
proton scattering at 220 MeV. This 
requires fast spin reversals and 
imposes severe limitations on any 
current modulation coherent with 
spin-flip. The spin reversal time is 
limited by the laser frequency switch
ing time, now reduced to less than 
0.5 ms. Spin reversal can therefore 
be increased to 200 times per sec
ond (with less than 10% deadtime) 
and synchronous detection tech
niques used to cancel drifts of the 
polarized beam target and detector 
parameters. This should fix parity-
violation to an accuracy of 2 x10 8 . 

The spin-flip correlated current 
modulation of the polarized beam 
has been measured for the first time 
in an optically pumped polarized ion 
source. The modulation depends 
strongly on the density of the opti
cally pumped rubidium vapour and 
the OPPIS primary proton beam 
energy. By optimizing the source 
parameters, the current modulation 
at 220 MeV was reduced to less then 
2 x10 5 , measured in the transverse 
electric field ionization chamber of 
the parity violation detector system. 
This is close to the requirements of 
the parity violation experiment. 

The recent results from optically 
pumped polarized ion sources are 
very promising for high-energy spin 
physics. Based on the performance 
of the TRIUMF d.c. OPPIS and of the 
INR (Moscow) pulsed OPPIS, opti
cally pumped polarized ion sources 
look to be capable of producing at 
least 1 milliamp of pulsed negative 
hydrogen ion current with 
polarizations over 80%, ideal for use 
with high energy accelerators. 

Testifying to the importance of this 
work, L.W. Anderson (Wisconsin, 
Madison) and Y. Mori (KEK) have 
been awarded the 1993 IEEE 
Particle Accelerator Conference 
Technology Award for their invention 

and development of the optically 
pumped polarized negative hydro
gen ion source. 

RUTHERFORD/ 
APPLETON 
ISIS intensity record 

The Rutherford Appleton Laboratory 
in the UK is home to the world's most 
intense pulsed neutron source. The 
heart of ISIS is a 50 Hz proton 
synchrotron accelerating two 
bunches of protons from 70 to 800 
MeV. After extraction the protons, 
occupying a total pulse length of less 
than 0.5 microseconds, strike a 
heavy metal target: the neutrons 
generated are moderated and di
rected through channels in the 
shielding to any of 14 instruments for 
condensed matter studies. As neutri
nos and muons are copious by
products, major investments have 

also been made for investigations in 
these fields. 

Efficient charge exchange injection 
into the synchrotron at 70 MeV is 
achieved using negative hydrogen 
ions and an aluminium oxide strip
ping foil. Some particles are lost 
during trapping and the early accel
eration period, but they are captured 
by graphite-covered beam collectors 
to reduce machine activation. Later 
acceleration and fast-extraction are 
virtually without loss. 

As the beam intensity increased 
over the years, the main task was to 
compensate correctly for the voltages 
induced in the six radiofrequency 
accelerating cavities by the circulat
ing beam. When this problem had 
been solved and the intensity ap
proached 2 x10 1 3 protons per pulse, 

The growth over the years of microampere-
hours delivered per operating cycle to the 
target at the Rutherford Appleton Laboratory's 
ISIS pulsed neutron source. 
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space charge effects became very 
important and the tune of the ma
chine early in the cycle had to be 
increased in both planes, using trim 
quadrupoles. 

The closed orbits become very 
sensitive and these too have to be 
finely adjusted, not least so that lost 
beam falls on the collectors and not 
elsewhere in the ring. Finally on 5 
February, the design intensity was 
reached when 2.52 x 10 1 3 protons 
per pulse were taken to the target at 
50 Hz; a mean current of 201 
microamps, at an overall efficiency of 
82.6%. 

Reaching the 200 microamp level is 
highly satisfactory as early design 
changes reduced the expected 
maximum current from 200 to 167 
microamps, due to the space charge 
forces. The peak intensity has been 
achieved without sextupoles and 
octupoles, which are now available 
for further experimental studies. 

Operationally, the facility runs for 
over 4000 hours a year. ISIS has 
been running with an availability of 

about 90%, and the record average 
current over 24 hours is 181 
microamps. 

BOMBAY 
Instrumentation school 

Promising students had a foretaste of 
the latest laboratory techniques at 
the ICFA 1993 India School on 
Instrumentation in High Energy 
Physics held from February 1 5 - 2 6 
and hosted by the Tata Institute of 
Fundamental Research (TIFR), 
Bombay. The scientific programme 
was put together by the ICFA Panel 
for Future Instrumentation, Innova
tion and Development, chaired by 
Tord Ekelof (Uppsala). 

The programme included lectures 
and topical seminars covering a wide 
range of detector subjects. In small 
groups, students got acquainted with 
modern detector technologies in the 

laboratory sessions, using experi
mental setups assembled in various 
institutes world-wide and shipped to 
Bombay for the School. The tech
niques covered included multiwire 
proportional chambers for detection 
of particles and photons, gaseous 
detectors for UV photons and X-ray 
imaging, the study of charge drift in 
silicon detectors, measurement of 
the muon lifetime using liquid 
scintillators, tracking using scintillat
ing fibres, and electronics for sensi
tive detectors. 

The India School was attended by 
around 80 students from 20 coun
tries; 34 came from Indian universi
ties. It was the fifth in this series, 
previous Schools having been at 
Trieste (1987, 1989 and 1991) 
organized by the ICFA Panel and 
hosted and sponsored by the Interna
tional Centre for Theoretical Physics, 
and in 1990, organized at Rio de 
Janeiro in collaboration with the 
Centro Brasileiro de Pesquisas 
Fisicas. 

The School was jointly directed by 
Suresh Tonwar (TIFR), Fabio Sauli 
(CERN) and Marleigh Sheaff (Univer
sity of Wisconsin), and sponsored by 
TIFR and DAE (India), CERN (Swit
zerland), ICTP and INFN (Italy), 
British Council and RAL (UK), NSF 
and DOE (USA), KEK (Japan), IPP 
(Canada) and DESY (Germany). 

Students around one of the experiments at the 
ICFA 1993 India School on Instrumentation in 
High Energy Physics from February 15 to 26 
hosted by the Tata Institute of Fundamental 
Research (TIFR), Bombay. 
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