
KEK 80-4 
August 1980 
TRISTAN 

REPORTS OF THE IV TRISTAN WORKSHOP 

Edited by 

Fumihiko TAKASAKI 

NATIONAL LABORATORY FOR 
HIGH ENERGY PHYSICS 



© National Laboratory for High Energy Physics, 1980 

KEK Reports! are available from: 
Technical Information Office 
National Laboratory for High Energy Physics 
Oho-machi, Tsukuba-gun 
Ibaraki-ken, 305 
JAPAN 

Phone: 0298-64-1171 
Telex: 3652-534 (Domestic) 

(0)3652-534 (International) 
Cable: KEKOHO 



Preface 
The fourth TRISTAN WORKSHOP was held In May, 1979. Many people of 

the physics department of KEK joined the discussions about physics 
goals, detectors and supporting facilities of the e-p and e e colliders 
at TRISTAN. We present here some of the reports contributed by the 
people of Physics Dept., KEK, at the workshop. 

Fumihiko Takasaki (KEK) 
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An example of e-p colliding machine experiments 

at TRISTAN 

e-p study group, Physics Depirtmant, KEK 

This is a design report of a possible detector system of 

the e-p colliding machine experiment at TRISTAN. 

The aim of this note is to know what kind of detectors should 

be developed and what kind of requirements the TRISTAN machines 

and the environmental supporting facilities should fulfill. 

Content 

1. Physics 

2. Characteristics of the final state particles. 

3. Survey of detectors 

4. Forward Electron Detector System 

5. Central Electron and Hadron Detector System 

6. Backward Hadron Detector System 
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1) Physics 

The TRISTAN e-p collider provides us several orders higher magnitude 

of energy of electrons and photons than the existing electron, muon and 

neutrino beams. It is anticipated that it enables us to Investigate much 

more inner structures of particles and that it may disclose new phenomena 

and new particle*. 

With our present knowledge, hadrons have an inner structure, consisted 

of quarks, while leptons and quarks are considered to be point like 

particles. To see whether'they have further structure or not can only 

be tested at the extremely high energy e-p machine. QFD ' and QCD 

are most celebrated theories describing interactions of leptons and 

quarks, in which forces are mediated by the gauge bosons, namely, the 

photon and weal: boson in QFD and the glueon in QCD. Although the 

existence of quarks and gauge bosons except photon is not yet proved, 

these theories work so successfully at the evergy region so far available 

that it is quite tempting to see if they still work or not at extreme high 

energy or at very short distance attainable by TRISTAN. 

One more important problem that is left unsolved is how to generate 

masses of particles. Weinberg-Salam model of leptons is an attempt to 

solve this problem. In this theory, the Higgs particle plays .in essentia] 

role incorporated with the concept of the spontaneous break down of the 

symmetry. The search for guage bosons and Higgs particles vill ba, then— 

fore, one of the most interesting challenges at TRISTAN. 

We can also expect to get imformations about the very high energy 

behavior of the photon interactions with the matter. 

*) Quantum Flavor Dynamics 

**) Quantum Chromo-Dynamics 
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2) Characteristics of the final state particles 

The big energy Imbalance between the electron and proton beam, 
makes the e-p colliding experiments quite different from other colliding 
machine experiments. 

In the case of 20 GeV electron and 300 GeV proton collisions, it is 
almost like a fixed target experiment with the incident beam energy of 
280 GeV. Most produced particles are boosted to backward angles 
relative to the incident electron beam. 
Kinematics 

To have more realistic ideas, we have simulated deep inelastic 
scattering processes and almost real photon induced processes by Monte 
Carlo method. 

Kinematic variables ve use are shown below. 
p and p . : the momenta of the incident and scattered 

electrons respecitvely 
P and p , : those of protons. 
M and m : Masses of the proton and electron, p e 2 Variables S, q, Q , v,v max, x and y are defined as usual by the following 

s » **V P

P 

q - Pe - V 
Q 2 . 

V - (pp.q)/2Mp 

* „ - S/2Mp 

x * Q 2/2(p.q) 

y « v/v 
max 
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The missing mass squared of hadrons in the final state in the case 
when only scattered electron is observed, as given by the following 
equation, 

Mx 2 - 4v-Mp - Q 2. 

Using the variables above, we explain the simulation procedure. 
1) Choose the variable x and y. 

2) Assuming the log Mx rule of the mean multiplicity of hadrons 
in the decay of "JETs", we choose the number of hadrons 
according to the Poisson rule. 

3) Assuming the flat rapidity distribution of decay products of 
the JET, we assign longitudinal momenta of hadrons along the 
direction of the JET in the nucleon rest frame. We consider 
only pions in the final state. 

4) Transverse momenta of hadrons relative to the JET axis are 
given according to the Gaussian law and the mean Pt * 0.3 
GeV/c, keeping the energy momentum conservation. 

5) Boost back all particles (in this procedure we assume only 
pions in the final state) to the colliding machine system. 

6) In the case of processes, induced by almost real photons, we 
2 2 

limitted Q less than 0.02(GeV/c) (i pion mass squared). 
Results of Che above simulation are summarized. 

1) Scattered electrons are distributed in the angles 0° to 150°, 
relative to the direction of the incident electron with 
momenta ranged from 20 to 50 GeV/c, if one limits event rate 
of greater than 100/day for Ax and Ay of 0.2, assuming the 32 2 luminosity of 10 /cm sec and the following cross section formula, 

2 2 
d ° - , **" in , V } F + X V

2
F \ dxdy 2 2 1 U y ) t 2 + x y *li 

U -



F x - (1 - X ) 3 . 

2) Although we produced only one JET in the nucleon rest system, 

produced hadrons form "two JET" like structure, namely, those 

clustering around the proton beam ("nucleon fragmentation JET") 

and those forming "current JET" which counterbalances the 

momentum of scattered electron. Particles in the fragmentation 

JET may have momenta higher than 100 GeV/c, while those in the 

current JET are at most 50 GeV/c. 

3) To the forward angle of the incident electron, not so many 

h=tdro»s appear in the case of deep inelastic collision and also 

massive hadron production processes by the almost real photon. 

4) In the almost real photon events, the scattered electron comes 

out naturally close to the electron beam. 

We show in Fig. 1 the distribution of the scattered electrons and the 

produced badrons for the deep inelastic scattering. 

In the above simulation, we assumed the one-JET structure and the 

production of only pions. Actually there may be multi-jet events and 

the production of various kinds of particles. Therefore detectors 

should be able to tell the number of jets. Since pions would dominate 

final states, it would be quite important to identify particles, especially 

when one wants to make triggers by the specific particles. 

Although wu do not describe simulations of other processes, gross 

features resi-mbluH to tlit* deep inelastic process, especially in the case 

of m.'issive part ic It- production processes* which we are in teres tud In. 

From the observation above, we want to split the detector system of 

the final state particles into three blocks, 1) forward electron detector 
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system (FEDS), 2) £entral electron and hadron <[etector system (CEHDS) 

and 3) backward hadron detector system (BAHDS). FEDS detects particles 

with angles between 0* and 10*. CEHDS covers from 10* to 170°, while 

BAHDS covers angles of 170° to 180°. FEDS can be used also as a tagging 

system for the almost real photon induced processes and as a luminosity 

monitoring equipment. 

3) Survey of detectors 
*) We want to survey various detectors for the high energy particles. 

Detectors are used to indentify particles and to measure their momenta 

and positions where they traverse. 

To know momenta or energies of particles, there are two well used 

methods: 1) One utilizes the magnetic field, which bends charged 

particles according to their momenta. 2) The other one is based upon the 

measurement of the energy lost in the material through the shower processes, 

which is related to the primary energy of particles (Calorimetric method.) 

The momentum resolution attainable by various detectors are shown 

in Fig. 2, as a functions of the particle momenta. In the estimation, 

we assumed the typical position resolution for the tracking of the 

trajectory and the field strength, that is available with the present 

technology. From this figure one understands that momenta of electrons 

and gamma rays are known well by the Nal and lead glass counters except 

at the low energy region, while hadron momenta should be measured using 

the magnetic field below, say, 50 GeV/c. 

*) For the recent excellent review of detectors, see, for example, 

F. SAULI; Principles of Operation of multiwire propotional and 

drift chamber : CERN 77-09 

S. IWATA; Calorimeters for high energy experiments : Di'NU-3-79 
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To measure hadron momenta at the energy region higher that 50 CeV/c, 

one should use the calorimetric method. In the case much stronger field 

is available, the use of magnets is of course to be considered. 

For the detection of the muon momenta, one should rely upon, the 

magnetic field method. 

For the particle identification, many sophisticated methods have 

bftin invented. They are based on the following ideas. 1) Measure both 

momenta, P, and velocities, 0, of particles. Then masses can be deduced 

from them, m » P/S. The velocity can be measured by, for example, the 

Tinn; of Flight methods, the Cherenkov light detection, the ionization 

lc^s detection, the transition radiation detection, ... 

2) Since electrons am? gamma rays cause characteristic electromagnet!; 

showers in the material, they can be easily distinguished from hadrons. 

3) Neutral particles do not ionize atoms and are not bent by the magnetic 

field. So, they can be also distinguished from charged particles. 

To konw the trajectory of particles, we usually use the scintillation 

counters and the various wire chambers, depending upon the required 

position and time resolution and the enviromental conditions. 

As the event rate would be at most 10 per second even, for the 
32 2 luminosity of 10 /cm sec, most detectors can be applied from the view 

point of the repetition rate. According to our present knowledge, the 

drift chamber offers us the best position resolution (Ax ̂  0.05 ) . 

It can be used in the magnetic field. 

Although to make large chambers and counters needs, R E D would be 

necessary those of a few meter by a few meter can be manufactured. 

4) Forward Electron Detector System (FEDS) 

In the I-'KDS, we expect most particles are electrons, whose momenta are 

below 20 CeV/c- The event rate in the angles less than 10° would be at 
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4 
most 10 /sec. The momentum resolution should be as good as 1 %. 

The angular resolution should be better than 1 

One idea for FEDS is to use an assembly of Nal and/or lead glass 

counters plus tracking chambers. 

If one wants to observe other particles than electron, one has to 

use magnet and tracking chamber assemblies. 

As an example, we give in Fig. 3 and 4 a lead glass and a Nal 

assembly, of which the former is placed 5 away from the interaction 

point and the latter 10 away. They cover the angles from 10 to 

1 7 0 m r a d . The radiation length of one block is 15. The number of 

counter blocks amounts to 400. These assemblies are preceeded by 

tracking chambers (Fig. 5). As the tracking chambers, we use drift 

chambers. The positions resolution would be better than 0.1 . The 

angular resolution will be limitted by the smearing due to the multiple 

scattering. 

5) Central Electron and Hadron Detector System (CEHDS) 

In the central angles, we have to detect scattered electrons, 

produced hardrons, y rays and muons. 

Their momenta are at most 50 GeV/c. The event rate will be less 

than 10 /sec. The momentum resolution should be as good as 1 %. The 

good momentum resolution will be important especially for the charged 

current events of the weak interaction. 

Since all of hadrons, leptons and gamma rays should be measured 

in good resolution, the use of both the magnetic field and the shower 

counter is desirable. 

Due to the large angular coverage and the quite uniform magnetic 

field, we think it would be the best to use a solenoidal magnet with its 

field axis parallel to the beam direction. In this configuration, 



charged particle* make the spiral notion around the field axis. So, the 

momentum transversa to the beam direction can be measured easily. 

Tracking* of particle trajectories is dona by cylindrical drift chambers. 

To minimize the effect of the magnetic field to the drift of ionized 

electrons,.there is a limit to the drift distance, so long one does not 

make the electric field modification to compensate the effect of the 

magnetic field. The Z coordinates of the trajectories are known by the 

charge division technique or by the measurement of the induced pulses on 

the segmented cathode planes. 

The attainable momentum resolution is given in Fig. 2, in which we 

assumed the field strength of 1.5 . 

The shower counter is used not only for the energy measurement of 

electrons and gamma rays but also for the distinction of electrons from 
-4 other charged particles. The pion rejection factor of 10 can be 

achieved by measuring the feature of the shower development in the 

counter. In case one uses the lead glass counters in the place where 

the high background of hadrons is expected, they should be split into a 

few pieces, whose out put pulses should be carefully analysed for the 

good hadron rejection. 

The identification of charged hadrons is not easy when hadrons 

momenta are high. In this note, we rely upon the measurement of the 

ionization of gases in the tracking chambers. We want to make samplings 

about 90 times for each trajectory. We show a typical example of this 

kind of measurement in Fig. 6, taken from the paper of SAULI/CERN-77-09. 

An alternative way to identify charged particles, is to use the 

Cherenkov counters, in which one measures the ring of the cherenkov 
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light focused on some detectors, for exmple, propotlonal wire chambers. 

Both methods presented above are still to be studied before they 

are used reliably. 

The time of flight measurement is also a powerful method to Identify 

very low momentum particles. 

To identify muons, one has to filter out charged particles by thick 

material. The probabllty of punch through of hadrons is expressed by exp 

(-A/A ) , where A is the thickness of the filter and A is the absorption o o 
length. Tracking chambers placed between and behind the filters help co 

distinguish muons from punch through hadrons, using the fact that the 

deviation of the trajectory from the incident direction in the material 

is larger for hadrons than the muon of the same momentum. 

Based upon the above consideration, we design a detector system 

for CEHDS. 

In Fig. 7 and Fig. 8, we shown a side view and a top view of a 

whole central detector system. Parameters of various detectors are 

given below. 

•Superconducting solenoidal magnet 

-The diameter 2.4 m 

•The length 3 m 

•The field strength 1.5 T 

•Inner tracking chambers : drift chambers 

•The drift length : less than 5 , , i m 

*) For example, S. Durkin et al. Preliminary results on tests of a 

cherenkov ring imaging device employing a photoioni-

zation PWC/SLAC-PUB-2186 
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•The number of anode wires along the radial direction : 91. 

-The charge division read out for the Z-coordinate : a z ^ 1 Z 

of the wire length. 

-The number of total anode wires : 25 

•The position resolution in ^-direction : 0.1 

•Electromagnetic shower counter : lead glass counters 

•The radiation length : 15 - 37.5 c m long for SF 5 

•Total number of lead glasses : - 1600 pieces 

•Photomultlplier tubes : 5" in diameter 

(An example to use the lead glass counters for the end cap 

electromagnetic shower counter, is shown in Fig. 9.) 

•Iron return-yoke : 250 

•muon filtering iron blocks : 300 ° 

•muon chambers : drift chambers 

•The drift length : 5 c m 

•The total number of anode vires : 1.5 

The momentum resolution for the charged particles is given by the 

following equation, 

Ap/p « 0.1 * p/sinO % (p: GeV/c, e: production angle), 

sumei 

strength of 1.5 T m. 

6) Backward Hadron Detection System (BAHPS) 

BAHDS is expected to measure hadrons that are produced very close 

to the beam pipe with momenta up to 300 GeV. If one wants to know their 

momenta with the accuracy of 1 % by relying upon the magnetic field, 

one has to have the field strength of at least 5 . On the other hand, 

one can get energy resolution of a few percent by the calorimetric 

method for hadrons with their energy higher than 100 GeV. Since by 
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the calorimetric method only, we can not get good energy resolution 

at the energy below 100 GeV/c, the combined use of the magnetic field 

and calorimetric method is again desirable. In case one uses the 

magnetic field, it should not have any effect on the beam particles. 

One more thing that should be worried about, is that, since many particles 

come out is a narrow cone around the beam pipe, detectors should be able to 

access to the beam as near as possible. 

Designing a non-magnetic version of detectors is straight forward. 

One simply puts around the beam pipe 10 radiation length long electro

magnetic shower counters for the Y ray detection, which are followed by 

10 absorption length hadron calorimeters. They should be preceded by 

the tracking chambers. It should cover angles of 0° to 10° from the 

proton beam. 

The minimum accessible angle depends upon the length of the straight 

section at the collision erea. Assuming the beam pipe of 20 in 

diameter and the length of the straight section to be 30 , the minimum 

detectable angle would be about 7 a . To detect those particles with 

lesser production angles, we should have another detectors in and behind 

the beam handling magnets. 

As an example of the application of magnet for the BAHDS, we consider 

a possibility having a large dipole magnet. Since the magnetic field is 

perpendicular to the beam in this case, a magnetic field shielding device -

such as a shielding using the Meissner effect - should be cquiped around 

the beam pipe. Such a shielding has long been studied and is already used 

in some exDeriments, It is noted that the synchrotron light may heat up 

the tube and may destroy the superconductivity. So R & D is necessary 

for the realization of this idea. In this note, we assume that it is 

solved. The magnetic field around this device will be distorted a 
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little bit. Consider a dipole magnet with the dimensions of the field 

volume of 2° high, 2 m wide and 4 m long and for the field strength of 1 . 

Considering the convenience ",o install this gigantic magnef into the 

experimental erea and the detectors in the field volume into account, 

we want to use a symmetric pair of C-type magnets, which consist effect

ively a H-type magnets. (See Fig. 10) The current amounts to 2 x 10 AT. 

The field distribution is depicted in Fig. 11. The field distortion 

due to the shielding pipe can be estimated by introducing a small dipole 

magnet, with which the field at the beam erea is extinguished. 

A pipe made of NbTi with the diameter of 2 0 c m and the thickness less than 

1/2 rad lenth will produce a field free space inside the beam pipe. 

The weight of this magnet is estimated to be about 8 0 0 t o n s . 

We install tracking, chambers and calorimeters inside the magnet. 

We have depicted in Fig. 12, and Fig. 13 a side view and a top view of 

the whole detector system. 

Parameters are given for various detectors below in the case using 

the dipole magnet. 

•Magnet: 
T the field strength : 1 at the center 

the pole gap : 2 m 

the pole dimensions : 2 m wide and 4 m long 

•Tracking chambers : drift chambers 

the number of planes : 10 

the drift length : less than l C m 

the number total anode wires : 1 

the charge division read out for the y-coordinate 

•Electromagnetic shower counters 

the lead and the sintillator sandwitch : l S r a d length 
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•Hadron calorimeter : 7 absorption length 

•The vomentum resolution would be Ap/p - 0.02xp % (p: CeV/c), 

assuming the position resolution of Ax - 0.1 and the field 

strength of 4 . 

In conclusion, we make following remarks. 

1) Although we have not discussed the troubles that may be caused by the 

synchrotron radiation, we believe that it can be somehow controlled, 

lc irning the experiences at the PETRA and the PEP. 

2) Most detectors are well studied ones, but R & D are necessary for the 

particle identifiers; the ionization measurements, the cherenkov 

counter systems, .... 

3) The minimum space of the experimental area will be something like a 

volume of 30 long, 10 wide and 10 high. As an example, we have 

depicted an experimental area in Fig 14, which accomodate FEDS, CEHDS 

and BAHDS. 

4) We have not discussed the luminosity measurement- Since the detection 

of the electron and the proton in coincidence in the elastic e-p 

scattering will be difficult if the momentum transfer squared |tj is 
o 

larger than a few (GeV/c) , we have to rely upon the measurement of 

other well calculable processes for the luminosity monitoring. 

5) We have not considered also the problems related to the polarized 

electron proton scattering. Since it is reported that the electrons 

polarize naturally along the direction vertical to the orbit plane 

at the PETRA, It will be quite hopeful to have the longitudinally 

polarized electron beam. The monitoring of the polization can be 

achieved by measuring the scattered laser beam off the electron beam. 
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Spectrometer magnets for colliding machine experiments 

S. Sugimoto, Physics Department, KEK 

Role of spectrometer magnets 
1) 2) 

Non-magnetic detector (e.g. calorimeter ) is a simple and useful 

device for the study jf the inclusive electron-proton scattering 

(ep -» e'x) and the R-ratio in e e" collision. 

The magnetic spectrometer is, however, quite useful for the detailed 

study of final states. For reactions producing neutrinos (i.e. charged 

current, new leptons and new quarks), the momenta of all produced hadrons 

and leptons (except neutrino) have to be measured over large spatial 

region (4n ideally). Also in the jet physics, the total energy, momentum, 

Invariant mass, sphericity, thrust and flavour have to be measured using 

the calorimeter and the magnetic field. 

The use of the magnetic field has the following advantages, 

(i) Good momentum resolution for charged particles 

Using the magnetic field and suitable tracking chambers, the 
3) following momentum resolution can be obtained, 

Ap/p % 0.002 p/(L 2B) (GeV/c/m2T) 

The energy resolution obtained with the calorimeter is expected as 

follows. 

AE/E > 0.04//E for the electron and photon 

4E/E > 0.3//E for the hadrons 

Therefore, the momentum analysis with the magnetic field is better 
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for hadrons, especially below 30 GeV/c. 

(ii) Particle identification 

The Calorimeter can discriminate electrons (or photons) from hadrons 

fairly well, but cannot reliably distinguish K from IT. SO, the precise 

momentum measurement using magnetic field is required for the particle 
3) identification , as veil as the velocity measurement using AE/AX 

(Fig. 1), TOF or the Cerenkov light. 

(iii) Charge state determination 

It is very easy to know the charge state of a particle by measuring 

the direction of a track bent in magnetic field. The charge state is an 

important information to study flavour dependence (e.g. IT (ud) or IT 

(ud)). 

(iv) Background rejection 

Tracking in the magnetic field is one of the useful techniques to 

reject backgrounds (e.g. cosmic rays or beam-gas events). In case when 

a cosmic ray passes through a vertex region, its track looks like an 

event produced from the beam interaction (Fig. 2-a). These co-linear 

tracks can be rejected by checking their charge states and momenta, as 

veil as the time difference between T and T, (as shown in Fig. 2-b). 

4) 5) Characteristics of various magnets ' 

We discussed solenoids, toroids, split-field magnets and quadrupoles 

except giant dipoles, since the strong bending field arround electron 

beams causes the synchrotron radiation. An example of giant dipole 

magnet is discussed elsewhere in this proceeding. Characteristics of 

magnets discussed here are summarized in Table 1. 

The concept of the axial field magnet (i.e. solenoid, Helmholtz 

magnet and open axial field magnet) is shown in Fig. 3. The solenoidal 
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magnet seems to be the most popular and useful magnet as a general 

purpose apparatus. The main reason i« that the large acceptance and the 

uniform high field are easily obtainable. 

There are other magnets which have also many good properties suited 

for the special purpose. Air-core toroidal magnet shown in Fig. 4 makes 

the most efficient field for produced particles, because the field is 

always perpendicular to the tracks. The second advantage is that, since 

the field does not influence vertex region, produced trajectories can be 

easily reconstructed near verteces. Examples of ISR experiment are 

shown in Fig. 5. The toroidal magnet is also the lightest magnet, 

because the flux is closed in itself and shield iron is not required. 

Therefore toroids are effective and economical magnets, in spite of 

their complicated structures. The field distributions of toroids are 

demonstrated in Fig. 6 and Fig. 7. Since the field value can be linearly 

scaled by ampare-turns, we can easily optimize the maximum field 

considering the coil supports and critical current for superconducting 

coils. A rough sketch of toroid and chamber is shown in Fig. 8. 

The heaviest magnet might be a split-field magnet which makes the 

dipole field (vertical or horizontal) outside of the beam pipe. The 

schematic split-field is shown in Fig. 9. The field distributions using 

the open coil and the closed one are plotted in Fig. 10. The closed 
4) coil (the coil shape 1 in Fig. 10) is fairly efficient, because it 

reduces the ampare-turns and the stray field arround the beam pipe. 

The combined magnet shown in Fig. 9 has the complicated field distribution 

like a quadrupole magnet. Therefore it can be changed to a simple 

quadrupole magnet with a large aperture; i.e. Panofsky magnet shown in 

Fig. 11. The field distribution is shown in Fig. 12. 
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Acceptance of the magnetic spectrometer 

Solenoids are suited for the central detectors, because of no dead 

space in azimuthal angle ($). This advantage is very valuable to the 

detailed study of hadron and electron final state. Useful region for 

the momentum analysis is found between polar angles (0) of 30* and 150*. 

In the region between 15" and 30°, charged particles cannot be sufficiently 

bent by the magnetic field, and what is worse, will not come out through 

the hole of end-caps. Therefore, a good calorimeter system is necessary 

in this region. The kinematic acceptance for one photon exchange 

(ep •*• e fx) is shown in Fig. 13. 

Small angle spectrometers can play important roles for the detection 

of particles escaped from solenoid (0 < 15°). A toroid of lamp shape 

and split-field magnets suit for this purpose and cover the polar 

angles between 3° and 15°. Below 3" with respect to the proton beam 

direction, the proton fragment has to be measured. A common bending 

field in the region of beam insertion is available For the measurement 

of the proton fragment. If it influence badly the stable acceleration 

of the beam (e and p) the next choice of spectrometer magnets might be 

a split-field or quadrupole magnet. Long magnets (> 5m) will be set 

behind the electron insertion point and cover polar angles down to 0.5°. 

In Fig. 14 ^ 16, one example of those combination is shown. 
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Table 1 

Type | CHARACTERISTIC ADVANTAGE DISADVANTAGE 

Solenoid P_ analysis Large acceptance Influence on the 
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Track bent in $-view (except end-cap region) (spin + ) 
i . J Simple mechanical Influence on produced 

.. 
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K ™ 4 * *1 Suitable chambers 
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•'y Thousands tons of iron 
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aide view 
B-vlew (1000 -v 2000 tons) 

If ve use the mag. shield 
(on Compensations mag.) 

(Helmholtz 
Open Axial 

' • '" ' •'" 1 V" 
(1000 -v 2000 tons) 
If ve use the mag. shield 
(on Compensations mag.) 

Field) Additional material 
Toroid P analysis Effective noraenturns Dead space on additional 

measurement co i l material 
Track bent in e-viev No influence on the Complicated coi l support 

» beams (spin) (force « B ) 
+-vicv No influence on the Field i s not uniform 

/ .„ inner chambers * 1/r 
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/ -L I 
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Clasical detector 
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e e~ Experiments at TRISTAN 

T. Sato, Physics Department, KEK 

TRISTAN was originally designed to be able to do any kind of 

colliding experiment, e e , ep, pp and pp. The plan of other colliding 

Machines, PETRA, PEP, ISABELL etc. made our consideration focus onto ep 

colliding experiment. During 1978, a possibility to increase the energy 

of e e~ ring at TRISTAN up to 25 SeV was suggested by the people of 

the accelerator division. Although there are a lot of problems to 

Increase the energy of e e~ ring, it seems to be very worth while to 

chink of the possible e e~ experiments at TRISTAN. 

e e colliding experiment has a wide variety of physics. Since 

the observation of • at SPEAR , it has been realized to be the best 

way for studying new quark flavors. At higher energies, it should be 

used to study the neutral current of weak interactions in pure leptonlc 

system. 

In this note, we describe very briefly the possible experiments 

with e e colliding machine and detectors for these experiments. 

I. Physics for e e~ colliding machine 

We assume that e e~ colliding machine at TRISTAN starts with the 

energy of 25 x 25 GeV and this is the highest energy in the world. 

Although this seems to be very optimistic, but if this is true, the most 

significant thing to do with this machine should be look for new quark 

flavors and new leptons. Table I ' shows several theoretical or empirical 

estimations of the masses of expected new quarks and a heavy lepton 

together with the masses of known quarks and leptons. t-quark mass 
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lies around 30 GeV, and new lepton mass lies between 10 "" 30 GeV according 

to Table I. PETRA at DESY surveyed up to total energy of 31 GeV and 

they found no significant sign of new particles. If we believe the 

estimations of Table I, the energy of 25»SeV-* 25 GeV seems to be 

slightly low to study the new flavors. We think it is very important to 

increase the energy of e e colliding machine. 

The next thing to do is to investigate the weak effects in e e~ 

interaction. This type of experiment will give us additional infor

mations about the weak neutral current. When the energy gets higher, 

the ability to study the weak effects will get bigger compared to the 

electromagnetic effects. 

The two photon processes give dominant background to the experiments 

described above in this, energy range. We should also study two photon 

processes themselves, and to do this, we have to think of the forward 

detectors to detect the particles from two photon processes. 

1) New quarks and leptons 

It is well known that there will be an increase of R parameter 

above the threshold of new quark flavor or a new heavy lepton. The 

Increase of R (AR) is expected to be 1.3 above the threshold of the sixth 

quark (t), and M..0 above new heavy lepton. The size of R is around 

five above the threshold of b quark. If we want to detect AR with an 

accuracy of 25 %, we have to reduce the statistical and systematic errors 

of measuring R to 5 %. When we think of a large anbunt oi- backgrounds 

from two photon processes, it is not easy to measure hadronic cross 

section of e e~ collision with an accuracy of 5 %. 

After observing the increase of R, we look for sharp peaks of 

quarkonia or new hadrons consisting of new quarks. To do so, we need to 

have a detector with a good particle identifier. 
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To confirm the pair production of new heavy leptons we need to 

detect electrons and muons with relatively high momenta. Fig, 1 shows 

momentum and collinearity distribution of electron or muon coming from 

the decay of a heavy lepton with mass of 20 GeV. 

2) Weak effects 
2 Weak effects should get bigger proportional to Q , namely square 

2 
of total CM energy (E ) while electromagnetic effects are getting 

smaller. Weak effects can be observed in a various ways, for example, 

rate counting or forward-backward asymmetry of V V pair production. 

If longitudinaly polarized beam is available, we can measure the Parity-

Violating asymnetry in a pure leptonic system. This asymmetry (Ap) of 

u u pair production is described as follows assuming standard Weinberg-

Salam model 4) 

Ap • V 1 + cos8 ) 
Ap • 2 1 + cos S + F.cosB 

wh ere 

\ - -0.227 (sin2ew - l; 

h ' -0.227 for E « 50 GeV 
CM 

The values of Ap is plotted in Fig. 2 for the various values of Weinberg 
2 

angle (sin 0w). The size of Ap reaches a few percents in this energy 
2 

region. Ap is proportional to E while counting rate is proportional 
2 

to l/E c M . So the sensitivity of detecting Ap (Ap/AAp) is proportional to 
E«u a s follows, 

~E 2 

AAp , 2' cM 
"*cM 

A possibility of detecting the heliclties of T'S in T + T " pair 

production is suggested. If this Is possible, we can measure parity 

violating effect without any polarized bean. This can be done by observing 
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momentum distributions of auon, pion or other particles decaying from 

T or T . Fip. 3 shows the calculated momentum spectra of u and IT from 

T decays. 

3) Two photon processes. 

Two photon processes are the dominant backgrounds for the detection 

of one photon processes described in the previous sections. ' To separate 

two photon processes from one photon processes, we have to measure the 

total energy of hadrons or leptons as precisely as possible. Fig. 4 

shows the ratio of observed hadron energy (E ) to total CM energy (E M ) 

for the two photon and one photon processes, we assumed the resolution 

of E (AE ) to be ±5 Z. Inspite of large cross sections of two photon 

processes, one photon processes are well separated from two photon 

processes. 

In order to get AE /E ^ ±5 Z, we should measure energy of each 

particle with an accuracy of /<n>«AE /E , where <T\> is the average 

multiplicity of hadron events. Fig. 5 shows the charged multiplicity 

<n . > measured at SJEAR. If we extrapolated this tc E c M • 50 GeV, we 

will get <n .> ^ 8. We have to think of the same number of neutrals 

and we will get <n> t> 16. This means we have to measure energy of each 

particle with an accuracy of £ 20 Z. 

Another thing we have to consider is to get as large solid angle as 

possible to have a precise measurement of total hadron energy. 

Two photon process itself will be a new field of physics. This 

process makes us possible to investigate interactions of almost real 

photons and the cross section is getting higher with energy. We have 

to think of the possibility to construct a forward detector to this 

purpose. 
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4) Counting rate 
32 -2 -1 If we assume the luminosity of 10 en sec and the detector with 

the solid angle of Aw, we get the following counting rates for various 

e e reactions at E 50 GeV. 

+ -
V V 

I (u or e) 

uV 

/ 2, 
a(cm J 

3.5 » 10-35 

1.8 « lO- 3 4 

(R -5) 
-32 

3 » 10 
(W YY > 0.3) 

3.5 x 10-35 

(B.R. £20 Z) 
3.5 x ID" 3 5 

(B.R. £ 20 Z, 20 Z) 

Counts/day 

* 300 

* 1500 

* 260000 

* 60 

II Detector 

To design the detector for e e collision, we need to consider 

following conditions. 

i) To be able to detect all the charged and neutral particles with 

Ap/p < 10 %, for the separations of two photon processes from one 

photon processes, 

ii) To have electron and muon indentifier for studing new heavy lepton, 

new particles including new quark flavors and weak effects. 

ill) To be albe to separate n/k/p in limitted momentum range for hadron 

physics. 

iv) To have a large solid angle, at least 90 % of ATT. 
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Fig. 6 and 7 show the vide view and the plan view of an example of 

detector that will satisfy those conditions described above. The detector 

cosista of a solenoid magnet, cylindrical drift chambers, Cerenkov 

counter, shower counters and nuon detectors. 

Fig. 8 shows the estimated resolution (Ap/p) of momentum measurement 

as a function of momentum assuming magnetic field of 10 K Gauss and 

measured track length of 1 m. We can see relatively low magnetic field 

is sufficient to measure the momenta of charged particles. 

Cerenkov counters can be used in a wide range of momentum by changing 

gas and pressure. Cerenkov counters should be divided into small sections 

in $-plan, because of a large multiplicity and jet structure of hadronic 

events. Cerenkov counters can be replaced by a fancy dE/dx counters if 

they are available at the time. 

Fig. 9 shows the calculated magnetic field distribution along 

e e beam axis. The field shape is not uniform but so smooth that we 

can reconstruct the charged particle tracks in the drift chambers. 

We tried to use well developed and tested detectors as elements of 

this detector. However, the development of superconducting thin coil 

will be necessary to have particle identifier outside the coil. 

Table II shows the parameters of superconducting thin coil designed at 

UC Berkley for the TPC detector. 
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Figure Captions 

Fig. 1 Momentum and Collinearity distributions of \i and e decaying 

from a new heavy lepton with the mass of 20 GeV 

Fig. 2 Parity violating asymmetries (Ap) of e e + |i ii (a), and 

e e" + e e" at E „ « 50 GeV cM 
Fig. 3 Momentum distribution of \t and IT decaying from T lepton 

Fig, 4 Charged multiplicity and fraction of charged energy at SPEAR 

energy region. 

Fig. 5 Fraction of hadron energy to total CM energy (»̂ S~~ /2E) for 

two photon processes and one photon processes 

Fig. 6 Side view of a detector for e e experiment 

Fig, 7 Plan view of a detector for e e experiment 

Fig. 8 Momentum Resolution for charged particles measured in the 

cylindrical driftchamber of lm diameter 

Fig. 9 Magnetic Field distribution of the solenoid coil for e e 

detector 
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Table I 
Quark and Lepton masses 

Bjorken 

u ( •<< 4 MeV) 
d ( i< 7 MeV) 

s (* 150 MeV) 
c (̂  1.2 GeV) 

b (•*• 4.6 GeV) 
t ">• 27 GeV 

h(b') * 200 GeV 
8(f) •*• 200 GeV 

e (0.5 MeV) 
V (105 MeV) 
T (1.8 GeV) 

Ha) "" 10 GeV 

Fakvasa 
Sugawara 

( ">• 5 MeV) 
( i- 10 MeV) 

(i- 200 MeV) 
(->- 1.5 GeV) 

(̂  4.7 GeV) 
•u 26 GeV 

"*• 100 GeV 
i" 450 GeV 

Walsh 

( * 4 MeV) Q - -1/3 
( ">• 6 MeV) Q - 2/3 

(•<> 135 MeV) Q - -1/3 
(T. 1.2 GeV) Q - 2/3 

(•*. 4.5 GeV) Q - -1/3 
i- 40 GeV Q - 2/3 

T. 20 GeV Q - -1/3 
">- 500 GeV ? Q - 2/3 

(16^18) GeV 

quadratic fit 
to (log m) vs (n) 
where n; generation 

approximate 
m *m *m ,• 0 e u d 

vw ••* 
-m c:m t:m t l: ... 
& assume lepton 
masses scale like 

linear fit 
to (to M) vs (to n) 
like 
2m..:M :M,:M t y \li ^ 
-27:9:3:1 

- 65 -

Table II 
Design parameters of the superconducting thin coil for TFC 

Component 
Thickness 

Maximum Thickness * 
System 

(Ead Len) 
Minimum Thickness ** 

System 

Magnet coil system 
Bore tube 
Super Conductor 
Quench propagator 
Support structure 
Cooling tubes 
Epoxy-glass-dacron 

Total Magnet 

Cryostat 
Inner tube 
Outer tube 
Superinsulation 

Total Cryostat 

MAGNET SYSTEM TOTAL 

0.106 
0.090 
0.006 
0.042 
0.033 
0.016 

0.106 
0.055 
0.005 

0.033 j 
0.014 j 

Magnet coil system 
Bore tube 
Super Conductor 
Quench propagator 
Support structure 
Cooling tubes 
Epoxy-glass-dacron 

Total Magnet 

Cryostat 
Inner tube 
Outer tube 
Superinsulation 

Total Cryostat 

MAGNET SYSTEM TOTAL 

0.293 

0.021 
0.122 
0.005 

0.213 

0.021 
0.055 
0.005 " 

Magnet coil system 
Bore tube 
Super Conductor 
Quench propagator 
Support structure 
Cooling tubes 
Epoxy-glass-dacron 

Total Magnet 

Cryostat 
Inner tube 
Outer tube 
Superinsulation 

Total Cryostat 

MAGNET SYSTEM TOTAL 

0.148 0.076 

Magnet coil system 
Bore tube 
Super Conductor 
Quench propagator 
Support structure 
Cooling tubes 
Epoxy-glass-dacron 

Total Magnet 

Cryostat 
Inner tube 
Outer tube 
Superinsulation 

Total Cryostat 

MAGNET SYSTEM TOTAL 0.441 0.289 

* Maximum thickness system has an aluminum bore tube, copper based super
conductor, an aluminum support system, aluminum cooling tube, and a 
magnesium cryostat vacuum vessel. 

** Minimum thickness system has an aluminum bore tube, aluminum based 
superconductor, no support system, aluminum cooling tube, and a hcxal-
composite outer cryostat with magnesium alloy inner cryostat. 

These designs coorespond to Talbc All.5. 
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Search for Heavy Lepton Signature at TRISTAN 

e -e Colliding Experiments 

A. Suzuki, Physics Department, K£K 

We consider the pair production of sequential heavy leptons with 

purely leptonic decay modes: L •+ v , + e (u ) + v (v ) , t •*• v + e (u ) 

+ v (v ). Both e~ and u~ are supposed to be detected to eliminate a 

large amount of background events. In this short note, we discuss the 
+ -heavy lepton production with masses between 10 and 20 GeV in the e e -

annihilation processes, and then investigate the contributions from the 

two-photon processes. 

The production cross sections of heavy lepton are shown in Fig. 1, 

compared with that of T lepton (M ^ 2 GeV). At the beam energy of 

25 GeV which is available at TRISTAN e T-e" colliding machine, the 

production cross sections are not so different, 0.02 ^ 0.04 nb, for the 
32 heavy lepton masses of less than 20 GeV. Taking luminosity L i. 10 

~2 -1 2 
cm s , the counting rate at 25 x 25 GeV is about 11 event/hr for 
100 % detection efficiency. 

The momentum spectra of electrons and unions are shown in Figs. 2a, 

2b and 2c in the cases of standard V+A coupling. The difference between 

V-*A and V+A coupling affects the momentum distribution for 3-body decays 

in the heavy lepton rest frame. Figures also represent the momentum 

spectra with different production polar angles of electrons and unions 

in the lab. system. If a heavy lepton mass is around 10 GeV to 20 GeV, 

we can find the evidence of the heavy lepton signature by observing 

the shape and peak position of momentum spectra. But in order to select 

electrons and muons that are not orginated from T lepton events, 
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we have to take data with some special trigger. For example, a 

collinearity of momentum vectors of e and u helps to extract e-u events 

of the heavy lepton other than T- In the present beam energy, the 

opening angle distribution (collinearity) for Tlepton peaks strongly at 

0 * 170°, being different from those of heavy leptons (^ > 10 GeV) as 

shown in Figs. 3a, 3b and 3c. 

The detection efficiency and the solid angle are plotted in Figs. 4a 

and 4b as a function of the polar angle 0. In this calculation we 

assumed the detectable momentum to be greater than 0.5 GeV/c for electrons 

and 1.0 GeV/c for tnuons. To get a good detection efficiency (> 80%), 

momentum analyzing inner detectors have to cover down to 8 < 20°, 

especially for a high mass heavy lepton. 

For the purpose of measuring charged particle trajectories, we 

assume the cylindrical wire chambers in the solenoidal magnet. The 

parameters of this central detector are listed in table 1. Calculations 

of the momentum resolution for charged particles are show in Figs. 5a 

and 5b. We find that it is easy to get good resolution enough to study 

the heavy lepton search in which momenta of electrons and muons are 

mainly less than 10 GeV/c. 

In low energy beam experiments, the e e -annihilation process 

dominates over other processes. But as the beam energy increases, the 

two-photon process grows to give sizable contributions to the production 

process. Fig. 6 shows cross sections of the heavy lepton production vs the 

beam energy In the two photon process. For cross sections of the heavy 

lupton production with the mass greater than 10 Gev are found to be small 

(*\* 1/100), while th« production cross section of the T-lepton is ten times 

larger than that of the annihilation process. We have to consider electrons 

and muann from the C lepton in the two-photon process as background sources. 
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The virtual photon energy spectra integrated over tagging angle from 0* 

to 6 for various values of 6 are shown in Fig. 7b. The ratio of max max 
the photon yield to that for the 6 - * is plotted in Fig. 7a. In order 

to get good tagging efficiency, say, better than 80 % for the most elec

trons, one wants the inner detector to be completely open for 0 < 6 < 300 

mrad, to permit the installation of the external tagging system. The 

angle of 8 - 300 mrad corresponds to the 80 % detection efficiency for 

heavy lepton produced in the e e annihilation process as shown in Fig. 

4a,'and also to about 80 % tagging efficiency in the two-photon process. 

The momentum distribution of electrons and muons and the collinearity 

(opening angle) distribution of e-u events from T leptons produced in 

the two photon process are shown in Figs. 8a and 8b. We find that two-

photon electrons and muons make the distribution of pure heavy lepton 

events (dashed histogram shown in Fig. 8a) obsecure. Especially in the 

low momentum side, big background electrons and muons overwhelm those 

coming from the heavy lepton. Also we can not use the collinearity for 

excluding T lepton events as shown in Fig. 3 and 8b. Therefore in order 

to observe pure heavy lepton spectrum, it is important to install the 

perfect two-photon tagging system and the detection system of low momentum 

electrons and muons in the central detector to eliminate multi-electron 

and -muon events, 
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TABLE I 
CENTRAL DETECTOR PARAMETERS 

A. Magnet 

Radius of coil I m 

Length of coil 3 m 

Magnetic field 10,15 kG 

B. fVift Chambers 
Solid angle/4ir 80% 
Gap of wire 20 cm 

Material in each chamber 

X = 0.005 X 0 

Spatial resolution 

azimuthal coordinate 300yiim 

logitudinal coordinate I cm 
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Monte Carlo Simulation of Charged Weak Current 

Reactions at TRISTAN 

F. Ochiai, Physics Department, KEK 

Possibilities to measure charged current events with TRISTAN are 

investigated. First the counting rates for electromagnetic and charged 

current interactions are estimated. The former is assumed to be domi

nated by the one photon exchange, and the latter by the intermediate 

vector meson exchange. The scaling violation of the structure function 

is calculated using the QCD prediction based on the parametrization by 

A. J. Buras et al. It is noted that the counting rate is sufficient for 

the charged current events at TRISTAN and that the effect of the inter

mediate vector meson exchange will be measurable (Fig. 1, 2). It is also 

noted that the charged current events exceed in the counting rates the 

electromagnetic events in the region where x and y are large (Table 1). 

However the identification of the charged current events is a 

difficult task since the neutrino is not detectable. The signature of 

the event is formed by the absence of the electron in the direction 

deduced from the measured hadron momenta using the momentum conservation. 

We study the practicability of-this type of experiments by the simula

tion using Monte Carlo method. The simulation shows that hadrons appear 

in two well-defined jets; one (the current jet) at an angle determined 

by x and y, the other along the initial proton direction (Fig. 3). 

It is difficult to detect particles produced along the initial 

proton direction, because they may not come out of the beam pipes. It 

will have a big influence for the determination of the neutrino direc

tion and the scaling variables x and y. However, particles at small 

angles, which may not be detected, carry small transverse momenta and 
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hence will not seriously influence the imbalance of transverse momentum 

(Fig. 4). 

The particles produced at the large angles are distributed in a 

plane coplan^r to the direction of the neutrino momentum. Therefore, 

the momentum of the neutrino can be defined rather well. The errors of 

determination of x and y are insensitive to loss of proton fragments, 

and are estimated to be less than ±0.1 in all x, y region (Fig. 5, 6). 

- 89 -

Event Rates for the el. mag. and charged Current processes 

y 0. 2 0. 4 0 6 0. 8 

X 2.146 3790 1160 523 306 
4.08 3.84 3.55 3.33 3.09 

0.2 
1730 3.58 0.962 0.410 0.224 

1.64 1.01 0.706 0.53 0.41 
0.4 

272 0.48 0.13 0.05 0.03 

0.62 0.29 0.18 0.12 0.09 
0.6 

35.4 0.06 ... 0.01 0.006 0.003 

0.13 0.04 0.03 0.02 0.01 
0.8 

1.43 0.002 0.0003 0.0002 0.0001 

0.006 0.002 0.001 0.0005 0.0003 

Table 1 

The numbers given in the upper line are the event rates/hour for 

ep -*- ex (el. mag.) and those in the lower line are for ep •+• vx. We 
32 2 assume the Luminosity of L • 10 /cm »sec. at e-20 GeV * p-300 GeV. 
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Electronics and Computer 

Y. Asano, Physics Department, KEK 

Working group 

In the recent and future high energy physics, as the experi

mental apparatus is becoming larger and more complicated, the data 

size for an event is getting enormous. Moreover the requirement 

for finer data quality calls for the fast processing of much of 

analogue quantity. The recovery time of the detector system 

(especially that of the spark chamber system) used to be what 

governed the maximum rate of events to be processed. It will be, 

no doubt, the ability of the data handling system which is going to 

be the limiting factor for the event rate in the future experiment. 

In this sense it may even be said that without the consideration of 

data acquisition and handling the design of a detector system would 

have little sense. 

As standardization of the data collection, CAMAC system has 

been widely used. In our laboratory, KEK, the accumulation of 

CAMAC modules is making a heap of treasure. Even at the time when 

TRISTAN will become operational, we will still be using many of 

them. On the other hand, many people have recognized CAMAC is not 

going to meet the future needs. At least CAMAC system has to be 

so modified that it is more efficient in speed as well as in soft

ware overhead. In some cases, however, this modification has its 

limit owing to the slow cycle-time of CAMAC. In designing a 

"special" electronics for faster data read out, CAMAC system is 

more and more often abandoned. Unless something is done now, we 
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will find ourselves again in the feudal era where each laboratory 

has its own way of protocol, without any standardization, like the 

early days when CAMAC had not been invented. It would be bad not 

only because of the incompatibility but also because of the poor 

commercial productivity if no standardization is accomplished and 

no common market is developed throughout the academic as well as 

Industrial communities in the world. 

Bearing these backgrounds in mind, in the USA, a study group 

was established to determine the requirements for a next generation 

standard interface system (NIM Advanced Systems Study Group - ASSG) 

in 1975 by members of High Energy Physics community. In any course 

of their activities the European organization which invented CAMAC 

system (ASSG - ESONE) has had a close contact, although not in 

full accord with each other, yet. The group investigated the 

status of the data acquisition in the existing and proposed high 

energy experiments is the USA (table 1), and studied future re

quirements. They reached the conclusion that the CAMAC system 

would not meet the future requirements and proposed a new system 

called, FAST SYSTEM. A study group was organized for the new 

system (PAST SYSTEM DESIGN GROUP). 

In Japan no organized activity toward the new system existed. 

Now the high energy accelerator at KEK has come to operation and 

first generation experiments have been producing physics outputs, 

It was thought the time to begin the activity. In April '79, the 

first general meeting was held at KEK to organize the workshop on 

the future electronics. The aim was termed as follows: the 

members of the workshop study and possibly play an active role in 

the electronics for the future large scale high energy experiments 
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(including of course the TRISTAN). It was subdivided into three 

sub-groups. According to their "hardness", the subgroups were 

ordered: 

(1) Group 1 (S. Inaba as the organizer). 

To study fast logics, fast selective trigger, charmber 

read out system, linear electronics and other things in 

the hardware closely connected with the detector system. 

(2) Group 2 (Y. Watase as the organizer). 

To study the pre-processing and temporary storage of data 

using mainly the micro processors, and the usage of the 

future bus (including Fastbus). 

(3) Group 3 (Y, Asano as the organizer). 

To study the data acquisition system and the data rate 

of an experiment, as well as the role of the host computer 

(including the software). 

These three groups work separately as well as jointly, and the 

joint report is expected to be published at the end of the year. 

Requirements for future data taking electronics system. 

In June 1977, the U.S. NIM Committee Advanced System Study 

Group published a report on future data bus requirements for 

laboratory high speed data acquisition systems (TID-27621). In the 

table 1, the existing and proposed large scale experiments and 

their data handling is summarized, which were taken from the report 

mentioned above, except for the estimation f^r TRISTAN which was 

taken from a proposed detector system by F. Takasaki and K. Ogawa. 

From the table the following general trends are realized. 

(1) Although the detector system is very large and data words 

fc an cent could be potentially very large, they are 
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reduced to a few thousand bytes at most by doing the 

sparse data scan in the front end micro computers, as the 

final data are read into the host computer. With this 

respect the data size in an experiment for TRISTAN might 

be reduced, say, to 6 k bytes per event. 

(2) The raw trigger rate is very high, but they are pre

selected by the hardware logic and reduced by a factor of 

1/100 to 1/1000, the final trigger to the host computer 

being'a few hundred events per second at most. 

Induced by these examples, NIM ASSG concluded that the following 

points are especially important for processing the fast data. 

(1) Fast block transfer. 

For this purpose the non-handshake mode of block transfer 

must also be considered, and the idea of variable length 

of blocks, data buffering is important. 

(2) Parallel processing. 

Autonomous and coupled operation, usage of multiport 

buffer memories are important. 

(3) Pre-processing 

Hardware logic selection and sparse data scan are necessary. 

As for the software considerations they state: 

"The cost of providing software continues to grow in relation to 

the cost of hardware11. 

"For high-speed, multiple-word transfers, an interface such as 

magnetic disks and tapes, should facilitate the integration of the 

software handler into commercial operating systems". 

The author remembers the interface built by S. Dhawan (Yale) 

between the front end PDP-8 computer and the PDP-10 computer in 
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the OLDF trailer at BNL. The interface was built in such a way 

that the speed as well as the instruction sets was exactly the 

same as the output onto the magnetic tape. Therefore there was 

no burden to the mini-computer because it was writing the raw data 

on the magnetic tape anyway. 

3. Fastbus 

The U.S. FAST SYSTEM DESIGN GROUP has proposed some features 

for the future system called Fastbus. They are as follows (as 

compared with the CAMAC.) 

(1) Bit number for a word is 32/28 (c.f. CAMAC 24/16). 

(2) The cycle time is * 100 ns (c.f. CAMAC 1 us). 

(3) Addressing bits are, 

8 bits for the segment 

24 bits for the device address (only 8 mandatory), 

(c.f. CAMAC C(l ̂  7) N(l ^ 32) A(0 ̂  15)) 

(4) It avoids any functions like those in CAMAC to minimize 

decoding time. Instead dedicated lines are assigned for 

the functions. 

(5) Consists of segments capable of both autonomous and 

coupled operation. 

(6) As any segment can be a master, the priority scheme for 

the bus mastership is worked out. There are 31 levels 

of priority. 

(7) The block transfer of non-handshake as well as handshake 

mode exists. 

(8) Explicit considerations on the sparse data scan. For this 

purpose, radial lines and the special communication 

protocal called broadcast In which all slaves have the 
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same address and for which no address or data acknowledg

ment is necessary are provided. 

The number of proposed signal lines is 52 (multiplefed), which is 

not agreed by the European counterpart yet. The ECL logic may well 

be used, but the TTL may become fast enough to replace it. 

4. An example of the future detector - TPC 

The Time Projection Chamber proposed for a PEP Facility gives 

a typical example of the future detector for a colliding beam 

machine. It is a large drift chamber in a solenoidal magnetic 

field. Both end caps are divided into 6 sectors on each of which 

there are 15 spatial wires and 192 dE/dX wires. On the spatial 

wires square pads (0.8cm x 0.8cm) are placed to measure the 

induced signal on them. The position along the beam direction is 

measured by the drift time (by dividing the arrival time of the 

signal into 455 time buckets by the charge - coupled device - CCD), 

in the radial direction by the position of the spatial and dE/dX 

wires and in the azimuthal direction by the pads, thus providing 

a 3-dimensional track reconstruction. The total number of data 

words per event could be potentially, 

( -v 300 fiducial buckets) * (7200 pads + 2400 dE/dX wires) 

% 3 x 10 words. 

Of course it is out of any realistic capacity of data handling 

without sparse data scan (notice also the analogue signal from the 

ADC's must be handled). A realistic estimation of data words per 

event is given as follows. 

Assume, 

. <u 10 tracks (<N> . £ 8) 

. o 5 pads have iduced s ignal per wire 
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. 15 spatial wires per track 

then, in one time bucket, 

15 * 5 * 10 - 750 words of spatial information 

(200 dE/dX wires per track) * (10 tracks) - 2000 words 

this may be spread over several time buckets and therefore 

total number of data words is, 
% 4 

^ 10 words per event• 

What is interesting is the way the data are processed. In the 

figure 1 the end cap is shown. For each sector a dedicated micro 

processor could have been assigned for data acquisition. But suppose 

the jet structure in the event exists then one particular micro 

processor may be too busy while another is idling. Therefore the 

double reverse spiral readout is proposed. In that, the information 

from the portions with the number 1 goes to a micro processor. 

Notice it is splraling out in the left handed direction. On the 

other hand the information from the portions with the number 2 goes 

to another micro processor, which is spiraling out in the right 

handed direction, etc. Thus any systematic difference according to 

the charge state of the particle is absent. The data are read into 

the upper list (a bulk memory), then they are ordered by the micro 

processor and stored into the lower list which are finally read 

into a VAX-11/780 computer. The data word consists of 32 bits 

which are arranged so that access by the 16 bit machine is easy. 

5. Host Computer 

By extrapolating the past experiences the requirements for the 

host computer for the data acquisition system can be worked up. 

They may be as follows, 

(1) The software must be a multi task realtime system, as 
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there is no beam structure in the colliding machine, 

different from the synchrotron. 

(2) The hardware should be a 32 bit machine so that it is 

compatible with the Fastbus. 

(3) The cycle time is desirable to be shorter than t 100 ns 

as the Fastbus is so. 

(4) If an MT drive unit of 1600 BPI, 75 IPS is used (the 

author personally thinks higher density is still question

able to be used in the front end computer which is not 

situated in an ideal place), then more than 4 units 

should be used in parallel so that the net transfer speed 

is ^ 10 us/word compatible with the fastest computer link. 

(5) The main memory must be larger than **» 256 k words. 

(6) It is useful to have an auxiliary bulk memory of more 

than 500 k words (fixed head disk compatible). 

(7) The system disk of more than 10 M words. 

(8) One of the most important requirements Is it has an easy 

access to the existing 16 bit machine. 

All these requirements seem to be satisfied by the DEC VAX-11/780 

computer except its rather slow register t;o register ADD operation. 

In real computation it is compensated by the fairly large Cache 

memory and the final speed is faster than that in some of big 

computers. In the future some machines with faster cycle time 

will be manufactured. 
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TABLE 1 
CURRENT EXAMPLE OF DATA HANDLING 

(US M M COMMITTEE) 

EXPERIMENT DETECTORS RAH TRIGGER PREPROCESS FINAL RATE 

LASS 
(SLAC) 

SPARK CHAMBERS, 
MWPC, Chereokov, 
SCINT. Counters 

(limit: Serial link bet. SYSTEM 7 & 370/168 
i.e. 200 k bytes/s) 

100 ms/event 
for track reconsc 

-> (pre-processor) 

max. 100 events/sec 
2000 bytes/event 

10-20 ms/event 
by IBM 370/168 

Multi Muon 
Spectrometer 
(FNAL) 

3 layers of MWPC 
SCINT. H0D0SC0PES 
(5-10 k MWPC wires, 
SO x 50 element 
hodoscopes) 

1000 events/sec 
50 words/event 
(trigger process. 
~ 100 ps 

10 7. dead time) 

Charge 
Asymmetry 
in K* devay 

MWPC (small) 
SCINT. HODOSCOPE 

1st level 
FILTER 

10 k/sec -» 1 k/sec 100 events/sec 

SPEAR MK II 
(SLAC) 

3200 channels of drift 
chambers (TDC) 
3600 channels of 
liq. Ar cells (ADC) 
MWPC, SCINT. ARR. 

1000/sec 

Parallel Processing in each 
crate. 
Fast decision within 100 ns, 
second trigger in ̂  30 ujec 

10/sec 

J Hard ware logic to make 
Ylsimple dicision in < 200 ns 

— * 500/sec — 

Hadronic 
production 
of ty mesons 

(signal burrled'in a 
very large back 
ground) 

Large drift cham. 
MWPC's, 
ADC channels 

100 k/sec 
a pre-processor 
reads ^ 10 words, reconst' 
ructs tracks and makes 
final decision 

200/sec 
250 words/event 

2 x 10 bytes/ev. 

* By F. Takasakl and K. Ogawa 



Superconducting Magnets for High Energy Physics Experiments 

A. Yamamoto, Physics Department, KEK 

1, INTRODUCTION 

Superconducting magnets have played an important role in the high 

energy physics in recent years. 

The application of superconducting magnet technology to this field 

started at ANL in 1966 for a bubble chamber magnet from the view point 

of the power saving. Since then, superconducting technique has been 

used many times for bubble chambers magnets and also for spectrometer 

magnets for counter experiments. 

In recent years, superconducting thin solenoid magnets have been 
2) 

developed for colliding machine detector. In these cases, it was 

required to make coils as thin as possible to minimize the multiple 

scattering effect. Therefore, one has to increase the current density 

in the conductor to meet this requirement. 

The latest examples of the superconducting solenoid are those 

built for the "CELLO" by CEN/DESY and the "TPC" by I5L. These magnets 

have similar structure but use quite different methods of stabilization. 

In this paper, thin solenoid magnets are mainly discussed. 

2. HISTORICAL BACKGROUND 

First attempt to use superconducting coils for the large magnets in 

the high energy physics was to build superconducting solenoid magnets 

for the bubble chamber experiment. Their parameters are listed in Table 1-

All of these magnets are intrinsically stabilized. The stored energy of 

these magnets is so large* that the quench should be avoided. The 

magnetic field was limited by the hoopstress due to the Lorentz force. 
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Superconducting dipole spectrometer magnets were also developed at 
3) 4) 

FNAL and CERN . At FNAL, conventional coils u«re replaced by supercon
ducting ones without any other modification. A simiLar magnet is under 
construction at KEK. 

Large superconducting thin solenoid magnets were developed for co

lliding beam experiment detectors. The first solenoid magnet for the 

colliding beam experiment was the "PLUTO" at DESY which was completed 

In 1972. 6 ) 

The second one was built at ISR at CERN. The aluminum stabilized 

superconductor was developed to reduce the radiation thickness of the 

coil. A very challenging thin solenoid magnet was currently completed 

for the "CELLO" detector in Saclay. Another type of aluminum stabilized 

superconductor was used in this magnet and the coil was cooled by the 

forced flow of helium in the aluminum tube. The cross section of this 

magnet is shown in Fig. 1. 

The latest thin solenoid magnet was developed for the "TPC" at 
9) LBL. The highest current density in the conductor was achieved as the 

result of developing adiabatical excellent quench protection system with 

secondary bore tube and windings. The cross section of the "TPC" detector 

is shown in Fig. 2. A superconducting thin solenoid magnet for a anti-

proton-proton colliding detector is planned at FNAL. This design is 

similar to that of the "CELLO" magnet. The main parameters of these 
2) solenoid magnets are given in Table 2. The characteristics of these 

magnets are described in the next chapter. 

3. THIN SOLENOID MAGNETS 

3-1. Approach to the Thin Solenoid Magnet 

To make a thin solenoid magnet, it is required to increase the 
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current per material weight of the coil in unit length along the axis, 

and to reduce the material used in the cryostat including vacuum vessel. 

To satisfy these requirraents, the following step* must be taken: 

1) to substitute light materials by heavier materials 

and 

2) to increase the current density of the coil. 

Some technical ideas to reduce the radiation thickness have been 

proposed and examined. These are listed up as follows, 

1) aluminum stabilized superconductor, 

2) tubular cooling system, 

3) low mass materials and special structure of the cryostat 

and 

4) quench protection by secondary winding. 

These methods are discussed in the following section. 

3-2. An aluminum stabilized superconductor 
12) Use of aluminum stabilized conductor was tried in the "CELLO" 

magnet and the "ISR" magnet to reduce the radiation thickness. 

These system showed it possible to replace copper stabilizer by aluminum 

stabilizer. 

A compromise had to be made by using Cu-NbTi composite with a 

minimum of copper (Cu/sc ratio of 1 : 1), and by adding to it necessary 

amount of aluminum needed for stabilization. Cross sections of the 

aluminum stabilized superconductor are shown in Fig. 3. 

Advantages of using these conductors are as follows: 

1) the radiation thickness is reduced 

and 

2) very pure alminum (99.997 %) has an ohmic resistivity lower than 

copper at cryogenic temperature. 
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On the other hand, disadvantages of using them are: 

1) difficulty of the fabrication, especially, in soldering, 

and 

2) very poor mechanical qualities at the soldering temperature 

which severely limit the force, with which the conductor can 

be pulled. 

3-3. Two phase Tubular Cooling 

Two phase tubular cooling system has been used in the "CELLO" 

magnet and the "TPC" magnet. The two phase tubular cooling system 

can solve most of the problems at cryogenic temperature of all large super

conducting magnets. It can be used instead of a helium bath vessel-

Liquid helium flowing in tubes provides sufficient cooling capacity 

needed for a dc solenoid magnet. The advantages of a tubular cooling 

system over an ordinary bath cooled system were pointed out by H. A. Creen 

as follows, 

1) cool down of the magnet is well controlled because the helium 

flows in a well-defined path, 

2) the mass of a tubular cooling system is less than a bath cryostat 

(from a view point of radiation thickness), 

3) helium in direct contact with the coil is minimized 

and 

4) cryogenic safety is greatly enhanced because tubes have very high 

pressure ratings and the ratio of helium volume to free vacuum 

is minimized. 

Advantages of two phase hili.um cooling are: 

1) two phase boiling system operate at lower temperatures than a 

comparable single-phase system, 

2) temperature varies very little from end to end in a two phase 
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system, 

3) mass flow for a given amount of refrigeration is lower for the 

two phase system than for a supercritical system 

and 

4) boiling in the tube can transfer large local heat fluxes. 

3-4. Low mass material for the cryostat 

The use of light material for the vacuum vessel is especially 

important for magnet as they become large in size. The aluminum vacuum 

vessel was used in the "CELLO" magnet. Aluminum hexcel, which is a 

honeycomb structure, was used for the vacuum vessel of the "TPC" magnet. 

It provided the strength needed to resist bucking without adding materials 

As a result, the cryostat vacuum vessel thickness of these magnets was 

expected to ̂  0.1 radiation length. 

3-5 Quench Protection by bore tube and secondary winding 

Large thin solenoid is potentially subject to destruction during 

a quench. Coil failure is mainly due to (1) hot spot formation due to 

uneven quench energy distribution in the coil, or (2) excessive tran

sient voltage needed to overcome hot spot development. 

Quench protection by bore tube and secondary windings was developed 

by M. A. Green at LBL, and has been applied to the "TPC" magnet. During 

a quench, ultrapure aluminum of the secondary winding shifts current 

from the coil quickly, causing quench back, while the bore tube absorbs 

most of the magnet stored energy. The cross section of the coil with 

pure aluminum winding and bore tube are shown in Fig. 4. 

The shorted secondary circuits affect the quench process in the 

following way. 

1) The shorted secondary winding permits the current to shift from 

the coil to Itself as the quench proceeds. This reduces the hot 
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spot temperature in the superconductor and it permits the shorted 

secondary to absorb a substantial amount of the magnet stored 

energy. 

2) The shorted secondary circuit permits fast decay of coil current 

while limiting the transient voltages in the magnet, 

3) The shorted secondary leads the entire coil to a normal state, 

before it goes through ordinary quench propagation. This 

phenomena is called "quench back". 

4) The shorted secondary circuit permits an effective method of 

"dynamic quench protection", since the use of shorted secondary 

permits safe high current density operation of the coil. 

3-6 Electrical and Mechnical Limitation 

A burnout safety condition for superconducting magnet was studied 
13) 

by P. H. Eberhard et al. at LBL. - They found the following safety 

condition in usual superconducting magnet , 

E QJ 2 < 1 0 2 3 [Joule.(A.m - 2) 2], 

where E-. is the stored energy and J is the current density. Figure 5 

shows the superconductor matrix density as a function of stored energy 

for a number of superconducting magnets which have been built or have been 

proposed. As the result of their development of quench protection by 

secondary winding and bore tube, their magnet has been operated in safety 
2 24 

with the E nJ value above 10 

On the other hand, mechanical limit is discussed. In the large thin 

solenoid, the maximum pressure inside the coil is presented as follow;-., 

P - j x B ... (a), 

where P is the pressure, j is the current density and B is the magnetic 

field. According to mechanics, the pressure is represented as follows, 

P -|.a ... <b) 
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under the condition of r >> t, where r is the radius and t is the 

thickness of the solenoid coil. The symbol o is the stress along the 

perimeter. Fro« the equations (a) and (b), the magnetic field is 

represented by 

From this equation, B is inversely proportinal to r. If the radiation 

length is limited to be around 0.5, the maximum field is limited by the 

radius or the mechanically allowable stress of the copper matrix. 

Refering to these electromagnetic and mechanical criteria, several 

parameters of a thin solenoid magnet for a TRISTAN detector are esti

mated in the next chapter. 

4. TECHNICAL ESTIMATION OF A THIN SOLENOID MAGNET FOR A TRISTAN 

DETECTOR 

It was tried to estimate a few parameters of a TRISTAN detector 

under the following conditions, 

Coil inner diameter: 2.8 m 

Distance between iron poles: 3.0 m 

Central magnetic field with iron return yoke: 

1.5 Tesla. 

Radiation thickness: T, 0.5 radiation length 

Figure 6 shows the cross sections, and main parameters are shown in 

Table 3. As the result of a compromise of the heat leak of the current 

lead and the inductance, the current of 2500 A was chosen. 

This design is based on the "TPC" magnet type, and the current 

density of B » 10 A/cm is assumed. Superconductor is a solid cable 

with the dimension of 2.1 mm x 0.8 mm and the critical current is 1000 A 

at 2 Tesla. Super/copper ratio is 1 : 1.5. 
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The radiation thickness of 0.6 k is expected as shown in Table 4. 

Total heat load is 10 W between 4°K and 77°K (radiation shield), 

and total weight including the iron return yoke is about 600 tons. 

Field quality of this magnet was calculated by Program RINDA in 

both case with and without the endcaps. 

Figure 7 shows longitudinal magnetic fields (a) along the radius at 

the medium plane and (b) along the axis. Solid line is for the case with 

no end caps and dotted line is with the endcaps. 

At Just the outside of the coil magnetic field is about 200 G. 

5. CONCLUSION 

A large thin solenoid magnet is inevitably required for a colliding 

machine detector. It is impossible to make such a magnet using conven

tional technique. The "CELLO" and the "TPC" magnets show a way to make 

very thin solenoid magnet in different manners. For this purpose the 

aluminum stabilized conductor was developed for the "CELLO" magnet. 

On the other hand, it was not used in the "TPC" but quench protection 

system by a secondary pure aluminum winding and a bore tube was developed. 

The electromagnetic limitation of the superconducting magnet was 

recongnized at LBL. From their criteria of the safety magnet, tin.' 
2 23 condition E-J < 10 must be satisfied where E„ is the stored energy 

2 
and J is the current density. In the case of .the "TPC1' magnet, E.J" is 

24 6 x 10 due to the improvement of the quench protection technique. 

On the other hand, the mechanical limitation is also presented 

because of the mechanical stress in the superconductor. If the allow

able radiation thickness, the maximum stress and the maximum current 

density in the coil are fixed, the maximum field Is inversely proportional 

to the diameter of the solenoid magnet. 
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A feasible design of the thin solenoid magnet was studied from the 

view point of the radiation thickness and the safety condition. The 

magnetic field of 1.5 Tesla is feasible at the case of 2.8 • diameter 

of the solenoid magnet and 0.6 radiation thickness. It becomes enor

mously difficult to increase the magnetic field above 2 Telsa under 

the same condition. 
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Table captions 

1). targe superconducting magnet for high energy physics experiments 

before 1972. 1 J 

2). Large superconducting solenoid magnets for high energy colliding 
2) detectors. (revised by A. Y.) 

3). Main parameters of a planned thin solenoid magnet at KEK. 

4). Radiation thickness of the planned thin so1 .moid. 
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Figure captions 

1). A cross sections of a thin solenoid magnet for the "CELLO" detector. 

2). A cross section of the 'UPC" detector. 

3). Alminua stabilized superconductors for (a) the "CELLO" magnet and 

(b) the "ISR" magnet. 

4). A cross sections of the coil with pure alainum winding and bore 

tube of the "TPC" magnet. 

5). Superconductor matrix current density vs magnetic stored energy for 

a number of magnets which have been built or are proposed. 

6). Cross sections of a planned solenoid magnet with the iron shielding. 

7). Longitudinal magnetic field of the planned solenoid magnets, (a) shows 

the field (B z) along the radius on midium plane and (b) shows the 

field (B z) along the axis. 
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AN1.12ft 
BC 

BNL 7ft 
BC 

CF.RN 
BF.IIC 

NAL 15[t 
BC 

RHEL 
HPBC 

CF.RN 
tl Protect 

DF.SY 
SR 

Inner Dia. 
Cm) 4.78 2.44 4.62 4.3 1.9 3.0 1.4 

Central Field 
I KG] 

18 
(18.5) 

30 
(28.2) 35 30 70 18 20 

Stored Energy 
CMJ) 80 72 800' 378 300 50 

Current 
CA/Conduetor} 2.000 6.000 

(5460A) 5.700 5,000 7,500 5.00U 1.300 

Current Density 
[A/cm-J 775 2,700 1,000 2,000 1,600. . 1,960 

Inductance 
LHJ 40 4 50 30 11 20 

Superconductor Strip 
( 2 ' - 0 . 1 * ; 

Strip 
12'-0.08') 

Strip 
(6.1cm . 

0.3cm) 
Twisted 
Filaments 

Twisted 
Filaments 

Twisted 
hollow 
conductor 

Twisted 
Filaments 

Refrigerator 
CW at 4 .2 'K] 400 240 1,500 400 700 

500 
Super 
critical 
helium 

Iron Yoke or 
Flux Shield 

Iron 
Yoke 

No Flux Shield No Flux Shield Iron York 
& Poles 

Iron York 
& Poles 

Weijtht 
Uunj 1,600 18] 2.000 1.000 1.4011 

Cost 
IMS] 2.4 0.5 4.6 2 2.4 0 6 

Year u> 
Completion 1968 1969 1972 1972 1972 

Table 1 
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m 
CO «H 

Table 1. A comparison of four intersection storage ring detector nagnets. 

PLUTO 
(1972) 

ISR 
(1976) 

CELLO 
(1979) 

TPC 
(19S0). 

ESAL 
(planned) 

Cryostat Inner warm 
diameter (m) 1.40 1.38 l.S 2.0 2.74 

Distance between the 
iron poles (n) 1.15 1.S0 3.5 3.4 5.0 

Central Induction (T) 2.0 1.5 1.5 1.5 1.5 
Number of turns 1524 1000 -V1400 1950 1293 
Current per turn <A) 1264 2200 1.3100 2100 5000 
Magnet inductance (11) 5.07 1.24 •U.46 4.83 2.4 
Magnet stored energy (J) 4.05«lO6 3.O-106 1,7.0x10* 10.65.10 6 3 0 x l 0 6 

Superconductor matrix 
current density at its 
design current (An } 4.75xl07 4.07xl07 •J.41xl0 8 8.75xl0 8 1.34xl0 8 

Type of superconductor 
matrix Copper Aluminum Aluminum Copper 

Radiation tltickness 
(Bad len) •ji.O M.10 lfl.5 0.38 0.66 

Cooling system Bath Bath Tube Tube Tube 
Conductive bore tube No No So Yes 
Type of stabilization Cryogenic Cryogenic Adiabntic Adiabatic 

Cold mass (kg) ">1.7»103 i.l.4«10J il. 4 »10 3 3.64xl0 3 

Typo of cryostat 
vacuum vessel 

Stainless 
Steel Aluminum Aluminum ilexcel A3. Ilex. 

Laboratory DI.SY 
(EOI'IS) 

CLRB 
(ISP.) 

SCL/KLR 
(FETRA) 

LEL 
(PLP) 

n.'AI. 

Table 2 
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