
Around the Laboratories 

BROOKHAVEN 
Japanese collaboration 

T he Japanese RIKEN Laboratory 
is contributing $20 million to help 

construct the RHIC Relativistic Heavy 
Ion Collider now being built at 
Brookhaven and due to be completed 
in 1999. In return, RIKEN will partici
pate in research at RHIC. 

RHIC is being built to collide beams 
of heavy ions at energies of about 
100 GeV per nucleon to explore hot 
and dense states of nuclear matter, 
with the ultimate aim of finding the 
quark-gluon plasma, the medium 
which existed in the fiery aftermath of 
the Big Bang before subsequently 
'freezing' into nucleons. 

However another long-time 
Brookhaven speciality is handling 
beams of polarized (spin-oriented) 
protons in the 30 GeV AGS Alternat
ing Gradient Synchrotron, which will 
act as the injector for RHIC. With the 

involvement of RIKEN, the RHIC 
programme now expands to cover 
polarized protons. 

Half of the RIKEN support will be 
used to build and install the special 
hardware needed to handle the 
polarized beams in RHIC. This 
includes 'Siberian Snakes' to negoti
ate depolarizing resonances which 
would otherwise mar beam accelera
tion (September 1994, page 27). 

The remaining RIKEN funding will 
go towards additional equipment for 
the PHENIX detector (May 1992, 
page 10) to enable it to cover spin 
physics. This equipment includes a 
second muon arm, with a magnet 
and tracking chamber. 

A multidisciplinary laboratory, 
RIKEN - Rikagaku Kenkyusho, or the 
Institute of Physical and Chemical 
Research - near Tokyo is currently 
the scene of construction of an 8 
GeV synchrotron X-ray source. 

Industrial applications 
in tandem 

B ecause heavy ion injection into 
Brookhaven's Alternating Gradi

ent Synchrotron (AGS) takes place 
only during 3-4 months per year and 
injection to the RHIC heavy ion 
collider (now under construction) will 
only take a few hours per day, a 
large fraction of the time at 
Brookhaven's Tandem accelerator is 
available for industrial and techno
logical applications. 

These applications, in addition to 
their intrinsic interest and value, 
contribute significantly to the operat
ing budget and provide challenges 
and operational continuity which 
keep people alert and machines 
ready to respond. The two main 
types of applied work are the radia
tion testing of spacecraft semicon
ductor components and the produc
tion of track-etched plastic filter 
membranes. 

Starting in 1987, a coalition of major 
US government agencies collabo
rated with Brookhaven to develop a 

US-Japan collaboration at the RHIC heavy ion 
collider now being built at Brookhaven. Left to 
right, front row; RHIC Project Head Satoshi 
Ozaki, RIKEN President Akito Arima: second 
row; RIKEN Radaiation Laboratory Chief 
Scientist Masayasu Ishihara, RHIC Associate 
Head Michael Harrison, RIKEN Executive 
Director Hiromichi Kamitsubo, RIKEN Contract 
Management Division Director Takaaki Hattori: 
third row; Brookhaven Director Nicholas 
Samios, RIKEN Planning Office Director 
Michio Seki, RIKEN International Cooperation 
Office Director Hideo Yabuki: fourth row; 
Brookhaven senior physicist and PHENIX 
Projector Director Samuel Aronson, RIKEN 
Planning Office Vice-Director Minoru 
Yanokura, Brookhaven Associate Director 
Thomas Kirk, and RHIC Associate Head 
Thomas Ludlam. 
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powerful and user-friendly test facility 
for investigating space-radiation 
effects in microelectronic devices. 

The main type of effects studied are 
the so-called Single Event Upsets 
(SEUs) where ionization caused by a 
single heavy ion produces a bit flip 
and hence a computer error or a 
system crash. Such events can also 
lead to destructive latchups and 
burnouts which must be prevented at 
almost any cost. 

The wide variety of beams available 
at the Brookhaven Tandem, while 
lower in energy than the average 

heavy ions encountered in space, do 
cover the entire range of specific 
ionization and of linear energy 
transfer values (LET), and are 
therefore well suited for simulating 
these effects under controlled condi
tions. 

To make this possible, new systems 
had to be developed to produce 
uniform beams and to precisely 
control and monitor ion fluxes rang
ing from about 100 to about 
10,000,000 particles per sq cm per 
second. This facility has evolved into 
a highly automated and well inter-

Brookhaven has a powerful and user-friendly 
test facility for investigating space-radiation 
effects in microelectronic devices. The main 
type of effects studied are the so-called Single 
Event Upsets (SEUs) where ionization caused 
by a single heavy ion produces a bit flip and 
hence a computer error or a system crash. 
The figures show Single Event Upset (SEU) 
data using heavy ions from the Brookhaven 
Tandem by personnel from the European 
Space Agency/ESTEC, Noordwijk, the 
Netherlands, and from the Institut fur 
Datenverarbeitungsanlagen, TU 
Braunschweig, Germany. 
a) SEU variation with linear energy transfer 
(LET) for a 16-bit Samsung DRAM, one of 
several candidate memories for integrating a 
memory of at least 30 Gbits for future ESA 
earth observation missions. (As well as the 
beams indicated, many other ion species are 
available at Brookhaven.) 
b) SEU variation with LET for three advanced 
digital semiconductor devices used in the 
MARS-94 mass memory unit. (These data 
were used to estimate the expected in-orbit 
upset rates for this scientific mission to Mars, 
to be launched next year and which will reach 
the vicinity of the Red Planet in 1997.) 

locked computer controlled system 
which can be easily operated by first-
time users. High beam purity, good 
beam uniformity and precise 
dosimetry are provided to a large 
community of American and Euro
pean users in support of their space 
programmes. The figure shows how 
single-event upsets (SEU) vary with 
LET in measurements at Brookhaven 
by European Space Agency person
nel. 

A well known technique for produc
ing extremely tiny holes in plastic 
membranes is the track-etch method. 
Trails of radiation damage are left 
behind by energetic heavy ions when 
they traverse thin films. Controlled 
preferential etching along these 
radiation-damaged tracks then 
produces pores which can be as 
small as 0.015 microns or as "large" 
as 15 microns, with pore densities 
ranging from 10 5 to some 10 9 per sq 
cm. 

A privately financed foil irradiation 
facility designed and installed at the 
Brookhaven Tandem is now routinely 
utilized by a company for the produc
tion of a wide variety of filter materi
als. These products are utilized in 
such diverse applications as ultra-
pure water production for the semi
conductor industry, analytical quality 
control methods used by the beer 
and wine industries, experimental 
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A superconducting radiofrequency accelera
tion cavity for CERN's LEP2 electron-positron 
collider leaves the preparation area en route to 
installation in the ring. 
(Photo CERN HI28.9.85) 

cholesterol cleansing therapies, 
parasitology, unique biological cell 
culture substrates, bacteria and virus 
filtration, etc. 

The Brookhaven Tandem is a good 
example of an accelerator designed 
for physics research for which addi
tional parallel applications have been 
developed, to the mutual benefit of 
both the applications and the original 
research mission. Success in such 
endeavours demands recognition of 
the substantial differences between 
scientific and industrial requirements, 
and a considerable investment in 
time and effort to develop and install 
the specialized facilities. 

Peter Thieberger 

CERN 
End of LEP's Z era 

A chapter of history at CERN's 
LEP electron-positron collider 

closed in October when the four big 
experiments, Aleph, Delphi, L3 and 
Opal, logged their final data at the Z 
energy, just over six years after 
LEP's first Z was detected. The LEP 
Z era has been one of great success, 
both in terms of physics results and 
the advances which have been made 
with the machine itself. LEP now 
takes a step towards becoming 
LEP2, when the energy is wound up 
from around 45 GeV to about 70 GeV 
per beam (September, page 6). 

By the end of LEP's 1995 run, each 
of the four LEP experiments had 
seen almost five million Zs. Now the 
spotlight at LEP shifts to producing 
pairs of W particles, the electrically 
charged counterparts of the Z. 

LEP's first Zs were recorded in 
August 1989, one month after the 

machine's first circulating beam. The 
30,000 Z decays recorded by each 
experiment in 1989 confirmed that 
matter comes in just three distinct 
families of quarks and leptons. 

The values of the Z mass and width 
quoted in 1990 were 91.161 ± 0.031 
GeV and 2.534 ± 0.027 GeV. By the 
beginning of 1995, these had been 
fine-tuned to the extraordinary 
accuracy of 91.1884 ± 0.0022 GeV 
and 2.4963 ± 0.0032 GeV, and when 
data from this year's run is included, 
will be even better. These results, 
combined with precision data from 
neutrino experiments and from 
Fermilab's Tevatron proton-
antiproton collider, have put the 
Standard Model of quarks and 
leptons through its most gruelling test 
yet. 

Right from the start, collaboration 
between LEP experiments and the 
accelerator team has been close, 
with frequent scheduling meetings 
determining how the machine is run. 

For the first few years, LEP ran on a 
diet of four bunches of electrons and 
four of positrons, but by the end of 
1992, a way had been found to 

increase the luminosity by squeezing 
in more bunches. In 1993, the 'pret
zel' scheme (October 1992, page 
17), so called because of the shape 
traced out by the circulating beams, 
was running with eight bunches per 
beam, and helped LEP to further 
tighten the precision of the Z fix. 

As new skills were mastered, the 
27-kilometre circumference machine 
became a remarkable precision 
instrument. 1992 saw the LEP beam 
energy measurement become 
sensitive to the moon (January 1993, 
page 4). Later, LEP was found to 
react to heavy rainfall. These phe
nomena cause slight movements in 
the surrounding rock and are ampli
fied by the machine. 

In 1995, LEP machine physicists 
opted for the bunch train approach 
(September, page 14) to further 
increase the luminosity. The basic 
idea was to split each bunch of 
particles into a string of smaller 
'bunchlets' - the bunch train - which 
holds more particles than the bunch it 
replaces. In this way, LEP2 will be 
able to supply the increased event 
rates needed for W physics. 

4 CERN Courier, November 1995 


	vol35-issue8-p001-e.pdf
	vol35-issue8-p002-e.pdf
	vol35-issue8-p003-e.pdf
	vol35-issue8-p004-e.pdf

