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INTRODUCTION 

The Large Electron Positron Collider (LEP) is designed to obtain an 

energy of 100 GeV per beam, and to have the possibility to increase the beam 

energy to about 125 GeV. 

The LEP machine construction will be carried out in phases and the 

precise future energy levels as well as the power dissipation depend on the 

development of superconducting RF technology. This is the reason why this 

Workshop is of great importance for the LEP designers. Any increase in energy 

will depend on the pressure to explore energies above the threshold of Z O  

production sooner than was foreseen a few years ago; a limitation will be the 

funds available to build the new RF system. 

My contribution to this Workshop is to describe the superconducting RF 

acceleration system for LEP. The only acceleration system so far designed is 

the room temperature copper-cavity RF system; not only has it been designed, 

but prototypes have been built and contracts have been placed for series 

production. With this RF system it will be possible to reach about 60 GeV per 

beam at zero luminosity and 55 GeV at maximum luminosity. In this talk I will 

present some of our present-day thinking as to how to increase the LEP energy 

beyond the 60 GeV per beam level. Today, we are not yet ready to present the 

specifications of the superconducting RF acceleration complex. Too many 

unsolved problems remain and only at the end of 1985 will we be able to 

specify the technical characteristics of the superconducting RF system. 

The LEP Project includes the construction of two Linacs and an Accumula- 

tor Ring (EPA), the necessary modifications to the existing PS/SPS machine 

complex to enable acceleration of electrons and positrons up to 22 GeV energy, 

and above all the construction of the main ring of LEP (see Fig. 1). 

The circumference of the main ring of LEP is 26.66 km and four of the 

eight possible experimental areas will be built and equipped with sufficient 
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t e c h n i c a l  i n f r a s t r u c t u r e  t o  enab le  t h e  i n i t i a l  experiments t o  be i n s t a l l e d  and 

opera ted .  

I n  view of t h e  ve ry  t i g h t  budgetary c o n s t r a i n t s ,  i n i t i a l  investments a r e  

being s t r i c t l y  l i m i t e d  t o  t h e  minimum compatible wi th  t h e  aim of reaching 

about 60 GeV per  beam. Investments i n  view of f u t u r e  e x t e n s i o n s ,  such a s  t h e  

t u n n e l s  necessary  f o r  f u t u r e  e p  o p e r a t i o n  (p ro tons  from t h e  SPS c o l l i d i n g  with 

LEP e l e c t r o n s ) ,  and those  f o r  t h e  i n i t i a l  RF system, except  i n  p o i n t s  2 and 6 ,  

have been suppressed.  The "push-pull" exper imenta l  a r e a s  were abandoned i n  

favour of s imple  caverns  i n  view of  t h e  growing tendency t o  bu i ld  genera l  

purpose d e t e c t o r s  r a t h e r  than  experiments which would be changed over  

r a p i d l y .  The number of t h e  caverns  t o  be excavated i s  l i m i t e d  t o  f o u r ,  

s i t u a t e d  a t  p o i n t s  2 ,  4 ,  6 and 8 ( s e e  Fig.  2 ) .  

The f i n a l  cho ice  of circumference and t h e  l o c a t i o n  of LEP were guided by 

t h e  geology of t h e  Geneva a rea .  With respec t  t o  t h e  Pink ~ o o k l )  t h i s  is one 

of  t h e  major changes. Another important  change i s  t h e  use  of t h e  PS and SPS 

a s  i n j e c t o r s .  Since  t h e  synchrotron r a d i a t i o n  l o s s e s  a r e  p ropor t iona l  t o  t h e  

f o u r t h  power of t h e  energy and t h e  i n v e r s e  of t h e  bending r a d i u s ,  t h e  

r e d u c t i o n  of t h e  c i rcumference from t h e  30.6 km, a s  desc r ibed  i n  t h e  Pink 

Book, t o  26.7 km i n  o rde r  t o  avoid geo log ica l  d i f f i c u l t i e s  had, a s  a conse- 

quence, t h a t  t h e  "ul t imate"  e l e c t r o n  energy decreased from 130 t o  125 GeV per 

beam. 

1. The I n j e c t o r  

The 200 MeV e l e c t r o n  l i n a c  c o n s i s t s  of a h i g h - i n t e n s i t y  gun, a standing- 

wave buncher, and f o u r  travell ing-wave S-band s e c t i o n s .  Its i n t e n s e  e l e c t r o n  

beam produces - t h e  p o s i t r o n s  i n  t h e  conver te r  t a r g e t ,  j u s t  upstream of t h e  

600 MeV l o r i n t e n s i t y  l i n a c  which h a s  12 t ravel l ing-wave s e c t i o n s  n e a r l y  iden- 

t i c a l  t o  t h e  s e c t i o n s  of t h e  f i r s t  l i n a c .  The e l e c t r o n s  f o r  e l e c t r o n  f i l l i n g  

of  LEP a r e  produced by a low-intensi ty  gun l o c a t e d  nea r  t h e  conver te r .  Both 

l i n a c s  d e l i v e r  12 nsec-long beam p u l s e s  a t  a r e p e t i t i o n  r a t e  of 100 Hz. The 

l eng th  of t h e  two l i n a c s  i s  approximately 100 m. The l i n a c s  a r e  b u i l t  i n  col -  

l a b o r a t i o n  wi th  t h e  L inear  Acce le ra to r  Laboratory at  Orsay,  P a r i s .  

The EPA is  a b u f f e r  between a f a s t - r e p e t i t i o n  r a t e  machine and a slow 

cyc l ing  machine. The l i n a c  pu l ses  a r e  s t o r e d  i n  e i g h t  bunches of  t h e  600 MeV 
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EPA, which has a circumference of 126 m, i.e. one fifth of the PS circumfe- 

rence. 

Since the PS is a combined-function machine, in order to avoid beam 

instability in the PS, a Robinson wiggler must be installed in the PS to 

control the damping partition. The wigglers together with the additional RF 

system for acceleration needs straight-section space, which is scarce in the 

PS. For this reason, it cannot be envisaged to accelerate particles much 

above 3.5 GeV in the PS. Since the electron/positron emittances are rather 

smaller than the proton emittances, the particles can be accepted by the SPS 

at this relatively low energy. 

The positrons are sent to the SPS via the existing proton beam line and 

the electrons travel through the antiproton beam line. The particles are 

accelerated to about 20 GeV in the SPS by an additional 200 MHz RF system 

consisting of 32 single-cell cavities and they are extracted from the SPS and 

injected into LEP through two new transfer channels. 

2. The underground civil engineering 

The main tunnel consists of eight arcs and eight straight sections, the 

latter containing the beam collision points. The underground system will 

consist of a 26.7 km long tunnel with an internal cross-section diameter of 

3.76 m. This will lie for approximately 10% of its length in the limestone 

strata, and for 90% in the molasse. Along this tunnel at locations 

corresponding to five of the eight beam collision points, will be constructed: 

the experimental zones at P2, P4, P6 and PS, each incorporating service 

halls; an equipment hall at P1 and injection tunnels, to allow particle 

transfer from the SPS complex; additional galleries running parallel to the 

main tunnel at P2 and P6 to house the klystrons, their power supplies and 

other RF equipment. Access for personnel and equipment to these tunnels and 

halls will be by one or more shafts sited at, or close to, the interaction 

regions (Fig. 3 ) .  For more details see Reference 2. 

Few more words are needed to explain the RF sections of the main tunnel 

and the klystron, junction and liaison tunnels. Figure 4 gives an artistic 

view of one of the four experimental zones of the LEP machine. The surface 
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buildings communicate with the experimental hall located at about 100 m below 

ground level through vertical shafts. The first shaft of the figure will be 

used to install the machine elements; the shaft in the middle communicates 

with an assembly hall and with an experimental hall and the third shaft is for 

personnel access. Three shafts are generally required to keep pace with the 

machine installation schedule. Our goal is to have the first collisions 

between electrons and positrons around the end of 1988. 

On either side of points 2 and 6 (Fig. 3) an enlarged tunnel cross- 

section is required in order to accommodate the RF accelerating and storage 

cavities. The excavated diameter is increased to 5.04 m to permit a finished 

internal diameter of 4.40 m. 

Running parallel to the RF sections there will be additional tunnels, of 

a total projected length of approximately 850 m and an internal diameter of 

5.50 m, to house the klystrons. They will be connected to the RF tunnel by 

junction chambers, for the access of personnel and equipment, and by tubular 

passageways to accommodate the RF wave guides, as shown in Figures 5 and 6. 

Liaison tunnels will be constructed to allow direct access from the junction 

chambers and klystron tunnels to the underground halls. 

4. Magnet and Vacuum Systems 

The magnet system must provide a precise configuration of guiding fields 

along more than 22 km of beam path. The design and structure of its compo- 

nents are therefore dominated by economic constraints and in an effort to 

reduce material and installation costs to a minimum, unconventional construc- 

tions have been chosen for the main elements, namely the dipole cores and the 

excitation systems of the dipoles, quadrupoles and sextupoles. The designs 

based on this unconventional technique have lead to substantial financial 

savings3). 

The main pumping system is based also on a novel technique, i.e. the 

non-evaporable getter (NEG) strip, installed in a pumping channel which runs 

along most of the vacuum chambers. Its pumping is limited to reactive gases. 

Noble gases (Ar, He) and C H 4  are not pumped and require additional sputter-ion 

pumps3). 

SRF84-17 Proceedings of SRF Workshop 1984, Geneva, Switzerland



I t  is not my i n t e n t i o n  a t  t h i s  Workshop, ded ica ted  t o  superconduct ing RE 

technology,  t o  comment on t h e  d i f f e r e n t  a s p e c t s  of t h e  p r o j e c t .  An upgraded 

d e s c r i p t i o n  of t h e  p r o j e c t  can be found i n  t h e  Green ~ o o k ~ ) .  I should  simply 

mention t h a t  t h e  c o n s t r u c t i o n  of  LEP is  advancing according t o  p lan  and about 

two-thirds of t h e  c a p i t a l  investment foreseen has  been committed. The more 

important  c o n t r a c t s  have been s igned t o  my s a t i s f a c t i o n .  

Before e x p l a i n i n g  our p resen t  t h i n k i n g  on t h e  superconduct ing RF sys tem,  

l e t  me mention t h e  copper c a v i t y  a c c e l e r a t i o n  system (N.C.) t h a t  w i l l  be 

i n s t a l l e d  i n i t i a l l y  i n  LEP t o  achieve 60 GeV per beam3). 

The a c c e l e r a t i n g  s t r u c t u r e  c o n s i s t s  of  128 coupled-cavity u n i t s  made of  

copper,  each u n i t  c o n t a i n i n g  a  f  ive -ce l l  a c c e l e r a t i n g  c a v i t y ,  s ide-coupled t o  

a  s i n g l e - c e l l ,  s p h e r i c a l  s t o r a g e  c a v i t y .  This  s t r u c t u r e  i s  powered by a  t o t a l  

o f  16 k l y s t r o n s ,  each of 1  MW nominal continuous-wave (C.W.) ou tpu t  power. 

The o p e r a t i n g  frequency i s  352.21 MHz, corresponding t o  t h e  31320th harmonic 

o f  t h e  LEP r e v o l u t i o n  frequency.  The nominal va lue  of peak RF v o l t a g e  per  

r e v o l u t i o n  i s  400 MV at zero  beam c u r r e n t .  

The RF system i s  grouped i n  a  p a i r  of s t a t i o n s  on e i t h e r  s i d e  of c o l l i -  

s i o n  p o i n t s  2 and 6. I n  each of t h e  four  s t a t i o n s  t h e  a c c e l e r a t i n g  s t r u c t u r e  

occupies  four  l a t t i c e  ha l f -pe r iods  ( i . e .  t h e  space  between a d j a c e n t  quadru- 

p o l e s ) ,  each ha l f -pe r iod  accommodating a  group of e i g h t  c a v i t i e s  (Fig .  7). 

Two more ha l f -pe r iods  a r e  s e t  a s i d e  f o r  f u t u r e  superconducting c a v i t i e s .  

Table I g i v e s  t h e  c h a r a c t e r i s t i c s  of t h e  main RF system (copper c a v i t i e s ) .  

F igures  8 ,  9 and 10  show t h e  schematic and t h e  model prototype of a  f i v e - c e l l  

copper cav i ty .  

The f i v e - c e l l  a c c e l e r a t i n g  c a v i t y  forms a  s i n g l e  u n i t ,  i t s  Q-factor, 

wi thout  s t o r a g e  c a v i t i e s ,  is  about 40,000 and t h e  e f f e c t i v e  shunt  impedance 

pe r  u n i t  a c t i v e  l eng th  26 Ma/m. The l a r g e  bunch spac ing  of 22 psec p e n n i t s  an 

a p p r e c i a b l e  i n c r e a s e  of shunt impedance by means of s t o r a g e  c a v i t i e s 4 ) .  The 

s p h e r i c a l  s t o r a g e  c a v i t y 5 )  i s  e x c i t e d  i n  t h e  lowest H-mode, and i s  coupled t o  

t h e  c e n t r a l  c e l l  of t h e  a c c e l e r a t i n g  c a v i t y .  The s t o r a g e  c a v i t y  i s  tuned t o  

t h e  H-mode frequency f,, a s  i s  t h e  a c c e l e r a t i n g  c a v i t y .  The coup l ing  between 
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t h e s e  two r e s o n a t o r s  l eads  t o  a  s p l i t  of t h e  resonant  frequency i n t o  two 

f requenc ies  £1 and f 2 ,  c l o s e l y  spaced. The Q-factor of t h e  s t o r a g e  c a v i t y ,  

made of  copper,  i s  about 160,000, and t h e  e f f e c t i v e  shunt  impedance per  a c t i v e  

l eng th  of t h e  coupled c a v i t y  u n i t  is increased t o  40 MRIm.  The use of t h e  

s t o r a g e  c a v i t y  t h u s  l eads  t o  a  g a i n  of  about 1.5 i n  shunt  impedance and hence 

a  r e d u c t i o n  by t h e  same f a c t o r  i n  RF power l o s s  f o r  a  given v o l t a g e  and 

s t r u c t u r e  l eng th .  

Table I 

C h a r a c t e r i s t i c s  of t h e  main RI? system (copper c a v i t i e s )  

a )  each coupled t o  a s t o r a g e  c a v i t y  

b) de f ined  a s  v ~ / P - L ,  

c )  z e r o  beam c u r r e n t  

Frequency 

Wave l e n g t h  

Harmonic number 

Number of f i v e - c e l l  c a v i t i e s  pe r  module 

Cav i ty  a c t i v e  l eng th  (5.J2) 

Module a c t i v e  l eng th  (20 ) 

Module phys ica l  l eng th  (24. .) 

No. of  k l y s t r o n s  per  module 

Nominal RF power a t  k l y s t r o n  output  

Waveguide l o s s e s  

Beam h o l e  d iamete r  

I n t e r a c t i o n  a r e a s  equipped with RF 

No. of  RF modules and k l y s t r o n s  

No. of f i v e - c e l l  c a v i t i e s a )  

Ac t ive  RF s t r u c t u r e  l e n g t h  

E f f e c t i v e  shunt  impedance of a c c e l e r a t i n g  c a v i t  i e s b )  

E f f e c t i v e  shunt  impedance wi th  s t o r a g e  c a v i t y  

Maximum a c c e l e r a t i n g  vo l tagec)  

Ava i lab le  RF power a t  c a v i t y  window 

Maximum a c c e l e r a t i n g  g r a d i e n t c )  

F i l l i n g  t i m e  of coupled systems 

Cavi ty  i n p u t  coupl ing 

Fundamental mode l o s s  parameter 

i - 

352.20904 MHz 

0.8711776 m 

31320 

8 

2.1279 m 

17.02355 m 

20.42826 m 

1 

1.0 MW 

7.5% 

100 m 

P2 + P6 

2 x 8  

128 

272.377 m 

26 M R /m 

40 M R l m  

401.6 MV 

14.8 MW 

1.474 MV/m 

56.5 us 

1.21 

0.158 V/PC 
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5. A Superconducting RF System 

Any increase  i n  t h e  LEP energy w i l l  be obtained by i n s t a l l i n g  supercon- 

duct ing c a v i t i e s  i n  t h e  RF tunnel .  

5.1 Choice of Frequency 

I assume t h a t  t h e  frequency of t he  superconducting system w i l l  be t h e  

same a s  t he  copper c av i t y  system, i .e .  352.2 MHz. Table I1 shows a few 

parameters.  

Table I1 

C h a r a c t e r i s t i c s  of t h e  Su~e rconduc t i ne  RF Svstem 

a) The choice  of t h e  frequency depends on t h e  p o s s i b i l i t y  t o  run t he  cavi-  

t i e s  a t  about 7 MV/m, i f  one ha s  t he  aim t o  ope ra t e  them a t  5 MV/m. 

Frequency 

Wave length 

R/ Q 

QO 

Iris opening 

The choice  of 352.2 MHz w i l l  al low the  use of t h e  k ly s t rons ,  t h e  a u x i l i a -  

r i e s ,  t h e  RI? d i s t r i b u t i o n  system, t he  d r i v e r s ,  t he  c o n t r o l s ,  t he  i n t e r -  

locks ,  t h e  i n t e r f a c e s  and t h e  main power supply designed f o r  t he  room 

temperature (copper c a v i t i e s )  system. The use o f  these  items w i l l  

c on t r i bu t e  t o  reducing t h e  c o s t  of t h e  development and design and t o  

redeploying a number of t h e  personnel involved at present  i n  t h e  

cons t ruc t  ion  of t h e  room-temperature RE c a v i t i e s .  

352.21 MHz 

0.8511 m 

278 Ohm/m 

3 X 109 

240 mm - 

b) To be a b l e  t o  i n s t a l l  t h e  e i g h t  c a v i t i e s  i n  t h e  e x i s t i n g  h a l f - c e l l s ,  t h e  

number of c e l l s  per c a v i t y  had t o  be reduced t o  four ,  t o  provide fo r  t he  

e x t r a  l eng th  of t he  "cold-warm t r a n s i t  ions" i n  superconducting c a v i t i e s .  
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c )  In t h e  "long" h a l f - c e l l  (36 .4  m ,  Fig. 11) synchrotron r a d i a t i o n  suppres- 

s o r s  and cryopumps w i l l  be added. 

d )  The e f f e c t i v e  length of each superconducting RF four -ce l l  c av i t y  i s  

leff 5 1.7 m. In  each ha l f - ce l l  t h e  a c t i v e  l eng th  w i l l  be,  the re fore ,  

13.6 m. 

5.2  Cryogenic Power 

It is assumed t h a t  cryogenic power w i l l  be i n s t a l l e d  i n  t h e  LEP machine 

t o  a l low a  g r ad i en t  a t  l e a s t  up t o  5 MV/m. 

One g e t s  f o r  t h e  power d i s s i p a t e d  per  u n i t  length 

About 10 W/m i s  added t o  t h i s  f i g u r e  t o  provide f o r  t h e  c r y o s t a t ,  t h e  

couple rs  and t h e  H e  t r a n s f e r  l i n e  l o s se s .  The t o t a l  cryogenic power per meter 

t h e r e f o r e  w i l l  be 40 W/m, implying 544 W of cryogenic power t o  opera te  t he  

c a v i t i e s  i n  each h a l f - c e l l  ( i . e .  e i gh t  t imes four -ce l l  c a v i t i e s ) .  

I should l i k e  t o  po in t  out t h a t  t h e  optimal g rad ien t  t o  opera te  LEP ha s  

not ye t  been s tud ied .  It i s  not c l e a r  t o  me whether Eacc = 5 MV/m i s  the  

opt imal  cho ice ,  e s p e c i a l l y  i f  t he  superconducting RF c a v i t y  is a b l e  t o  support  

a f i e l d  g rad ien t  g r e a t e r  than  7  MV/m up t o ,  l e t  us  say ,  8 t o  10 MV/m. An 

opt imiza t ion  s tudy  i s  requ i red  before  t h e  f i n a l  choice  of t h e  frequency and 

grad ien t  t o  opera te  t h e  superconducting c a v i t i e s  is made. 

5.3 RF Power 

The pred ic ted  va lue  of t he  cu r r en t ,  i n  t h e  i n i t i a l  phase of LEP opera- 

t i o n ,  i s  3 mA per beam. I f  one neg l ec t s  t h e  h igher  o rder  mode l o s s e s ,  and i f  

one assumes a  va lue  of 125' i n  t h e  s t a b l e  phase, then 24.6 kW/m of RF power is 

requ i red  f o r  t h e  two c i r c u l a t i n g  beams. This  va lue  impl ies  a  t o t a l  RF power 

per h a l f - c e l l  of 335 kW. 
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I should  l i k e  t o  r e c a l l  t h a t  t h e  k l y s t r o n  s p e c i f i c a t i o n  c a l l s  f o r  normal 

o p e r a t i o n  a t  1 MW output  wi th  90 kV d.c. i n p u t ,  a  nominal e f f i c i e n c y  of  68% 

and t h e  c a p a b i l i t y  of d e l i v e r i n g  1.1 MW of t e s t  power. With each k l y s t r o n  we 

w i l l  power two h a l f - c e l l  superconduct ing RF c a v i t i e s ,  i . e . ,  16 four -ce l l  

superconduct ing RF c a v i t i e s .  The o u t p u t  power w i l l  be s u f f i c i e n t  t o  power t h e  

16  c a v i t i e s ,  i n c l u d i n g  t h e  c a s e  of a  c i r c u l a t i n g  c u r r e n t  of  4 mA per beam 

(always a t  5 MV/m). 

6. T o t a l  Power, C i rcumferen t i a l  Voltages and Energies  

-. 

I n  r e g i o n s  2 and 6  we w i l l  i n s t a l l  four  h a l f - c e l l  superconduct ing RF 

c a v i t i e s  (F ig .  111, t o  be added t o  t h e  copper-cavity RF system. The t o t a l  

number of h a l f - c e l l s  equipped wi th  superconduct ing RF c a v i t i e s  t h e r e f o r e  w i l l  

b e  e i g h t ,  and t h e  t o t a l  number of four -ce l l  c a v i t i e s  w i l l  be s i x t y - f o u r .  The 

t o t a l  e f f e c t i v e  l e n g t h  of t h e  c a v i t i e s  w i l l  be one hundred and n i n e  metres .  

The t o t a l  RF power r e q u i r e d  i s  4 MW, which inc ludes  some r e s e r v e ,  i . e . ,  t h e  

p o s s i b i l i t y  t o  i n c r e a s e  e i t h e r  t h e  c i r c u l a t i n g  c u r r e n t  o r  t h e  a c c e l e r a t i n g  

g r a d i e n t .  The t o t a l  r e f r i g e r a t i o n  power i s  about 6  kW. The RF power a t  t h e  

mains,  wi th  a  t o t a l  e f f i c i e n c y  assumed t o  be 60%, i s  6.7 MW and f o r  t h e  cryo- 

g e n i c s  3 MW power a t  t h e  mains i s  r equ i red  i f  a  t e c h n i c a l  convers ion e f f i -  

c i e n c y  of 1 /500 i s  t o  be reached.  The above system w i l l  r e q u i r e  a  t o t a l  power 

a t  t h e  mains o f  10 MW. 

When p o i n t s  4  and 8 a r e  excavated,  they  w i l l  be f i l l e d  wi th  

superconduct ing RF c a v i t i e s .  Table 111 g i v e s  t h e  major c h a r a c t e r i s t i c s  of t h e  

main RF system i n  p o i n t s  4 and 8. 

Table 111 

Superconducting RF System i n  P o i n t s  4  and 8 

No. of h a l f - c e l l  superconduct ing c a v i t i e s  24 
No. of 4 - c e l l  c a v i t i e s  19 2  
T o t a l  e f f e c t i v e  l eng th  326 m 
T o t a l  RF power (12 k l y s t r o n s )  12 MW 
T o t a l  r e f r i g e r a t o r  power 16 kW 
Power a t  mains f o r  RF (60%) 20 MW 
Power a t  mains f o r  cryogenics  8 MW 
T o t a l  power a t  mains 28 MW - 
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Let me recall that a maximum gradient of 1.47 MV/m will be provided by 

the copper-cavity system (accelerating cavities side-coupled to storage cavi- 

ties). The maximum circumferential voltage is about 402 MV (see Table I). 

For the main RF system and for a quantum lifetime of 24 hours one obtains a 

circumferential voltage of 360 MV at 55 GeV/c, taking into account high order 

mode losses3). This value allows to establish an approximate relationship 

between the circumferential voltage and the particle energy6) : 

In Table IV the values of the circumferential voltages and particle 

energies are given. 

Table IV 

Circumferential Voltages and Particle Energies 

LEP Phase I Regions 2 & 6 
With 8 half-cell N.C. 
each (1.47 MV/m) 

LEP Phase I1 
(A) 

Regions 2 & 6 
8 half-cell N.C. 
+ 
4 half-cell S.C. (5MV/m) 

LEP Phase I1 
(B) 

I should like to point out that 

(as in (A) ) + 
Regions 4 & 8 
(12 half-cell S.C. each) 
5 MV/m) 

LEPPhaseII 
(C) 

E 

56.5 GeV 

70.0 GeV 

90.0 GeV 

96 GeV 
Al1S.C. 
(2, 4, 6, 8 )  at 
5 MV/m 

i) I have left eight half-cells unoccupied, in the superconducting RF 

acceleration system, because I assume that this half-cell will be needed 

to install the third harmonic system, 
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i i )  I have assumed t h a t  t h e  opt imal  choice  of t h e  a c c e l e r a t i n g  g r a d i e n t  i s  

5 MV/m. With t h e  h e l p  of formula ( 1 )  one can e v a l u a t e  t h e  energy t h a t  

can be reached i n  t h e  case  t h a t  e i t h e r  h igher  g r a d i e n t s  w i l l  be used o r  

more l e n g t h  w i l l  be a v a i l a b l e ,  

i i i )  I n  o r d e r  t o  a t t a i n  t h e  u l t i m a t e  energy of  125 G e V  superconducting cav i -  

t i e s  a t  5 MV/m g r a d i e n t  have t o  be i n s t a l l e d  i n  a l l  e i g h t  s t r a i g h t  

s e c t  ions .  

Any i n c r e a s e  i n  energy r e q u i r e s  n o t  on ly  t h e  i n s t a l l a t i o n  of t h e  neces- 

s a r y  superconduct ing c a v i t i e s  i n  t h e  LEP tunne l ,  but f u r t h e r ,  more o r  l e s s  

major ,  m o d i f i c a t i o n s  t o  t h e  machine and/or new excava t ions .  

7. T e n t a t i v e  Planning o f  t h e  Superconducting RF System 

A s  mentioned a t  t h e  beginning of t h i s  t a l k ,  LEP i s  a s t o r a g e  r i n g  o f  

100 GeV p e r  beam, a t  l e a s t .  1 suppose t h a t  t h i s  energy w i l l  be reached i n  

s u c c e s s i v e  s t e p s ,  and how t o  o b t a i n  these  s t e p s  w i l l  be decided i n  due 

course .  Let  me d e v i a t e  a l i t t l e  from my usual  c a u t i o n  and put forward a ,  

perhaps n o t  t o o  r e a l i s t i c ,  planning.  

It is my du ty  t o  urge you t o  speed up t h e  r e s e a r c h  and development 

p r e s e n t l y  be ing  c a r r i e d  o u t  i n  your l a b o r a t o r i e s ,  t o  achieve t h e  knowledge i n  

superconduct ing RI? t h a t  a l lows t h e  exper t  t o  des ign ,  s p e c i f y  and,  with t h e  

h e l p  of i n d u s t r y ,  produce t h e  a c c e l e r a t i n g  superconducting RF system needed 

f o r  a machine l i k e  LEP. 

I f  we want t o  i n s t a l l  such a system i n  t h e  LEP tunnel  r e l a t i v e l y  soon a 

major e f f o r t  is needed t o  so lve  problems of g r e a t  importance,  such a s  how t o  

produce a n  inexpensive  cryogenic  system, a s  wel l  a s  a h igh  degree of s e c u r i t y  

and r e l i a b i l i t y  of t h e  system. I would, however u n r e a l i s t i c  i t  may seem, l i k e  

t o  p r e s e n t  a r a t h e r  o p t i m i s t i c  planning.  

I f ,  under t h e  c a r e f u l  guidance of  Ph. Bernard and H. Lengeler ,  t h e  CERN 

e x p e r t s  were a b l e  t o  choose t h e  frequency and t h e  technique t o  b u i l d  t h e  

c a v i t i e s  ( e i t h e r  bulk Niobium o r  Copper s h e e t s  i n t e r n a l l y  Nb s p u t t e r e d )  by t h e  

end of 1985, i . e .  one and a h a l f  yea r s  from now, t h e  yea r  1986 could  be used 

t o  w r i t e  t h e  t e c h n i c a l  s p e c i f i c a t i o n s ,  t o  ana lyse  t h e  o f f e r s  and t o  negoc ia te  
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t h e  c o n t r a c t s  wi th  i n d u s t r y .  

To manufacture up t o  about two hundred and s ix ty - four  c a v i t i e s ,  with t h e  

a s s o c i a t e d  c ryogen ics ,  would r e q u i r e  about four  years .  I f  t h i s  assumptions 

proved c o r r e c t ,  t h e  c a v i t i e s  could  be ready f o r  i n s t a l l a t i o n  a t  t h e  end of 

1990. 

I do r e a l i z e  t h a t  t h i s  p lanning i s  v e r y  u n r e a l i s t i c  s i n c e  i t  t a k e s  no 

account  of t h e  s t r i n g e n t  f i n a n c i a l  c o n s t r a i n t s .  The money, and probably t h e  

pe rsonne l ,  r e q u i r e d  w i l l  no t  be a v a i l a b l e .  Moreover, t o  i n s t a l l  a l l  t h e  

c a v i t i e s  a t  once r e q u i r e s  a  long shutdown (probably  one y e a r ) ,  one year  of 

excava t ions ,  i n  a r e a s  4 and 8  ( t h e  excavat ion could  be c a r r i e d  out  i n  p a r a l l e l  

wi th  t h e  o p e r a t i o n  of LEP), and major changes i n  t h e  machine components (such 

a s  power c o n v e r t e r s ,  new c o i l s  f o r  t h e  d i p o l e s  at t h e  i n j e c t i o n  s e c t i o n s ,  

r edes ign  of a  low-B s e c t i o n  e t c . ) .  

I am convinced t h a t  i t  i s  unreasonable t o  f o r e s e e  a  f u l l  upgrading a t  

once. It would be more r e a l i s t i c  t o  assume t h a t  on ly  s ix ty - four  c a v i t i e s  w i l l  

be produced and i n s t a l l e d  a t  t h e  beginning of LEP o p e r a t i o n .  

F igure  12 shows a  t e n t a t i v e  planning,  based on t h e  assumption t h a t  t h e  

f i r s t  e+e' c o l l i s i o n s  w i l l  t a k e  p lace  a t  t h e  end o f  1988 and t h a t  t h e  p resen t  

phase of LEP c o n s t r u c t i o n  (about  60 GeV) w i l l  be "completely" paid  f o r  a t  t h e  

end o f  1989. To be a b l e  t o  fol low t h i s  p lanning r e q u i r e s  a  readjus tment  o f  

t h e  LEP expendi tu re  p r o f i l e .  How t h i s  could  be achieved i s  not  easy  t o  fore-  

s e e  a t  p r e s e n t ,  a t  such an e a r l y  s t a g e  of t h e  c o n s t r u c t i o n .  I am convinced 

t h a t  b e t t e r  p lanning w i l l  be p o s s i b l e  i n  one o r  two y e a r s  from now and I am 

conf iden t  t h a t  a t  l e a s t  a  few u n i t s  (about twenty t o  t h i r t y  c a v i t i e s )  w i l l  be 

i n s t a l l e d  at an e a r l y  s t a g e  i n  LEP opera t ion .  

It i s  extremely important  t h a t  t h e  d e s i g n e r s  of t h e  LEP superconduct ing 

RF system be ready t o  s p e c i f y  t h e i r  system n o t  l a t e r  t h a n  1986 i f  we a r e  t o  

reach  : 

and 

70 GeV i n  1991 

85 GeV i n  1992/1993 
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It i s  obvious t h a t  t h e  p lanning could be speeded up i f  d i f f e r e n t  assump- 

t i o n s ,  wi th  p a r t i c u l a r  regard  t o  t h e  budget and t h e  o r g a n i z a t i o n  of  t h e  

pe r sonne l ,  a r e  made. To be al lowed t o  make d i f f e r e n t  assumptions w i l l  depend 

on t h e  budget c o n s t r a i n t s  and it  is t o o  e a r l y  t o  . specula te  about t h a t  now. 

I hope t h a t  my b r i e f  passage a t  t h i s  Workshop has  conveyed t o  you my 

persona l  f e e l i n g s  and my enthusiasm t o  s e e  a superconduct ing RF system of 

s i z e a b l e  dimensions i n s t a l l e d  i n  a b i g  machine such a s  LEP i n  t h e  n o t  t o o  

d i s t a n t  f u t u r e .  We must be aware t h a t  t o  achieve t h i s  goa l  r e q u i r e s  t h e  

wel l -or iented e f f o r t s  on t h e  p a r t  of those  persons involved i n  t h e  r e s e a r c h ,  

development, des ign  and product ion of such a system, and,  l a s t  but  not  l e a s t ,  

a  well-defined p o l i c y  and t h e  s u b s t a n t i a l  suppor t  of t h e  l a b o r a t o r i e s  o r  

agencies  concerned. 

My thanks  go p a r t i c u l a r l y  t o  Ph. Bernard and H. Lengeler  f o r  t h e  stirnula- 

t i n g  d i s c u s s i o n s  we have had from t h e  s t a r t  of our c o l l a b o r a t i o n  a few years  

ago on t h i s  s u b j e c t .  
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Figure  Captions 

Fig .  1 Schematic l ayou t  of t h e  LEP I n j e c t o r  Chain. Of  LEP, only t h e  p a r t  
around t h e  c r o s s i n g  po in t  1 (P11 i s  shown. 

Fig .  2 Locat ion of  t h e  LEP t u n n e l .  

F i g .  3 Schematic layout  of  t h e  underground a r e a s  with a view of  t h e  s h a f t s  
f o r  pe rsonne l ,  i n s t a l l a t i o n  and exper imental  equipment. 

F ig .  4 Schematic des ign  of one of t h e  four  exper imenta l  a r e a s  of LEP. The 
s u r f a c e  b u i l d i n g s  a r e  connected wi th  t h e  exper imental  h a l l  l o c a t e d  
a t  about 100 m below ground through v e r t i c a l  s h a f t s .  

Fig.  5 Layout of po in t  6. The k l y s t r o n  g a l l e r y  and t h e  l i a i s o n  t u n n e l s  a r e  
v i s i b l e .  

Fig.  6 Art is t ' s  impress ion of t h e  s t r a i g h t  s e c t i o n s  and of t h e  RF 
equipment. 

Fig .  7 P l a n v i e w o f  a n R F s t a t i o n .  

Fig .  8 Acce le ra t ing  c a v i t y  side-coupled t o  a s i n g l e - c e l l  s t o r a g e  c a v i t y .  

Fig .  9 View of a p ro to type  c a v i t y .  

F ig .  10 view of one of t h e  f i r s t  LEP c a v i t i e s  assembled i n  t h e  West Ha l l .  

Fig. 11 Schematic diagram of one RF S t a t i o n .  

Fig.  12 T e n t a t i v e  (ve ry  p re l iminary)  p lanning of t h e  superconduct ing RF 
c a v i t y  product ion and i n s t a l l a t i o n .  
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