
DELPHI 

A LEP forward 
AtCERN, 1984 is a LEP year. 
Construction of the 27-kilo
metre circumference LEP 
electron-positron collider is 
well underway, following the 
official groundbreaking cere
mony last year attended by 
President Mitterrand of 
France and Pierre Aubert, 
then President of Switzerland. 

The sinking of the vertical 
access shafts, some of which 
have to go down 140 metres, 
is now well advanced, and 
boring of the tunnel proper 
will begin later this year. All 
is proceeding according to 
schedule for the machine to 
provide its first 50 GeV 
beams in 1988 (also a LEP 
year). 

In parallel with the civil 
engineering work around 
CERN, a vast.effort is being 
mounted across Europe, and 
even further afield, to prepare 
the four big experiments 
(DELPHI, OPAL, ALEPH and 
L3—see October 1982 issue, 
page 322), and have them 
ready to intercept the first 
LEP electron-positron colli
sions. 

In the CERN COURIER this 
year, a series of articles will 
cover the preparations for 
these experiments and the 
progress of the LEP construc
tion work, starting this month 
with the DELPHI experiment. 

Scale mock-up of the DELPHI detector. The 
real thing will represent 500 man-years of 
effort. 

(Photo CERN 252.10.82) 

Like all the experiments for the giant 
LEP electron-positron collider now 
under construction at CERN, DELPHI, 
short for Detector wi th Lepton, Pho
ton and Hadron Identification, is big. 
It involves a collaboration of some 
three hundred physicists f rom over 
thirty research institutes in seven
teen countries. 

Its total cost is estimated at some 
70 million Swiss francs, and its con
struction will involve over 500 man-
years. It wil l contain well over 
100 0 0 0 electronics channels distri
buted over more than a dozen main 
detector components. 

This article is confined to a broad 
overview of the project and cannot 
do justice to the many man-years of 
painstaking work which have to go 
into the development, assembly, 
testing and installation of the sepa
rate components, each of which in
volves a large team. 

Forthe record, the DELPHI collabo-

ration involves Ames (Iowa State), 
Amsterdam (NIKHEF), Athens (Uni
versity and Technical University), a 
Belgian contingent, Bergen, Bolo
gna, CERN, Copenhagen (Niels Bohr 
Institute), Cracow, Dubna, Genoa, 
Helsinki, Karlsruhe, Liverpool, Lund, 
Milan, Orsay, Oslo, Oxford, Padua, 
Paris (Collège de France), Paris (P. et 
M. Curie University), Rome, Ruther
ford , Saclay, Santander, Serpukhov, 
Stockholm, Strasbourg, Trieste, Tu
rin, Uppsala, Valencia, Vienna, War
saw and Wupper ta l ! 

The detector, which spans 10 m of 
LEP beam pipe, has broad physics 
aims, and is designed to provide 
three-dimensional measurements, 
fine grain energy deposition and par
ticle identification over the complete 
available solid angle surrounding the 
beam intersection. 

A superconducting coil will pro
vide a highly uniform 1.2 T magnetic 
field. Construction of this mighty so-
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Transverse view of one quadrant of the 
'barrel' of the DELPHI detector for LEP. The 
detector is completed by end-caps. 

lenoid, one of the wor ld 's largest— 
6.2 m across and 7.4 m long —has 
been contracted to the Rutherford 
Appleton Laboratory in the UK. 

The coil will be wound wi th nio
bium-titanium/copper superconduc
tor embedded in a 24 mm by 4.5 mm 
aluminium matrix cooled by a forced 
f low of liquid helium at 4.5 K. The 
aluminium stabilizes the conductor 
and provides protection if the 100 
MJ of stored energy are released in a 
quench. Using a 500 wat t refrigera
tor, cooldown from ambient temper
ature to 4.5 K should take nine 
days. 

Around the beam pipe will be a sil
icon microstrip vertex detector 
(CERN / Milan / Saclay / Rutherford), 
fo l lowed by a 150 cm-long inner de
tector (Cracow / Amsterdam) con
taining several thousand wires in
stalled wi th 20 micron precision. It 
wil l provide good positional accura
cy and, wi th the 'outer' detector, 
help wi th the trigger decision. 

Around the inner vertex detector, 
the central part of the main tracking 
detector will be a Time Projection 
Chamber (TPC - CERN / Paris / Lund 
/ Orsay / Saclay), similar to that used 
by a Berkeley team at Stanford, but 
wi th its argon-methane filling at at
mospheric pressure. About 25 0 0 0 
separate connections have to pass 
f rom this 3 .4m- long vessel to the 
outside of the detector. 

Energy loss measurements in this 
central detector will aid particle 
identification, while charged hadrons 
will be identified in a barrel RICH (Ring 
Imaging CHerenkov Counter—Am
sterdam / Athens / CERN / Orsay / 
Paris / Strasbourg / Uppsala / Wup-
pertal) containing both liquid and ga
seous freon radiators and which sur
rounds the TPC. 

Outside the RICH barrel will be the 
outer tracking detector (Paris/Liver
pool) — a 4 m diameter barrel con
taining 2500 5 m-long drift tubes, 

fixing the position of particle tracks 
to a fraction of a millimetre. 

Also inside the coil will be the elec
tromagnetic calorimeter, a novel 
5 m-long High Density Projection 
Chamber (Ames / Bologna / CERN / 
Genoa / Karlsruhe / Milan / Rome / 
Stockholm / Warsaw), which will 
drift electrons over long distances in 
narrow slots. Its high granularity 
promises better pattern recognition 
than more conventional electromag
netic calorimeter designs. Prototype 
modules have been assembled and 
tested at Rutherford and CERN. 

The whole DELPHI barrel, between 
the solenoid and the magnet yoke, 
will be covered with scintillation 
counters for time-of-fl ight measure
ments (Santander / Valencia). 

The t w o ends of the detector will 
be equipped wi th forward drift cham
bers (Vienna / Wuppertal) to im
prove momentum resolution at small 
angles, to provide particle tracking 

and to extend the triggering down to 
small angles. 

The end-cap regions will also be 
covered by integrated gas/l iquid 
RICH counters (Amsterdam / Copen
hagen / Cracow / Uppsala / Wup
pertal), while the electromagnetic ca
lorimeter end-caps (Padua / Santan
der / Trieste / Turin / Valencia) will 
use lead glass counters. 

Outside the solenoid will be the big 
hadron calorimeter (Dubna / Helsinki 
/ Serpukhov / Rome) consisting of a 
barrel calorimeter (100 cm of iron) 
together wi th end-caps. The iron 
plates of the return yoke will be inter
leaved wi th gaps for plastic streamer 
tubes. The barrel elements will be 
grouped sequentially into ' towers ' , 
'supertowers' and 'hypertowers' . 

The outside of the detector will 
be covered by muon chambers 
(Oxford / Belgium), involving a total 
of 2 0 0 0 drift chambers in multiple 
layers. 
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Schematic of the DELPHI data acquisition 
and filtering system. These systems play 
a vital role in all the LEP experiments and 
were the subject of a special study. 

In the extreme .forward directions, 
next to the low beta quadrupoles 
which squeeze the colliding beams, 
will be a small-angle tagging system 
(Bergen / Oslo) which will also serve 
as an on-line luminosity monitor. 

Data handling 

With LEP's high collision rates, ef
ficient and flexible data handling is 
required if valuable information is not 
to be lost through saturation of the 
data acquisition system, and to en
sure fast extraction of interesting 
physics. Thus data acquisition and 
analysis play a vital role in all the LEP 
experiments and were the subject of 
special study. 

The raw electron-positron cross
ing rate inside all LEP experiments 
will be about 50 kHz. For DELPHI, an 
initial fast trigger will decide whether 
candidate events recorded in coinci
dence wi th the beam-crossing signal 

are wor th retaining. This information 
f rom the inner and outer detectors 
and the forward chambers will be 
available within a few microsec
onds—a fraction of the time for par
ticles to drift in the central TPC. 

The second level trigger, using ex
tra information coming in meanwhile 
f rom the TPC and the electromagnet
ic calorimeter, will be available within 
about 35 microseconds, minimizing 
' lost ' collisions which occur while the 
experiment's telemetry is dead. This 
second level will use fast processors 
(microcomputers) integrated into the 
electronics. 

This should accommodate an ev
ent rate of 20 Hz (average trigger 
spacing 50 msec). To keep dead 
time down to the one per cent level, 
digitized data will be passed to local 
buffers after the second level trigger 
is satisfied, thus freeing all inputs 
within 500 microseconds. 

To further reduce deadtime, these 

distributed (local) buffers will be able 
to store up to five events at a t ime. 
Full readout of an event will take 
about 20 msec. 

Computer crates located in the el
ectronics racks will control the read
out into a main multievent buffer, 
ready for the third level of selection 
(5 Hz). Data will be passed to on-line 
computers and/or magnetic tape (or 
other storage media) at the rate of a 
few events per second. 

In addition to the local data hand
ling system, physicists will be able to 
make use of CERN-wide and inter
national computer networks. 

The DELPHI collaboration was 
formed around common physics in
terests and a desire to build a high 
performance detector. While being 
ideally suited to the study of Z° par
ticles (the carriers of the weak neu
tral current which LEP will provide in 
quantity) the intention wi th DELPHI is 
also to scan closely for signs of new 
and unexpected behaviour. Wi th LEP 
accessing a new physics region, the 
potential rewards are great. 
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