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FOREWORD 

Reports of sub-working groups which were presented at the first 

TRISTAS e+e- physics workshop, held on July 9 - 11, 1981, at KEK were 

put together as the proceedings In this volume. This was the first 

such workshop since the construction of TRISTAN e+e- colllndfng beam 

project began on April 1, 1981 officially with five year schedule for 

completion. The first to be coupleted In two years Is the Accumulating 

Xing with 8 GeV maximum energy (6.5 GeV in storage node). This ring 

will provide us with test facility for machir.es and detectors. The 

maximum energy of the sain ring Is set at 30 CeV, United only by the 

size of KEK site and RF powers. 

About 100 physicists fron unlversl-les and KEK participated In 

the workshop. With a realization of the accelerator In five years 

In mind* the discussions at the workshop were directed toward the 

construction of detectors for e+e- pi vslcs in the energy region of 

is about 60 CeV. An emphasis was given on the dlacusslon of detector 

components, rather than detector system, as the basic understanding 

of the* will be very important for us to generate comprehensive 

designs of detectors. In particular, importances of electron 

Identification and probably of kaon also were stressed and methods for 

then were discussed in the workshop. In many area of topics, the 

discussions were very active showing a strong Interest of scientist 

involved in experiments at TRISTAN. At the same time, we realized that 

there are a lot of studies to be made on various aspects of detectors 

before we can start designing ones for TRISTAN. 

http://machir.es
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REPORT of TRACKING CHAMBER SUBGROUP 

Written by H. Okuno (INS) 
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TRACKING CHAMBERS 

General Considerations 

Objectives of the sub-working group on tracking chambers are to 

evaluate different types of central detectors at TRISTAN from the view

point of tracking, momentum resolution, particle identification, etc. 

With Its very fine spatial resolution and good capability of particle 

Identification through dE/dx measurements, a pictorial drift chamber or 

an imaging drift chamber would be an only solution to meet various 

physics requirements at TRISTAN. The goal In the construction of 

tracking chambers is the precise measurement of momentum and identi

fication of each cliarged particle in a high multiplicity event, even In 

a jet-like event in e e collisions. 

A wean Multiplicity of charged particles expected In e e collision 

at /s - 60 CeV Is about 20 and a maximum number gcn-s up to 50. So 

central tracking chambers should be able to reconstruct each track 

unambiguously with good reconstruction efficiency. For this purpose, 

utiasblguous readout of three dimensional positions of tracks Is a 

critical factor in the design of the drift chamber. 

In pineral purpose detectors, the tracking chamber is normally 

placed In the solenoidal magnetic field to measure the momentum of 

each charged particle. The momentum resolution Is determined by the 

tracking accurat-y, the field strength on* the multiple scattering. The 

factor which comes from the tracking Accuracy is given by 

P T l0.03 2 N + 5 !, ' 

where p_ Is the transverse momentum (CeV/c), rr n i Is the accuracy of T K9 
position measurement in R$ cuordlnnte in the drift chamber Cm), L Is 
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the radial track length (m), B is the magnetic field strength (KC) and 

N la the number of position aamplinga with an equal spacing. To Identify 

signs of charged particles with maximum momenta of P - 30 CeV/c, AP/P 

should by less than 0.3. Therefore Ap/p *- 0.01 P would be a minimal 

requirement for the momentum resolution. The straightforward way to 

Improve the momentum resolution is to Increase the radius of the 

detector, to Increase the magnetic field and to Improve the spatial 

resolution of the tracking chamber* However, these parameters should 

be optimized from the viewpoint of cost, technical difficulties, etc. 

Particle Identification by dE/dx measurements in 
2. 3) the drift chamber seems to be very promising because of Its use-

fulness for the closely spaced particles In jet-like events, 

Howe, er, the small difference In dE/dx for different particles together 

with the large fluctuation in dE/dx Measurements makes this method 

technically very difficult. For example, the difference In dE/dx'a 

for if and K In the relatlvlstlc rise region Is only about 15%, To 

separate then, one needs a dE/dx resolution better than U% (R.M.S.). 

Tills resolution could be achieved by measuring many dE/dx samples for 

each track and taking a truncated mean such as a mean of 402 smallest to 

avoid the large Landau fluctuation. Feasibility and limitation of 

this method are now under serious study in this sub-group based on the 

data fro« various groups. Also new possibilities of very Jine 

sampling have been tested In the so-called "Longitudinal Drift 

Chamber", which will be described later. 

Review of Exl-jtinfl 'Chambers 

Many experiences on the central cracking ch Embers are already 

accumulated at SPEAR, DORIS, ISR, PETRA, PEP, CESR, etc**. Aa typical 

- u -

example characteristic features of MARK II, MARK III, TPC, JADE and 

HRS are summarized in Table .'. MARK II Is a classical chamber which 

can measure only the position of tracks with relatively small number of 

samplings. Z-coordlnates along tlte beam axis are read out by stereo 

wires tilted about ±3*. 

In JAPE and MARK III chambers, the number of position 

samplings are increased to Improve the pattern recognition capability 

and otomenta resolution. To keep the number of sense wires in a rea

sonable range, they used a longer drift length ( 5 ^ 7 cm). 

Z-coordinates are read out by charge division method which offers 

unarzblguous positions in three dimensional coordinates. This makes a 

pattern recognition relatively simple in multiparticle events. In 

JADE chanter, dE/dx was measured with 48 samplings and obtained 

resolution in 14t (fwhro), which is r2 worse when compared to the 

expected resolution of 9 - 102 (fwhm). These differences may come 

fron the dlfllculty in calibration and/or gain variation due to the 

space charge effects. These points should be studied further. 

TPC has a rather unique features of good three dimensional 

lnagl'.ig and good particle identification capability over the full 

aoaentun range at PEP. R$ coordinates of the projected tracks on both 

endcaps are provided f the charge-centrold method of Induced signals 

on the pad ro*-*- on proportional wires. Z-coordlnates are read out by 

using tlalng Information of drifting electrons. dE/dx resolution 

at 10 atm pressure is expected to be 62 (fwhm) which Is accurate 

enough to separate ir/K/p in the relativistic region. Full test of 

TPC ha« Just started at PEP and we have to wait for the final conclu-
+ — sion in the feasibility of TPC at the e e collider environment. 
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Possible Choices for TRISTAN 

Several chamber types are studied In this workshop. These are 

1) JADE-type, 2) MARK IH-type, 3) MARK II/CLEO-type, 4) TPC, 5) LDC 

(Longitudinal Drift Chamber), 6) Vertex Detector and 7) Spherical 

chamber. Main features are shown in the followings. The results of 

these studies are still preliminary. We have to work more to reach 

the final proposals. 

1) JADE-type 

Design principle: To achieve better momentum resolution and 

better dE/dx resolution, the radius and 

number of samplings are Increased. 

Structure: Radius - 30 en - 150 en (L - 120 cm) 

Wire length - 300 cm 

340 cells, 16 sense wires/cell, 

cell size - 25 cm * 2 x 6.4 cm (drift length), 

64 samplings/track, Z-read out by charge division 

for some wires. 

Multlhit capability (up to 8 hits) and double 

track resolution of about 4 am. 

Number of vires: sense wires 16 x 340 - 54QO 

field wires 20800 

total ^26 k 

fi?T/PT: 0.5X * P T in 5 kG field. 

dE/dx: 64 samplings in 100 cm. n/K separation of 3o and ti/e 

separation of 4a are expected at P - 3 GeV/c. 

Probably worse in jets of 40 tracks. 

Data size: 20 kB for a 40 tracks event. 

Advantages: Good pattern recognition capability, proved 

technology, and relatively cheap coat. 

Disadvantages: Particle Identification Is not excellent in 

relatlvlatic rise region, especially in Jets. 

7) hARK Ill-type 

Design principle: To achieve an ultimate position resolution 

and better dE/dx resolution, Z-coordinatea 

are read out by the charge division method 

of the induced signals on field wires-

separated function. 

Structure: Radius • 34 cm - 150 cm (L =» 116 cm). 

Wire length - 300 cm. 

Cell size - 4.8 cm (U) * 6.4 cm (H), 24 sampling 

points/track, 960 eel la. Z-read out by the charge 

division of Induced signals. 

Multlhit capability. Caps for dli/dx measurement 

- 7.35 cm x 8 - 56 cm. 

Number of wires: sense wires 2800 

field wires for Z-readout 1872 

other field wires 8420 

sense wires for dE/dx 5700 

associated field wires 18000 

total ^37 K 

dE/dx: 48 samples in 56 cm. n/K separation of 2.5o and ir/e 

separation of 3.6o are expected at P = 3 GeV/c. 

Data size: 4 kB for position measurements and 8 kB for dE/dx. 

Advantages: Sense wires for position measurements and for 
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dE/dx measurements are separated, so operating 

parameters optimum for eacli mep urements would be 

chosen independently with each other. Easy pattern 

recognition and relatively cheap cost. 

Dlsadvantagea: Relatively poor dE/dx resolution due to the 

short spacing available for dE/dx measurements. 

dE/dx Information would be used only for K/n/P 

separation in low-momentum region (P £ 1 GeV/c) 

and hopefully for n/e separation, 

3) MARK II/CLEO-type 

Design principle: To build a classical drift chamber with 

simple structures and readout systems by 

giving up dE/dx measurements. 

Structure: Radius « 40 cm - 150 cm (L « 110 cm) 

Cell size 1.1 cm x 1,1 cm, 26 layers (13 pairs). 

Left-right ambiguity is solved locally by a pair 

of layers. Z-readout by stereo wires. 

Number of wires: sense wires 6600 

field wires 19800 

total ^26.5 k 

APT/P1,: 0.7X x P T in 5 kG field. 

dE/dx: No 

Data size: 4 kB 

Advantages: Simple struture, proved technology, relatively 

cheap cost for electronics. 

Disadvantages: No Information on particle identification. 

4) TPC (Time Projection Chamber) 

Design principle: To make it very simple and easy to operate 

without losing fundamental features uf TPC. 

Structure: Radius - 20 cm - 120 cm (L = 100 cm) 

Drift length - 120 cm 

5 atm pressure, HV =• 50 % 70 kV. 

6 sectors, 15 pad layers, total pad number = 8000 

200 samplings of dE/dx. Needs Inner and outer 

drift chambers for triggering. 

Number of wires: ense wires 2400 

field and grid wires 14400 

total M 7 k 

8 kC field 

dE/dx: 200 samples in 100 cm. TT/K separation of 4o and 

*/e separation of 50 at P - 3 GeV/c. 

Data size: 80 kB for 40 tracks. 

Advantages: Good particle identification capability and easy 

pattern recognition. 

Disadvantages: 102 dead space at the boundary of sectors. 

Difficulties in producing uniform electric 

field. Handling of high voltages and high 

pressure gas. 

Comments: Performances are not yet proven in the e e 

colliding environment. If it works at PEP, TPC 

would be one of the ideal detector at TRISTAN. 

5) LDC (Longitudinal Drift Chamber) 

Design principle: To achieve a good particle identification by 
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using a very fine sampling method at the 

1 atn gas pressure. 

Structure: Radius - 40 c« ̂  172 en 

Length - 3 n 

26 layers (13 pair layers) 

Cell size 1 en and 1.75 en. Z~readout by stereo-

angle wires. Charge division for some, 

Nunber of vires: sense wires 12290 

field wires 6150*0 

total «v74 k 

AP T/P T: 0.5Z x P T 

dE/dx: 25 layers of 5 cm longitudinal drift space. tr/K 

separation of 5o and */e separation of 5o at P - 3 GeV/c 

Data size: 200 kC for 40 tracks 

Advantages: Good particle Identification at 1 atm pressure. 

Disadvantages: Large nunber of wires, large data size* heavy 

load for softwares. Expensive because of 

large amount of fast ADC and fast registers. 

Comments: Extensive R & D would be necessary for longitudinal 

Drift Chamber with practical dimensions, especially 

the performance In the magnetic field should be 

tested. Development of low noise amplifiers and 

careful pulse shaping circuit Is important. 

6) Vertex Detectors ' 

Design principle: Inner drift chamber with ery fine spatial 

resolution in order to detect decay vertexes 

of T, K\ and D*. s 

Structure: 70 cm$ x 160 cm, unit cell, 1 era, Radius » 9.2 cm 

- 33 cm. 

Number of wires: Sense wires 825 

field wires 4100 

total ^5 k 

Spatial resolution: 50 um with hydrocarbon gas at 2 atm 

pressure. 

Data sl2e: 1 kB 

Advantages: Accurate vertex detection, o " 100 um at 

P - 1 GeV/c and a - 270 pro at a • 30*. 10J 

delection efficiency for D" and 302 for i T . 

Disadvantages: Inefficient for high multiplicity events, and 

difficult for B. 

Comments: Smaller cell size (^ ram) would be preferable. 

More simulations are necessary to study the 

effectiveness of decay vertex detection. 

7) Spherical Chamber 

Design principle: To cover the 4n solid angle with detectors 

effectively, spherical geometry was 

discussed. 

Structures: Radius of the sphere =125 cm. 

Development of Longitudinal Drift Chamber 

Last year, Ludlam et al. at BNL showed the possibility of 

improving the dE/dx resolution by using a very fine sampling method. 

Tn a small test chamber, they measured dE/dx In 0.25 - 1.0 ram step3 
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with electronic sampling and their results Indicated that the dE/dx 

resolution would be Improved by a factor of 2 - 4 compared with a 

conventional sampling (10 - 20 mm). A group at KEK and INS has started 

to test the feasibility of this method at TRISTAN. Test chambers 

built at KEK and INS have similar dimensions. Wire picterns of the KEK 

chamber Is Bhown In Fig. 1. A drift space for dE/dx measurements is 4 cm 

for KEK chamber and 5 cm for XNS chamber. The' size of the unit cell with 

a sense wire is 1 cm x 1 cm for both chambers. Particles pass r .rough 

the chamber almost parallel to the electric field in the drift space. 

Electron clusters liberated In the drift space by the charged particle 

passage drift toward Che sense wire successively and are amplified on the 

sense wire. Current signals from the sense wire are amplified and its 

amplitudes are digitized with a FLASK ADC. Conversion speed of FADC 

used for these tests is 25 MHz. So the sampling interval is 40 ns 

which corresponds to 7.6 mm sampling in Ar (902) + CII. (10%) mixture. 

Preliminalry results from both groups are reported in this workshop. 

At KEK, test was performed by x/p beam at P - 1 GeV/c, and 3 CeV/c. 

The figure of merit for fl/p separation with 1 m samples, 

IF E 1 1
 P - *> 

s - — 2 
(a ^p ) / 2 
* p + IT 

is about 5 at P - 1 GeV/c. Performances in the magnetic field is under 

study and the results will be reported soon. At INS, test was carried 

out with x/e beam at P - 500 HeV/c and preliminary result for s in 

1 m samples Is about 7, which is a little bit worse than the 

BNL result. Further analysis of both tests are now in progress. Anyway, 

first results from both groups are very encouraging . 

Further test of the LDC is planned at KEK and INS. Especially, the 

test of performances in the magnetic field would be important. 
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Evaluations of the test results will be summarized In this summer and 

based on these results, next chamber with practical dimensions will 

be tested. 

Other Considerations on Tracking Chamber3 

Various problems connected to the tracking chamber were discussed 

at the Joint Meeting of sub-working groups. 

At the TC'RE-DA-HC meeting, data sizes from the tracking chamber 

for each event and event rates were studied, offering critical information 

for data aquisitlon systems and data analysis schemes. Maximum data 

sizes expected for 40 tracks in an event ore 50 kB for JET chamber, 

220 kB for TPC and 300 kB for LDC. Eveni rate tolerable to the data 

aqulsitlon system would be 1 Hz. As reported from other e e colliders, 

background event rates due to beam-gas scattering, beam-wall 

scattering and two photon process arc very high. Therefore clever 

triggering scheae should be developed for both hardware and software. 

On the tracking chamber side, accurate Z information would be very 

efficient to reject the background, which comes from the outside of the 

Interaction point. Sub-working group for triggering started to det-1 

with these problems in detail. 

At the TC-CAL meeting, importance of the electron ident1f1 rat ion 

was stressed to study various decay schemes of new particles. Two 

possible schemes for e/n separation were discussed; 1) momentum P and 

total energy in the EM shower detectors E, plus dE/dx Information 

in the tracking chamber. 2) P, E and longitudinal segmentation of 

the calorlseter. Purther studies should be done on, 1) to what extent 

pions have to be rejected, necessity of an e/w separation of e/x = 10 , 

and overlap problems in calorimeter, 2) type of calorimeter. 
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and tracking chamber. 

In the tracking chamber sub-group, technical problema In the 

construction of the chamber are being studied. Among them, the 

calibration of track positions and gains of the chamber are the most 

Important onea where methoda by laser beams and X-ray beams ore being 

atudled. 
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51. Introduction 

Purposes of the TOP group are to revie, md/or develop necessary 

techniques to Identify particle species produced by electron-positron 

annihilation at TRISTAN. Roughly speaking, there are three techniques 

covonly used In high energy colliding machines: time of flight (TOF) 

eeasureaent, Cerenkov counters and dE/dx measurements. Of these the 

forver tvo are considered In this group and the last one by the tracking 

chaaber subgroup. Prior to this workshop, members of the group were 

gathered and disc tased the following topics: 

(1) l^vlew of TOP measurements by conventional scintillation 

counters. 

(2) Hew techniques currently under development 

2-a Planar spark counter (PSC) 

2-b Multichannel plate photomultlpller 

2-c Others 

(3) Beast pickup signal 

(4) Gas and aerogel Cerenkov counter. 

Tills report Is the summary of activities in the TOF subgroup. 

5 2 . Review of TOP geasurements by conventional sclnt11latIon counters 

The tlee of flight difference for two different particles with mass 

c and a_ is given by 

2 2 
To"l " "2, 

Ti " T2 " ~ 7 < — ~ ) 

P 

where T is the flight t line for the distance 1. by the particle with the 

velocity of the light C (I.e. 1 - I./C) and p the momentum of particles. 

Fig. 1 shows the TOF difference for various particles calculated using 
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the equation above. For these calculations a flight pass of 150 cm ia 

used as a representative value for detectors at TRISTAN. As seen in the 

figure, TOP method loses capability of particle identification very 

rapidly ai particle's momentum increases. 

TOF counters used in the existing colliding machine have more or 

less same characteristics. Typically they consist of 50 ^ 60 

scintillators, each being about 250 ^ 400 cm long, 10 ^ 30 cm wide and 

2 \ 5 cm thick. Every scintillator is viewed by photomultipllers at 

both ends and signals are fed into one or two TDC'a and ADC circuits. 

Table-1 lists various characteristics for such TOF counters used In the 

existing colliding machine. We note that counters with 2 cm thick 

scintillators give 214 i 400 psec tine resolution while 5 cm thick 

counters result in 140 psec resolution, the best value of the world. 

Note also that the best number is obtained by careful design of light 

guides between scintillators and photomultipllera as well as electronic 

system. 

As is discussed in Ref. (1) and Ref. (2), the time resolution of 

long (say 300 cm) scintillation counters Is mainly determined by number 

of photons produced in the scintillators. Therefore the thicier scintil

lators result In better time resolutions. However, in order to improve 

the time resolution considerably better than 150 psec, we must consider 

other source of fluctuations 4<ich us transit time spread of photomultl-

pllers, scintillator rise d o e , variation of light path in guides between 

scintillator and photonultlpllers. We list In Table (2) a couple of 

items to be Improved, which are suggested by Ref, (1). With these 

improvements achieved, we will obtain a time resoltulon about 100 psec. 

As a final point in this section, we consider granulirlty of TOF 

counters. Aa the energy of colliding machines goes up, the average 
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nultlpllclty of charged particles Increases. Moreover many particles 

are produced in very small solid angle (Jet-like events). Thererore it 

will be necessary to increase the number of granularity in order to 

avoid doubl-2 hits In a plngle counter. Monte Carlo simulation is 

needed. Two layer of sclntIllalion counters staggered each other may be 

a good scheme to lnprove both time resolution aid granularity. 

53. Hew techniques currently under developnent 

3-a Planar Spark Counter (PSC) 

Very nice review talks on the subject would be found in Ref. (Z) 

and Ref. (3> and h»re we only discuss some of the problems when utilizing 

thea as an actual TOF system in detectors at TRISTAN. Fig. (2) shows 

schesatlc dlagrao of a Planar Spark Counter, taken from Ref. (2). 

Unlike conventional spark counters, the anode is made of semi-conducting 

glass with very high volume resistance. The opposite side of the 

electrode airfare is coated with copper strips which form transmission 

lines to conduct very fast pulses. The cathode Is made of ordinary flat 

glass mated with chrome and copper. The dimensions of I'SC's under 

investigation at various institutes are in tie range of 9 cm « 9 cm to 

30 co « 30 cm. Electrodes are 5 to 8 mm thJ< K. The gap between two 

electrodes is typically 100 i 200 urn and filled with gas at high pressure 

(6-10 atsos). The electric field between the gap is 3-5 - 10 V/cm. 

Upon a passage of charged particles a spark will very quickly develop 

along the track of prlnary Ionization. 

Organic gas, which absorb u.v photons produced in the spark, prevent 

the second discharge away from the original one. High resistivity of 

the anode H o l t s the potential drop to the small region near the spark 

and keeps the rest of che port sensitive to the next event. 
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We list in Table (3) operating properties of various P S C ' B under 

Investigation. As is seen in the Table (3), the tl«e resolution is 

crucially dependent upon the electric field strength E . 

If a time resolution of 50 psec were to be realized, n/k separation 

up to 2 GeV/c would be possible as la seen in Pig. (1). 

There are many problems to be solved if we want to use PSC's as 

actual TOF counters in colliding detectors such as TRISTAN. The biggest 

problem may be producing much larger counters (at/ 10 cm * 300 cm) still 

keeping the uniformity of tti2 gap and flatness of the electrode surface. 

High gas preanura and high voltage systems are also technically tfoubleftome 

when system becomes large. The life time of PSC is still an open question. 

We think that we should develop practical PSC's since they may be 

able to cover a momentum range In which particle identification with 

dE/dx measurements is difficult. Clearly, we should not regard PSC's as 

an established technique at present. 

3-b MicroChannel plate photomultiplier 

As Is mentioned In the previous section. It Is very nice to reduce 

Jitters of transit time by photoeultlpllers. The sources of these Jitters 

are the variation in electron's path from different point on cathode surface 

to 1st dynode and the variation in initial electron's speed. The effect of 

the latter may be reduced by increasing the voltage between the cathode 

and dynode* 

MicroChannel plate photomultlpllers can remedy the first point 

since they replace ordinary cathode-dynode structure by itilcrochannel 

plate. For example, a tande.it type MCP photomultipller aade by Hnmamatsu 

TV Co. Ltd, gives a time Jitter less than 100 psec which should be 

compared with ^250 p&ec for typical 2" tube. 

Problems to apply such MCP photomultlpliers to TOF counters are at 

- Jl -

present twofold: short life time (2 * 10 counts/anode reduces tin-

sensitivity to half of the original value) and small i.rea (20 mm*) of 

photocathode. We hope these problems will be overcome in near futurr. 

56. Bess pickup signal 

To provide a start pulse to TOF counters, "beam pickup" signals are 

used in the PETRA/PEP storage ring. Beam pickup electrode la essentially 

a capacltlve probe which electrostatistfcally senses ._MC bunches of 

electrons. Signal shape le shown in Fig. (3). The zero cross point. C 

on the Fig. (3), Is detected by a zero cross discriminator and an output 

HIM puise Is used to start TOF counters. The key point of the discrimi

nator Is to reduce time slew In ttie variation of sigi-al amplitudes due 

to the ciiange In beam Intensity (10:1)- Typically the time resolution 

of the bean pickup signal is 5C "• 100 psec. 

Several improvements, as suggested jy Ref. (4), are possible. 

(1', Using an automatic attenuator control. It is possible to reduce 

the variation In signal amplitude due to the long-term variation In beam 

current• 

(2) Improvements in pickup electrodes and beam tube design wouid 

reduce the ringing In the pickup signal. 

(3) Shortening the cablft between electrodes and circuit would hulp 

to reduce the ringing. 

-lth these Improvements listed above, we will be able to realize the 

tlee resolution t-30 psec, which Is small enough for the TOF measurements 

at TRIS7AH. 

55. Sinssary 

(1) With established techniques, we will be able to obtain the 

http://tande.it
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time resolution of 150 psec (rms) for TOP measLrements. This will allow 

ua to separate w and K up to 1.1 GeV/c. 

(2) It may be poaalble to obtain 100 psec resolution If we can 

reduce the Jitter of transit time In photomultipllers and can produce 

scintillators with fast rise time, long attenuation length and more 

photons. 

(3) We propose the following; 

a) to improve MCP photomultlplier and scintillators, 

b) to develop PSC'P 

c) to develop laser calibration system for TOF counters, 

d) to make a test on scintillation TOF counter of 5 cm * 20 

cm * 300 cm for example, 

e) to make a teat circuit and electrodes for beam pickup 

signals, and 

f) to determine necessary granularity of TOF counters. 

(4) In this report we have not considered any Cerenkov counters. 

A possible application of gas and aerogel Cerenkov counters for a 

detector In a future colliding machine would be found In Ref* (5). 
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Figure and Table Captions 

Fig. (1) T07 difference for various pairs of particles over 150 cm 

flight path. 

Pig- (2) Planar Spark Counter. 

Fig. (3) Oeara pickup signal. 

Table *1) TOP Counter Characteristics 

Table (2) TOF Improvement9 

Table (3) Planar Spark Counter Characteristics 
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TOF COUNTERS 

NAME OF 
DETECTOR 

NUMBER 
OF COUNTERS 

COUNTER 
DIMENSION 

POSITION SCINTIL
LATORS 

PHOTO-
MULTPLIER 

RESOLUTION 
(RMS) 

JADE 42 2 » — « 320 100 NE 110 4 0 0 PSEC 

TASSO 48 2 « 17 » 390 131 NE 110 RCA 8575 390 

ARGUS 64 2 « 10 x 255 100 RCA 8575 (300) a ) 

DASP 62 2 x 20 x 172 500 NE 110 RCA 8575 214 

MARK II 46 « :JO 255 

MARK III 48 5 « 16 « 318 PILOT F XP 2020 140 

PEP 14 > 315 166 

PS 159 b ) 1 3 > 15 ' 100 iJE 114 XP 2020 125 

PS 159 1 2.5 " 25 " 75 PILOT 1) XP 2020 125 

a) EXPECTED VALUE 

b) NOT COLLIDING EXPERIMENT 

TABLE (1) 
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Item Improvement 
Improvement in 

resolution 

Reduction of transit time 

spread in photomultlplier 
250 psec -• 100 psec 30Z 

Scintillator rist time 1 nsec •+• 0.5 nsec 202 

Increase of Photoelectrons 

either in scintillator 

or quantum efficiency of 

photocathode 

Factor 2 302 

TABLE (2) 
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Readout Electronics Subgroup (RE) 

I. Introduction 

Before this workshop, the subgroup meeting has been held two times to 
discuss the field of this subgroup and a review of the several readout elec
tronics systems operating In the colliding oeam experiments. 

The aim and the goal of this subgroup are as follows 
1) To survey anr* Introduce new Technologies as much as possible. It 

should not get out of daca more than several yea's In future, 
2) To find out common solutions for readout electronics of different 

type detectors in TRISTAN as much as possible. It will contribute 
for saving money and man power for the construction and maintenance 

As the first stage of the activities, we decided to begin with a read
out electronics ayatem for the central tracking chamber. The system contains 
usually an enormous number of TDC and ADC channels. Then, the effort must 
be directed to the miniaturization, low power consumption, high reliability 
and easy maintenance. 

In this workshop, we have Intended to work out the scale estimation of 
the readout electronics system for central tracking chamber candidates- The 
followlngs are described In this report, 

1, Review of the readout electronics for the central-tracking chamber. 
2. Scale estimation for several models of the tracking chamber. 

The members participated are listed below. 
I. Aral Physics Department, Univ. of Tokyo 
Y, Fukushlma ... KEK 
S. Inaba KEK 
J, Klkuchi Science and Engineering Research Lab., Waseda Univ. 
R. Klkuchi Physics Department, Kyoto Univ. 
T. Matsuda Faculty of Engineering Science, Osaka Univ. 
II. Murakami .... Physics Department, Rlkkyo Univ. 
T. Ohshlma INS, Univ. of Tokyo 
T. Shlino INS, Univ. of Tokyo 
T. Tskahashl ... Physics Department, Osaka City Univ. 
K. Tsnlguchl ... Physics Department, Univ. of Tokyo 
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K. Watanabe .... INS, Univ. of Tokyo 
Y. Uatase KEk 

II. Review of Tracking Chamber Electronics 

The table 1 shows ingredients of the readout electronics system of 
several tracking chambers at PETRA, PEP, and CERN-ISR. This table Is not 
yet complete. We are going to collect more Information not only of the 
above detectors, but also the others. 

In the following, a short review is described on each component. 

1) Pre-Ampllfier 
The type of the pre-ampllfier depends strictly on the functions Imposed 

to the sense wires. If the sense vires arc used only for getting the time 
information, the pre-amplifler should be a current sensitive type with 
short rise and fall time. The wide dynamic range and ultimate S/N ratio 
are not required. HARK II and MARK HI use products of LeCroy; LD 604 and 
MVLlOO, respectively. The recent monolithic IC TRA 401 Is one of candidates. 

Tne~? are two types of the pre-ampllfier for analog readout of the sense 
wire signal. One of them is a current sensitive type which can be used also 
for tine readout as in the case of JET chamber . The competitive perior-
mances rf the high speed response and the low noise are required In this 
type amplifier with a wide dynamic range. The commonly used circuit is a 
grounded base current amplifier, followed by some shaping circuit stages 

2) such as double pole zero cancellation or semi-Gaussian filter 
Since, usually, the charge information from the sense wire is required, 

some kind of current integration circuit must be Involved In the system. 
The JET chamber u3es gated Integrator with FET analog switches. 

The other type of the pre amplifier Is a charge sensitive amplifier 
which provides good S/N ratio, but slow response. For use In a high count
ing rate environment or high multi-hit probability within a cell, special 
care Is needed. 

The connection between sense wire and the pre-amplifier Is an Important 
factor to obtain the good S/N ratio and high speed response. 

JADE, MARK A ' and MARK HI use coaxial cable of - 5m for each sense 
wire. However, the pre-ampllfier should be mounted directly on the chamber 
as in the case of TPC in order to reduce input capacitor. For this end, the 
pre-ampllfier has to be hybridized as small as possible like ISR-AFS. 
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Several types of commercial monolithic IC tip may be applicable If the per
formance Is acceptable* 

11) Time Digitizer 
The time resolution must be good so as to meet a final position resolu

tion of the chanber. There are three different types of TDC circuits, direct 
scaling of a clock pulse, time expansion scheme, and time to analog conver
sion (TAC) method. 

The direct scaling method Is used In JADE with high speed RAM . The 
time resolution Is 7 nsec. Recent development by BNL-MPS will provide 
250 MHZ direct scaling TDC with a monolithic tip made of MOS-SOS technology. 
In the direct scaling TDC, it la not easy job to distribute the high firrquency 
clock p u M e trains over the all channels. 

On the other hand, the TAC scheme is used in MARK Hand MARK HI with the 
4) BADC which controls 32-input TAC CAMAC modules and digitizes all analog 

signals within a crate. The time resolution obtained is 0,35 nsec. . In 
the TAC scheme, the calibration and monitoring are essentially necessary for 
all channels to achieve the high resolution. 

M l ) Analog Digitizer 
The analog information In the chamber Is digitized for dE/(Jx measurement, 

charge division to get Z coordinate, and Induced signal readout from pads 
(TPC) to measure accurate position along the anode wires. 

For the dE/dx measuiement, there need a wide dynamic range with a 
moderate resolution (4-6 bits). However, for the charge division high reso
lution and low noise system is required. In the case that sense wires are 
used both for dE/dx measurement and charge division readout, high resolution 
Is necessary more than 8 bits. 

The ADC system must have a multi-hit capability for use In a jet event. 
So far there needs some kind of analog memory if flash / n C Is not Installed. 
In JADE and MARK HI, the capacitc-r memory is used with FET switches. TPC 
uses CCD for the memory. The ADC tip is commercially available one up to a 
speed of a few ps conversion time. 

The BADC at SLAC is one type of the practical solutions for processing 
an enormous number of analog information. 
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III. Scale Estimation of Readout Electronics System for a Tracking Chamber 

In the discussion of a scale estimation of the central tracking chamber 
readout, we assumed three types of the chamber, le. 'JET chamber', 'Time 
projection chamber' and 'Longitudinal drift chamber'. The dE/dx measurement 
Is Implemented for these cases. The PASTBUS system Is Imposed In the system 
construction. 

At the moment the FASTBUS protocol6' 1B not yet fixed. However, we 
recommend to adopt the FASTBUS concept In the data acquisition system due 
to the following reasons^ 

a) the FASTBUS protocol la only one candidate for the data acquisition 
system standard and common practice beyond the present CAMAC stan
dard. 

b) the FASTBUS accommodates many Intelligent"units In the own system, 
that provides parallel and pre-processing of an enormous number of 
data before storaglng into a magnetic tape. 

c) although the protocol is not yet fixed, the dedicated system can 
adopt some reduced protocol at least as a laboratory standard. In 
the case of the high energy physics experiment, for example, the 
data flow Is almost one way toward the host computer. Some part 
of the FASTBUS protocol stay be reduced In a compatible fashion with 
the full protocol. 

(i Model Chamber (I) ... 'JET' chamber 
Ae one of the candidates of central tracking chamber, we Imagined a 

modified version of JET chamber. The chamber has a single gas volume with 
the diameter -2.2 m and -2.5a in length. There are 90 sectors of 4*. 
Each sector has 40 layers of sense wires. The total number of sense wire 
is 3,600. 

The signal froa the sense wires are fed to gated Integrators through 
the current-sensitive pre-ampllflers as in the case of JET chamber. 

The drift time measurement with a direct scaling method is not adequate 
because of the poor resolution and noisy environment for the analog parts. 
A system of the TAC (Time to Amplitude Converter) is better due to low cost 
and easy to get better resolution. But the calibration and the monitoring 
of the performance are required for each channel. It Is possible with a 
computer controlled calibration system using a programable delay unit. 

The whole readout system Is composed of 3,600 * 2 - 7,200 hybridized 
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pre-ampliflers directly mounted on the chamber end plates, a TAC channel for 
each wire, and a gated Integrator-analog memory pair for both side of the 
sense wire. The TAC's and integrator-analog memory units are located on a 
PASTBt'S board. Each board will accommodate up to 8 wires, including ADC 
unit for both analog Information. Data are read out through FASTBUS data 
flew. 

The total number of the FASTBUS boards is about 400 boards which are 
Installed in 20 FASTBUS crates. 

The estimated cost including power supplies amounts to about ¥7.2 * 10 
with ¥2 * 10 per wire. 

H> 

H > 

- FASTBUS Module 

Capacitor 
Gated Integrator MaiDry Array 

.JT, 

Lb 

p^ll 
Analog 
M.P.X 

1 3 

Block diagram of readout electronics for "JET Chamber" 

(11) Model Chamber (n)... 'TPC* chamber 
The TPC at PEP Is under construction. The chamber is one of the candi

dates at TRISTAN, too. There are some ideas for improvement of position 
resolution along the sense wires In the each sector as shown In the table 
below. 

The original TPC uses CCD (charge coupled device) for the analog shift 
register. In the modified version, a flash ADC-digital memory system would 
be more easy to handle than a CCD system. The signal from sense wires Is 
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fed to the flash ADC through a pre-aaplifler of ctfarge sensitive type with 
a shaping amplifier. The sampling rate of 20MHZ with 8-bit resolution is 
available. The digital information from each wire Is stored into a RAM 
which is read out by FASTBUS. The draw backs are the cost and th large 
size of the data as described In the section IV. 

Another possibility discussed Is to make use of the scheme for the 
'JET* chamber described above* that Is composed of a current sensitive pre
amplifier* some shaping network, gated integrator, and analog memory 
(capacitor-FET switch) array. The number of the memory cell might be order 
of 20 - 100 per channel. The cost and the number of data may be reduced 
significantly. 

A FASTBUS module will accommodate 16 channels of these circuit as shown 
below. The total number of the FASTBUS modules Is about 1250 (40 FASTBUS 
crates). 

'TPC' Electronics 

Type No. of Wlrea/Sec Cor No. of Padfl/Sector 

Original TPC 192 15 raws (8 mm width) 

Wide Pad Version 192 15 raws(16 mm width) 

Charge Division Version 192 5 raws 

12. ir 

5.5* 

The estimated cost Is about ¥5 * 10 per channel In the case of PADC 
a 

version. The total cost amounts to ¥1.1 x 10 . 

Pre-Aip 

i i I : i 
- FASTEUS Module '. 

Shaping Digital 
tap I Plash ADC Ctrparator 

~\-^t- BUF. 
H.M 

1, 
BUF. 
H.M 

"H —-* Cbunti 
Threshold Hit Counter 

Block Diagram of Readout Electronics for *TPC* (Flash ADC version) 

-t> \> 

FASTBUS Module 

Gated Capacitor 
Integrator Memory 

ti> X\ s 

1' 
Block Diagram of Headout Electronics for "TPC" (Gated integrator version) 

(ill) Mode] Chamber (HI) - LDC chamber 
The L.D.C. (Longitudinal Drift Chamber) is new idea to measure dE/dx 

for the particle identification. The ionized electrons drift along the 
particle track and collected by a sense wire successively. Signals from 
a sense wire shows pulse train which Is digitized by a flash ADC with the 
sampling rate of 25 - 100 KHZ. The output of the flash \DC is stored In 
the high speed memory. 

The pre-amplifier is required to have high speed response comparable to 
the sampling rate and extremely low noise characteristics. The signals 
from the current-sensitive pre-amplifier are transmitted to FASTBUS module 
which has 16 channels of flash ADC (6 blt)-hlgh speed memory and tlme-to-
amplltude converter (TAC) channel for each wire. The output of TAC is 
digitized by high resolution ADC (-12 bit) and stored Into a buffer memory. 
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The number of wires la about 15,000 
In 45 FASTBUS crates 
the total amounts to ¥9 * 10 

There need 1,000 FASTBUS modules 
The estimated cost Is about ¥5 

,9 
10 per channel and 

-o 

- FASTBUS Module • 

Umitter High Speed 
Main Amp Flash ADC Memory 

-D̂  - n r 

p̂  
Block Diagram for Readout Electronics for ""liX" 

in 

IV. Size of Data per Event 
The size of the data from the central tracking chamber Is one of the 

baalc parameters for designing the data acquisition system. We had hot 
discussion with D. A. (Data Acquisition) subgroup about the data size and 
their processing scheme, which la described In the report from D. A, group. 

The estimated data alzea per jet event are shown for each model chamber 

Chamber Data 

Model (I) 'JET' 3.2 
(I) "ttC Original 300 

Wide pad V. 260 
Charge Dlv. V. 500 

<m) LDC 200 

Data Size (kB)/20 particles Jet 

(FADC) ( I n t e g r a t o : -ADC) 

5 . Conclus ions 

For coming experiment a t TRISTAN 1986, a r ap id development 

of the d e t a i l e d des ign work for s p e c i f i c d e t e c t o r I s r equ i red 

based on the e s t a b l i s h e d modern e l e c t r o n i c s t e c h n o l o g i e s . 

1) W. Fan and J . I l e i n t z , Nucl. I n s t r . and Methods, 156 (1978) 301. 

2) R. A. Bole , A. T. Hrisoho and P. Relink. 

3) R. H. S c h i n d l e r , SLAC-219 (IC-34d) ( T / E ) , 1979. 

4) M. Bre ldenbach , E. Frank, , . Hall and D. Nelson, IEE Trans , on Nuclear 
Sc ience , NS-25 (1978) 70', 

5) TPC group , PEP 'i P . o p o s a l . 

6) FASTBUS, July, 1980 US N1M committee. 
7) T. l.udl.lm, E. D. Platner.and V. A. Polychronakos, IEEE Trans, on Nucl. 

Sciences, NS-28 (1981) 439 
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Report of 

Data Acquisition and Processing Subgroup 

(1) Policies and Activities. 

The Data Acquisition and Processing subgroup.' DAP, had its first 

meeting on May 7, 1981. It consists of 10 physicists coming from various 

unlverstles and 11 staff members of KEK. DAP Is supposed to offer 

hardware and software-tools for the TRISTAN data acquisition system. 

Our task Includes; 

1) Standardization of the data bus. 

11) Provide standard interface between detector electronics and 

the B U B , as well as the one between the computer and the Bus. 

ill) Select the l]oat computer for online measurements. 

Iv) Provide software and hardware Interface between the online and 

offline systems, 

v) Specify the data format, 

vl) Micro processor support, 

vil) Monltoklng system, 

vlll) Network with accelerator or central computer, and so on. 

To Btart with, we have estimated the amount of data size for the 

typical TRISTAN experiments. The values quoted in Table I are the ones 

obtained through the discussions held in the Joint meeting with the track 

chamber subgroup. 

We notice that there are two distinct classes of experiments; the 

one characterized by the smaller data size, around 30 kB/event, and 

the other having the larger amount of data per event, say, 300 kfl/event. 

Although the rate of true e e events la only of the order of 0.01/a, the 

data acquisition system Is required to stand quite a high data flow rate 

since the background events coming from beam-gas and electron-beampipe 

interactions produce a huge number of fake triggers. Therefore, the 

traditional standard data acquisition system, CAMAC, 1B obviously Insuf

ficient to cope with the TRISTAN experiment of the 300 kB/event Class. 

The nost urgent task Imposed to the DAP subgroup is to decide the 

policy for the developement of the standard bus system. We hove discussed 

the following three possibilities; 

1. CAMAC-based system with possible Improvement in bus speed and 

the flexlbl.lty of bus topologies. 

2. FASTBUS. 

3. New standard optimized to Tit 1 STAN experiments. 

The factors which affect the policy to take are: 

1) The data transfer rate. 

11) Flexibility, I.e. the easiness In modifying the topology 

during the experiment, 

ill) Tranparancles and readability, 

iv) Prire. 

v) Time and manpower needed for system developement at id maintenance. 

As a conseqjence of our survey works, we have arrived -it the following 

conclusion: 
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"We do not take a new bus structure other than CAMAC and/or FASTBUS 

as the standard for the TRISTAN data acquisition system." 

More precisely, the DAP subgroup recommends you to make your 

electronics mate with PASTBUS If your experiments comprizes a lot of 

newly designed circuits. It does not, however, mean that you have to 

abandon your CAMAC modules. There may be cases for which most of the 

electronics are covered by the commereclally available CAMAC modules so 

that CAMAC Is a better choice from the view point of economy In time and 

manpower, though ptobobly not In money. 

Followlngs are the main Jobs to be done in this fiscal year; 

A) To Issue an instructive article which helps to understand how 

F^TTBUS system works and will show how to design a PASTBUS module. 

B) Construction of a simplest form of FASTBUS system for the prototype 

purpose. 

C) Design of Segment Interconnect. 

D) Design of a microprocessor-driven general purpose master module. 

E) Accumulate Information on the developement of FASTBUS devices In 

U.S.A. and Europe. 

P) Select out the computer to be used as a HOST. 

In the next chapter, we describe the PASTBUS standard to some details 

as a part of our activities stated In A ) . 
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Detector Type Max. Data size 

TPC 

I.DC 

JET 

Table 1. Estimated data size for typical TRISTAN experiments. 

By Max. we mean the event having twice as large 

track multiplicity as the average one. 

220 kB/pvcnl 

300 kB/event 

50 kB/event 
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IIIJ FASTBUS 

II-l Concept 

The FASTflUS standard which we deal with Is defined, in a semi-final 

form, in the document published by US NIM Committee. The manuscript 

which la 200 page thick* consists of fifteen chapters and several appendices. 

Here, we try to give more concise description of Its essence for the 

convenience of tie software and hardware designers of the TRISTAN data 

acquisition system. 

FASTBUS is a digital data bus having 32 bit bidirectional data lines, 

AD0-AD31, which are also used as 32 bit address lines in a multiplexed way 

The devices connected to the FASTBUS can communicate one onother according 

to the FASTBUS protocol, in which the usages of control, timing and 

responce signals and the bus arbitration scheme are specified. 

The most Interesting and useful feature of the FASTBUS is that it 

can be split into segments so that the concurrent bus operations on the 

different segments are possible. The data transfer to a device residing 

on a segment different from the sender's one is also possible within the 

framework of the FASTBUS protocol owi.ig to the ingenious logical design of 

the Segment Interconnect, the interface circuit between the two segments. 

The logical structure of the FASTBUS system may be represented by 

a "Syntax graph" shown In Fig. 1. Any FASTBUS system should have a HOST 

to initialize the system and some FASTBUS devices which would meet the 

requirement of the user. A FASTBUS device may be a Master or a Slave, 

The former, being equipped with the bun arbitration logic, has a potentiality 

to gain a mastership of the segment, while the latter does not. There can 

be plural Masters in a segment; only one of them can actually gain the 

mastership at a time, though. Another thing that each segment should have 
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Is an Ancillary Control Logic (ACL) which takes care of the system hand 

shake and generates signals for Geographical Addressing and the bus 

arbitration on the segment. 

11-2 Block diagrams for some FASTBUS modules 

It may help hardware-oriented people understand the FASTBUS to show 

scse block diagrams of FASTBUS devices. The most Important device for 

the user will be the Slave modules which are used in numbers. The over-head 

required to Interface the user circuits to FASTBUS depends upon the 

optional features to be Implemented: Logically addressable? Block 

transfer implemented? Non hand-shake data transfer allowed? Parity check 

gernerate Implemented? etc. 

Fig- 2 Is an example of a Slave, in which most of the above mentioned 

options are ioplemented. We notice that the circuit is fairly complicated 

and that the area devoted to the interface part will he rather large unless a 

special LSI for this purpose is developed. 

A Master should have circuits for bus arbitration in addition to the 

ainlmal slave logics as Illustrated In t-fg. 3. 

Pinally, a rough sketch of a Segment Interconnect is given in Fig. 4. 

Here, the address and data transfer according to the Route Hap, as well as 

the bus arbitration on the far-side segment and the resolution of the 

contention of tlte requests coming from the both sides of the SI, are 

taken care of. 

II-3 Application to TRISTAN Experiments 

In spite of the fact that the FASTllUS allows a very complex topology. 
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the actual data taking system will have a simple tree structure as shown 

In Pig. 5. 

Since the background trigger can not be reduced to endurable level 

by a fast (decision time < 1 ps) hardware logics only, we need a second 

trigger scheme which rejects the backgrounds baaed on a calculation making use 

of more detailed Information from various part of the detector system in, 

BH\, a few ma. The way we produce the triggers depends on the experiment; 

In some cases, an Intelligent FASTBi'S module Is enough to kill the fake 

events, and In other cases, It will be necessary to provide a special 

trigger circuit to which relevant Information from the various part of 

the detector system la sent through the private lines In a fastest possible 

speed. 

In Pig. 5, we give an example of data rate assuming that the trigger 

scheme Is anyhow working well. The quoted data alee corresponds to the 

nontrlvlal part of the data only. We take It granted that the data packing 

Is performed already In the front-end segment either by a data scanning 

Master or by a circuit Implemented In each stive module. 

The microprocessor modules Inserted here and there will monKor 

the activity of subtrees and nelp detector calibrations and diagnoses. 

They may also act as a host of Independent subsystems consisting of fewer 

number of segments during the build-up stage of the experiment. 

11-4 Tentative Guide-line for Hardware Design 

Address field: 

The moat significant 8 bits are used to identity the group address 

GP while the next 6 bits are for the module address MA. The remaining 16 

blta (the least significant half the PASTBUS word) are aaalgned to the 

internal address IA. 

BUS level: 

ECT. level Is used on the BUS. 

Speed: 

Our main concern for the moment Is on the construction of a data 

aculsltlon system logically compatible with the PASTBUS rattier than persuelng 

the improved bus speed, most of the test modules will be designed to work 

at the coderate bus cycle of ZOO ns. 

Standard microprocessor: 

A 16 bit microprocessor MC68000 is used as a standard general purpose 

processor for the PASTBtfS. 

REFEREHCES 

1) September 1980 PASTBUS Tentativ Specification, U.S. NIM Comlttee. 
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It was agreed to prepare a flow of the programs given in 

Fig. 1 in meetings of the subgroup. This consists of ; 

(I) Jet simulation 

(II) Track generation in the chamber 

(III) Pattern recongnition of tracks and track fitting 

(IV) Physics 

In the following section, we give a brief description of (I), 

(II) , and (III) and some preliminary results. Finally, some 

comments on vertex detectors are given. 

(l) Jet Simulation Program 

Some institutes introduced jet simulation programs developed 

by Ali et al, Lund group, and Hoyer et al for (I). Those programs 

include the processes QQ, QQG, GGG etc. Ali et al's program 

further includes QQGG and QQQQ processes ; that is, the second 

order effects of QCD. 

We give some general results from the jet simulation by Ali 

et al. The total energy used is 60 GeV and the top quark mass is 

assumed to be 25 GeV. Fig. 2 (a) and (b) show multiplicities of 

charged particles and photons respectively. The avaroge multi

plicities are about 21 for both. In Fig. 3 (a) and (b), the multi 

plicities of charged particles and of photons are given separately 

for 2, 3i and k jet events. The multiplicities increase with the 
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number of jets. Energy spectra of charged particles and photons 

are shown in Fig. k (a) and (b) respectively. About $0% of the 

charged particles and 75% of the photons have energies less than 

1 GeV. In Fig. 5 (a) and (b), we show the trajectories of charged 

particles (solid lines) and photons (dashed lines) from a typical 

event in X-Y plane and Z-Y plane respectively, where Z is along 

the beam direction- The magnetic field is assumed to be 5 KG and 

parallel to the beam. Fig. 6 shows the distribution of opening 

angle of any two photons. The lower scale is in radians and the 

upper one is the separation distance of two photons in cm at 150 c m 

from the interaction point. Also shown are the same distributions 

after cutting photons with energies less than 0.1 and 0.2 GeV. 

(2) Track Generation Program 

This part generates trajectories of particles in any type of 

chambers. For this purpose, there are two programs in hand ; one 
CJ-; (6> 

called GEANT from CERN, and another from the DELCO group at SLAC. 

The latter also includes a pattern recongnition program. The 

essentials of GEANT are as follows : 

The program consists of 

(a) Event generation 

(b) generation of trajectories for charged particles, taking into 

account multiple Coulomb scattering and energy losses in the 

media and magnetic field 

(c) Calculation of intersections of tracks with detectors 
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(d) Digitization ; This part converts the coordinates of hit 

points in the detectors into the quantities of the readout 

devices. 

The program supplies MWTC* s and drift chambers as standard detectors. 

The Tokyo Metropolitan University group is adapting this program 

to the KEK computer. 

(3) Pattern Recognition and Track Fitting 

It is necessary to prepare this part of the program in order 

to get information on the measurement errors and reconstruction 

efficiency of tracks. The methods of pattern recognition depend 

upon the types of chambers used and should be developed for our 

particular application. However, in order to c e t preliminary 

answers quickly, we started with the program used by the DELCO 

group (PEP 20) at SLAC. 

We introduce only two basic formulae in the program. The 

tracking device consists of a MWPC and a cylindrical drift chamber 

with wires along the beam direction Z, and fires inclined at a 

stereo angle ^)st to measure Z-positions of the tracks. For a 

uniform field along the Z-direction, the radius of a track in X-Y 

plane is given by 

Pj. 

f « („,), 
J 0.03 B 



where Px (GeV/cJ is a projection of the momentum vector in the 

X-Y plane and B is the magnitude of the magnetic field in KG. 

For a track with an aximuthal angle $o at the center of the 

chamber and *f> i at the radius Yi. of the i-tli cylinder from the 

center (see Fig. 7 (a)), the following formula holds : 

y± = 2f sin (£i - fo). 

For a small angle {ji - yo), a Linear equation is obtained : 

0 * • <P° <• zf n 

For the dip angle which is defined as the angle between the 

X-Y plane and the momentum vector, the following relations hold 

(see Fig. 7 (b)) : 

Z. - Z i n 

Z i 
' i r c a l c i r n i e a s i 

tan tfWat 

where Zo and Zi are the Z-positions of the track at the interaction 

point and the i-th cylinder respectively, 5"calci and j^measi are 

the azimut. 1 angles calculated from the hits at the parallel wires 

and that obtained from the hit at the stereo wire under the 

assumption of Z = 0. Combining the above two formulae and using 

the approximation of tan (j\\it for a small stereo angle '[pat, a 

linear relation is obtained : 

(<£calci -fmeasi) = ftt-tan\+ (pf-)-^st 

The program searches for hits which satisfy the above two 

formulae. We do not enter into details of the program but mention 

only that the conversion of the program has been done to make it 

run on the K£K computer and that preliminary results have been 

obtained. Fig- 8 shows an example of the track reconstrue tion with 

the 0ELC0 geometry, where 3 KG is used as the 

magnetic field. The reconstruction efficiency is close to 95% per 

track now. 

The modification of the program for a more general case is 

necessary, because,for example, the approximation may not be applied 

to tracks with low momenta in higher magnetic fields. We should 

also compare several methods of pattern recongnitiori to improve 

the reconstruction efficiency. 

(4) Vertex Detector 

The Mark II group at SLAC has proposed an inner chamber with 

high accuracy to measure the life times of the t and of charmed 
(V mesons. We show a simulation of f d e c a y s , following their same 

procedure, to study the usefulness of such a device. 



The e r r o r in e x t r a p o l a t i n g a t r a c k t o the v e r t e x i s g iven by 

the formula, 

'G~y? • ^ T M C S 2 * ̂ c,, 2 • 

where (pT,r<. is the error due to multiple coulomb scattering in 

the beam pipe and the gas, and (TTMI -*-3 that from measurement errors 

in the chamber. 

For a pair of tracks with a crossing angle O , the vertex error 

is 

where £TV« a n t * {T^vo a r e * n e extrapolation errors for tracks 1 and 

2, respectively. 

The MARK II group gives the following formula, assuming a beam 

pipe made of 1 mm Be, with radius r = 7-5 cm, a drift chamber of 

inner radius r = 11.'i cm and outer radius R„ = 31.2 cm, a filling 

of propane at a pressure of 30 psia, and a chamber resolution 

d^= 50 um : 

<n- [< i«n- , 2 t " 3 T "-
We also ran the program assuming the same beam pipe size, but with 

I-J =* 30 cm, r 2 = go cm, Ar gas with 1 kg/cm 2 and (£*= 200 um/cell 

with 10 cells per point. 

These assumptions give 

CT-x • 1<J^TZT* « 0 0 , 2 ] M 

Beam spread was assumed to be QT, = l*iO um (vertical). 

(/""^(horizontal) was ignored in our simulations. 

We simulated 5000 T*T events at *f~a~ = <i0 GeV, assuming the 
— 1 3 life time to be 2.8 x 10 sec. We used all decay modes with 

three charged pions having an invariant mass within the range 

0.5 - 1.6 GeV. We alsc applied cuts to Q and Cp as follows : 

| cosGJ < 0.766 

| cos^j <^ 0.866 , 

where 6* and ^Pare. respectively, the polar and azimuthal angles of 

the momentum vector sum of the three pions with respect to beam 

direction. About 1 **00 combinations remained. For simplici ty, we 

used only the two tracks with the largest opening angle in each 

event. 

Fig. 9(a) and (b) show the error distributions (J~^ for single 

tracks for the two chamber conditions above. The solid curves shown 

are the distributions of the decay point including the error 

corresponding to 0 ^ » [(86/p) 2 + ' O 2 ] * * and ff^ = [ ( 2 3 5 / P > 2 * 100 2J ! i, 

respectively. The solid and dotted lines correspond to the 

assumptions Y(3cT*o = 0 and 900 pjn. We have fitted data for 

Yp'C'to = 900 um to an exponential curve in the region 1.5 - 3«7 mm and 



J. 7 - 3-9 n»n to get Y|3cTo from data. The results obtained are 

970 t 100 urn and 1510 * 220 urn for the two conditions. The former 

case is consistent with the input value. The latter one, 

corresponding to conditions close to the ordinary chamber, shows 

a value higher by 2.8 standard deviations than the true value. 

(5) Others 

The Monte Carlo subgroup will prepare a graphic display system. 

A set of general routines from SLAC called "Top Drawer" can be 

partly used. The coniouter at KEK will be replaced and upgraded in 

September, so we expect to begin the preparation of new programs in 

September. 
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the radietion length X 0 It is given by 

dO" = ( T^iF 
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Figure Captions 

Fig. 1 General flow of the Monte Carlo jet simulation, trade 

generation in the chamber, and pattern rucognition. 

Fig. 2 Multiplicity distributions of (a) charged particles and 

(b) photons in the final state• 

Fig. 3 Multiplicity distributions of 2, 3 and 'i jets ; 

(a) charged particles, (b) photons. 

Fig. k Energy distributions of (a) charged particles and 

(b) photons. 

Fig. 5 A typical event (a) in the X.-Y plane, (h) in the ?.-t plan 

Fig. 6 Angular correlation of photons : The lower scale expresse 

an opening angle of two photons in radians, the upper th 

separation distance of two photons at r = 150 cm. 

Fig. 7 (a) Plane view of a track ; p x is the proj«cti on of the 

momentum vector into the X-Y plance. J* is the radius of 

the track. $o and >̂i are aziurnthai anglus at the vertex 

projection of the track : Zo and Zi are the Z-positiona 

at the interaction point and at the i-th cylinder. A_i; 

the dip angle. 

Fig. 0 X-Y projection of a typical reconstructed event. 

Fig. 9 Extrapolation error of tracks to the vertex; 

(a) for x = [(86/p(GeV)) 2 + ^ J * * urn and 

(b) for x = [(235/l>(GoV))2 + 100 2]* 4 u.m as 
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explained in the text. The solid curves indicate the 

distributions of f; decay points with YPcfo - 900 urn. 

Pig. 10 The soJid line and dashed line show the distributions of 

decay vertices for YpCTb = 0 and 900 jj.rn respectively 

including the extrapolation error (J"V mentioned in the 

text. 
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(•organizers of the group) 

Synopsis 

A work Is underway for designing experiaental halls, which will 

be constructed In Che TRISTAN Main Ring as well as In the Accumulator 

Ring, The present status of the work Is briefly reported. 
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Si. Introduction 

The sub-working group for Experimental Halls In the TRISTAN project 

was organized, in order to make a design study of the TRISTAN e e 

Accumulator Ring and the Main Ring and to determine various parameters 

for the experimental halls. There are two basic steps in constructing 

the TRISTAN colliding beam facility, namely, the accelerator 

tunnel and two associated test-experimental halls will be built for 
+ -the 6,5 GeV * 6.5 GeV e e Accumulator Ring, In the first step. The 

30 GeV x 30 GeV e +e~ TRISTAN Main Ring and its experimental halls will 

be constructed In the second step. 

The construction of the Accumulator tunnel and its two associated 

test-experimental halls is expected to take place In the fall of 1981, 

although the work for building a Main TRISTAN Ring tunnel which will 

accommodate both 30 GeV * 30 GeV e e~ colliding beam ring and a ring for 

proton beam for ep collider, la not quite definitely scheduled yet, 

but possibly In early 1983. 

With these overall construction plans for the TRISTAN project In 

mind, this TRISTAN sub-working group for the Experimental Halls has been 

working extensively on the realistic plan for buildings In the colliding 

beam experimental area at the Accumulator Ring, following the earlier 

works done by the previous Internal workshop members at KEK, A conceptual 

design of the experimental halls in the Main Ring has also been worked 

out by this sub-working group, but the plan for the Main Ring is still 

quite premature and Is subject to change for further development of 

the plan. 

Since plans for detector design are also under discussions, the 

basic parameters of the experimental halls have been worked out 

according to a typical model of an e e collider detector as shown In 
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Fig. 1. A very severe coat estimation Is also made due to a very 

limited situation of the construction budget. In sections 2 and 3, we 

shall briefly describe the present status of what this sub-working group 

has worked out for the plans for the TRISTAN experimental halls so far. 

52 Principal parameters of experimental ha11a at the Accumulator Ring. 

Fig. 2. showa the general layout of the Accumulator Ring and the 

Main Ring, together with their associated experimental halls. At the 

Accumulator Ring, two test-experimental halls (A and B) are expected 

to be built at the southern and northern straight section of the Ring, 

respectively, as shown in Fig. 3. These experimental halls would be 

used to test the detectors of e e colliding experiment, in part or in 

a full size before the final Installation of these detectors is made 

at the Main Ring experimental halls. These two detector test-experimental 

areas at the Accumulator Ring would also be available for e e -

experiments using 6.5 GeV e on the 6.5 GeV e beam when desired. 

A design Is made that these experimental halls have a dimension of 17 m 

wide and 30 m long, that is Just enough for assembling or disassembling a 

detector to be tested there. The halls are also large enough for a 

whole detector to move back and forth on or off to the beam line of the 

Accumulator Ring, together with its counting hut. ( Fig. 4 (a) and (b) ) 

The floor of the central area Is on the level of 4 o below that 

of the Accumulator Ring (beam level Is 1.2 * above the level of the 

accumulator tunnel), which Is built 3.8 • below the ground level as seen 

in Fig. 4-b, a 30 ton crane with a 5 ton auxiliary crane 

covers the whole central area. The floor sustains 40 tons each square 

meter. A counting-data handling room of 100 m will be located 

close to the central area, where electronic circuits and computers 
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will be set. As a super-conducting magnet is to be used for the 

detector In the test-experimental hall, a utility room Is also built on 

the opposite side of the counting-data handling room in order to supply 

a coolant and an electric power for a magnet of the detector. 

Compressors, gas-purifiers, DC power supplies are installed there. 

A small crane will be installed In the room. 

Various gasses to be used in the detector are fed fro-, a gas 

containers by way of a gas-handling manihold on the wall of the central 

area. 

Persons entering the central area, the experimental halls, and the 

Accumulator Ring tunnel will be controlled through a radiation safety 

checking room. In order to bring into the accumulator tunnel, or to 

move heavy elements like an accumulator magnet from one side of the 

tunnel to the opposite side across the teat-experimental hall, the 

extentlon of the Accumulator tunnel floor to the experimental hall 

will pe needed from both sides. 

The electric power consumption of the detector except exciting the 

magnet is estimated to be less than 50 kW The same amount of electric 

power is expected to be consumed at most in the counting-hut, and In the 

counting-data handling room respectively. The capacity of the power 

station for this test-experimental hall will be sufficient with 3 MU, 

The central area is roughly alrcondltioned to keep the temperature of 

25*C. However, in the counting-hut it may be controlled within 22»2°C. 

The air in the teat experimental hall is ventilated outdoors Just through 

some ordinary filters because there is no radio-activated area in the hall 

Table 1 summarizes principal parameters of experimental halls at the 

Accumulator Ring. 
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53 Experimental Mails at the Main Ring. 

Four experimental halls will be built for the Main Ring, as le 

seen In Fig. 2. Two experimental halls having a large area of 60 m x 30 m 

(NE and SW) will be used for the electron-proton or electron-positron 

colliding experiment, while other two halls of 22 m x 37 m (NW and SE) 
+ -may be used exclusively for the e e colliding experiments. 

As is shown in Fig. 5, these experimental halls will be built 14.3 ro 

below the ground level. The Main Ring has a floor 10.5 m below the 
2 1 

ground level. The counting rooir (150 m ) t a utility room (200 m ), a 2 radiation safety control room (50 m ) and, various facilities will be 

provided for every experimental hall similarly, as In the case of the 

test-experimental halls. 

The time schedule constructing the Main Ring tunnel and Its four 

experimental halls la not quite definite yet. It is tentatively 

scheduled to start in early 1983. Experimental halls are expected to 

be ready for installation of the detectors by sometime early in 1985. 
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Table 1: Principal parameters of experimental halls at the Accumulator 

Ring. 

Figure Captions 

Fig. 1: Schematic drawing of a model of an e e colliding 

detector. 

Fig. 2: General layout of the TRISTAN project. 

Fig. 3: Layout of the Accumulator Ring. 

Fig. U: Layout of a test experimental hall at the Accumulator Ring; 

(a) a plan view and (b) a vertical one. 

Fig. 5: A pteliminary plan of main experimental halls at the TRISTAN 

Main Ring. 
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50 kw 50 tew 

Air-Condition 2 s-c 22°±2°C 22°±2°C 

Beam Level 
5 m 

above the floor • • — 

* The capac i t y of the power s t a t i o n w i l l be 3 MW. 

Table 1 
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In this talk, I was asked to review theoretical expectations 

at TRISTAN. Unfortunately, the Z boson is predicted to have a mass 

of 93 GeV by the Weinberg-Salam model and it will not be produced 

at TRISTAN; Is it possible that we may still discover a neutral 

gauge boson? How must we modify the standard model in order to have 

a light neutral gauge boson with"out violating any of the low energy 

experimental constraints? What is the possibility of producing top-

on iurn,© , at TRISTAN? If ©is produced, does it decay weakly? Can 

effects of Z boson be revealed by observing weak decays of © ? If 

3 mesons are produced in weak decay products of&, can we learn any

thing new about B's. Is B meson more interesting than T mesons? 

I would like to discuss these questions. 

Many authors have studied the possibility of modifying the stan

dard model in preparation for a possibility that the Z boson is not 
1-4 found at the mass predicted by the standard model . In particular, 

Ref.2 gives a general discussion with a conclusion that there is no 

absolute upper bound on the lightest neutral gauge boson mass. Here 

we shall discuss some models with light neutral gauge boson which 

night be produced at TRISTAN. In order to satisfy the low energy 

experimental constraints, we start with a gauge group 

SU(2)xU(l)xG 

f la it really true that TRISTAN can'not produce the Z? See note added. 



where known quarks, leptons, and the Higgs doublet j-J are einglets 
under G. So far the model is identical to the standard model. For 
definiteness, let G be SU(2)' and U(l)' as discussed in Kefs. 3 and 4 
respectively. Now, in order to change the massaof gauge bosons, 
we introduce a Higgs boson nultiplet which carry both SU(2)xU(!) and 
C quantum numbers. For example, 

*-su«)'-

doublet in boch SU(2) and S0(2)' a* in Ref. 3. When ^ ° and X° aquire 
vacuum expectation values, the neutral componenta of SU(2), U(l), 
and SU(2)' mix to form Q t Z., Z ?, For example, 

(1~, fy a n d Y a r e SU(2), SU(2)', and U(l) charge operators, respectively) 
gives rise to mass mixing terns like 

A J W X J O . 

As it is well known, a mass matrix 

*«. C 
C wj 

gives * spectrum 

"I, 

. _̂ 

end che lighter one is the light Z. 
An effective interaction of Z. and Z ? can be obtained from examining 

the fermion sector of the Lagrangian 

J.,,I 

t 
Civing an appropriate deffinition of sinfl in terms of c . , c. , 

and c. . we can write an effective Hamiltonian for the neutral 
J 

current interaction 



where the first tern is identical to the interaction tern of the 

standard model and the second term is an extra term resulting from 

the introduction of G , w , and a new light 2 boson. The best constraint 

on C comes from Z., and Z_ s contribution to e e — >> hadron 

cross section. 

R-. 

«A«r dv^JT I (.l-4S>n*&w ) l + / 6 C j . 
Note that the smaliness of I -4s in 0 and the factor of 16 makes 

th i s contr ibut ion very s e s i t i v e to C. The data from PETRA g ives 

O < C < .03$ JAPE 

.0 27 M/ifitJ 

where the lover limit is deduced from the theoretical expression 

for C. In terms of Z boson masses M , f M _, and M -93GeV. the 
21 ZZ' Z 

va l i*o f Z boson mass predic ted by the standard model, 

The express ion for C derived in Ref. U leads to an unnaturally small 

mass d i f f e r e n c e s end i t seems qui te unl ike ly that t h i s model i s 

r ea l i z ed in nature. Experimental cons tra in t s on Z boson masses for 

both R e f . 3 , and Fef .4 are shown below. As i t i s seen from the f i g u r e , 

the l i g h t e r Z boson can have a mass wi thin the energy range of TRISTAN. 

200 
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An optimist should be reminded, however, that many codifications 

of the standard model have been proposed in the past. But so far 

nature seems to have chosen the simplest version. It will be surprising 

indeed if she breakes the pattern now. 

Probably a more realistic consideration is to discuss whether 

the toponium states or tt continuum states can be exited at TRISTAN. 

There have been many guesses for the t quark mass from structures of 
har* 

quark mass m a t r i c i e s . Some of them have already„ruled out by PETRA 

experiment! . A most reasonable ^ue_S8 for the mass, in my opin ion , 

i s that r e c e n t l y proposed by Buras , An upper l imi t for the t quark 

(Ti^mj limits 
from JADE data fc-OOHl " 
a MARK J data C'oam-'' 

• : 1 

: ' 
Carotr 
f lol . 
G = SU'(2I. 

,;.••'' cub)/ 

_-—— 



mass comes from combining gauge theory c a l c u l a t i o n of K^-* jX^-" rate 
o 

and K.-K. mass difference . Within a context of gauge theory, quark 

diagrams contributing to K -r /*•*/*•' decay are: 

d-**- \A/WSAA^W 

"*—/" 

r 

^ — > 

< • : — « • 

(Q1 (b) 

(C) (d) 

Strong i n t e r a c t i o n correct ions to F i g s , ( a ) - ( c ) can be est imated s ince 

the B*jor contr ibut ion to the decay comes from the thort d is tance 

region. F i g . ( d ) , on the other hand, gets contr ibut ion from the 

long distance region and i t requires more cons iderat ion . Note that 

the absorptive part of Fig . (d) can be computed from known races for 

K_ -*> Tf X and ~ff"g -> u* LA" as shown below. 

i : t ^<z i 
i _ r 

The size and the sign of the real part can not be computed. A guess 

based on quark diagrams show that the real part pf Fig.(d) is much 
9 •oaller than the imaginary part , Subtracting the absorptive part 

of Fig.(d), we obtain the bound on the amplitude: 

| f\ (an* tb)-CcO| < 5.6* io"s 

Aside from the uncertainty introduced by the real part of Fig.(d), the 

bound is free of unsubstantiated assumptions. Going from quark 

di.fgraita to K, —» U* U~ decay amplitude Is less of a problem here 

since the amplitude can be related to the K decay constant obtained 

fron k*-*G'*V decay rate. 

Cauge theory computation of Fig.(a-c) enables us to convert 



the above bound to a bound involv ing quark masses 

Cz ( C I C 1 - S 2 t 3 C i ) ' W i / . , s l ( c , S , * < : l t 3 C < , ) < i < \ i SlB^ 

where 9 . , s . . a - . a n d a f are the Kobayashi-Maskawa mixing parameters. I l J o 
2 I t i s c l e a r that m term can be ignored and the bound on m can c t 

of s . can be obtained from fol lowing cons iderat ions , In terac t ions 

responsible for K-K_ mass d i f ference are given by the fo l lowing 

diagrams: 

— > -
u, 

W W v W W i 

IX, 
> 

e' ' c 
—-t- v ~ - ~ ^ , —« 

$—>- wVv^/VwM* 

ct—«-

-> d. 

~*— s 

i a i 

The meti difference if given by 

+ t - U , C -iirmt 

WKL-™*, - <*. l H«. I k . ? + < K . I Hbl K»> 

a~A. 

< K . I H J K D > . U 7 £ i _ fit 11"" ^ 

where R is a parameter expressing the ambiguity associated with 

evaluating K -K matrix elements from quark diagrams. Two methods 

give different results : 

R= I "K MIT b*^ ̂ eJel 
R - . 4 VOCUIAKM Sft+wrfl.tlDI\ . 

It i s useful to remind ourse lves that va lues m -2CeV, U t'" -s inl? cos/9 . 
C cs cd c °c 

y t s U t d " ° . «nd R-.6 give a correct result for the mass difference 

(In fact this is how m was ^reuicted to be 2GeV), Naturally, ther). if 

one trusts the HIT bag model and set P»l, contribution from the 

top quark is needed to fill in the decreased value for the charm 

contribution. This requires U U 1* 0 . A detailed analysis gives 

s. > s i t 6(R); ( w o = .z) • 
With this bound on s_. we can obtain a bound on m, shown below. 

£0 \ • UiT BtG 

bO : : :^rNv 
1 «C "**% **•* ^ ^ > ^ ^ % V * * - s k 

J J V* *s*<>. ^*****-*~-^ ^ ^ 
/ \ s *•*• """"••>. * ~ ^ ~ ~ * - ^ 

SO ** - -~ lV: : : : : ; ' 

» . » 

1 . 1 1 J 

OT OS t» '0 11 \l U 
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Unfortunately, the figure does not extend co R-".4, the number co-

responding to the vacuum saturation approximation. Noting that 

ts td can not vanish, we can still obtain an upper limit for m : 

(A, BuraSi private communication) 

If this analysis is correct, chances of discovering ® at TRISTAN 

are very good. 

What can we learn from 0 once it is produced at TRISTAN? 

If @ had a K S S S 

4o^V< * n e < (ooQxt\J) 

12 
the resonance to continuum r a t i o ia 

Thus there may be s u b s t a n t i a l gain in event rate by s i t t i n g on the 

resonance. 

There have been trany s t u d i e s on weak decays of quarkoniura. 

Some of previous e s t i m a t e s , however, must be modified s i n c e the values 

of tfj determined at L seems to be some what smal ler than we have 

e x p e c t e d 1 3 ( / ^ d e t e r m i n e d by P ( r - » KddVriT-f^*/ 1 ' ) i s ^ 100 M«V). 
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This c o d i f i c a t i o n reduces P(©-> 39UO by roughly a f a c t o r of 2 , 

and thus increases other branching r a t i c s . Roughly we obta in 

P(@-r b t } = . 2 r ( © - ^ 3 3 l o , n , ) 

where the left hand side includes T T , Z, and W contributions 

(Widths for ®—* uu, dd, cc, ss are ofcource comparable in magnitude). 

A detail theoretical study on the possibility of observing asynn#tries 

associated with weak decays of ® seems to be worth while, I. is quite 

possible that new information on W and Z can be deduced from parity 

violating asymmetries in the decay products of © . 

While decays of D mesons are extrearoly interesting, unlike K meson 

decays, they do not show any sign of D -D mixing . This is probably 

because the life time of D meson is much shorter than the characteristic 

time required for mixing. The shortness of the life tine is due to the 

fact that c quark is the heavier of the two members of the weak isospin 

doublet. Corresponding qualitative statement for the weak isospin doublet 

C ^ j b ) is th»t we do not expect T -T mixing while B -B mixing 

is possible , It should then be extreamly interesting to make a detail 

study of B decays. Such a study is under way at CESR. Can TRISTAN 

compete with CESR in B meson physics? I f © is produced at TRISTAN, we expect 

a finite branching ratio for 
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Also , there w i l l be considerable d i f ference between BB events from 

*]f,- end 0 decays. At CESR, BB are p r a c t i c a l l y at res t while at 

TRISTAN, the pair w i l l be e n e r g e t i c . Therefore, the p o s s i b i l i t y of 

TRISTAN making a s u b s t a n t i a l contribut ion t o B meson phys ics should 

not be ruled out . Such c o n s i d e r a t i o n s , however, depends c r u c i a l l y 

on various resonance parameters. 

In designing TRISTAN d e t e c t o r s , i t i s important to learn from 

d i f f i c u l t i e s experienced by o thers . After over a year of running, 

CESR has l e s s than 20 events in which two e l e c t r o n s , two muons, or an 

e lec tron sndimuon are i d e n t i f i e d . There are l e s s than 100 events in 

which two K mesons are i d e n t i f i e d . Note that almost a l l BB decays 

contain two K mesons. I t i s very hard to ask a d e t a i l e d quest ion 

about B decays under such c icumstances . A detec tor with gooH e f f i c i e n c i e s 

in i d e n t i f y i n g U-f e and K p a r t i c l e s i s the key to success of TRISTAN. 
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NOTE ADDED IN COLLABORATION WITH T. T. WU: 

Given that the budget of TRISTAN is higher than that proposed 

for CESR 50 at Cornell, it is natural to raise the question whether 

TRISTAN can be modified to produce Z . If this can be accomplished, 

then TRISTAN will undoubtably be the most important accerlerator 

in the world, and it will produce enormous amount of new physics 

in connection with Z . 

As already extensively discussed in connection with CESR 50 

end the single pass collider SLC at SLAC, the luminosity requirement 

at Z nay be quite modest for very significant physics. Thus the 

major obstracle for TRISTAN to reach the necessary energy (93/2 GeV 

for e«ch beam) to produce Z is the bending radius. Because of the 

shape of KEK Laboratory, the bending radius can be significantly 

increased by using a horse track design for the accerlerator similar 

to that of DORIS at DESY. Of course this requires, among others, 

a larger beam pipe because of synchrotron radiation. As shown in the 

figure bzlow, the bending radius can be increased to A/3 of the preaent 

design. If 35 GeV per beam can be reached (possibly with super conducting 

RF) with the present configuration, this increase in the bending radius 

enables TRISTAN to produce Z°. 
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Comments on a possible detector at TRISTAN 

Y. Totsuka 
LICEPP, Univ. of Tokyo 

A b s t r a c t 

Comments on a detector concept at TRISTAN are presented 
from some experiences at the JADE detector. 

1. General consideration 
TRISTAN is the first e +e~ colliding machine in Japan. 

Since the detector at TRISTAN will be quite different from 
those operated at the PS now, it may not be a terribly bad 
idea to talk about the experiences we had at PETRA. 

Table I shows the detectors operated at PETRA and the 
first generation detectors at DORIS. One sees that most of 
the detectors are magnetic and cylindrical. Many people 
indeed think that the magnetic/cylindrical detector is the 
best under present technology. It is Interesting to see 
that none of the experimentalists who had been working at 
DASP (non magnetic, non cylindrical) chose a non-magnetic/ 
cylindrical detector at PETRA. They are split into three 
groups and working at CELLO, JADE and TASSO. Obviously a 
magnetic detector enables one to get very important informa
tion like charge and momentum of the particles thus pro
ducing a large variety of physics results compared to a 
non-magnetic one. I think detectors at TRISTAN should be 
magnetic. 
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How about a cylindrical structure? Big advantages of 
the cylindrical shape are, among many things, ease for 
construction, good uniformity In azimutha1 direction (impor
tant ) . However if one has a close look at the cylindrical 
detectors listed in Table I, one notices one bad point, 
which is common in all of them, namely gaps in the shower 
counters. For example Fig. 1 shows the region not covered 
by the JADE shower counters. It extends rough 1y from 
cos g = 0.8 to cos e = 0.9. This turned out to be a source 
of many troubles in analyses. A good example Is a reaction 
e e~ —> Tvv. One looks for events which have only a 
single photon in the detector. The shower counters with 
holes will generate a number of candidate events coming 
from the reaction e'e — t YYY and two oi the 7 's escaped 
from the holes, thus the analysis of the above reaction 
completely inaccessible. Yet if you insist in a cylindrical 
detector, you have to somehow arrange the detector compo
nents so that the shower counters should not have any holes 
in the fiducial region. Or, you seek for another possibility 
1 ike a spherical detector which I think is an ideal detector 
for e e . It may be worthwhile to spend some t i me to see 
a possibility of a magnetic spherical detector. 

The importance of a hadron calorimeter should not be 
forgotten. Its usefulness is clearly shown by the excellent 
performance of the Mark-J detector. It is true that at PETRA 
energies you do not need a detector like JADE plus a hadron 
calorimeter. The present systematic error of R at JADE for 
example is 7% (will be 5% in near future) and it is unlikely 
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that this value is reduced by an additional hadron calori
meter to JADE. On the other hand the great thing of the 
hadron calorimeter is that one can save a lot of time for a 
very tedious work like a subtraction of 2 photon processes 
beam gas and T + T - background from the one photon annihi
lation process. I want to demonstrate it here. Figs. 2c-f 
show how one can improve the resolution of the visible 
energy (W = 30 GeV) under the proper use of the hadron calo
rimeter^1 . In the figure the following procedure is made; 

For each hit of a calorimeter pad, calculate the sum 
(Ech) of the hitting charged particles obtained from the 
inner detector. Let Ecal be the deposited energy in the 
pad. Then use Ech instead of Ecal if Ecal < Ech + 2o , 
where o is the calorimeter resolution, o= 0.6/^Ecal. 
Otherwise consider that the calorimeter detected addi
tional neutral hadrons and assign an additional "particle" 
with energy Ecal-Ech. The detector was assumed to be 
6.8m in diameter and 7.1m in length. One sees a signifi
cant Improvement of the visible energy resolution even 
at such a low energy (W = 30 GeV). It is now a trivial 
business to distinguish one photon events from other 
processes. The situation will be much better at the 
TRISTAN energy and I suggest to spend another time to 
think about a possibility of the hadron calorimeter 
(incorporated in a magnetic detector of course). 
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2. Possible improvements of the JADE detector for TRISTAN 
Let us assume that you want to build a JADE 1Jke detector 

at TRISTAN (your detector will be very similar to i t anyway). 
The JADE detector (Fig. 3), which I am working with, has 
been taking data since July 1979. Its performance is excel
lent and In fact a number of results have already been pub
lished. However during the course of data taking and analy
sis, several bad features become visible, which can be avoided 
In a future detector at TRISTAN. Here I should like to briefly 
comment on them. 

2-1. Amount of material up to the last wire of the chamber 
Material inside the last wire of the chamber consists of 

the vacuum pipe (4mm Al), the scintillator (10mm Plastic), 
the inner wall of the chamber vessel (7mm Al ) and other 
stuffs like gas, rohacell, kapton, etc. It ends up with 
approximately 0.18X measured in the direction perpendic
ular to the beam. This is extreme 1y thick in many respects; 

1) It is very hard to obtain charged mul tip] lei ties 
due to a large number of converted pai rs and 
hadronic interactions. 

o 
2) To identify K s one needs a lot of delicate works 

because of deterioration of the direction and/or 
momentum of decayed n mesons which interacted 
with the material. 

3) One has to estimate an unreliable correction factor 
for free quark production, whose detect!on was one 
of the selling points of JADE. 



One has to reduce the amount of material inside the 
chamber as much as possible. To do this, one could first 
eliminate trigger counters {beam pipe counters) which do 
not play any significant role (it turned out that the 
synchrotron radiation kills most of the counters). As a 
next possibility one could fuse the vacuum pipe and the 
inner chamber wall into a single pipe. It may be possi
ble to reduce the material to a few % of X . 

o 

2-2. Ring structure of the JET chamber 
(2) The JET chamber' ' Is a sophisticated pressurized drift 

chamber. The chamber is made up of many cells. The cells 
are grouped into three rings radially (see Fig. 4). At 
present the momentum resolution of the JET chamber can be 
expressed 1 ike 

P * 

u s i n g the formula 

270p . 

A P * Cr» 
p 2 0.03LB V N+4 

- 109 -

The e x p e r t s b e l i e v e t h i s o . i s too b i g and about h a l f 
rip 

of it comes from a sy sterna tic error, which is mainly due to 
relative misalignment of the three rings. How to improve it 
is clear; take out the ring structure and make it simpler. 
Note that it also reduces a very heavy burden of determining 
the various chamber constants, tor which one needs to ana
lyse over a million of cosmic ray tracks. 

2-3. Chamber electronics 
A great feature of the JET chamber is that one can meas

ure dE/dX. So far we have obtained the dE/dX resolution of 
13% FWHH for bhabha events. On the other hand tracks in 
multihadronic events give much worse resolutions ( £. 20% 
FWHM) , part of which is attributed to crossing and over
lapping tracks thus reducing number of useful samplings. 
The other source of the bad resolution is believed to come 
from an electronics effect. A similar effect is observed 
also in the Z-resolution. The analog part (amplifier etc.) 
of the electronics is said to do bad probably due to a 
number of capacitive couplings which cause undershoots of 
pulses, thereby resulting a shift of the base line (pedes
tals) for successive signals. This part should be improved 
at the TRISTAN detector, although it may not be very easy. 
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2-4. Shower counters 
JADE uses the famous 2700 lead glass counters for shower 

detection. Every part works quite satisfactorily, e.g. gains 
of the PMTs did not change more than 5% over a year and 
even a single PMT was not broken so far. A death rate of 
the ADC (LRS2282A) is quite low. But,- I have to confess 
that our gain monitoring system is not very much like what 
we expected. The gain monitoring system consists of a Xe 
lamps (EGG210) plus quartz optical fiber system. The light 
pulses of the Xe lamps fluctuate (FWHM~10% the peak ampli
tude, occasionally shifts to 10~20%) from pulse to pulse, 
so that one needs a standard light source to monitor this 
light fluctuation. There seems to be a problem in the 
stability of the standard light source (Nal + Am ). 
Two things have to be improved: 

more stable monitoring of the light (use of a silicon 
diode), 
more stable light sources or lamps. 

(Note that thanks to good performance of PMTs bhabha events 
suffice to calibrate the lead glass counters at present). 
2-5. v-chambers 

The JADE p detection system consists of about 650 drift 
chambers forming 5 layers of huge walls. Its operation has 
been no problem. The only problem that one has to think is 
that the estimation of the time schedule and man power must 
be accurate, otherwise the construction may well be delayed 
over several months. The lesson you get from JADE is, 
Build the muon detection system in time! The muon detector 
is as Important as the photon detector at the TRISTAN energy. 
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2-6. Trigger hardware 
The present JADE trigger system consists mainly of: 

1) total shower energy > 4 CeV (> 2 GeV at Ebeam = 6 
GeV), 

2) at least 1 track in the JET chamber • 
total shower energy > 1 GeV • > 2 1'OF counters, 

3) collinear 2 tracks in the JET chamber • S 4 TOF 
counters. 

Trigger 1) together with 2) gives a very unbiased sample 
of the multlhadronic events. Trigger 3) is aimed to take |i+ 

and T T events (a large number of cosmic rays, too). 
A nominal trigger rate is 2-4 trig/sec, and dead time 
roughly 10%. The system works excellently in the normal 
machine condition. 

However the PETRA machine is not always In good condition 
and sometimes the detector suffers from a severe background 
The trigger system should in principle live with a sick 
condition of the machine. Unfortunately the present trigger 
hardware is not completely immune against the large back
ground. Several improvements are suggested here: 

1) a simple total sum of the shower energy is too 
naive One needs at least a coincidence between 
the two end cap counters. This will reject all 
off-the-orbi t tracks which hit one of the end cap 
counters. 

2) The trigger scintillation counters (= TOK counters) 
are sensitive to soft X rays (hard component of 
the synchrotron radiation). It is desirable to have 
a coincidence between the trigger scintillation 
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counter and the shower counter behind it. 
3) A track in the trigger hardware is defined on a 

cell-basis. This is too coarse. Its remedy is, 
however, not simple. One reduces the cell size 
and therefore finer track definition, that is, 
a complete modification of the chambers, or one 
tries to pick up position (i.e. time) information 
in a very fast way. The latter method seems to 
be possible, although the corresponding electronics 
wil 1 be much more elaborate. It is worthwhile to 
investigate. 

3, Summary 
1) magnetic detectors should be pursued at TRISTAN. 
2) cylindrical detectors are fine but other possibilities 

like a spherical magnetic detector should also be 
considered. 

3) The hadron calorimeter Is valuable at the TRISTAN 
energy, 

4) There are many points which can be improved in the 
JADE detector, some of which are, chamber construction 
and electronics, gain monitoring system of the shower 
counters and the trigger hardware among other things. 
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Table I 

Machine Detector Magneti c Cy]indrJ cal Hadron calorimeter 

PETRA CELLO * * 
JADE * « 
MARK-.! (a) * 
PLUTO x x 
TASSO X x 

DORIS DASP 
PLUTO X X 

- -

(a) magnetic for muons 
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Figure Captions 

Fig. 1: A view of one of the end cap shower counters of 
the JADE detector. The last ring of the barrel 
shower counters is projected on the plane, showing 
a gap between barrel and end cap. 

Fig. 2: A monte carlo simulation on a role of the hadron 
calorimeter. See the text for details. 

Fig. 3: A schematic view of the JADE detector. 
Fig. 4: 2 basic segments of the JET chamber. The JET chamber 

consists of 24 such segments. 
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1) Monte Carlo Event Generation: MC-subgroup 
Supply design tools to other sub-working groups. Also build up 
the bases for pattern recognition and physics analysis. 

1. Abe, Kohya 
2. IsMl, Takanobu 
3. Egava, Kazuml 
4. Yamagata, TakeCora 
5. Hirose, Tachlshige 
6. Fukunaga, Chlkara 
7. Hattorl, Yukiya 
8. Matsumoco, Shigeo 
9. Mlyashita, Shigeyuki 
10. Oyanagi, Yoshlo 
11. Kamon, Terukl 
12. Ohshlrca, Nobuakl 

13. Okuaawa, Tohru 
14. Nakamura, Teruo 
15. Klkuchl, Ryuzaburo 
16. Nakamura, Takashl 
17. Yoshloka, Masalchiro 
18. Takasakl, Fumlhlko 
19. Pukawn, Mlneo 
20. Klchimi, Hlromichl 
21. Ochlal, Fumlo 
22. Unno, Yoshlnobu 
23. Mlura, Yasuko 

Dept. of Physics, Tohoku Univ. 
INS, Tokyo Univ. 

Dept. of Physics, Tokyo Metropolitan Univ 

Dept. of Physics, Chuo Univ. 
Dept. of Physics, Tsukuba Univ. 
Dept. of Engineering, Tsukuba Univ. 
Dept. of Physics, Tsukuba Univ. 
Dept. of Engineering, Tokyo Univ. of 
Agriculture and Technology 
Dept. of Physics, Osaka City Univ. 
Dept. of Physics, Tokyo Univ. 

Dept. of Physics, Kyoto Univ. 

Dept. of Physics, KEK 

Dept. of Engineering, KEK 

2) Tracking Chamber: TC-subgroup 
Evaluation of different types of central detecor, end-cep detector, 
etc. Tracking, dE/dx, etc. Also configuration and the strength of 
the magnetic field. 
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3) Calorlmetor: CAL-Bubgroup 
Evaluation of different type of Electro-nurnetic calorimeters. 
Energy Resolution* spatial resolution. Necessity of '->adron calot •fmetry. 
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it) TOP, Cerenkov Counter, etc.: TOF-subgroup 
General question on particle identification other than dE/dx. 
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5) Readout Electronics: RE-subgroup 
Pre-amplifier, TDC, ADC etc. Possibility to develop the universal 
devices. 

1. Ohshima. Takayoshi 
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6) Data Acquisition and Processing: DA-subgroup 
Data acquisition structure, distributed Intelligence for detector 
testing and calibration, on-line (host) computer, micro-processor, 
network and *»us, etc. 
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4. Ono, ALSUO 

5. Mlyano Kazumar.a 
6. Chlba, Junsel 
7. Mayano, Ryngo 
8. Ifkal, Kunataro 
9. Asano, Yuzo 
10. Okusawa, Tohru 
11. Yoshloka, Maaalchlro 
12. karlta, Yuklo 
13. Banno, Yoshlakl 
14. Watase, Yoshlyuki 
15. Inaba, Susunu 
16. Ikeda, Hlrokazu 
17. Kurokawa, Shlnlchl 
18. Suzuki, Atsuto 
19. Yasu, Yoshijl 
20. Kodsna, Hldeyo 
21. Murakasl, Takeshi 
22. Ujlle, Horlhlko 
23. Shlaokoflhl, Furalo 
24. Inoue, E1J1 

Dept. of Physics, Hiroshima Univ. 

Dept. of Physics, Hiroshima Univ. 
College of General Education, Kobe Univ. 
Dept. of Physics, Nilgata Univ. 
Dept. of Physics, Tokyo Univ. 

INS, Tokyo Univ. 
DIv. of Engineering, Tsukuba Univ. 
Dept. of Physics, OBnka City Univ. 
Dept. of Physics, Kyoto Univ. 
Dept. of Engineering, KEK 

Program Coordinator's Office, KEK 
Dept. of Physics, KEK 

Dept. of Physics, Tokyo Univ. 
Dept. of Physics, KEK 



- 126 -

7) Interaction with Accelerator; BM-aubgroup 
Analysis and evaluation of beam including back-grounds, mini-
vacuum-pipe, pump, etc. 
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