
Below, Stanford Linear Accelerator Centre 
Director Burton Richter opens the inaugural 
ceremony for the SLAC/Lawrence Berkeley 
Laboratory/Lawrence Livermore Laboratory B 
factory, now under construction on the SLAC 
site. Seated behind him are (left to right) 
Project Director Jonathan Dorfan, Stanford 
Provost Condoleezza Rice, Secretary of 
Energy Hazel O'Leary, Senator Dianne 
Feinstein, and Representatives Norman 
Mineta and Anna Eshoo. 
(Photo Joe Faust) 

A. Chudakov, BUST is a four-storey 
underground building with floors and 
walls (eight planes in total) covered 
with 3150 scintillation detectors -
about 300 tons of liquid scintillator. 
Using time-of-flight measurements in 
this multi-purpose instrument, up
ward neutrino-induced muons are 
separated from the usual (and 10 7 

times more intense) flux of atmos
pheric muons. 

Among the most important BUST 
results so far is an upper limit for the 
superheavy magnetic monopole flux. 
A new possibility for the veteran 
underground cosmic ray muon 
detector is the analysis of muon 
bundles whose multiplicities reflect 
the nuclear composition of the 
primary cosmic rays. 

In the energy range from hundreds 
of MeV to tens of GeV per nucleon, 
the nuclear and even isotopic compo
sition of cosmic ray primaries is 
directly measured by space- and 
balloon-borne detectors. The range 
10 1 4 -10 1 6 eV studied by BUST is 
particularly important because it is 
the region of the well-known 'knee' -
where the cosmic ray energy de
pendence changes sharply (see 
page 17). The analysis so far sug
gests unchanged primary composi
tion compared with lower energies, 
with a variety of nuclei - 40% primary 
protons, 20% helium and 10% iron 
nuclei at a given energy per nucleus 
(for a given energy per nucleon these 
contributions are 94, 5 and 3x10 4 % 
respectively). 

For all theories of the origin, accel
eration and propagation of cosmic 
rays, their composition with energy is 
of fundamental importance. However 
the measured value is an effective 
atomic number of nuclei in a wide 
energy range. The constant composi
tion hypothesis is based on the 
suggestion that different groups of 

nuclei have similar energy spectra. 
There are serious doubts about the 
validity of this hypothesis, especially 
in the 'knee' region. If so, the muon 
bundles should be more detailed and 
an estimation of the energy of each 
event highly desirable. The Andyrchi 
array will do this by measuring the 
size of each extensive air shower 
accompanying the muon bundle seen 
by BUST. 

This idea is not new. The Italian 
Gran Sasso underground Laboratory 
has the MACRO large underground 
muon detector and the EAS-TOP 
extensive air show array above it. 
MACRO is four times deeper and is 
sensitive to much higher primary 
cosmic ray energies. Thus the Gran 
Sasso and Baksan data will comple
ment each other. 

The third large Baksan facility is 
'Kovyor' (Carpet), one kilometre 
away, but which eventually will be 
incorporated with the other detectors. 
With its large sensitive area (200 sq 
m), it will soon be upgraded with a 
700 sq m muon detector. Then it will 
be able to measure the muon content 

of extensive air showers at large 
distances, with the core region being 
monitored by the Andyrchi-BUST 
tandem scheme. 

STANFORD (SLAC) 
B factory construction 
begins 

A t a ceremony marking the 
start of construction, mem
bers of the US Congress and 

Secretary of Energy Hazel O'Leary 
hailed the new Asymmetric B Factory 
as the key to continued vitality of the 
Stanford Linear Accelerator Center 
(SLAC). 

Being built in collaboration with the 
Lawrence Berkeley Laboratory and 
the Lawrence Livermore National 
Laboratory, the B factory is a $177 
million upgrade of the existing PEP 
electron-positron collider. 

Scheduled for completion in 1998, 
the B factory will generate many 
millions of B mesons, allowing, 
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Position in Experimental Accelerator Physics 
at 

the Aarhus Dual Purpose Storage Ring 

The Institute for Synchrotron Radiation Aarhus (ISA), which is responsible for running 
the storage ring — ASTRID — and beamlines, invites applications for a position in experi
mental accelerator physics. ASTRID operates half-time for storage of positive/negative ions 
and molecules and half-time as a synchrotron radiation (SR) source (580 MeV electrons). 
Concerning ion storage, the research programs focus on laser cooling, electron recombina
tion/cooling, and lifetime measurements of metastable ions and molecules. In SR three beam-
lines with monochromators are operational at present. New multipole undulator beamlines are 
under construction. ISA is also involved in design studies of the 5MW European Spallation 
Source. 

Candidates having experience at an electron/ion storage ring are highly desirable. The success
ful candidate shall take part in operation and development of the storage ring facility and will 
also be encouraged to take part in the research programs. Activities may include RF-systems 
and beam dynamics calculations. ISA is located in the same building as the Institute of 
Physics and Astronomy, together with the newly funded Aarhus Center for Advanced Physics 
— ACAP — with major activities centered around the storage ring facility. 

Applications including Curriculum Vitae and list of publications together with the names and 
addresses of three professional references should reach the Director of ISA, 

Professor E. Uggerh0j 
University of Aarhus, DK-8000 Aarhus C, Denmark, 

e-mail: ISA@dfi.aau.dk 
by May 1,1994. Further information (newsletters, etc.) can be obtained from ISA on request. 

CERN Courier, March 1994 11 

mailto:ISA@dfi.aau.dk


B Factory Director Jonathan Dorfan briefs US 
Energy Secretary Hazel O'Leary on some 
details of the project 
(Photo Stanford Daily) 

among other physics, an intensive 
search for the phenomenon of CP 
violation in the decays of these 
particles. 

The novel feature of this collider is 
the fact that electron and positron 
beams will circulate at different 
energies - 9.0 GeV for the electrons 
and 3.1 GeV for the positrons. For 
this, a second, positron ring is being 
added to the existing PEP storage 
ring, which will be refurbished to 
handle the much higher beam cur
rents that will be used in the B 
factory, typically 1-2 amperes. The 
design luminosity of this collider is 
3 x 10 3 3 cr r r 2 s 1 . 

The combination of higher luminos
ity and the asymmetric nature of the 
electron-positron collisions will permit 
a much more detailed study of CP 
violation than is possible at any 
existing collider. 

The B Factory project emerged 
relatively unscathed from last sum
mer's US legislative hiatus which 
voted down the SSC Superconduct
ing Collider (December 1993, 

page 2). The B Factory project is now 
underway, with the first $14 million 
being spent. 

A collaboration of over 300 physi
cists from a dozen countries is now 
developing a detailed conceptual 
design of a new B factory detector, 
estimated to cost about $60 million. 
Further details of both the collider 
and detector in forthcoming issues. 

ORSAY 
Helium polarized 
electrons 

t the beginning of the 1980s a 
group of atomic physicists 
from Rice University built a 

device producing polarized electrons 
for atomic physics. For preliminary 
studies for a possible European accel
erator, Orsay's Institute for Nuclear 
Physics (INP) decided at the end of 
1989 to take advantage of this work. 

This new source is now operational. 
Very pure gaseous helium passes 
through a microwave cavity which 
excites and partially ionizes it. A very 
efficient Roots blower pumps this gas 
at high speed (some 100 m/sec). 
After the electrons and ions have 
been trapped on the walls, all that 
are left are metastable helium atoms 
(2 3S 1 state) mixed with helium atoms 
in the ground state. It is then possi
ble, by optical pumping by circularly 
and linearly polarized light, to popu
late these metastable atoms in a spin 
state +1 (TT) or -1 (11) passing 
through an intermediate level (2 3P o). 
This light comes from a laser with a 
wavelength of 1.08 mm and a power 
of 5W built at INP. 

In the subsequent stage a Penning 
reaction on the metastables releases 
polarized electrons: 
He(2 3S 1) TT + C 0 2 -> He (1S )U + 
CO +

2 T + e-T 
This reaction, which conserves 

angular momentum, uses gaseous 
C 0 2 because of its high chemical 
ionization rate. 

As soon as they are emitted, the 
electrons are collected and formed 
into a beam by an electrostatic 
optical system and their polarization 
measured using a Mott polarimeter. 

The Rice group had taken the 
transition through the 2 3 P 1 level , very 
close to the 2 3 P 2 level, which can be 
attained owing to the Doppler width 
and its depolarizing effect. Orsay's 
choice of the 2 3 P 0 level , far from the 
2 3 P 2 level, makes it possible to 
employ a cheap and easy-to-use 
multimode laser. 

INP has also built a small single-
mode laser to measure the number 
of magnetic substates and hence the 
polarization of the metastable atoms. 
The polarization rate of the meta
stables is better than 90% and that of 
the electrons is about 85% for cur-
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