
Chamber only slightly larger than the 
Berkeley one already operational at 
PEP. 

Hadron identification is achieved 
wi th DELPHI with the help of the nov
el Ring Imaging Cherenkov tech
nique, yet to be used extensively in a 
major experiment (see March issue, 
page 49). 

Another proposal has as yet no 
name. It is a Europe/US/China effort. 
As proposed, it consists of a magnet 
enclosing a high resolution vertex 
detector (time expansion chamber or 
microstrips) and a high performance 
photon detector based on bismuth 
germanate crystals (BGO). This 
would require an extensive supply of 
this new material. The electromag
netic calorimeter is surrounded by a 
considerable thickness of conven
tional hadron calorimetry, also acting 
as a muon filter. The muons would be 
tracked in layers of outer chambers 
inside a large magnetic volume. 

The ELECTRA proposal comes 
f rom an essentially European team. It 
foresees very good electron identifi
cation, wi th high precision tracking 
immediately around a thin beryllium 
beam pipe. Also inside the warm coil 
solenoid would be a central tracking 
chamber, endcaps, transition radi
ation detector and scintillation 
counters, together wi th the electro
magnetic shower calorimeters. The 
magnet return yoke would also act 
as tracking calorimeter and provide a 
first stage of muon identification. 
Emerging muons would be picked up 
in streamer tubes. 

The LOGIC (LEP Open Geometry 
Imaging Cherenkov) proposal is a US 
contribution. It uses an open field 
magnet enclosing central tracking 
chambers. Outside the magnet 
would be Ring Imaging Cherenkovs 
for hadron identification. The detec
tor would be completed by lead-
glass electromagnetic calorimetry 

and additional counters for triggering 
and vetos. 

It is hoped that the final versions of 
the LEP detector designs will soon 
emerge so that construction work 
can begin in earnest as soon as pos
sible. 

Making gravitational 
antennas 
Einstein's general theory of relativity, 
as well as explaining the phenome
non of gravity, is also a monument to 
man's intellect. After its formulation 
earlier this century it won almost im
mediate acclaim through measure
ments on the advance of the perihe
lion of Mercury and on the effects of 
gravitational fields on light. 

Einstein's picture of gravity is a 
field theory which strongly suggests 
that gravity is accompanied by its 
own radiation, in much the same way 
that Maxwell 's theory of electromag-
netism paved the way for the discov
ery of electromagnetic waves. 

While Hertz' discovery of electro
magnetic radiation fol lowed relative
ly soon after Maxwell 's theory was 
developed, it is now well over f ifty 
years since Einstein's theory was 
formulated, and gravitational waves 
have yet to become a universally ob
served phenomenon. 

If they exist, gravitational waves 
are ripples of geometry which shake 
any object in their path. However 
because of the extreme feebleness 
of gravity compared to the other 
forces at work in Nature, a search for 
these effects has to confront seem
ingly insurmountable problems. A 

Cryostat for tests of a gravity wave detector 
at CERN. By going to extremely low 
temperatures, it is hoped to avoid problems 
due to thermal noise, which would mask 
the tiny oscillations due to gravity waves. 

(Photo CERN 7.5.82) 
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Ground breaking at the end of May for the 
proton storage ring which is being added 
to the LAMPF 800 MeV proton linear 
accelerator at Los Alamos. Wielding the 
shovel are (left to right) Ed Knapp, then 
head of the Accelerator Technology Division 
who has now moved to the National Science 
Foundation, Louis Rosen, Director of LAMPF 
and John Browne of Physics Division. 

(Photo Los Alamos) 

metre cube of aluminium exposed to 
a significant level of gravitational 
radiation would oscillate to and fro 
wi th an amplitude much smaller even 
than an atomic nucleus! Detecting 
and measuring such tiny resonances 
calls for all the ingenuity of the exper
imenter and all the latest technologi
cal aids. 

Such minute signals would be 
masked by noise within the detector 
due to the thermal motion of its mo
lecules, and the latest searches are 
planning to use cryogenics to cool 
the antennas near to absolute zero 
and minimize this internal noise. 

Signals suggestive of gravitational 
effects have been seen by some ex
periments, notably that of Joseph 
Weber of Maryland, who carried out 
a historic experiment wi th antennas 
being simultaneously monitored at 
Maryland and Argonne. Because 
gravitational effects would come 
from massive concentrations of mat
ter in outer space, they should be 
observable by detectors mounted at 
several widely separated sites. 

A programme for the development 
of highly sensitive gravitational wave 
detectors has been drawn up by a 
Rome / Louisiana State / Stanford 
collaboration. The Rome group has 
already built and successfully oper
ated a 4 0 0 kg cryogenic detector at 
Frascati, and is now exploiting the 
facilities and technical know-how av
ailable at CERN. The ultimate objec
tive is to construct a large detector 
containing several tons of alumin
ium, to be operated first at liquid 
helium temperatures and later below 
0.1 K. 

While the final cryogenic antenna 
is being constructed, tests are being 
carried out on a 2300 kg aluminium 
detector (3 m long and 60 cm dia
meter) wi th a view to perfecting the 
detection and data acquisition tech
niques and investigating the effects 
of spurious seismic and acoustic 

noise (particularly that produced by 
boiling liquids). 

For these tests, mechanical vibra-" 
tions are picked up by piezoelectric 
ceramics coupled to a solid state 
amplifier. Spurious vibrations are f i l
tered out by suspending the antenna 
bar by a titanium alloy cable inside an 
iron ring, itself supported on alumin
ium alloy beams. The whole appa
ratus is contained inside a vacuum 
chamber, and data is wri t ten onto 
magnetic tapes. The apparatus is 
providing valuable information to op
timize the construction and opera
tion of the final cryogenic antenna. 

For the cryogenic detector, the 
signals will be picked up by a super
conducting magnetometer (SQUID 
device), exploiting the Josephson ef
fect. 

LOS ALAMOS 
Future research 
facilities at LAMPF 
The programme at the 800 MeV pro
ton linac, LAMPF, at the Los Alamos 
National Laboratory has fully risen to 
the scenario laid down when prepar
ing the accelerator in the 1960s. It is 
the largest nuclear science research 
centre in the world wi th LAMPF sup
porting some 400 users and usually 
feeding some ten experiments at a 
t ime on as many beamlines. Beam 
currents f rom the linac are now re

gularly at 600 to 700 j iA and the 
emphasis is on reliable performance 
rather than on taking the intensity 
higher. 

The programme is predominantly 
nuclear physics wi th , for example, 
thorough studies of the nucleon-nu-
cleon interaction now aided by polar
ized beams and polarized targets and 
by use of the superbly engineered 
HRS (High Resolution Spectrometer) 
for proton-nucleus scattering experi
ments. Pion interactions benefit f rom 
intense pion beams and from the 
major detector facilities such as the 
EPICS spectrometer and the neutrr 
pion spectrometer. 

Experiments wi th muon beams 
use a stopped muon channel. Neu
trons are available from the copper 
beam stop and from a pulsed proton 
beam to the weapons neutron re
search area. The use of pions for 
cancer therapy in a biochemical facil
ity has now been stopped for lack of 
continuing support. 

Particle physics has a significant 
part of the programme. Refined tests 
of charge symmetry are under way. 
Rare decays of pions (such as the 
neutral pion decay into three gam
mas — forbidden by C invariance — 
which was not found) and of muons 
(such as the positive muon decay 
into a positron and t w o gammas) 
have been or will be looked for. A 
new detector, known as the Crystal 
Box, will push the muon measure-
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