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STATUS OF LEP AND ITS EXPERIMENTAL PROGRAMHE 
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Abstract and Introduction 

LEP is an electron-positron collider designed 

for 2x100 GeV. For an initial phase the RF power will 
be sufficient to produce coll~s_ipys at 

at a luminosity of about 1.6 x 10 

-2 2 _x,50 GeV 

cm 5 The 

circumference of the ring is 26.7 km and will be 

Lnstalled 80 - 125 m underground. Electrons and 

positrons will first be accelerated in a linear 

accelerator LIL and accumulated in a new storage ring 
EPA. Subsequently, the existing machines, the PS and 

the SPS, ~111 be used as pre-accelerators. 

The LEP project was approved unanimously by 

the CERN Member States in December 1981 0” the 

condrtlon of a constant budget and constant staff 

during the construction period. The investment cost of 

LEP 1s 910 million SF 11981 prices). The series 

production of most components is under way and 

intensive acceptance tests are going on. A flexible 

planning has been introduced to cope with some minor 

dlfflcultles in civil engineering. About three quarters 

of the total investment have been adludicated, and so 

far the project is within the foreseen budget and time 
schedule. Completion of the initial construction phase 

1s foreseen for the end of 1988. 

Four experiments have been approved, which 

~111 be installed in 4 of the EI available interaction 

regions. More than 1000 physicists are very actively 

engaged ln the development and construction of these 

detectors. The progress of the detector COnStrUCtlOn is 
monitored by an Experiments Committee and by Finance 

Committees. The preparations of these experiments 
advance very impressively and within the foreseen 

schedule. 
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Fig. 1 Plan of LEP indicating the position of the RF 

stations and the four experiments 
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The existing machines, the PS and the SPS. 

will be used in the injection system (Fig. 21. The 

lnjectron chain will start, however, with two linear 
accelerators: a high current accelerator to produce the 

positrons and a 600 MeV linac to accelerate both 

electrons and positrons. These two linacs are built in 
collaboration with LAL at Orsay. They are followed by 

a new storage ring EPA In which high density bunches 

will be formed. Because of space limitations, the 

in]ection into EPA has to be performed from the inslde 

of the ring. Electrons and positrons are then further 

accelerated in the PS to 3.5 GeV and, after transfer to 

t h e SPS. to 20 GeV before finally being injected into 

LEP. A number of modifications have to be made to the 

PS and SPS in order to allow acceleration of electrons 

in these machines. A new RF system, consistlny of 32 

rlnqle cell standing wave cavities ~111 be added to the 

SPS. The vacuum system and the shielding has to be 

improved for these machines in order to cope with the 

synchrotron radiation. 
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Fig. 2 The injection system using existing machines 

(PS, SPS) and transfer tunnels 

The burld ings for LIL and EPA are ready and 

the installation of the linac is far advanced (Fig. 3). 

Not only is a large fraction of the accelerating 

structure already in place, but most of the modulators 
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and other modular subsystems have been installed. A 

new type of high power klystron is being manuf.ictured. 

Commissioning of the linacs is planned for the end of 

1985 and of the EPA in spring 1YAG. 

The design and construction of election, 

injection and transfer elements 1s we11 advanced. 

About 90 % of the 100 magnets needed for the transfer 

lines are recuperated from the ISR. 

Fig. 3 The injector linac LIL 

Main LEP m 

AS far ds the main components for the ring 

itself are concerned, a new phase has been entered. 

Must of the components are in series production and 

elements start to arrive in large quantities at the 

CERN site. Tests are becoming a major activity. In 

order to avoid delays during the installation in the 

LEP tunnel, it has been decided to set up full size 

sub-units of the machine lattice and of the accelerator 
system to be able to conduct detailed tests. 

Maclnets. The magnetic field of the dipoles, 

even at the design energy of 100 GeV, is only about 0.1 

T. So-called "concrete magnets" have therefore been 
developed which allow an essential saving, The magnets 

consist of spaced iron laminations where the spacing is 
filled with fine grained sand and mortar which gives 

the magnets the necessary mechanical stability but 

reduces the amount of.iron needed. 3328 dipoles, each 

about 5.67 m long, are required to fill about three 

quarters of the machine circumference. 

The development of these new types of magnets 

required extensive development work, during which the 

magnetic and mechdnlcal properties were investigated as 

a function of different compositions of the mortar. 

The series production of the dipole cores 1s 
under way at two manufacturing firms and about zoo 

cores have been delivered to CERN (Fig. 4). Since the 

dipoles wrll be equipped with simple alumlnlum 
excitation bars instead of individual 1:011s, special 
measuring devices have been developed in order to 
verify the magnetic geometry of the cores and they are 
now in regular use. 

Prototypes for the lattice quadrupoles and 

the correcting sextupoles have been received and 

tested. Contracts for these and almost all other major 

components of the magnet system (bus bars, watercooled 

cables, supporting jacks, superconducting quadrupoles 

far the low G insertions etc.1 have been ad-judicated. 

Fig. 4 A part of the 200 dipole cores delivered to 

CERN (stored in the former ISR tunnel! 

Acceleratins Svstem. To reach an energy of 

about 50 GeV per beam, 120 copper cavlt.Les are 

foreseen. I I1 order to save power d u r L II g the lo II g 
Intervals betw?en bunches, a low loss storage cavity 

has b e C? n ddded to each accelerating cavity. These 

cavities will be driven by 16 newly developed 

klystrons, each delivering one MW average power. 

One complete RF un.it consisting of 16 

Icavitles driven by two klystrons with the necessary 
wave gutdes, low power drive and control systems has 

been set up in d mock-up LEP gallery (Fig. 5) where 

they are now being extensively tested. 

F1g. 5 Accelerating sub-unit consisting of 16 

cavities (8 visible1 fed by two 1 MW 

klystrons 

The Vacuum Svstem. The essential part of the 

vacuum system is a newly developed non-evaporation 
getter pump which ~111 be installed in a side (chamber 
adJacent to the bedm chamber of the vacuum tube. About 

three kilometers of this getter strip hdve been 

received, and tests have shown that the performance is 

better than rrqurred in the specifications. 

In order to gal” experience with a complete 

vacuum system, a full length half cell of the standard 

LEP lattice (40 m long1 has been set up where many 

problems, like the fixation of the v~~cuum (chambers 1 II 

the magnet yokes, thermal insulation during bake-out, 
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interconnection OF the chambers etc., are bein<] 

studled. 

Other ComDonents. Many other components are 

in V~T~OUS stages of advancement. The maJorLty of the 

Icontracts wh1,z.h St111 have to be ad-JudLcated concern 

beam Lnstrumentatlon , power suppJ.l.eS, vent1latLon and 

cooling and electrLca1 dlstributlon. 

One major problem will be the transportation 

in the tunnel where aices shafts are 3.5 km apart. In 

total about 60 000 tons of material have to be 

Lnstalled in the tunnel. The map" transport system 

~111 be electric trains, suspended from a monorail OII 
the icelllng of the tunnel. A test . cLr(-uLt h a s beell 

installed at the surface which has already provided 

valuable 1nformatlon. 

Crv~l Enqlneerlnq 

The excavation of the access shafts and the 

underground caverns turned out to be more dlfflcult 

than expected due to bad rock quality and several water 
levels whLch had to be traversed. ay now, most of the 

access shafts and underground caverns are finished. On 

the other hand, the excavation 0 f the tunnel Itself 

turned out to be less problematic than expected. Under 

the foot-hails of the Jura more than 1300 m h d v e been 

excavated in d1fflcuJ.t J.irnest.one which corresponds to 
Jbout CO % of the totdl Length t 0 be tunnelled L" 

dlfflcult rock. No mayor lncldents happened bo far. 

The tunnelllng in the favourable moJ..rsse rock of the 

plain will he performed by three full face tunneJ.llny 

machines. OIlI? of these machines with 1ts very 
complicated auxlllary equipment behind It has been 

Lnstalled Ln Harch and WdS run-l,, much faster than 

expected. After a few weeks It has already achieved 

the design speed of about 36 m per day. TWO more 

tunnelllng machines ~111 come into operation during the 

coming munths. A flexible planning has been Lntroduced 

1" order to be able to cope with some mlnol 

dlfflcultles and delays. It 1s expected that the 

orlglnal schedule c a n be kept which foresaw that the 

underground c~vrl engineering WLll b 13 completed l>Y 
summer 1987. 

Fig. fi Head of the full face tunnell.Li~g machlne 

before LnstalJ..~tLon 

Uusradlnq of LEP 

It L-3 foreseen to use supercnnd"cLlny 

~:avLtLes to rdI.se the LEP energy from the LnLtLal phase 

of 50 GeV per beam to about 100 GeV per beam. This car! 

be done in different steps which will be dett?rmLned by 

the pt1ys1cs needs and by the flnanclal resources 

available. In the LnLtLal phase erght half cells of the 

machine lattice in the straight sections 2 and 6 will. 

be filled with (copper Iz.-ivLtles. In each of these two 

straight sections four half-cells are free and could be 

us1311 for supurl:onductl.nq cavities, and two nw r e 
half-- CP1.l.S are reserved for a third harmonic sy:tem. 

N 11 a c I: e 1 e r a t i II '3 cavltles ~~11 be Lnstalled 1 II the 

Lnltl al. phase I" the straight sections 4 and 6 which 

~111 be used dt d 13ter stage. Some 1c~vL1 eng3.nerrLnq 
‘W3.S 1 be necessary for this purpose) in order to provide 
klystron gallerres. 

Proyress 1" the development of supercon- 

d!Jctlnq cavltles has been very encour.\ljLng Ln recent 

years. Accelerating yrddlents of more than 10 HV/m had 

been .\r:hI.eved Ln single Cells at CERN and Ln I, t h I? I 

laboratorres, and 0 n e might hope that gradients of 

a11olJt 7 MVim could be obtained Ln a reallstlc 

accelerating system in several years from now. With 

this assumption the steps shown LI1 Table 1 could t3 R 

envisaged. The .slmpl.est step would be to f1J.t the 

(empty half cells L" straryht sections 2 and 6 with 

%dperconductlny cavities. ThlS would lead to beam 

eneryl.~s of 74 GeV. 8y fLllLn!3 two complete stral.ght 
sectrons with superconducting cavities, one coi~ld go 

bl?yond the threshold for W pair production and achieve 

enelyles 0 f about 87 GrV. This could be obtained by 

ierther replacing the (copper cavltles 111 secti.onS 2 and 

6 or by installing superconducting cavities ln ttlr 

StraLght sectlnns C and 8 If four Lntersections wuu11.I 

be Installed completely with superconducting cavities, 

beam energies somewhat above 100 GeV ~c~uld be obtained. 

It has been dcclded to use the same frequency 

of 352 MHz for the superconductLng cavltles as for t II H 

copper cavltles. In this way not only the klystrons, 

but the wave guides and other equipment can be used for 

both systems. 

Phvslcs Reauests 

A workshop 0 II LEP physics was organlred iii 

Mar1.h l'J85. There it was IconfIrmed that a "et-y rich 
research programme will be opened up both by the 

inltldl phase of LEP and dt higher energies. It 1s not 

the purpose of this report to yo Into thr physics 

questions, but a few L- I? I] u P 'j t s from the physicists 

concerning machine performance wil.1 be mentioned. 

A IAnLquu featilrri of the LEP mqdchlne will. III? 
its high energy rnsolutlon of about 3.10 This Wl:$ 

.lLlOW d preclslon determ].natlon of the mass of the Z 

with an error of about 30 MeV. If ?.t were posstblr to 

measure the dlpolarlsatlon resonances, the enrrgy 
-5 

resolution could be Improved to <about IO gL"Ln~, .3 

mass reso:ut1on of the order of 1 MeV. I n o 1-d c r t 0 

measure the width of the Z-pd~tlcle with high acc:ur.lcy, 

Lt Will be necessary to maintain a relative stabllsty 

of the magnetic fleLd of the rung with a t 0 1 e r ,3 n c e 0 f 
about 2x10-', yleldlng an error of the width of about 
10 MeV. In order to study the physics of the t 0 p 0 n L u m 

st.tte which WLll nut be tuo far fr,xn the Z*, Lt. 1'. 

essentldl to produce the highest possible e"el-gY 

resol.utlon even at the expense of ‘1 loss of l~~minusltg 

by an order of magnitude. This 1s a challenge for the 

1magLnatLon of accelerator people. The advantage of 

having longitudinal polarlsatlons in order to measure 

asymmetries was agaln stressed. 

LEP ExoerLments 

Four large detecting facllltles have born 

dpprovfd. which involve the collabor.ltion of more th.iu 

1000 physlclsts of whum dhout one cjuarter cume from 

nun-Member St.jtor of CERN. ALEPH and OPAL I: d II be . 
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Table 1. Possible stages of upgrading LEP with superconducting cavities i?MV/ml 

--- 

*) Initial 
**t Each kl 

Number of Total length Number of Energy per beam 
cavities m Klystrons **I GeV 

.- ---- -- 
- 

128 272 16 56.5 
-- 

Elk 109 l k 75 

192 326 12 07 

-_I --.~----_ 

384 657 2 I 1Ok 

. ---d 

phase using Cu cavities 
'stron gives 1 MW average power 

considered as two universal detectors, but using 
different techniques. ALEPH will have a large time 
projection chamber ITPC), a lead calorimeter for gamma 
rays and a superconducting magnet coil, whereas OPAL 
Will use a 'Jet chamber'. a lead glass gamma 
calorimeter and a warm coil. DELPHI is specialized for 
hadron identification by using the newly developed ring 
imaging Cherenkov counters IRICH). The detector L3 is 
specialized in calorimetry by using a very powerful 
electromagnetic calorimeter of bismuth-germanium- 
crystals and a fine-grain hadron calorimeter. This 
experiment will also be able to measure muon momenta 
very precisely. The progress in the preparation of 
these experiments is very impressive. It is closely 
monitored by the LEP Experiments Committee which has 
defined various technical milestones which experiments 
have to pass in order to get approval for the mass 
productlon of the elements. Practically all of these 
milestones have been passed. 

The total cost of these experiments will be 
about 320 H Swiss Francs. Only 60 millions will be 
contributed by CERN, whereas the rest will be provided 
by the collaborating groups, mostly in kind. Such a 
financing Structure reqUireS new ways of organizing and 
controlling the collaborations. A Frnance Committee 
consisting of representatives of the various funding 
aqencres has been set up for each experiment. 

Since the time for the installation of the 
experiments will be very short, as many components as 
Possible of the experiments are tested on the surface 
dnd the installation of complete modules is foreseen 
wherever possible. In that way it is hoped that all 
four experiments will be installed in time for the 
first beam. 


