
Around the Laboratories New-look LHC. After experience with a string 
of prototype superconducting magnets, the 
design of CERN's future 27-kilometre LHC 
proton-proton collider foresees a separate 
cryoline alongside the superconducting LHC 
magnets. In the initial design, the helium 
supply lines were integrated into the magnet 
cryostat. 

CERN 
LEP to higher energy 

A t 19.45 on 31 October, CERN's 
LEP electron-positron collider, 

equipped with superconducting 
radiofrequency accelerating cavities, 
registered its first events at a record 
collision energy of 130 GeV. During 
November, LEP went on to operate 
in the 130-140 GeV collision energy 
range. 

Fabrication and installation of the 
superconducting radiofrequency 
accelerating cavities needed to boost 
the energy of LEP's electron and 
positron beams have speeded up as 
confidence and expertise have 
increased. 16 additional cavities were 
installed in a brief technical stop 
during October. 

For the substantially upgraded 
machine to supply 65 GeV beams 
immediately and at luminosities 
comparable to those routinely at
tained before shows that the compli
cated technology needed for the 
superconducting cavities and master
ing the machine itself are well under 
control - yet another remarkable 
achievement in CERN's tradition of 
remarkable achievements. 

Before the end-1995 run, LEP had 
been operating around the Z reso
nance at 91 GeV ever since its 
commissioning in 1989. LEP preci
sion data on the Z, the electrically 
neutral carrier of the weak nuclear 
force, is now complete, and attention 
shifts toward the next major objec
tive, accumulating data on the W, the 
Z's electrically charged counterpart. 

Unlike the Z, produced singly in 
electron-positron annihilations, the 
electrically charged Ws have to be 
produced in pairs. During the coming 

long shutdown, more superconduct
ing modules will be installed to 
prepare for recommencement of 
operations in June, this time at 
collision energies of 161 GeV, 
allowing a first step across a long-
awaited 2W threshold. Later in the 
year more cavities will be ready to 
boost collision energies to 176 GeV. 

However in the meantime the LEP 
experiments, no longer blinded by 
the Z resonance, will be keeping a 
sharp eye open for new physics, and 
in particular for signs of as yet 
unseen supersymmetric particles. 

Theorists have long been convinced 
that our current picture of physics is 
mirrored by a world inhabited by 
supersymmetric particles, or 
'sparticles'. At the cost of doubling 
the total number of particles from 
which the Universe is made, super-
symmetry can make for a more 
satisfactory symmetry of the underly
ing equations. 

LHC magnet string test 

E ncouraging results from the 
'string test' of cryogenic magnets 

for CERN's future LHC proton-proton 
collider are helping to refine the 
machine design. 

The string test team is celebrating 
its first year of successful operation 
in which highly successful results 
have been fed into the new LHC 
machine design report ('Yellow 
Book') which appeared at the end of 
October. 

The string test (September, page 4) 
consisted initially of two 10m bending 
magnet prototypes and a short 
straight section incorporating a 
prototype quadrupole. This system, 
first cooled down and powered at the 
end of last year, h,as been used to 
study the 1.9K cryogenic system, the 

powering scheme and the vital 
quench protection system. The latter 
must safely dissipate 7.4MJ of 
energy stored in each of the dipole 
magnets in the event of a supercon
ducting magnet quench. Quenches 
(rapid transitions to a resistive state) 
can be provoked by pulsing heaters 
installed next to the superconducting 
coils, simulating LHC quenches 
caused by accidental beam losses. 

During a quench, the temperature 
and pressures within the magnet 
string rise rapidly and would do 
permanent damage without a sophis
ticated protection system to dissipate 
the stored energy and pressure relief 
valves to release helium gas. The 
protection worked better than ex
pected and the maximum pressures 
measured during a quench from full 
power never exceeded 10 bar even 
when all but one of the three installed 
relief valves were kept closed. As a 
result only one relief valve per half-
cell will be needed, which has re
vived the idea of a separate cryo
genic service line in the LHC/LEP 
tunnel (see illustration). 

A large number of helium supply 
lines must pass around the machine 
tunnel and to avoid the extra cost of 
a separate cryoline they were initially 
envisaged as integrated into the 
magnet cryostat. The fact that a 
linking valve box incorporating the 
quench relief valve would only be 
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In the foreground is the planned extension to 
the experimental hall of the ISOLDE on-line 
isotope separator served by CERN's Booster 
synchrotron. On the left in the extension is the 
beamline for the new REX-ISOLDE studies 
with highly unstable neutron-rich nuclei, while 
on the right the extension will house a 
radiofrequency spectrometer. Behind is the 
existing ISOLDE hall, housing a wide array of 
experiments. 

needed every 50 m and that the 
separate line would allow the in
creased pipe diameters needed for 
only four cryogenic installations, at 
points where the cryo-plants of LEP II 
are already installed, swung the 
economic balance the other way. A 
separate cryoline design has now 
been adopted as it is both economic 
and will simplify installation work. 

This summer the string was 
warmed up for cryogenic modifica
tions and the addition of a third 
bending magnet. The new string was 
at operating temperature and ready 
to be powered by the end of October. 
During recommissioning, so-called 
counter flow cooling was used, in 
which the low pressure gaseous 
helium in the superfluid helium heat 
exchanger flows in the opposite 
direction to the liquid. This was highly 
successful and will allow equipment 
to be built in a more standard way, 
independent of the local tunnel slope. 

A large number of experiments are 
scheduled for the string test. Many 
complete thermal cycles and several 
thousand electrical cycles will take 
almost two years, by which time 
second generation prototype mag
nets will be available, naturally with a 
separate cryoline. 

Exotic beams 

CERN's ISOLDE on-line isotope 
separator supplies a wide range 

of low energy exotic nuclear beams 
for an impressive range of experi
ments. As well as the traditional area 
of nuclear physics and studies of 
nuclear properties, the programme 
using these singly-charged particles 
includes semiconductor physics and 
biomedical research as well as 
particle searches and ion-trap mass 

spectrometry. 
Originally sited at the 600 MeV 

synchro-cyclotron, ISOLDE moved in 
1992 to an enlarged home at the 
Booster, and a first phase of ISOLDE 
facilities was recently completed with 
the commissioning of the High 
Resolution Spectrometer (HRS). 

Recently the Radioactive beam 
Experiments at ISOLDE (REX-
ISOLDE) pilot experiment on neu
tron-rich nuclei has been approved 
as the forerunner of a new series of 
ISOLDE experiments. With an 
extended experimental hall, this 
programme will considerably in
crease ISOLDE'S research potential. 

Producing the nuclear states for 
ISOLDE experiments has always 
involved a lot of skill and ingenuity, 
and research and development work 
on new beam and target techniques 
progresses hand-in-hand with phys
ics experiments. However as experi
ments range over wider territory, 

more exotic beams, particularly at 
higher energies, are called for. 

The possibility of accelerating short
lived (radioactive) nuclear beams had 
been discussed at CERN in a 1977 
workshop, and the requirement 
underlined by publication of a report 
in 1991 by the Nuclear Physics 
European Collaboration Committee 
(NuPECC - March 1992, page 1). 
Projects, at various stages of com
pletion, are underway throughout the 
world. 

The bottleneck in this work is the 
production of radioactive ions with 
the correct charge/mass ratio to be 
handled efficiently by the accelerator. 
At CERN, in collaboration with 
specialists from Stockholm's Manne 
Siegbahn Laboratory, Saclay's 
Saturne Laboratory and the Max 
Planck Institute at Heidelberg a new 
charge amplification concept will be.< 
developed. Downstream the beams 
will be accelerated by a radio-fre-
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quency quadrupole (RFQ) and a 
linac (October 1994, page 8). 

However to optimize the beam 
properties (emittance), the nuclei 
have to be cooled in the crossed 
electric and magnetic fields of a 
Penning trap, which also serves as a 
beam buncher. It is a spin-off devel
opment of a mass spectrometer 
being developed at Mainz (also part 
of the REX-ISOLDE collaboration) for 
unstable isotopes. Continual im
provements are being made to this 
trap apparatus, and this year preci
sion measurements of rare earth 
isotopes have been very useful both 
in demonstrating the value of the 
technique and in providing physics 
results. 

With this trap, the REX-ISOLDE 
pilot experiment will go on to study 
how to bunch, charge-breed and 
accelerate separated (singly charged 
spin-parity 1+) ions. The neutron-rich 
states which can be produced using 
these beams will probe the nuclear 
shell model away from its traditional 
Valley of stability', possibly revealing 
new kinds of nuclear deformations. 

BERKELEY 
Collaboration on 
PEP-II 

S ince the announcement by 
President Clinton in October 

1993 that the US Department of 
Energy would going ahead the PEP-
II Asymmetric B Factory project (a 
joint proposal of the Stanford Linear 
Accelerator Center - SLAC, the 
Lawrence Berkeley National Labora
tory - LBNL, and the Lawrence 
Livermore National Laboratory -
LLNL), LBNL has continued its strong 
support of the project (for a review, 

The PEP-II injection system at the Stanford 
Linear Accelerator Center (SLAC) is almost 
half complete. In October an 11 GeV electron 
beam was extracted from the linac and 
transported to the end of the two-mile linac 
tunnel. Here PEP-II Injector System Manager 
Elliott Bloom (right) and Injector System 
Engineer Bruce Feerick take a breather before 
the next phase of installation, scheduled for 
next June. Also in attendance is Deputy 
System Manager and Head of SLAC's 
Accelerator Department John Sheppard 
(background centre). 

see October, page 9). 
LBNL accelerator physicists have 

been active in the design of PEP-II 
since 1988 - shortly after the original 
concept was suggested by LBNL 
Deputy Director Pier Oddone. In
deed, the original feasibility study for 
such a machine was a joint LBNL-
SLAC-Caltech effort led by Swapan 
Chattopadhyay, now head of LBNL's 
Center for Beam Physics (CBP) in 
the Accelerator & Fusion Research 
Division (AFRD). The effort grew to 
include about seven full-time LBNL 
accelerator physicists (along with 
about 15 SLAC and LLNL physicists) 
during the formal design phase, 
which began in late 1989. This effort 
encompassed three editions of the 
Conceptual Design Report, along 
with innumerable reviews, as is 
typical of today's accelerator 
projects. 

Taking advantage of an experi
enced engineering staff, fresh from 
the successful completion of the 
Advanced Light Source (ALS), LBNL 
has been assigned lead responsibility 

for the challenging Low Energy Ring 
(LER) of the PEP-II project, an 
entirely new storage ring to be added 
to the PEP tunnel. The LBNL design 
team is headed by CBP accelerator 
physicist Michael Zisman and senior 
engineers Ron Yourd (who served as 
the Project Manager for the ALS) and 
Hank Hsieh (a recent addition to the 
LBNL staff who was Project Engineer 
for the NSLS storage rings at BNL 
and most recently served as Project 
Engineer for the DAFNE project at 
Frascati). LBNL is also represented 
in the overall management of the 
PEP-II project by Tom Elioff, who 
serves as Deputy to the Project 
Director Jonathan Dorfan at SLAC. 
(Elioff served in the same role for the 
original PEP project, which was also 
carried out as a collaboration be
tween SLAC and LBNL.) 

In addition to participating in the 
accelerator physics aspects of the 
project, the main construction re
sponsibilities for LBNL include 
providing most of the 800 magnets 
for the LER, the 1500 m of LER arc 
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