best to answer your questions on behalf of the CLEOII detector.
I am afraid, however, that my answers when not properly analysed can lead
you to wrong conclusions. Being a member of SDC, I have therefore taken the
liberty of submitting the following statement on my own. I realise this may
make your job somewhat hard but several aspects of the Cornell situation
CAN NOT be blindly extrapolated to other labs, especially SSC. The thing
to remember is that the detector, accelerator control room, and the
detector counting room are all located very close to each other in the
SAME Building. Please feel free to contact me or Chris Bebek if you have
additional questions:

stuff removed... access scheme was instituted six months after
commissioning, 100 times access in a two year period. ]

Summary: From a CLEO Experience, after the first year, I do not see
any serious problems with running the SDC experiment remotely. What is
really needed in the early phase is a close cooperation with acclerator
personnel and a proper plan to take advantage of all downtimes. I assume
early beam currents and luminosities will be low and shielding
adequete so that this does not become too difficult.

_14-1. N
Comments

I think that a remote control area is pretty silly. First of all, we still
have 50% of our problems that require accessing the electronics. The nature of
the failures is very diverse. Many of the problems occur with a frequency of
once a week or less. The more repetitive ones we try to fix but often the work
involved is large so we end up living with them - at least until a major
shutdown. We also have spent a year getting to this level and I do not
anticipate much more of a decline. If you go to a remote control room, you
will certainly develop a lot of small local control rooms for initial
commisioning. These are likely to require manning for a long time. The
importance of a central control room is to understand what other people were
doing when your system failed. Small local control rooms may not do this. If
they do, there is a danger that the local one (which will be cheap) becomes the
real control room. Note that the year of running does not count more than 6
months of cosmic ray running where we had many problems.
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Track Finding of a Vertex Drift Chamber
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Yasunori Suzuki, Taketora Yamagata and Yuji Nakagawa
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Abstract

A track finding program was made for a vertex drift chamber using the
neural network algorithm. Motivation was to test the possibility of usage
of a neural chip in the second trigger circuit. If a track finding program
could be made using only summation of products and application of the step
function, then one may build a second level trigger circuit with neural
chips, which will do data processing at GFLOPS speed. The program was
tested with the real experimental data, running 6 workstations in parallel.
By post processing, parameters of tracks, such as impact parameter,
emission angle and radius of curvature were determined.

1. Introduction

The experimental data, which we have used for the present research, were obtained by the

Vertex Drift Chamber [1] which is a part of the VENUS detector at the National Laboratory of

High Energy Physics (Fig. 1).

The drift chamber is situated innermost of the VENUS detector and measures tracks of

particles with high precision so that one may determine decay vertices of heavy flavored

particles.

As shown in Fig. 2, the chamber has the shape of a hollow cylinder with an inner diameter

100 mm, an outer diameter 300 mm and a length 600 mm. The chamber surrounds the

beam pipe of the TRISTAN accelerator.

The chamber consists of 12 sectors. Each sector has many electrode wires named cathode,

anode, potential, grid, and field shaping. Proper voltages applied to these wires, the

sensitive region of the chamber is under a uniform electric field, whose direction is normal

to the plane containing anode wires (Fig. 3).
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Each sector has 16 anode wires. By measuring the drift time of electrons produced by

ionization along the passage of a charged particle and collected by an anode, one can determine

the distance between the anode and the point of ionization. But it is not possible to know

whether the electrons came from the left- or the right-hand side sensitive region. There

exists the so-called left-right ambiguity. In order to resolve this ambiguity, each sector is

located to make an angle (about 15 degrees) with the radial direction from the origin (the

point of electron positron collision). Therefore, as shown in Fig. 4, one of the two possible

tracks obtained will cross the origin, while the other will not. One may assume the former

as a real track and the latter as a ghost. Since data provided by a drift chamber are discrete,

if many particles traverse a sector, one has to construct a track by selecting data points of

the same particle. It is necessary to make a program for pattern recognition. In the present

research, we have made a program using the algorithm of neural network.

2. Neural network

A neural network is modeled on a human neural system. It is made by connecting many

processing units called neurons. As shown in Fig. 5, a layered neural network system

consists of neurons grouped to several layers named as input, hidden 1, hidden 2, ..., output.

Fig. 6 shows the action of a neuron. It receives a number of input signals and generates one

output signal. One input signal is the output signal x; of another neuron multiplied by a

coupling constant WJ which is called a synapse weight. They are all added together to make

the input value and a threshold value 9 is subtracted from that. The outpui signal y is made

by applying function /to the result. So, one may describe the process as

The step function or the sigmoid function are used as the function f.

Neural networks are successfully used in many fields, a character reader, as an example. In

the field of high energy physics, one may find its usage in reports of the test experiment of a

muon drift chamber of DO at Fermilab [2] and the signal processing of microstrips at CERN

[3] .

I would like to point out the high speed one can achieve by making use of a neural network

circuit. For example, one can get a neural chip named ETANN (Electrically Trainable Analog

Neural Network) from Intel Corporation. By this chip one may compute the product sum and

the sigmoid function of 64 neurons in parallel. So the data processing of 64 inputs and 64
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outputs can be done in 3 microseconds, which is equivalent to more than 2 GFLOPS of an

ordinary computer. Another neural chip called Nil000 is recently available from Intel

Corporation. This chip compares an input pattern of 256 dimensions by 5 bits with 1000

stored patterns in parallel. 40 thousand input patterns can be processed per second. So it is

equivalent to a computer with a speed of 20 GIPS.

So, if track finding of drift chambers and microstrips could be done by a neural chip, then

the speed it would achieve provides possibility of its usage for a second level trigger.

Nowadays, a second level trigger is built as a parallel computer circuit by applying many

transputers which are driven by a complicated parallel processing program. Here one might

substitute it by a neural chip: one can regard a neural chip as a parallel computer element

with a repertoire limited to summation of products and application of sigmoid or step

function. A neural chip with precalculated synapse weights would do track finding with a

speed of a super computer without any complicated parallel programming.

With this point of view in mind, we have done a simulation programming on an ordinary

workstation to test the possibility of track finding by the algorithm of neural network. In

other words, we made a track finding program by using only summations of products and

applications of step functions.

3. Track finding by the neural network algorithm

The algorithm used for track finding is as follows: An input signal from one of the sense

wires gives two points A and B in Fig. 7 due to left-right ambiguity. Let the angle, measured

from the X-axis, of the line connecting the origin and point A be 9^ and that for point B be 02.

Then of the two tracks which are made by connecting points obtained from 16 sense wires,

the real one which crosses the origin will have all points with the same angle, while the

ghost will have points with scattered angles. So, if one makes a histogram of angle 6, a peak

will appear at the angle of the real track. The angle may be obtained by cutting the histogram

at a proper threshold.

We have used 16 input neurons corresponding to the 16 sense wires. As shown in Fig. 8,

each input neuron is connected to two neurons of the hidden layer 1. The two neurons

correspond to tangents of two angles fy and $> respectively. Since each neuron of the hidden

layer 1, has 65 neurons of the hidden layer 2, there are 16x2x65=2080 neurons in the

hidden layer 2. The output layer consists of 64 neurons corresponding to bins of the angle

histogram.
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Let osi be the value of input signal from the /-th sense wire, and (H,L) be the (x,y) value of

the O-th sense wire (Fig. 9). And let D be the interval between the sense wires. Then one

may derive that

^ " t a n 0 = ^

We set the synapse weight connecting the Mh input neuron and the neuron 1 of the hidden

layer 1 as M(H + iD) and the threshold as U(H + iD). By doing so, one gets tan 8^ as the

output value of the neuron 1 of the hidden layer 1. Similarly, by setting the synapse weight

for the neuron 2 as -M(H + iD), tan e2 is obtained as the output value of the neuron 2.

All synapse weights between neurons of the hidden layer 1 and 2 are set to 1. The threshold

values of the neurons of the hidden layer 2 are set to -tan a,, -tan a2,..., -tan a65 with a

condition that a t < a2 < ... < aes. Then if the output value tan 6 of a neuron of the hidden

layer 1 is greater than tan a4 and less than tan a5, then the outputs of the neurons of the

hidden layer 2 will be 1 for the first four neurons and 0 for the rest. Now the synapse

weights between the hidden layer 2 and the output layer are set as shown in Fig. 10. Then

only the 4th neuron of the output layer gives 1 as output, and all the rest are with null

outputs. Since all outputs of the hidden layer 2 coming from the 16 sense wire signals are

connected together in the output layer, one can get the histogram in that layer as intended.

With a proper threshold value applied there, only the neuron which corresponds to the angle

of the real track will fire.

Fig. 11 shows the result obtained by processing a set of data from one of the VENUS

experimental run. One can see that tracks are found at angles corresponding to a histogram

value greater than the threshold shown by a clotted line. So it seems to be possible to use the

output of the neural network for the second level triggering.

If one wants to use this program not only for the second level trigger, but also for the actual

data processing of an experiment, then the following has to be added as the post processing:

1 ) As one can see in an example shown in Fig. 11, when a track has a non-negligible

impact parameter, or a non-negligible curvature, it will yield a histogram covering

more than two bins. So it is necessary to examine neighboring bins for points which

may belong to the same track.

2 ) Not all points in a bin showing a peak belong to the real track. Some of the points may

be coming from the ghosts of other tracks. So one should eliminate them before doing

the final fitting.
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3 ) Data points are fitted by a quadratic curve y=c^ + czx+c^ x2. If the value of c3 is

non-negligible, then data points are refitted by a circle.

4 ) After fitting is done, the impact parameter, the angle and the radius of curvature are

determined for all tracks.

The curves obtained by post processing are shown in Fig. 11, together with all data points.

The present program tried a parallel processing using a number of workstations. Since the

drift chamber consists of 12 sectors, six workstations did processing of 2 sectors each.

Another workstation did all over control, collecting data through sockets and displayed the

results on a graphic window. An example of a graph is shown in Fig. 12.

4. Summary

The followings are our conclusion of the present research:

1 ) It is possible to do track finding of a drift chamber by the algorithm of a neural

network.

2 ) One may regard a neural chip as a parallel computer element with a repertoire limited

to summation of products and application of sigmoid or step functions. One may build a

simple second level trigger circuit using a neural chip.

3) We could determine parameters of tracks, the impact parameter, the angle and the

radius of curvature, by post processing.
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Fig. 5 A layered neural network system. Fig. 6 Action of a neuron.

- 245 -



Origin

histogram

Hidden layer 2
(16x2x65)

Hidden layer I
(16x2)

Input layer _ /" t,
(16)

Output layer
(64)

Fig. 7 A and B are two possible points
indicated by an input signal. The histo-
gram of the angle shows a peak for the
real track and a scattered distribution
for the ghost.

Fig. 8 Neurons in layers named
input, hidden 1, hidden 2 and output.
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sense wires
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Fig. 9 Points A and B are two possible
locations of ionization indicated by the
i-th sense wire. Point A is at (x=H+iD,
y=L+0S|) and point B at (x=H+iD,
y=L-0S|).

Fig. 10 Synapse weights are indicated
as a number on the connecting lines.
Threshold values for the hidden layer 2
are shown on top of each neurons.
Values in the circle are the output of
the neuron.
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Fig. 11 Data points and the histogram of angle of data points.
When a threshold cut is applied at the dotted line, only angles
of the real tracks remain. Curves shown on data points were

obtained by the post process fitting.
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Fig. 12 A graph showing a combined result of 12 sectors.
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Abst rac t

A multi-purpose software tool ( 1) lor generating, modifying ;ui(l/or view-
ing '-ID geometrical object . (2) for displaying experimental data, and (3) for
generating publication-quality figures, was developed. Required executing en-
vironment is minimal: Unix and X-window.

Introduction motivation for the development

A simple graphics module was developed for uac at various phases of re-
search activities, such as (L) conceptual design of detector hardwares. (2)
generation of figures for publication. (:}) two-dimensional (2D) and three-
dimensional (-51)) display in physics data analysis, (-1) direct measurement of
geometrical parameters in the 3D view screen, and (5) correspondence across
(.lie network between collaborators concerning 3D objects.

Its main objective is two-fold: (1) to make all the desk-top machines eli-
gible for handling graphical data, and at the same lime (2) to devise a sim-
ple scheme for easy manipulation of conceptually straightforward geometrical
objects without getting involved too much in the complexity of the general-
purpose protocols used in most graphics software packages.

Implementation of the Program

The program consists of mutually independent, two parts. ()M<> is dedicated
to figure drawing, from quick display on the X window screen of raw data to
high quality figures for publication. The other deals with 3D objects. These
two functionally separate parts will henceforth be referred to as '.ID nwdiih
and 3D module, respectively.

The program is written using CJNU g-f-r, ANSI C and C!l\TU bison. It
assumes only the ordinary (that is. non-PEX) X-window environment for
maximal portability. As a, self-contained graphics package, it. does not rely
on any existing (but not necessarily omnipresent.) graphics module, such as
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1*111C1S packages. Furthermore, it, does not request any hardware or software
of specific make, such a.s graphic workstations, or optional graphic engines.

The program relies solely on Xlib for X-window related services, except
Fur th< menu .-.election i oiuponcitt which UM<-. X/Molif. Tcl/Tk ba.M-d me:m.
to he added in the near future, will make the software entirely free from any
commercial product including X/Motif.

Drawing Figures

21) module, intended for drawing figures, serves for dual purposes : (1)

convenient physics data display in a form of figures, and (2) generat ion of

publ ishing quali ty figures, ready to bo inserted in documen t s , say. typeset by

Ti:x.
Figures can be edited interactively on X window screen in both types

of applications. The primitives prepared for figure drawing include, among
others, abscissa and ordinate axes of various scales and ticks (or mesh), line
styles and marking symbols of function curves, raw data points. 11) and 21)
error bars, figure title, and annotation texts.

Kdiling operations are performed to a significant extent through menu
selection, for which standard menu policy of X/Motif was adopted unal-
tered. Currently 99 editing functions are implemented in the menu. Extension
and/or rearrangement of the menu items is quite easy. It is done by editing a
setup text file according to a simple rule.

As a unique feature of 21) module, it accepts any of T].\X-typeset entities,
such as mathematical formulae and/or tables, as a graphic object, and embeds
it into the figure.

The final -i\) drawings the SI) nwdule generates as its output is also con-
sidered as the graphic objects by 21) module, ready to bo included into the
figures.

Achievement of high quality out put ligures. acceptable by demanding com-
mercial publishing houses, with minimum labor for the authors is the primary
concern of l his module.

In Figure 1 (i we show examples of figures drawn with 21) moduli. The
experimental data used there are taken from reference \.\\.

3D Geometry

To create a :}D object . 3D nwdiile uses a modeler , which compiles the

informat ion defined by the user in a da ta file (object description file). Complex

r} 13 ob jec t s can generally be represented in two complemen ta ry ways: (1)

b o u n d a r y representat ion (B- r ep ) . and (2) const ruct ive solid geomet ry (CSC!)

represen ta t ion .

T h e modeler in te rpre ts the model data in the obje-cl description Jilt and

descr ibes the solid objects based on the M-rep scheme. The modeler composes

the objec ts with a set of polygonal surfaces. T h e hidden line e l iminat ion al-

gor i thm de te rmines invisible port ion ol each object through geometr ical cal-

cu la t ion , first by dissolving these polygons into smaller t r iangles , and then by

checking their mutua l relat ionship in space.[l]
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lMgure 2: Analysis of r-lepton prcKluction by DELCO collaboration at SLAC
collider SHEAR [ Fig. 6.28 of reference [3]]
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Figure -1: Comparison of [r',"v measured in neutrino-nucieon scattering at. CFRiV.
with SLAC data on F!^ from electron-uucleon scattering [ Fig. 7.21 of reference [3]]
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Figure o: Structure function /*•>(•>') measured in neutrino and electron scattering on
nucleons at different beam energies [ Fig. 8.21 (a) of reference [•)]]
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Sense!

Mgure 6: Spherical bessc-1 functions

Solid Boolean operations (for 3D closures), used in CSCJ scheme, are not
implemented in the current modeler.

Dimensional Accuracy

Geometrical parameters can he measured interactively on the X window
screen. Physical quantities with regards to the object shape or mutual orien-
tation, as far as they are calculable from the definition of the objects, may be
extracted.

The hidden line (surface) elimination through geometrical calculation as-
sures the mathematical rigor, and hence the resolution independence of the
final processed output data from the display devices.

Object Description

The modeler recognizes the following primitives: (I) polyline. (2) circu-
lar or elliptical arc. (:i) polygon. (-1) column with arbitrary cross section. (5)
object with the axial symmetry, ((i) surface generated by sweeping an arbi-
trary generator curve partially around an axis. (7) quadrilateral mesh, and
(8) triangle strip.

The object description language the modeler interprets has C-like lan-
guage constructs, such as for loop, and if-then-clsr control constructs. Math
expressions with predefined -11 math functions can be used. Identifiers are
declared as object names, variables, or constants. In writing the program of
the modeler. (iNU bison is used.
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Emulated Camera

Tho SI) mnrlvlr emulates t IIP process of shooting 3D objects with a distortion-
free camera. The default setting assigns the camera with a standard .'35 mm
fill!!. The idea behind it î  to let user manipulate the solid objects with rea-
sonable vcal'iMii. Experiences in photography are expected to help grasp the
degree of perspective foreshortening effect caused by a selected focal length of
the imaging lens.

In editing 3D objects interactively oi< X window screen, camera positions
can be reset arbitrarily, and auto and manual zoom modes are supported.

Multiple Views

Geometrical objects can be edited on the X-window terminal screen, while
viewing arbitrary uumber of views simultaneously. Independently controllable
cameras are allocated to each view. Combination of four views — plan, front,
side, and bird's eye views, respectively, might be a typical example ( see Figure

Figure 7: Multiple views in editing a. 3D object interactively on X window screen
(plan, front, side, and bird's eye views)

- 254 -



Hidden-Line Elimination

Depending on Uio purpose of 3D visualization, any of three drawing schemes
can be selected 1o each object: (1) wire frame, (2) back- or lVonl-facing facet
culling, or (3) hidden-line elimination.

In using multiple views mentioned above, different drawing .schemes can
be selected fur the same object in each view independently. In Figure 7, the
back-face culling is selected in the plan, front and side views, and the complete
hidden-line elimination in the bird's eye view.

Pick and Drag

Solid objects can be picked by the mouse on the X window screen, and
moved to a. new location by dragging the mouse. To resolve the ambiguity
stemming from the extra degree of freedom, a. constraint condition should
be imposed by the user prior to any dragging operation. Each view accepts
entirely different constraint condition simultaneously.

For example, in designing a detector, we can move (and rotate) the parts
exhibited in Figure 7 and set it, to the body, whose result- is shown in Figure 8.

Eye-Guiding Line and 3D Cursor

To add 3D sensation on the screen, auxiliary "eye-guiding line" may be
superposed to each of objects on display and to the 3D cursor. It visualizes
on the screen each of the three components of the coordinates system, be it
cartesian, cylindrical or spherical. In Figure X we show an example of the
3D cursor accompanied with eye-guiding line and exhibition of its position,
in which spherical coordinate is selected. In Figure 8, the z-axis is oriented
to the horizontal direction, and it is also possible to rotate the axes such that
the z-axis becomes upwards. Origin of the coordinates can be reset to an
arbitrary position in the 3D space. Choosing positions of the origin and the
3D cursor, or using plural 3D cursors in a similar way, we can perform various
measurements in the 3D space.

Another use of the 3D cursor is to make a solid object, jump to the cursor
position. Jump to the origin of the coordinates is also supported.

Sample Drawing of 3D module

Views created with the 3D module can be output to PostScript files. In
Figure 9 -I I we show examples of them. They are designs for parts of detectors
in the SSC project [2].

Concluding remarks

We have been developing a graphics software tool to support scientific
research. At present, it consists of 2D and 3D modules. The former is an
interactive graph drawer for raw data, and the latter is for designing and/or
analyzing 3D objects. In both modules we have taken care of maximal porta-
bility, high-quality (publication-quality) outputs, and natural ways of opera-
tion for humans. We have shown some figures created with the 21) and 3D
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Figure 8: Superposed eye-guiding line (spherical coordinate

V-/ /''

Figure !): Cut-away view of the central part, of the SD(' detector
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Wure 10: Muon barrel and forward (ovoid assembly

J^^fCfSit

Figure [\: Drift tube assembly in the muon system
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module*, taking realistic examples from high-energy experiments, designs of
the SDC detector, and so on.
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N-tuple Data Viewer using Tcl/Tk

Toshimiti Kubota , Hajime Yoshida
Naruto University of Education

30 April 1994

1 Introduction

1.1 A Short Review

The first page of H. Yoshida's first notebook for SSC computing has a date
of 15 October 1988. It contains some experiences and remarks on how to
interleave Fortran and C codes on Unix systems. At those days, Unix/C
users were minority in high energy physics community, while majority were
using VMS or mainframe Fortran programs. During five years of our efforts
of SSC computing, the environment of HEP computing has been drastically
changed; distributed computing and downsizing have changed the world of
computing.

From the beginning, we have followed a strategy to survey computing
environments as widely as possible and postpone the final choice/decision as
late as possible, taking into account of the enormous tasks to be done and
dramatically rapid change and development of computer hardware as well
as software technologies during a long time range of design, development
and implementation. But we have done some strategic decisions when neces-
sary even in the early stage, such as the choice of UNIX and TCP/IP-based
network system for our common working platform.

Here are our contribution to the SSC computing activities:

1. Software for the Processor Farm
Minato Kawaguti and Hajime Yoshida (Fukui Univ.), 15 September
1989.
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In this paper we proposed to choose UNIX for our common working
platform, since the third and fourth level filtering done by the processor
farm must be developed and tested on the same system as the off-line
computers. We went farther to study Mach for the farm.

2. An Experience on the Fortran's Compatibility

Takemitu Hasegawa, Hajime Yoshida (Fukui Univ.) and Atsusi Man-
abe (KEK), 1990

We have noticed during the benchmark tests of RISC UNIX systems
that their Fortran compilers have different implementations on the
traetment of local variables. As this might produce useless misun-
derstanding for traditional Fortran users on the mainframe computers,
we warned them.

3. Some Experiences of Mach on a Tightly-coupled Multi-processor
System

Hajime Yoshida (Naruto University of Education)

SSC Workshop on Parallel Computing, 14 - 15 June 1991, Tokyo
Metropolitan University

Multi-thread programs were benchmarked on Luna88K, a four-CPU
Mach system with a common bus.

4. Harnessing Modern Virtual-Memory Systems for Distributed
Computing of SSC

Hajime Yoshida (Naruto University of Education)

SDC Collaboration Meeting, May 26 - 29, 1992

From our experience on distributed Monte Carlo, we felt the necessity
of distributed file I/O. We pointed out that Mach's virtual memory
managing system is useful for that.

5. Development of Network Commands

Junji Yamaguti, Hajime Yoshida (Naruto University of Education)

SDC Collaboration Meeting, May 26 - 30, 1993
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We have developed new commands mrsh and xmrsh which allowes a
user to invoke remote shell commands simultaneously from his terminal
and to gather results to his terminal or X window.

6. Test Use of AVS for Viewing Histograms and Experiencs on
Tcl/Tk

Tishimiti Kubota, Hajime Yoshida (Naruto University of Education)

SDC Collaboration Meeting, 17 - 20 August 1993, SSCL

We have reported our experiences of AVS and discussed requirements
for GUI.

1.2 Object of This Report
Here we report our continueing work on the evaluation of tools for user in-
terfaces. Admitting that OOP approach will be promising for our general
design, we think it important as well to evaluate the latest tool available for
GUI, i.e., Tcl/tk by implementing a practical tool, now a n-tuple viewer. Tel
and Tk have been invented by J. Ousterhout at UCB and have gaining wider
and wider approval. The principle is stated by him that single interpretive
language controls all aspects of all interactive applications. Among many
aspects, it provides an advanced communication method between applkica-
tions, which is useful to implement our program along the guideline of NIST
(ECMA) toaster model.

Tel is an interpretive command language, while Tk is a X toolkit built
on Tel. Tk provides a set of GUI object called widgets which are different
from standard X toolkit. They include button, canvas, entry, listbox, menu,
scrollbar etc., sufficient for the present work. Tk provide layout commands,
bind command to specify relations of events with widgets and send command
which allows an application to call other applications or their interfaces.
Tcl/Tk is not OOP and easy to understand for beginners. Tcl/Tk can use
imbeddable C library and applications written in C can be easily incorporated
as Tel commands, if speed-up is required.

After evaluating the existing scientific visualisation tools; AVS, PV-WAVE
and SGI's IRIS Explorer as an n-tuple viewer, we decided to implement a
dedicated n-tuple viewer with similar ease of use as AVS.
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2 Evaluation of AVS for Histogramming N-
tuple Data

2.1 AVS

AVS is one of the most advanced scientific visualisation tools and is used ex-
tensively in the field of computational fluid dynamics, computational chem-
istry etc.. It has large PDS contributions by the AVS users forum. It provides
rich functions for
a) conversion of data format,
b) post-processing of data,
c) control of execution of visualisation,
d) rendering and
e) saving, hard-copying, video-recording of visualised results.

It offers user-freindly GUI which allowd users with little knowledge on
X-window and 2D/3D graphics programming to fully exploit its power of
visualisation.

Before developping our own n-tuple viewer, we evaluated AVS, specially
for the visualisation of n-tuple data.

2.2 AVS Data Types for Ntuple Data

Among six built-in aggregate data types AVS supports, field is best suited
to accomodate n-tuple data of HEP. Field data type is a computer imple-
mentation of mapping between two sets of variables: a set of independent
variables representing spatial points in the computational space and physical
coordinate space, and a set of dependent variables representing data on the
spatial points.

N-tuple data can be accomodated in either one of the following two kinds
of field data types.

field ID O-vector n-coordinate irregular This is an direct implementa-
tion of n-dimensional scatter plot, while ID computational space corre-
sponds to the event number. If necessary, each point can take a scalar
or vector datum as a weight to each event.

field ID n-vector real 1-coordinate uniform ID computational space con-
tains the event numbers on its grid points, to which n-element vectors
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of data are associated.

Though AVS's power lies on its capability of mapping between points and
data, above two implementations of n-tuple data exploits them little. Field
n-vector uniform is superior in that it allows us to use built-in AVS modules
through the whole procedure. They are;
a) read field data,
h)extract scalar from n-vector,
c)generate histogram on the extracted scalar data,
d)graph viewer and
e)write Postscript to get the hardcopy of the results.

These modules are combined into a network to specify the flow of data
among them, with a help of Network Editor on the X-window. Figure 1
showes an example displaying module library list, network editor, dialogs to
change parameters and output histograms.

2.3 Evaluation of the Performance

We used Convex C3-J (256MB main memory, two CPUs) which executes
AVS and an X-window terminal CITX-256+ with 8MB of memory. We used
also the X server on the SGI's Crimson/Elan to utilise GL's speed.

We have prepared 1,000,000 sample events of 2-tuples. Raw data are in
ASCII format. AVS provides us two kinds of organization methods of n-tuple
data; all in a file or n separate files for n n-tuple components. The latter
method, or column-wide storage is much faster than the all-in-one method,
as seen later. AVS, once having read ASCII files, converts them into native
format data files.

Following are the elapsed times to read data, to get a histogram, to res-
elect another component and to get a histogram after changing a parameter
of a histogram.

operations time in seconds
read field all-in-one type ascii format file 349.0
read field all-in-one native format file 30.0
read field column-wide, ascii format files 4.4
extract scalar, generate histogram and graph viewer, histogram 10.1
get a new histogram after reselecting a new scalar 10.9
get a histogram after changing the number of bins (250 -» 1000) 6.6
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Here are some comments:

• AVS read field module can handle upto n = 63 in its default set-up.
Other modules like extract scalar have also similar limitations.

• I/O problem of raw-wide or column-wide organisation of n-tuple data
revealed again.

1. Since the raw data file is an ascii file, containing 1,000,000 lines of
2-tuple data per line, read field is time consuming. This depends
on the stride and detailes of disk's internal data storage.

2. AVS stores built-in aggregate data in the native format. Read field
of native format data consumes less time, but not spectacular.

3. AVS accepts, instead, a set of n files, each of which contains a
separate column. Data format can be specified in a separate file.
This column-wide starage is the fastest.

2.4 Impressions of AVS

• Use of AVS is simple and joyful. Its interactive nature is well suited to
repetetive examination of data set, such as changing a part of "external
" parameters, like number of bins, bin width etc..

AVS provides various widgets for tuning parameters ; radio-buttons,
dials, sliders, typein etc.. So, modifying parameters is very easy, too
easy to make the system busy all the time malgre moi.

• It can be fast enough for a user to enjoy interactive use. But it demands
large memory for the host and X-terminal. RAM of 8 MB was not
sufficient for intense use of AVS with nearly twenty color windows open.

• AVS's graph viewer is not rich in functions, compared with its power of
geometry, rendering, volume modules which are its main objectives. So,
we, HEP people, have to add much modules to AVS's module library.

• AVS users forum is established and anonymous ftp site is now open
at avs.ncsc.org, North Calorina Supercomputer Center of NSF. Many
user-developed modules as well as their source codes are submitted
there. Increasing interests in 2D images, such as tiff, QuickTime etc.
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formats make people create many AVS modules not only for scientific
visualisation but also for educational purposes.

2.5 Lessons
1. Network file system and parallel/distributed storage and retrieval of

n-tuple data is an important task.

2. AVS's limitation of data communications among modules should be
closely examined in view of HEP analysis routines.

3. AVS's ease of use is absolutely desirable.

3 Ntuple Viewer

3.1 Tcl/Tk and Design of Ntuple Viewer
Our goal for the ntuple viewer is

1. It can handle any volume size of raw data, the processing speed is not
necessarily optimized at the initial stage of development.

2. It can create many histograms and two-dimensional scatter plots si-
multaneously on a same screen.

3. It offers an easy-to-use user interface with scroll bars, sliders, radio
buttons, and type-ins etc..

4. It can output graphs with presentation grade quality. Postscript files
should be available as an output.

5. It shall be free from any copyright except copyleft. Portability must be
guaranteed.

As our principal objective of the ntuple viewer is to evaluate Tcl/tk as
an interface builder, we have adopted a strategy not to implement anything
from scratch but to reuse text-based Unix tools as far as possible and to mask
it with a GUI using Tcl/tk. We have chosen Xgraph to display graphs, which
has a TUI (Text-based User Interface) of Unix and demands an input file
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and optional graphic parameters in a command line of the Unix shell. It can
displa}' upto 64 independent files. Tt is small, speedy and offers Postscript
and other format output files1.

Thew flow of visualisation process of ntuple data is as follows;

1. A user specifies a set of data to be histogrammed or two sets of data
to be scatter-plotted.

2. The viewer extracts specified data from the bank file (or files).

3. The viewer makes a histogram from the a selected set of data or makes
a scatter plot from two selected set of data.

4. The viewer displays graphs.

5. The viewer prints the graphs, if specified.

The system flow of the the present ntuple viewer is shown in figure 2. The
figure focuses on interactions between dialog windows and files. Every dialog
window is an independent module with input /output ports and procedure.

The current implementation has following characteristics;

1. Two modules are connected with an intermediate file.

This way, each module has high independence with each other, which
makes easy modification of modules. We have a large volume of raw
data (more than several hunfreds of Mega Bytes) which modules have
to handle. Use of mapped files may be preferable to such circumstances
but we simply used a Unix file in the present implementation. This
method is I/O intensive at the initial stage of reading specified set of
data but I/O load becomes much smaller as the processing goes further.

2. Modules can work in parallel.

Once Extract Scalar modules are called, all downstream modules work
in parallel. In such parallel operation it is important to administrate
all relevant dialog windows properly. We have adopted a hierarchical
naming method based on independent data files. In this way, when
a dialog window is closed, all of its downstream windows are closed
automatically.

1David Harrison, Electrinics Lab. University of California, Berkeley.
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3. The option file for Xgraph is a master file.

It is completely independent of all data files and it can be modi-
fied/updated only by a dialog window Xgraph option. A default master
file is provided.

3.2 Implementation of Ntuple Viewer
All codes (about one thousand lines) were written in Tcl/Tk and were stored
in script files ; * . t c l . Here are principal scripts.

3.2.1 NtupleVisualSystem.tcl

1. It initialises the program and

2. It displays a file viewer proc preReadNtupleFile.tcl

3. It displays "Help" and "Exit" dialogs.

3.2.2 readNtupleFile

1. It displays a listbox which contains files in the current directory and

2. alllows user to select a file in the listbox.

3. If necessary, user can change a directory by clicking up a type-in dialog
box.

4. It creates an intermediate file from the selected data file.

3.2.3 extractScalar.tcl

1. It displays scalar variables by their names in a listbox so that user can
select one or two among them. Then, it creates an intermediate subset
file.
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3.2.4 Creation of Histograms

Several similar scripts were written for procedures which do statistics and
crate histograms.

1. extSlFilterXlDH.tcl

displays a dialog box to specify histogram parameters such as minimum
and maximum limits of the axis, number of bins etc.. User can use also
slider widgets tp set these parameters (proc filterDialogl).

2. ntupIeFilterlD.tcl, ntupleFilter2D.tcl

calculates entries for all bins and outputs them into an intermediate
file. It then displays the results by calling xgraph.

Figure 3 displays opening window, file selector, extract scalar dialog, pa-
rameter dialog and result histogram.

Figure 4 shows a scatter plot and its projections on x and y directions.
It hides away all relevant dialog widgets used to produce them.

3.3 Lessons and Works to be done
3.3.1 Lessons

Tcl/tk is not OOP. We have started our small project with OOP and have
abondoned it at the rendez-vous with Tcl/Tk. One reason why OOP is diffi-
cult for a beginner lies in that he has to understand functions and meanings
of pre-defined class libraries. At the present status of lacking "standard"
class libraries, he has to design them by himself, taking into consideration of
all attributes to be inherited. This is not an easy task for a beginner.

On the other hand, Motif has two kinds of classes; a class representing
concrete window objects (widgets) and a meta-class representing character-
istics of the widgets. So, a beginner must understand what role a meta-class
plays and what GUI is supposed by a meta-class.

Tcl/Tk takes different approach. We found it easy to understand and
efficient to use. Meanings and functions of Tk widgets are straightforward.
Interpretive nature of Tel is extremely helpful for GUI beginners, since they
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can verify the GUI effect of every line without finishing their scripts com-
pletely. Though more fancier widgets may be conceivable, we find present
implementation of Tcl/Tk widgets satisfy our civil minimum.

Its hierarchical name space for widgets is as powerful as that of Unix
procceses and files, when many widgets are to be administrated.

3.3.2 Works left to be done

Here are some tasks left unfinished:

1. Not all graph parameters of Xgraph are not yet GUI-ed, such as choice
of fonts, units etc.. These are straightforward with Tcl/tk.

2. Implementation of lego plot and contour plot.

3. Speed-up. All is written in Tcl/tk, interpretive language. The most
effective improvement will be to implement the filter procedure in C
which does statistics to produce histograms.

4. With small modification of control flow, we will be able to use the
present implementation in a small-scale data aquisition system. Tcl/Tk
has versions for Macintish and PC too.
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Figure 1: AVS screen for viewing ntuple data
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Figure 2: System flow of the present ntuple viewer

- 271 -



* «

^C „« ,* •ait J y-:

' , t_ — U

— -—f

.- !-'!^'l
80ft-

!:,y.
i.CO—,

li

IP
'IT

I

oor, II j

500--T

r

-1.00 o.oo i.OQ • 2 . M . ,
t [.inpS5

Figure 3 : Typical screen of the ntuplc viewer in use
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Figure 4 : A screen of ntuple viewer
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