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Preface 

From 12th to 14th October 1982, a workshop on the possi

bilities of TRISTAN phase II program was held at KEK. Many 

persons from KEK and Universities participated in the workshop. 

At the opening of this workshop. Professor T. Nishikawa, 

director general of KEK, gave a short lecture on "Future 

laser plasma accelerator in the space". 

The aim of this workshop was to survey the possibilities 

and new methods of high energy physics for TRISTAN phase II 

program. The participants worked in the following groups. 

TH: Theory 

EL: Electron acceleration by laser 

EM: Electron acceleration by microwave 

PR: Proton Ring. 

The report from each group is given in this publication. 

At present the program of TRISTAN phase II or post 

TRISTAN is not fixed. There are few options for the program: 

ep collider, e +e linear collider and pp or pp collider. 

The choice of the program will be affected by the foreign 

physics programs. 

The editors are expecting that this publication becomes 

one of the references for TRISTAN phase II program. 

September 1983 

Editors 

H. Hirabayashi 
Y. Shimizu 
M. Yoshioka 
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1. Physics with High Energy Accelerators 

in the Future 

Y. Shimizu 

Department of Physics 

University of Tokyo 

The goal of particle physics, which we think "ultimate" 

at present, is to have the complete understanding of the 

known four interactions, gravity, strong, weak and electro-

magnetism. Among these the last two have bean unified into 

the electroweak theory a la Glashow-Weinberg-Salam. In 

addition to the success in the low energy phenomenology, the 

predicted heavy weak bosons, W* and z", were xecently found 

around the expected masses. By this the correctness of the 

standard theory is strongly impressed, though Higgs boson 

is not observed and further there still remains a possibility 

of the alternative one, the composite weak model based on 

the confining force operating at the mass scale about 300 GeV. 

This, however, can be clarified soon by detailed experiments 

at the CERN pp collider. In the theory of weak interaction, 

the essential ingredients are left-handed weak isospin doublets 

for quarks and for leptons in each generation. The charged 

Yang-Mills gauge field coupled to these doublets causes 

transition among the members in a doublet, weak decay. 

Along the exactly san-.e line, one can put quarks and leptons 

together into a multiplet. Then the gauge interaction, in 

general, gives rise to quark-lepton transitions; nucleon 

decay, •* pe and so on. Thus the discovery of quark-

lepton multiplets and their interactions is of primary 

importance in the particle physics. Another big problem 

is the generation. We know no principle to distinguish three 

generations but the empirical facts that the d-like quarks 

are mixed and the flavor changing neutral current is greatly 

suppressed, for example, in u-e conversion, y -» e-y and so on. 
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They, however, ought to be connected with each other because 

of their astonishing similarity. Thus the discovery of inter-

generation interactions is also of primary importance. Up 

to now, much information on these fundamental problems is 

obtained from the study of various kinds of rare decay. 

However, the ultra high energy experiments at, say, 100 TeV 

will be necessary to open channels as many as possible. The 

accelerators in the near future will enable us to sweep the 

energy range 1 - 1 0 TeV, where the high energy electroweak 

interaction is expected to play the principal role, and 

undoubtedly to get new insight into the problems mentioned 

above, through unfamiliar phenomena such as opening of new 

thresholds. But what we know now is that quarks and leptons 

seems to be smaller than about (10 T e V ) - 1 spatially in the 

order of magnitude. The point is that the investigations 

of dynamics of quarks and leptons should be achieved from 

both sides of energy, that is, nucleon decays, search for 

monopoles and other rare decays from the above and accelerators 

from the below. The low energy experiments are really not 

low energy because they often involve huge mass scales. 

Thus neither of these two complementary means should be 

lacked. In the following we discuss briefly what kinds of 

phenomena are expected in the 10 - 100 TeV region. 

The grand unified theory based on SU(5) is the classical 

one designed to unify quarks and leptons of single generation. 

All fermions are assumed to be elementary. The particle 

spectrum contains the extraordinary heavy vector bosons 
11-12 . . (masses ^ 10 TeV) which cause quark-lepton transitions, 
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i.e. nucleon decays. Except for these bosons, all the other 

particles are already known (assuming the existence of t-quark 

and Higgs boson for the time being). This theory is not able 

to answer the generation problem at all. But we use it as 

the standard model and see what it predicts at energies we 

are interested in. Because there does not appear any new 

particle in the energy region higher than 0.1 TeV, the only 

way to test the theory is to measure the magnitude and the 

variation of the coupling constants with mass scale. We have 

three of them, ctg, a L and which correspond to color SU(3), 

strong, and SU(2) LxU(l) electroweak interactions, respectively. 

The lowest order renormalization group equations for these 

are given by 

d(-^-) = -sr- <n--rV d ( l n i ' ' ' 

It 

where u is the mass scale and N_ is the number of generations. 

We have neglected the terms proportional to number of Higgs 

bosons 

obeys 

2 
bosons for simplicity. The fine structure constant, a = e /4TT, 

2 
where the sum of charge squared over all fermions (EQ-

, f 
in unit of e ) is replaced by (8/3)N G. The Weinberg angle 

at mass scale y is defined by sin 8 Hlu) = aiv)/a^M • Then 

the U(l) coupling constant is related with c»L as 

c^tu) = (3/5) -a L(y)tan 2B w(yJ. From these we have a usuful 
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relation 

1 = J 1 1 a(v) 3 Qjlp) "L^) 
2 

The solution for sin 8w(ii) as given by 
sin 20 w(u) = - I - - A ( Y ) In-^f-

with M„ the unification mass. The initial conditions for G 

various coupling constants are taken to be 

- O g U y S 1/5.6 

• & L . <V = - T - G P V S 1 / 2 9 

A L T Y S 1 / 1 3 0 

and 

sin 26 w(M w) £ 0.23, 

(N_ = 3 and A „ _ = 0.5 GeV are assumed) . At v = 100 TeV, 

then, we have 

" a g(100 TeV) = 1/13.5 

' a T(100 TeV) = 1/33 

• a (100 TeV) = 1/120 

and 

sin 26 w(100 TeV) = 0.27 . 

The changes in the parameters of electroweak interaction 

amount to be 1 0 ^ 2 0 % , while a g reduces by a factor 2.5. 

We see that the strong interaction remains still stronger 

than the others. Thus the matter will be similar to that 

in the presently available energies except for multi-productions 

of W*, Z°, t-quark and Higgs boson. It should be noted that 

in the renormalization group equations for three coupling 

constants we have neglected higher order terms' which gave 

mixings of three kinds of interactions. But inclusion of 

these does not change much the above estimations. 

As the next example of grand unified theory, we take 

the model based on the orthogonal group 0(14). The advantage 

of this group over the SU(5) is in the fact that it predicts 

four generations in all. Furthermore, each fermion is 

accompanied by its conjugate, the mirror fermion. Therefore 

the model contains (B * 4) x 2 = 64 fermions in total. The 

0(14) model is one of the possible extentions of S0(10) model. 

The latter as well as SO(11) and SO(12) models, however, 

contains only one generation with its mirror conjugate. The 

models with larger groups SO(13) or SO(14) allow no more than 

two generations. The original symmetry 0(14) is spontaneously 

broken into SU(3) C x 11(1)^ through three steps; the first 
12 

yields the heaviest gauge boson with mass 10 TeV and the 

remaining symmetry is S0(4) c x S U ( 2 ) L x S 0 ( 2 ) R x S O ( 2 ) H x S U(2) H, 

where the last two SU(2) groups with subscripts H and H' are 

responsible for the generations, then the second symmetry 

breaking leaves SU(3) c x S U ( 2 > L x U ( 1 ) and the gauge boson as 

heavy as 1 0 1 0 TeV and the final one gives SU(3) C x U d l ^ with 

. W* and Z°. From this sequence of breakings we see that the 

heaviest gauge boson connects quarks and leptons while the 

next one is concerned with the inter-generation force in 

addition to the left-right asymmetry. Thus we have a model 

which can answer two big problems mentioned before. Now we 

examine the phenomenology of this model. First of all, though 

we know only 8 x 3 fermions (with t-quark) out of all 64 fermions 
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now, we can expect very rich particle spectrum (we do not 

mention W*, Z°, t-quark and the Higgs boson whose vacuum 

expectation value breaks S U ( 2 ) L * U ( 1 ) , because these are 

particles lying in the low energy site of spectrum). Unknown 

fermions are presumably as heavy as 0.5-10 TeV. Second, 

the mirror fermions couple to the W* boson through the right-

hand current. Their productions and decays are very interesting. 

Finally, the change of coupling constants with energy can 

be estimated in the same way as the case of SU(5). The only 

difference is that the number of generation, N„, is not 
LI 

constant but vary with p. We assume that N
G = 3 for p <M^ , 

N f i = 4 (four generations of ordinary fermions) for < p < 1 TeV 

and N G = 8 (including all mirror fermions) for u > l TeV. 

Then we get solutions in the lowest order as 

' a s (100 TeV) = 1/10 

ceL (100 TeV) = 1/27 

and 

a (100 TeV) = 1/100 

sin 28 w(100 TeV) = 0.21. 

The variations are different from those for the SU(5) model, 

since the number of fermions is doubled after all. In the 

region < p <1 TeV, a L(p) decreases and reaches at its 

minimum 0^(1 TeV) = 1/30 then turns to increase. It is inter

esting to note that N = 8 implies 16 quark flavors which is 

the maximum number allowed to keep the asymptotic freedom 

of strong interaction. Therefore a g(p) decreases very slowly 

when p is greater than 1 TeV. 
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In spite of the fact that there is no definite evidence 

for compositeness of quark and lepton, it is irresistable 

to presume the existence of more fundamental subconstituents 

which are worth to be called "elementary particles". The 

reasons for this are, for example, unnatural abundance of 

quarks and leptons, that of parameters concerned with Higgs 

fields and the equality of positron and proton electric charges. 

Many people have proposed a great variety of composite models. 

The most of them adopt the asymptotic free field theory of 

interacting subconstituents. Then they are automatically 

confined in a region r'v-l/A where A is the scale parameter 

similar to the familiar A g C D for the strong interaction. 

Since quarks and leptons are almost point-like objects in 

the presently available energy, A should be larger than the 

latter, say 300 GeV. This is probably the value as low as 

possible. It is characteristic in the model which intended 

to make W", z" and weak isospin doublets to be composite. 

The observed weak interaction is regarded as a residual inter

action of the fundamental force which is taken to be asymptotic 

free SU(2) gauge interaction. Whether this model is true or 

not will be turned out soon. In the original technicolor 

model, the ordinary quarks and leptons are elementary but 

Higgs bosons are composites of heavier fermions. To break 

the symmetry SU(2) requires A ̂  1 TeV. success of this 

model seems, however, doubtful because the predicted charged 

and neutral pseudo-Nambu-Goldstone bosons with masses arounc1 

10 GeV have not been found. To construct a model of composite 

quarks and leptons, it is, in general, needed to assume 
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A £ 100 TeV to account for various experimental limits on 

rare decays. The smallness of quark and lepton masses 

compared with A is usually explained as a manifestation of 

the almost unbroken chiral symmetry in the theory. Many models 

have been proposed but details of dynamics are generally not 

clear, especially, the manner how the pattern of interactions 

contained in the grand unified theories is realized on the 

level of quark and lepton is obscure. Therefore we give up 

to adhere to specific models, but discuss some general features 

implied by compositeness. When quarks and leptons are composite 

systems confined in a region 1/A by the asymptotic freedom 

(this mechanism for confinement seems to be no more than 

conventionalism, rather Nature may dislike repeat herself), 

they have great similarity to the strongly interacting particles. 

There would be many excited quarks and leptons as well as 

pseudoscalar, vector and axialvector heavy particles with 

the excitation energy A. The particle spectrum, therefore, 

is proliferated around A. Furthermore, if the interaction 

is set in, we also observe multi-production of lepton and 

quark pairs. Through this phenomena we can know the existence 

of new interaction even we do not see the spectrum. As the 

energy goes to higher than A, "deep inelastic or hard scatter

ings" show the asymptotic freedom as in the case of perturbative 

QCD. Now we want to guess the magnitude of A from various 

experimental limits. First of all, the excited lepton or 

quark has never been observed up to 30 GeV at PETRA in search 

of heavy particles produced in e + e •+ e*e, y*y or q*q. 

Second, the cut-off parameters which reflect the structure 
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of e, y and q (form factors) are deduced to be larger than 

about 200 GeV. Third, the most precise measurement of lepton 

structure is given by possible deviation of (g - 2) from 

theoretical calculation. The results are 

l«ae| < 1 0 " 1 0 

and 

|6aJ < 10~ 9 , 

in orders of magnitude. Translating these into A is achieved 

by the effective Lagrangian, 

< £ e f f - X - l - T - > * V ' « B * e F a B + h - ° -

and also for muon, 

which, in turn, gives rise to a correction of the form 
m_ 2 

The most stringent bound for A is obtained from Sa^ and is 

A > 1 TeV. In the above Lagrangian, we have put an extra 

factor m e/A which expressed the almost unbroken chiral 

invariance mentioned before. By solving a model Schrodinger 

equation for composite system of a fermion and a boson, we 

get 

l< ael * - f • 

the result without the extra factor. This gives much larger 

value than before, A > 10^ TeV. The fourth source for the 

bound to A is given by y •+ ey or u + sulphur •* e + sulphur. 

This transition is caused by generation (though limited to 

lepton sector) changing neutral current. Using an effective 

Lagrangian similar to the previous one, we get A > 200 TeV 
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for B.R.(p+ey) < 1 0 ~ . We note that all of bounds obtained 

above are concerned with the transitions of lepton-lepton 

or quark-quark (production of q*q or q- form factor). Next 

two examples are responsible for lepton-quark. The first 

is K L •+ ue decay regarded as a process d * e~ and s •* u + 

exchanging something like a lepto-quark heavy boson. 

Experimental upper limit B.R. (KL~» ve) < 10 gives ft > 300 TeV. 

The proton decay is the second example of which we know well 
11-12 

that A 10 TeV is needed if the decay proceeds in one 

step, i.e., by exchanging a heavy boson once. It is also 

conceivable that a selection rule operates to forbid the decay 

by exchanging one or two heavy boson so that the above 
12 2 3 2 extraordinary bound may be read 10 TeV = ((10 ) ) TeV, 

that is, it corresponds to third order perturbation of 

A "v 100 TeV, as is discussed in the Pati-Salam model. In 

any case we do not see the evidence for compositeness. On 

the other hand, however, the facts that electric charges of 

lepton and quarks seems to be not independent and there is 

a mysterious repetition of generations are just the experimental 

facts which strongly suggest the existence of a new world 

in particle physics. It is not at all clear whether the 

composite model is adequate to describe this world or not. 

We are not so much convinced that the quantum theory and the 

relativity are enough to understand the fundamental dynamics 

in Nature. Refinement of experiments on rare decays should 

be done on one hand and the accelerators of 100 TeV or higher 

on the other are to be developed in two or three decades. 

The latter implies 100 Tesla magnets around 3 Km radius for 
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synchrotron and the high gradient acceleration of 100 GeV/m 

along 1 Km for linac provided that the materials used are 

not destroyed by such powerful magnetic or electric fields. 
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2.1 Introduction 

It is not practical for electron-positron collider to 

achieve the c m . energy much higher than that of LEP 1 by a 

circular accelerator, because the cost and the size of the 
. 2 

ring increase proportionally to the square of the beam energy , 

and because there are many difficult problems to be solved 

as discussed at the Second ICFA Workshop 3. For instance, 
Fig. 1 shows the relation between the beam energy and the 
circumference of the existing and proposed storage rings. 

The circumference of a thousand km is necessary in order to 

reach the beam energy of 1 TeV. 

One possibility to achieve TeV region is to construct a 

linear collider, whose cost and size are expected to be 

proportional to the beam energy. As a reference of the 
4 

linear collider, Table-1 gives the parameters of SLC that 

is the only project of the linear collider approved so far, 

and also parameters linearly scaled up 1 TeV. 

Table-1 

When we want to achieve 1 TeV with the same accelerat

ing structure and method of SLC, twenty linacs of 3 km long 

are required. The total length, the total number of klystrons 

and the required ac-power for this 1 TeV linac are obviously 

too large. Then to make this linear collider feasible, 

following improvements are necessary. Firstly, the accelerat

ing gradient must be increased to reduce the total length. 

Secondly, the efficiency to transfer the ac-power to the 
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beam must be improved to reduce the running cost. 

This report is organized as follows; various types of 

linear accelerators are compared and discussed in section 

2.2, and the proposals of research and development to 

realize a linear collider in the multi-TeV region are 

described in section 2.3. 

2.2 Accelerating Structures 

2.2.1 Normalconducting Linac 

The basic equations to evaluate a traveling-wave and a 

standing-wave linac are well described by P.B. Wilson in the 

references'^, which are summarized as below. 

Unloaded energy-

gain/structure 

rf-power/pulse/structure 

f(t) = 2x (l-e"^) 

t f = filling time 

accelerating gradient 

stored energy/m 

Traveling-wave lanac 

E = { U - e ~ 2 T ) p Q r * } 1 / 2 

1 E 2 

P r f " Vf " £ l T > J^rTQ) h 

g = E/l 

2 
s wTr/QT 
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The symbols apeared in the above equations are listed below, 

x ; attenuation parameter 

I ; length of a structure 

(J ; angular frequency of rf 

r ; shunt impedance per unit length 

P Q ; peak rf-power 

v g ; group velocity of rf in the structure 

The linac for the collider is a single bunch type, 

so P f is the minimum rf-power required for the acceleration 

of the single bunch. 

Standing-wave linac 

In case of the standing-wave linac, the width of the 

rf-pulse t r f to obtain a peak accelerating voltage by the 

minimum rf-power is given by** 

t r f = 1.257 t f = 1.257 x z$er 

P r f = Vrf " 1 ' 2 2 B u T r 7 Q T 4 

where 6 is a coupling coefficient of rf-input couplerj The 

stored energy is given by the same equation as the traveling-

wave linac. 

The parameters of SLAC 7 are taken as the standard of a 

disc-loaded linac, which are given in Table -2 . 

It is possible to reduce the required rf-power if the 

group velocity can be increased without the sacrifice of 

r/Q. One of the candidates of such structures is a bar-

loaded cr jungle-gym linac. The parameters of the rf-system 
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used at the Cornell Electron Synchrotron are taken as the 

standard of the bar-loaded linac, which are given in Table-

2. 

The parameters of the Disk And Washer (DAW) structure, 

which has been developed extensively at KEK for TRISTAN 
g 

Phase I , are taken as the standard of the standing-wave 

linac and given in Table-2. 

To compare the characteristics of the linacs at the 

same rf-frequency, the scaled parameters at 2856 MHz for a 

bar-loaded and a DAW linac are also listed in the table 

together with the original ones. 

Table-2 

In order to evaluate the feasibility of the various 

linacs for th linear collider, following quantities are 

given in Table-3; 

W r f ( l GeV); the required rf-energy to gain the 

energy of 1 GeV per pulse, 

P Q ; the peak rf-power, 

n ; the number of accelerating structure 

to gain the energy of 1 GeV, 

w g ; the stored energy. 

The stored energy limits the maximum number of electrons 

in a bunch which can be accelerated. These values listed 

in Table-3 are calculated for the same rf-frequency of 2856 

MHz and the same accelerating gradient of 100 MV/m for 

simplicity. 
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Table-3 

2.2.2 Superconducting Linac 

In case of the normalconducting linacs, pulse operation 

is favorable to reduce the required power. On the other 

hand, the superconducting linac can be operated continuously 

to make the best use of the superconductivity. The cavity 

loss of the superconducting structure is given by 

= g 2 

pcavity Q s ( r / Q ) n 

where Q g is unloaded Q of the superconducting cavity, and 

(r/Q) n is for the case at the room temperature. The accel

erating gradient and Q-value that can be achieved for super

conducting cavities are represented by the following empirical 

relations for the frequencies higher than 1.5 GHz by t-i. 

Tigner 1 0. 

g(MV/m) = 2 x f (GHz) 

Q U O 9 ) x f(GHz) = 9 

We have g = 6 MV/m and Q s = 3xl0 9 at f = 2856 MHz. Then 

Pcavity = 2 * 4 W / ' m f o r t n e s t r u c t u r e w i t h ' r / Q ' n
 = 5 0 0 0 " T h e 

total length to achieve 1 TeV amounts to 167 km. The ac-

power to keep the whole system at the liquid helium tempera

ture P a c = 351 MW under the assumption that the heat loss of 

the cryostat is 2 W/m and the cryogenic efficiency is 0.2%. 

We can concluded easily that the superconducting structure is 

not fit for the linear collider. 
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2.2.3 Wake Field Accelerator 

Another way to achieve the high accelerating gradient 

is to unify the rf-generating and accelerating cavities. In 

this case, it is expected that the sparking limit in the 

structure is higher than that of the conventional linacs fed 

the rf-power by the external source, because the time duration 

for the accelerating voltage can be made shorter. In addition, 

it is not required to develop high power rf-sources and 

other components for supplying the rf-energy into the acce

lerating structure. 

When a high-current bunch of electrons is injected into 

a structure such as the parallel plate of an rf-cavity, a 

wake field is generated in the structure. The wake field 

propagates in the structure from the point of source towards 

the surroundings. The propagating field reflects at the end 

of the structure like a liqht pulse in an optical resonator. 

Various frequency components are included in the wake field: 

Some components are determined by the structure grow, while 

other components damp during the oscillation in the structure. 

Consequently, the wake field is converted to the rf-field 

including higher modes and the fundamental mode. At this 

point, it is obvious that the wake field is the field tran

siently induced by the bunch, and it markedly differs from 

an rf-field of the resonant mode in the sturcture. As for 

the rf-acceleration, the pulse width of the order of the 

filling time is required to supply the rf to the structure. 

However, the field of several tens picoseconds can be ob

tained when the wake field is generated by a high current 
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single bunch of electrons. As the field exists only for 

such extremely short time at any point in the structure, the 

field gradient can be increased without breakdown to the 

value higher than the one which could be obtained by the 

ordinary rf-accelerations. 

Various types of wake field accelerators are proposed 

by T. Weiland 1 1. Among them an elliptic wake field trans

former is shown in Fig. 2. A driving beam passes through 

one of two focal points and generates wake fields, which 

propagates towards the surroundings and reflects at the 

boundary, then they concentrate at the other focal point and 

can accelerate a beam. 

2.3 Proposal of R&D for Linear Collider in the 

Multi-TeV region 

We have evaluated the accelerating structures discussed 

above and proposed to start the R&D of the normalconducting 

traveling-wave linac with high group velocity and the pulsed 

rf-source with high peak power to make the linear collider 

in the multi-TeV region feasible early in 1990's. 

Also the study of the wake field accelerator should be 

started because the quantitative discussions could not be 

made in the present workshop. 

The goal of the R&D is given in Table -4 . 

Table-4 
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Accelerating Structure 

The optimization of the rf-frequency should be made to 

obtain the maximum luminosity by the minimum ac-power. The 

parameters using not so conservative technology are listed 

in Table-5 for the standard of the R&D. It was already 
1 2 

shown by the machine group of KEK that these values listed 

in the table could be achieved by the DAW structure in 

principle. The bar-loaded structure is another candidate. 

rf-source 

Many difficult problems to achieve the values listed in 

Table-4 are shifted to the rf-source. The requirements for 

the rf-source are most difficult to realize by conventional 

technologies. The standard parameters are given in Table-5. 

Especially, the peak power of the multi-GW is much beyond 

the level which can be achieved by conventional technologies. 

We decided to start the studies on the new rf-source using 

the photoemission gun switched by a laser, which was proposed 
13 

by P.B. Wilson . The conceptual drawing is given in Fig. 3. 

The laser beam is modulated in intensity at the rf-frequency 

and illuminates the photocathode. The emitted beam is 

bunched at its origin and is accelerated by dc-voltage 

towards the output cavity to extract the rf-power. The 

principal advantage of this device is that the efficiency to 

convert the dc-energy to the rf-energy does not decrease as 

increasing the applied voltage to obtain higher rf-power. 

But many problems must be studied such as the photocathode 
2 

to obtain the current density of the order of 100 A/cm , the 
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high power-mode-locked laser, the beam dynamics, the method 

to supply the energy of the order of 100 joules to the beam 

emitted from the cathode and the rf output cavity. 

Wake Field Accelerator 

The development of the computer code is necessary to 

study the interaction between the high current-bunched beam 

and its surroundings in the transient state, which is useful 

not only for the wako field accelerators but also for the new 

rf-sources discussed above. Experimental study can be made 

by the High-Current, Single-Bunch Linac at the Institute of 
14 

Scientific and Industrial Reasearch, Osaka University 

Table-5 
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Table 1 

Parameters of SLC 

E = 50 GeV 

f „ = 180 Hz rep 
g = 17 MV/m 

N = 5 x 10 e 
P Q = 38 MW 

10 

3 km 

Nkly = 2 3 6 

P a c = 28 MW 

Beam Energy 

Repetition Rate 

Accelerating Gradient 

Number of Particle/Bunch 

Peak rf-power/Klystron 

Total Length 

Number of Klystron 

Total ac-power 

Parameters Linearly Scaled Up 1 TeV 

L = 60 km 

N,.,.. = 4720 

560 MW 
kly 
P ac 
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Table-3 

The required rf-energy to gain the energy of 1 GeV per pulse, the 

peak rf-power per accelerating structure, the number of accelerating 

structure to gain the energy of 1 GeV and the stored energy per pulse 

per unit length. 

W r f ( 1 GeV) kW/pulse/GeV 

n 

GW/structure 

structure/GeV 

joule/pulse/m 

Traveling-wave 
Disk-loaded Bar-loaded 

(SLAC) 

2.13 

0.78 

3.28 

127 

(Cornell) 

1.1 

7.3 

1.67 

100 

rf frequency = 2856 MHz 

Accelerating Gradient = 100 MV/m 

S tanding-wave 
DAW 

(TRISTAN) 

5.27 

2.34 

1 

239 



Table-5 

Parameters of Accelerating Structure and 

rf-source For Collider in Multi-TeV Region 

rf-frequency l^S GHz 

Repetition Rate =200 Hz 

Shunt impedance =150 MO/m (2856 MHz) 

Unloaded Q =30000 (2856 MHz) 

Group Velocity =0.5c 

Structure Length =15 m 

Accelerating Gradient 5OVL00 MV/m 

Particle/Bunch l-x-SxlO11 

Peak rf-power 5VL0 GW 

Pulse Width =100 nanosecond 

- 30 -

Figure Captions 

1. The beam energy versus orbit length of the existing 

and proposed ring accelerators. Arrows give the energy 

achieved by using superconducting cavities. 

2. A elliptic wake field accelerator proposed by T. Weiland. 

3. A conceptual drawing of a new rf-source consisting of a 

laser, a photocathode, a high voltage power supply 

and an output cavity, which is proposed by P.B. Wilson. 
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Driving Beam 

Fig. 2 
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Introduction 

Eighteen persons from KEK and five universities partici

pated in PR Working Group. In this group, the technical 

problems on the proton ring which might be installed in the 

TRISTAN ring were mainly studied. For instance, the injec

tion scheme from the 12 GeV proton synchrotron to the TRISTAN 

ring, superconducting magnets for proton rings, vacuum 

system, luminosity of ep colliders, heavy ion accelerator in 

the TRISTAN ring, large deep underground tunnels were 

discussed. 

Among these items, three reports on superconducting 

magnets, heavy ion accelerator and underground tunnel, are 

given in the followings. 
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3.1 Superconducting magnets for proton rings 

KEK Superconducting magnet development group 

We discussed on two types of superconducting magnets: 

the copper stabilized NbTi alloy magnets and the copper 

stabilized A 15 Nb 3Sn compound magnets, which will be used 

in the next generation of high energy proton storage accel

erators. The review and summary of the recent progress in 

the superconducting magnet technology at KEK are as follows. 

3.1.1 NbTi/Cu dipole magnets 

In recent years, KEK has laid emphasis on the develop

ment of 5 T NbTi/Cu dipole magnets for the TRISTAN proton 

ring of 350 GeV. A series of 5 T NbTi/Cu dipoles has been 

constructed to study the production procedure and operational 

performance. Some results in this development have already 
1 2 J 

been reported. ' 

We have established the production technique of 5 T 

NbTi/Cu dipole of large coil I.D., warm bore and warm iron. 

Several 1 m long c o i l s were wound in double shells using a 

keystoned Rutherford cable of 27 strands, insulated mainly 

with Kapton and a small amount of epoxy resin. These wound 

coils were clamped tightly with 316L stainless steel collar 

stacks by welding in a hydraulic press. The cross-sectional 

structure of this series of dipoles was similar to that of 

the Fermilab Energy Doubler/Saver dipole except for the size. 
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The training was obviously reduced by application of 

higher prestress at the clamping as shown in Fig. 1. The 

coil structure of the #3 magnet was the tightest with 

application of higher prestress and reduction of the amount 

of epoxy resin in the insulator. 

Multipole coefficients in each dipole were measured 

with a Hall probe and a rotating coil. Mispositioning and 

coil deformation in each dipole were analyzed in detail with 

the data of the magnetic field measurements. For example, 

the field error distributions around the median planes of 

the #1 and #2 dipoles are given in Fig. 2. 

The useful aperture of these dipole magnets is 60 mm in 

diameter, therefore, the field quality in the useful region 

is reasonable and acceptable. 

Based on experience in this series of 1 m long NbTi/Cu 

dipoles, we are now developing a 5 m long, 5 T, full size 

dipole. The aim of this development is to confirm the 

specification and performance of a practical accelerator 

dipole. Table 1 shows the principal parameters of this type 

of full size 5 T NbTi/Cu dipole magnet. 

Already we have wound the double shell coils of this 

full size dipole. Figure 3 shows the half coil and a stack 

of half collars of this dipole. The full size dipole will 

be assembled and installed in a horizontal cryostat together 

with a two phase forced cooling system within several months. 

In March 1981, one of the 1 m long, 5 T NbTi/Cu magnets 

was excited in a vertical superfluid helium vessel, which is 

schematically shown in Fig. 4 . 3 ' In order to reduce the 
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mass to be cooled down to 1.8 K, an inner cryostat which 

isolates the collared coils from the external laminated iron 

yoke, was installed in the magnet. Then the whole magnet, 

including the laminated iron yoke, was immersed in 4.2 K 

liquid helium. 

The total cold mass of the collared coils to be cooled 

to 1.8 K, was reduced to 200 kg with the installation of the 

inner cryostat. The heat exchanger, having a 3.5H evaporation 

chamber, was pumped down to 12 mmHg with a Kinney pump. The 

outlet of the pump was connected to a helium recovery line. 

Liquid helium was introduced from the top flange of the 

inner cryostat through a filter, heat exchanger, and a J-T 

valve. Thus the saturated liquid helium II condenced in the 

bottom of the heat exchanger and atomospheric pressure 

helium II filled up the inner cryostat. The whole cooling 

loop was connected to a B0C turbocool 100 helium refrigerator-

liquifier. 

Two safety valves which release anomalous pressure in 

the inner cryostat, were attached on the top flange. These 

valves were opened during the pre-cooling of the collared 

coils. The seal between the top flange and the inner cryostat 

vessel was made of Teflon. 

Prior to the cooling down to 1.8 K, the dipole magnet 

was cooled to 4.2 K and immersed in liquid helium, together 

with the inner cryostat which contains the collared coils. 

The first step of the cooling down to 1.8 K, was to 

pump out the evaporation chamber, placed at the bottom of 

the central aperture. In this process, it was important to 
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make sure of the tightness of the hop up safety valves on 

the G-10 top flange and to control the J-T and pumping out 

valves so as to keep a constant level of liquid in the 

evaporation chamber. 

Pressurized liquid helium II gradually increased in the 

inner cryostat. After 60 minutes, the inner cryostat was 

filled up with atomospheric pressure liquid helium II near 

1.8 K. Consequently the collared coils of 200'kg enclosed 

in the inner cryostat, were completely cooled with pres

surized superfluid helium. 

The heat leak into the inner cryostat was estimated as 

5 W. When the magnet cooling came into a steady state at 

1.8 K, the magnet excitation test was performed. The dipole 

magnet was previously trained up to 5,3 T in a usual liquid 

helium bath at 4.2 K. The magnet underwent an additional 

training in pressurized helium II beyond the upper limit of 

the excitation at 4.2 K. Finally the magnet became in 

operation at the upper current limit of our power supply. 

The current was 6.6 KA and the corresponding central field 

was 6.75 T. The excitations were performed while varying 

the ramp rate from 0.045 to 0.23 T/sec. 

Training of the double shell dipole magnet was observed 

even in pressurized helium II at 1.8 K. But the attainable 

field was reasonably higher than that in usual 4.2 K liquid 

helium. The field enhancement in the double shell coils was 

approximately 10%, therefore, the excitation current of 6.6 

KA which corresponds to a central field of 6.75 T, was 

almost 93% of the estimated J at 1.8 K. 
c 
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The maximum overall coil current density was 510 A/mm 

at 7.4 T and 1.8 K. This current density was considerably 

higher than that of usual medium size magnets. The collaring 

technique in our coils could withstand an electromagnetic 

bursting force of 4 x i o 6 N/m, which was generated with a 

central field of 6.75 T. 

These results gave us hope to develop much higher field 

in the accelerator dipole magnets. 

3.1.2 10 T NbTi dipole magnet cooled with pressurized He II 

A dipole magnet with the central field of 10 T using 

NbTi/(Ta)/Cu conductor cooled in pressurized superfluid 

helium is now under development at KEK. 4' This work is 

partly supported by the Japan-U.S. cooperation program in 

high energy physics. 

Figure 5 shows the schematic cross-sectional structure 

at the straight part of this dipole magnet. 

The outer collars are made of 316L stainless steel 

plates and the inner collars are made of nonmagnetic high 

manganese contend steel plates. The latter has a smaller 

thermal expansion coefficient than that of the former. This 

difference in thermal contraction seems to be favourable for 

giving much more prestress to the coils in the cooling down 

process. 

The stress in the collars and coils has been analyzed 

in detail by the finite element method. In Fig. 5, the 

stress contour lines in the outer collars are also given. 

As is shown in Fig. 5, the higher stress points are in the 
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inside corners and along the outside welding lines. 

The typical flux lines at the center of dipole .are 

given in Fig. 6. 

The cross-sectional dimension of the NbTi(Ta)/Cu 

conductor is 2.45 mm x 5.95 mm with 1,500 NbTi(Ta) filaments. 

The copper to superconductor ratio is kept as low as 1.0. 

At present, the ternary conductors are still not commercially 

available and some binary conductors show excellent perfor

mance as is reported in the other paper of this conference. 

Therefore, the first wound couple of coils is not composed 

of the ternary alloy but of the NbTi binary alloy super

conductors. 

The coil has basically a race track shaped winding in 

the beginning. Both ends of the coil are bent to clear the 

beam space when the B-stage epoxy resin on the conductor is 

cured after the winding. The curing pressure of this coil 

is over 60 MPa. 

This coil has a length of 1 m and an aperture of 60 mm. 

The design field homogeneity in the beam aperture is better 

than 0.05%. As shown in Fig. 6, the magnetic flux lines are 

curved in the coil. This means that the electromagnetic 

force distribution in this coil is complicated. On the 

other hand, this also means that the stress concentration in 

a certain direction is avoided. As the result, the biggest 

stress is .the bursting hoop stress in the horizontal direction. 

The bursting force at the full excitation is 6.2 x 10 6 N/m. 

In any case the maximum stress in this coil is smaller than 

for other types of winding. 
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This coil is supported by both inner and outer collars. 

The maxium stress in this coil is expected to be 108 MPa. 

In such a high compression, at present, only monolithic 

NbTi(Ta)/Cu alloy conductor with a special insulator can 

survive. This is the reason why we use the monolithic alloy 

conductor in this 10 T dipole magnet. 

The main design parameters of this magnet are given in 

Table 2. 

Figure 7 shows the structure of the cryostat for this 

magnet. Only the collared coil will be cooled with 1.8 K 

pressurized helium II. There are two laminated iron yokes 

of different temperature around the collared coil. The 

inner one is at 4.5 K and the outer is at 77 K. Both iron 

yokes are cooled with liquid helium and liquid nitrogen, 

respectively. 

3.1.3 Nb^Sn/Cu dipole magnets 

In spite of the brittleness of A-15 compound, the 

copper stabilized Nb^Sn superconducting wire is superior to 

the stabilized NbTi/Cu wire in its critical temperature (Tc) 

and field (Hc 2). Therefore Nb 3Sn cable, made of wire strands 

with suitable stabilizer and reinforcement material, should 

be one of the most promising cables for future high field 

accelerator magnets. In this case, the overall current 

density of Nb^Sn/Cu wire must be improved to be higher than 

the present one by almost one order of nu:.-pi+ •c'e- Without 

this improvement, any effective stabilizer and reinforcement 

structure could not be attached to the wire. This is the 
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reason why we are enthusiastic to improve the current 

density of the stabilized A-15 NbjSn cable. 

As the first development step, we are studying the 

following basic problems in the application of Nb 3Sn/Cu 

wires and cables to the high field accelerator magnets. 

A Nb 3Sn/Cu superconducting cable, which can carry a 

current over 5 ;000 A at 10 T and 4.2 K, has been developed 

with a length of typical industrial use. This cable is a 

kind of bronze processed Nb 3Sn cable with copper stabilizer. 

The parameters of this cable are given in Table 3. 

Now two or three companies in Japan are able to make 

such large scale bronze processed Nb 3Sn/Cu cables and we are 

studying the mechanical and magnetic properties of these 

cables in detail. This kind of cable seems to be suitable 

for standard solenoids such as test facilities. 

To study the heat treatment effect after winding of the 

bronze processed Nb 3Sn cables, we built both small and large 

race track coils. The small one was made to check the 

feasibility of accurate edgewise winding technique and to 

develop an insulator which can withstand high temperature 

(720°C) and long time (48h) heat treatment. The large one 

was built to realize a i m long Nb 3Sn/Cu dipole magnet with 

the reaction after winding. 

Figure 8 shows the 1 ra NbjSn/Cu race track dipole 

magnet. 

In the manufacturing process of these coils, we learned 

a lot of things about the practical Nb 3Sn/Cu cable and 

magnet characteristics. For instance, we observed longitudinal 
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cable and coil elongations of 0.5% after the heat treatment 

of reaction (48h at 720°C) and found an excellent insulator 

which can withstand such hard heat treatment. 

Besides the brittleness and complicated heat treatment, 

one of the weak points of the bronze processed Nb^Sn/Cu 

cable is its low overall current density. This kind of 

cable can scarcely carry an overall coil current density of 
2 

200 A/mm at 10 T and 4.2 K. This value is considerably 
smaller than that of NbTi(Ta)/Cu cable at 10 T and 1.8 K 

2 

(700 A/mm ) . Therefore we can not design a good high field 

dipole magnet with the present bronze processed Nb 3Sn/Cu 

cables. This is the essential point, but we are struggling 

to get a solution to this difficulty. 

As mentioned above, we have developed a series of 5 T 

NbTi/Cu dipole magnets of large coil inner diameter 140 mm. 

If we have a smaller inner diameter dipole magnet made of 

excellent high HCj cable, we can put it into the inside of 

the 5 T dipole. We can then get a superposition of the 

dipole fields in the central aperture. 

In practice we are developing such a dipole magnet with 

available Nb 3Sn/Cu cables. 6' The cross-sectional structure 

of the flux lines is shown in Figure 9. The dipole magnetic 

field is generated by three pairs of double shell coils. 

Each pair of shell coils generates a dipole field in the 

center of the aperture and the Nb 3Sn/Cu cables in the shell 

coils are graded depending on the suffering maximum magnetic 

field. In the other words, the current density is changed 

from coil to coil to reduce the mass of the material. 
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Each coil is connected in series and the design current 

is 5.16 kA for 10 T. The total ampere-turns are approxi

mately 1.0 MAT and the stored energy is 959 kJ/m. There is 

a huge bursting force of about 7 x 1 0 6 N/m in this multi-

shell Nb^Sn/Cu dipole and this value is nearly four times 

bigger than that of our 5 T NbTi/Cu dipole. 

The detailed configuration of the shell coils and the 

finite elements by which the computation has been carried 

out are shown in Figs. 10 and 11, respectively. 

The angle and thickness of each shell coil are adjusted 

so that each pair of the double shell coils generates an 

accurate dipole field in the central aperture. The merit of 

this design is its flexibility. For instance, if a large 

bore and low field dipole is require, the outside pair of 

the double shell coils is available. The dipole field 

strength is determined by the total ampere-turns in the 

coils. The demerit is the complex coil structure which will 

require high technology in the laboratory and industries. 

Some results of the finite element analysis by program 

ISAS (Japanese version of NASTRAN) are given in Fig. 11. 

The load vectors by the Lorentz force in the multi-shell 

coil elements are shown in the upper drawing. The middle 

shows the finite elements by which the computation has been 

carried out. There are three pairs of the double shell 

coils collared with stainless steel paltes. The coils are 

independent from the collar plates, therefore, the coils can 

slip along their boundaries. 

The lower drawing in Fig. 11 shows the deformation of 
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collared multishell coils by application of the prestress 

and Lorentz force at 10 T. The deformation is magnified to 

show the situation schematically. Owing to the difference 

of the Young *s moduli between the coils and the collars, 

gaps will occur between them as shown in the drawing. In 

practice, the coils will be compressed azimuthally toward 

the mediam plane by the electromagnetic force and gaps will 

develop on the top of each coil. In this calculation, the 

Young's modulus of the stainless steel and the equivalent 

one of the shell coils are assumed to be 2.0 x lO1^" and 2.0 x 
10 2 

10 N/m , respectively. The maximum stress in the coils is 

of the order of 200 MPa. 

There are some demerits in the bronze processed Nb 3Sn/Cu 

cable: brittleness, low overall current and difficulty in 

ohmic connections. Under heavy stress, the cable could not 

survive. We need much higher overall current density at 

high magnetic field to improve the mechanical properties of 

the Nb 3Sn/Cu cables. Without this improvement, we can not 

design a good high field dipole magnet. The current density 

in Nb^Sn should be improved by one order of magnitude. 

With such a high current density, we could improve the 

mechanical properties of the cable by adding reinforcement 

material. If the equivalent Young's modulus of the coil 
10 5 

were improved up to 5 x io N/m , we could build a 10 T 

Nb 3Sn/Cu dipole magnet with the graded multi-shell coils. 

Now we are encouraging the industries to develop good 

Nb 3Sn cables, including the In-situ, powder and exteral 

diffusion processes. We need such high performance cable 
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for future accelerators. 

3.1.4 Requirements for high field superconducting accel

erator magnet coils 

As the conclusions of these developments at KEK, the 

following requirements for high field superconducting accel

erator magnet coils became clear. 

The overall coil current density, including stabilizer, 

reinforcement, insulator and microcoding-channels should be 
2 

improved to the level at least 400 A/mm at 10 T in either 

case of NbTi(Ta)/Cu coil cooled at 1.8 K or NbjSn/Cu coil at 

4.2 K. 

The equivalent Young's moduli of these coils should 

have the values near a guarter of stainless steel and mechani

cal strength of NbTi(Ta)/Cu or Nb 3Sn/Cu cables should be 

improved with reinforcement material and fabrication technique. 

Suitable insulation material such as ceramics, having 

the higher Young's modulus and withstanding the huge stress 

of the order of 200 MPa, should be studied. 

The large flexible Nb 3Sn/Cu cable with stabilizer and 

reinforcement should be developed for the future very large 

accelerator magnets. 
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Table 1. Parameters of full size 5 T NbTi/Cu dipole magnet 

Coil inner aiameter 140 mm 
Warm bore diameter 90 mm 
Coil length 5.10 m 
Magnetic length 4.82 m 
Coil weight 2 t 
Total weight 9.5 t 
Central field 5 T 
current at 5 T 4870 A 
Stored energy 1.6 MJ 
Inductance 135 mk 
Bursting Force 2xl0 6 N/m 

Table 2. Parameters of 10 T NbTi/Cu dipole magnet cooled 
with pressurized superfluid helium 

Central field 10.0 T 
Max. field in the coil 10.7 T 
Useful aperture 60 mm 
Field homogeneity in the 

useful aperture AB/B<5xl0~ 
Operating current at 10 T 5,000 A 
Coil overall current density 327 A/mm 1 

Stored energy 896 kJ 
Inductance 72 mH 
Length of mangeL 1.0 m 
I.D. of the iron shield 460 mm 
O.D. of the iron shield 800 mm 
Bursting force 6.2xio sN 
Compressive force at mid. plane 1.4xiO GN 
Conductor; 

type monolithic 
material NbTi/Cu 
copper fraction 50% 
number of filaments >1,500 
insulation Kapton 

Table 3. Parameters of large current bronze processed 
monolithic NbjSn copper stabilized cable 

Critical current at 10 T and 4.2 K 5,000 A 
Cross-sectional area of cable 13.8 mm 2 

Number of filaments 113,000 
Filament diameter 5 um 
Twist pitch 245 mm 
Cross-sectional copper fraction 5 3 . 8 % 
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Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

captions 

1. Trainings of 1 m long and 140 mm I.D. 5 T NbTi/Cu 

dipole magnets. 

2. Field error distributions of 1 m long NbTi/Cu 

dipoles. 

3. Full size 5 T NbTi/Cu coil of TRISTAN test 

dipole magnet. 

4. Flow diagram of double bath pressurized superfluid 

cooling of NbTi/Cu dipole magnet. 

5. Schematic cross-sectional structure and stress 

contour lines in the outer coliars of 10 T 

NbTi(Ta)/Cu dipole magnet cooled with pressurized 

helium II. 

6. Flux lines in the 10 T NbTi(Ta)/Cu dipole magnet. 

7. Schematic structure of pressurized superfluid 

cryostat for the 10 T NbTi/Cu dipole magnet. 

8. 1 m Nb 3Sn/Cu race track dipole magnet. 

9. Cross-sectional structure and flux lines of 

graded multi-shell coil 10 T Nb 3Sn/Cu dipole 

magnet. 

10. Coil current configuration of multishell 10 T 

Nb 3Sn/Cu dipole magnet. 

11. Load vectors in the multishell coils, finite 

elements and deformation of collared coils with 

prestress and Lorentz force. 
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Figure 1. Trainings of 1 m long and 140 mm I.D. 

5 T MbTi/Cu dipole magnets 
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worm bore 

Figure 3. Full size 5 T NbTi/Cu coil of TRISTAN 

test dipole magnet 
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Figure 4. Flow diagram of double bath pressurized 

superfluid cooling of NbTi/Cu dipole magnet 
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Figure S. Schematic cross-sectional structure and 

stress contour lines in the outer collars 

of 10 T NbTi(Ta)/Cu dipole magnet cooled 

with pressurized helium II 
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Figure 6. Flux lines in the 10 T NbTi(Ta)/Cu 

dipole magnet 
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He GAS PUMP O U T 

Figure 7. Schematic structure of pressurized 

superfluid cryostat for the 10 T 

NbTi/Cu dipole magnet. 
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Tolol 1urn 192 

Current 5I60A ot IOT 

Stored Energy 959 KJ/M 

Bursting Force 

N =1 11 TON/CM 
N -Z 4.3 TON/CM 
N =3 14 TON/CM 
N =4 3.5 TON/CM 
N =5 8.7 TON/CM 
N =6 -1.9 TON /CM 

Total 40. TON /CM 

Figure 9. Cross-sectional structure and flux 

lines of graded nroltishell coll 

10 T Nb.Sn/Cu dipole magnet. 
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Figure 10. Coil current configuration of multishell 

10 T Nb,Sn/Cu dipole magnet. 
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•) ! • » •• I. »|| ( E , c - 2) eta] 

Figure 11. Load vectors in the multishell coils, finite elements 

and deformation of collared coils vith prestress and 

Lorentz force. 
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3 . 2 Acceleration of Heavy Ions in TRISTAN Ring 

S. Kate-

Laboratory of Nuclear Studies, Osaka University 

The TRISTAN proton ring is expected to be suitable to 

accelerate nuclear ions to relativistic energies. The accele

rated ions are extracted to bombard a static target for 

research of very high energy heavy ion reactions and also 

search of high density nuclear matter. Little modification 

to the proton accelerator/strage ring is needed to accelerate 

heavy ions in an extreme relativistic energy region. 

A luminosity L for heavy ion experiment on a static 

target is 

L = 6xl0 2 3nx/A l/cm 2sec 

where n is the number of accelerated heavy ions per sec, x 
2 

is the target thickness in g/cm and A is the mass number of 

the target material. A typical value of the luminosity is 

calculated U •> L = 6 x l 0 3 3/cm 2sec for n=10 3- ( ' particle/sec, 
2 

x=100 g/cm .-. • . I ^ I O O . Such large value of luminosity is 

never reached by a beam colliding experiment of heavy ions. 

In accelerating heavy ions in the same magnetic field 

of the proton acceleration, a kinetic energy achieved T (GeV) 
A l 

of the heavy ion whose mass number and charge are A^ and z^e 

are calculated from corresponding proton energy Tp(GeV) using 

a relation 
T a = /0.867A, 2+z 2 (T 2+1.876T ) - 0.931A. . 
A-i J. X p p X 
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2 

T C M = /o.870(A 1+A 2) 2+1.862A 2T f l - 0.931 (Aj+S^ ) . 

For very high energy such that a relation T. / A . » l hold, the 
A l L 

above equation reduce to 
T A . 8 6 2 T A l A 2 

- 0 . 9 3 1 . A l + A 2 A l + A 2 

Moreover, the target nucleus is chosen to be same as the 

accelerated nucleus, the center of mass kinetic energy per 

nucleon is represented as 

~ £ = / 0 . 4 6 9 T A - 0 .931 = /O.ie^-V^ - 0 .931 _ 

If we suppose T p=300 GeV and z^/A^=l/2, the kinetic energy 

T C M / 2 A 1 become 7.39 GeV/Nucleon. This kinetic energy is 

sufficient to produce possible high density nuclear matter^'. 

If we suppose that the 12 GeV proton is injected to the 

proton ring and accelerated to 300 GeV, the frequency mudulation 

of RF accelerating cavity is about 3 » 1 0 - 3 . On the other hand, 

the velocity of heavy ions is somewhat less than light velocity 
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In the TRISTAN proton ring, as T p / m p c is very large to suffice 

an inequality z. 2(T 2+l.876T )»0.867A, 2, T. is given simply x p p j. «^ 
by T 

A i z i 

The nuclear ion is supported to collide a nucleus in a static 

target whose mass number is A^. Then the center of mass 

kinetic energy of the two nuclei T^tGeV) is given by 



at injection energy in TRISTAN ring. For example, in the 

case of z^/A^=l/2 ions, the velocity is approximately by 

fl - l - 1-73 
p ~ 1 (T p+i.862)^ ' 

where Tp is the corresponding proton energy in the ring. At 

injection at which the corresponding proton energy is Tp=12 

GeV, the velocity of the heavy ions is & i n j = 1 - 9 . 0 * 1 0 ~ 3 . In 

the case of z 1/A 1=l/3 ions, the injected velocity is 6^ nj= 
-2 

1-1.78x10 . The 0 value at final energy can be considered 

actually to be 1.00. Then the frequency modulation of RF 

acceleration is required to be a little larger for the heavy 

ion acceleration than that for proton acceleration. For this 

reason, an RF accelerating part is a little expensive comparing 

to the case of exclusive acceleration of protons. 

For completely stripped ion beams, a vacuum condition 

required to survive the accelerating ions up to final energy 

is not severe but rather tolerable. The vacuum which will be 

realized in the electron-proton collision experiment is 

expected to satisfy the condition. 

For a beam colliding ring, an extraction system is properly 

unneccessary. However the beam extraction is needed for the 

heavy ion beams and also for proton beam to bombard an external 

static target. The Lorentz force which is received by moving 

charged particles in the electromagnetic field is F=q(E+vxB). 

For the extreme relativistic energy, the velocity of the heavy 

ion is very nearly to the light velocity. Therefore same 
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electromagnetic field of the extraction system can extract 

all particles accelerated in the proton ring. 

We chose the third resonance of betatron oscillation for 

slow extraction because only small change of betatron tune is 

needed to produce a resonance condition. Four quadrupole 

magnets are located in symmetrical positions in the ring to 

shift the betatron tune by 0.0833 and four sextupole magnets 

are set at proper positions of the ring to make a slope of 

betatron tune to radial direction. When the magnets are excited, 

the spilled beam from the stable region in the separatrix on 

the phase plane is entered to the electric field of an 

electrostatic septum followed by Lambertson septum magnets, 

C-type magnets and H-type magnets. To obtain the rough image 

on the extraction devices, the extraction system of the Fermilab 

PS is shown schematically in the figure. The dark shading 

elements in the figure are responsible to beam extraction. 

The parameters of the elements are listed in the table. Since 

a superconducting technology cannot be applied to the elements, 

a total length of the extraction system cannot be reduced in 

large extent. 

Electrostatic Lambertson 
septa Septum Magnets 

'l ' C I " l K C H = H j , = K = l
 (

 C J — 
-60m -50 -40 -30 -20 -10 
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Element Length Number Electro- Deflection gap Septum 
magnetic Angle Thickness 

m Field mrad mm mm 

Electrostatic 
Septum 

3.0 2 104 kV/cm 0.125 1 0.05 

Lambertson 
Septum 
Magnet 

3.2 2 0.78 T 1.5 1.48 1.25 

C-Magnet 3.2 2 1.0 T 2.0 1.52 

H-Magnet 3.2 7 1.56 T 3.0 1.46 

References 

1) A.S. Goldhaber, Nature 275 (1978) 14, Sept. 

2) C.H. Rode, et al., IEEE NS-18 (1971) 984. 
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3.3 Deep underground tunnel. 

H. Hirabayashi (KEK) 

To survey on the possibility of a deep underground 

tunnel construction for large accelerators at Tsukuba 

science city, we have studied the geological structure of 

the city area. 

There are good sand layers in alluviums at several tens 

meters below the ground surface. The layers could hold the 

weight of accelerator and detector facilities. The sand 

layers are little higher than the sea level and near the 

water level of lake Kasumigaura. 

The ground structures of Tsukuba science city area are 

composed of alluviums, covered with Kantoh loam. The base 

rock, peaked at Mt. Tsukuba, is very deep underground between 

several hundred to one thousand meters. 

From the view point of the geological structures, the 

so-called "shield method" of tunnel construction seems to be 

suitable for a future large tunnel in this area. In this 

method of construction, a tunnel digging machine is cutting 

a round hole along a horizontal axis for a few meters, then 

the inside wall is quickly reinforced with many arch segments 

of concrete or steel. A deep underground long tunnel could 

be safely built with this method and the tunnel structure 

could be earthquake proof. 

Figure 1 shows a rail way tunnel, constructed by this 

method. With this method, there is no practical limit of 

the tunnel depth. The depth should be selected from the 
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environmental considerations. 

If we could construct such a deep underground tunnel in 

Tsukuba science city area, the size would be limited about 

20. km in the diameter or length. It means that the circum 

ference of ring tunnel is roughly twice of LEP tunnel or the 

length of straight tunnel is about six times of SLAC tunnel. 

So far as technical problems are concerned, there is no 

problem in construction of a such deep underground tunnel. 

But the problems' are mainly in financial and social circum

stances. For instance, the estimated cost of tunnel construc

tion should be too expensive to manage an allocated budget 

in the government. An idea to compensate the expensive 

construction cost of the deep underground tunnels is to make 

use of them as future subway tunnels, after the completion 

of high energy physics experiments. 

A large ring about 20 km in the diameter will require 

an injector tunnel such as TRISTAN ring. With these rings, 

it is possible to make pp or pp experiments at the energy 

region of 30 TeV. 

A long straight tunnel about 20 km could install a high 

energy electron-positron linear collider. 

Of course we have to survey' on the other domestic 

construction possibilities of future high energy accelerator 

and experimental facilities. 
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