
Around the Laboratories 

The programme covered neutrino 
physics, LEP results and their impli
cations as tests of the Standard 
Model and indications of any physics 
beyond, and heavy quark physics, 
particularly the 'effective theory' for 
calculations. With a formalism con
structed from general symmetry 
principles, this approach sets out to 
make calculations based on a series 
expansion in the reciprocal of the 
quark mass, so that the heavier the 
quark, the faster the expansion 
converges. 

While heavy quark effective theory 
brings no new physics, it greatly 
simplifies the description of heavy 
flavour reactions. It was singled out 
by Steve Weinberg in his summary 
at the major international meeting 
in Dallas last year (October 1992, 
page 1) as being particularly promis
ing. 

Highly relevant in this context was a 
measurement (presented by Giorgio 
Romano) from the WA75 emulsion 
experiment at CERN of the purely 
leptonic branching ratio of mesons 
carrying both charm and strange 
quantum numbers (D s). 

FERMILAB 
Tevatron upgrade 
The Fermilab accelerator complex is 
in the middle of a major upgrade to 
increase the luminosity beyond the 
original design goal. During Phase I 
of this upgrade, there have been 
major modifications to the Tevatron. 
These modifications were commis
sioned at the start of the latest 
collider run and include the installa
tion of electrostatic separators to 
separate the orbits of the stored 
beams and new low beta insertions 
to squeeze the colliding proton and 
antiproton beams at both experiment 
interaction regions. 

These modifications have already 
enabled the Tevatron to achieve a 
record peak luminosity of 6.93 x 10 3 0 

per sq cm per s and a record weekly 
integrated luminosity of 10 6 0 inverse 
nanobarns. The peak goal for the 
present run of 5.0 x 10 3 0 has already 
been exceeded. 

In the 1989 collider run the record 
luminosity was 2.07 x 10 3 0 . The 
Tevatron was operated with six 
bunches colliding head-on in all 
locations (twelve collision points). 
One of the luminosity limiting factors 
was a maximum sustainable tune 
shift of .025 due to the beam-beam 
interaction. A similar value has also 
been achieved at CERN with a 
different working point in the tune 
diagram and with different bunch 
parameters. In addition to a tune 
shift, the beam-beam interaction 
causes a tune spread across the 
beam and enhances the strength of 
various destructive non-linear 
resonances. In the Tevatron, 
resonances up to 12th order must be 
avoided. An orbit separation scheme 
was developed to eliminate the 
unnecessary collision points (there 

are only two experiments) as well as 
total separation during injection, 
acceleration and low beta squeeze. 
The beams are brought into collision 
at only two points when low beta is 
reached. 

In contrast with LEP at CERN and 
Cornell's CESR ring (both electron-
positron coll ides), the Tevatron uses 
separators in both the horizontal and 
vertical planes to produce a helical 
orbit. A helical orbit is accomplished 
by creating a betatron oscillation in 
the horizontal and vertical plane such 
that the phase between the two 
oscillations is rW2 where n is an odd 
integer. Helical orbits were chosen to 
keep the beams separated every
where in the ring so that when the 
position of the bunches was cogged 
from the injection location to the 
collision location the beams remain 
separated. 

The design goals were a minimum 
separation of 5 sigma and a maxi
mum separation of 15 mm between 
beam centres. This goal has been 
met. Operation has used separators 
as small as 3 sigma with no prob
lems. The separators have been very 
reliable. There has been only one 
separator spark during operations to 
date (1000 hours). The observed 
spark did not appreciably affect the 
store in progress. 

During injection, acceleration and 
the low beta squeeze separation is 
achieved using the horizontal separa
tors at B17 and vertical separators at 
C17. During the injection process the 
horizontal separator at B11 is used to 
adjust the phase of the helix through 
the injection Lambertson. Finally, the 
beams are brought into collision at 
B0 and DO and kept apart every
where else with local electrostatic 
three bumps in each plane. One pair 
of bumps creates a helical orbit from 
B11 to C49. The other pair of bumps 
keeps the beam apart from D11 to 
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Location of electrostatic separators at 
Fermilab's Tevatron proton-antiproton collider. 

A49. This results in 6.5 betatron 
oscillations in the third of the ring 
between BO and DO and 13 betatron 
oscillations in the remaining two-
thirds of the ring. Since the number 
of betatron oscillations in these 
bumps is only approximately integer 
or half-integer, the local bumps 
require 3 elements. The location of 
the middle element of the 3- bumps 
in the vertical plane is C17, A17, and 
B17, F17 in the horizontal plane. 

Since the protons and antiprotons 
are traveling on different orbits they 
experience different nonlinear fields 
and therefore have different tunes, 
coupling, and chromaticities. These 
differential effects were measured 
and it was found that the produced 
differential tune and coupling could 

be explained by persistent currents in 
the main bending dipoles (B2) and 
the chromaticity sextupoles. How
ever, no differential chromatic effects 
were observed. 

A correction scheme was designed 
to correct these differential effects 
using existing sextupoles in the 
secondary correction spool packages 
in the Tevatron. The idea is to create 
three circuits, two for adjusting the 
tunes and one to correct coupling. 
The correction scheme consists of 
46 sextupoles distributed around 
the ring, 16 normal sextupoles and 
30 skew sextupoles. The tune adjust
ing sextupoles are connected in pairs 
such that their chromatic effects 
cancel. The three correction circuits 
are configured by controls software. 

It is necessary to reconfigure the 
23 hardware circuits into three 
software circuits whenever the lattice 
changes; i.e. at each step in the 
squeeze. The system (46 sextupoles) 
has more than enough strength to 
correct any differential effect. In fact 
the system was designed to also 
compensate fo* the beam-beam tune 
shift created by the head on colli
sions at BO and DO. It was designed 
to compensate beam-beam tune 
shifts up to 0.020. However, it is not 
known if such strong sextupole fields 
will cause problems related to dy
namic aperture effects. Part of the 
system has been tested and shown 
that a field strength can be achieved 
which allows correction of beam-
beam tune shifts of 0.010. The partial 
system is currently being used to 
control the antiproton tunes at ener
gies up to 500 GeV. 

The construction of a colliding 
beam facility at the DO long straight 
section section of the Tevatron, 
coupled with the presence of the 
CDF detector at the B0 straight 
section, has produced the need for a 
low beta insertion that unlike the old 
system, permits the simultaneous 
and essentially independent opera
tion of more than one interaction 
region. The new low beta insertion 
enables simultaneous operation 
of a multiple of such systems by 
matching each insertion to the arcs 
of the machine in betatron and 
momentum space. Matched inser
tions in collider mode are independ
ent except for the need to maintain 
a constant tune with distributed tune 
correction quadrupoles in the rest 
of the accelerator. The addition of 
each low beta insertion to the accel
erator lattice raises the tune of 
the accelerator approximately a half 
unit unless compensated. The 
operating point of the collider has 
vertical and horizontal tunes with 
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Super Collider Laboratory 
Experimental Particle Physics 

The Physics Research Division of the Superconducting Super Collider 
offers positions in Experimental Particle Physics at levels ranging from 
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level are commensurate with experience. 

The SSC Laboratory supports research in particle physics at the SSC 
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two collision regions of 20.576 and 
20.585 respectively. 

The insertions at both experimental 
regions are to be optically identical. 
The original low beta region at BO 
was unmatched and produced a 
large beta and dispersion wave in the 
rest of the accelerator and was 
replaced. Each insertion is composed 
of 18 quadrupoles that are physically 
located symmetrically around the 
straight section region and in the 
arcs. The magnetic gradients are 
antisymmetric relative to the centre. 
A field free region, 15.24 m long, is 
available for each detector between 
the final quadrupoles. The lattice 
design is a relatively conventional 
one; the low gradient quadrupoles 
are used to provide the matching 
into the arcs, the high gradient ones 
provide the strong focussing close 
to the interaction point to give the 
small beam size. Nine independent 
circuits are used to vary the insertion 
optics. The inclusion of an extra 
circuit beyond the minimum of eight 
results in a reduction of the maximum 
values of both the dispersion and 
the beta functions in the arcs. The 
beta* at injection is 170 cm. Currently 
the beta* at the end of the squeeze 
is 50cm. The magnets are capable of 
going to 25cm. 

Both the separators and the low 
beta insertions were commissioned 
at the beginning the current collider 
run which started last May. Both 
systems have performed reliably. 

Further upgrades to the Fermilab 
accelerator complex include upgrad
ing the linac to 400 MeV from 
200MeV, improvements to the 
antiproton source, and construction 
of the Main Injector which will replace 
the Main Ring. These improvements 
are expected to yield another factor 
of ten improvement in the luminosity 
which can be delivered by the 
Tevatron collider. 

Magnetic precession 
in bent crystals 

At Fermilab physicists have observed 
the magnetic swing (precession) of a 
fundamental particle 'channeled' in a 
bent crystal. In channeling electrically 
charged particles are gently steered 
by the planes of a perfect crystal, and 
a bent crystals can be used instead 
of magnets to deflect particle beams, 
for instance to extract them from an 
accelerator orbit. This latest experi
ment now shows another magnetic 
effect of a bent crystal - two 45 mm 
silicon crystals bowed through a 
tenth of a degree rotated particle 
axes through sixty degrees. 

Many fundamental particles have 
magnetic moments associated with 
their intrinsic angular momentum 
(spin). For a stable particle such as 
the proton, this magnetic moment is 
measured using resonance tech
niques - with the tiny individual 
magnets lined up in a magnetic field, 
a supplementary modulating field can 
flip them over. Using protons, this is 
an important element in magnetic 
resonance imaging, now widely used 
for medical scanning. 

However such traditional resonance 
techniques are not suitable for highly 
unstable particles such as sigma 
hyperons. If a hyperon is produced 
with its spin pointing in a particular 
direction, a magnetic field applied 
along a different direction will make 
that spin wobble (precess). This 
precession is seen in the resulting 
decay distribution, making it possible 
to measure the magnetic moment of 
the hyperon. 

Due to the laws of electromagnet-
ism, a particle moving fast through 
the internal electric field of a crystal 
'sees' a strong magnetic field. Al
though the experiment at Fermilab 
gives a relatively coarse magnetic 

moment measurement, it opens up 
the possibility of magnetic moment 
measurements of charm and beauty 
baryons, with lifetimes a thousand 
times shorter than those of the 
hyperons. Knowledge of these 
magnetic moments would give 
valuable information about the charm 
and bottom quarks. 

The experimental collaboration was 
drawn from institutions in four conti
nents: four in Brazil, two from Russia 
and one from the UK, a team from 
China, and six groups in North 
America. The original idea for spin 
precession in a curved channeling 
crystal was suggested independently 
by V.G. Baryshevskii in Byelorussia 
and Lee Pondrom of Wisconsin. 
Vladimir Samsonov of the Institute of 
Nuclear Physics in St. Petersburg 
proposed the idea of carrying out the 
measurement at Fermilab. 

CERN/KEK 
Very high accelerating 
gradients 

A world-wide effort is under way to 
develop linear electron-positron 
colliders so that physics experiments 
can be extended into a range of 
energies where circular machines 
(necessarily much larger than 
CERN's 27-kilometre LEP machine) 
would be crippled by synchrotron 
radiation. 

CERN is studying the feasibility of 
building a 2 TeV machine called 
CLIC powered not by individual 
klystrons, but by a high intensity 
electron 'drive' linac running parallel 
to the main linac (November 1990, 
page 7). This drive linac will itself be 
powered by similar superconducting 
cavities to those developed for LEP. 
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