
Fermilab enters the Tevatron era 

The advent of the world's first su
perconducting accelerator/storage 
ring has transformed the physics 
programme at the Fermi National 
Accelerator Laboratory. The pri
mary and secondary beam ener
gies (and the coming colliding 
beam energies) are double those 
previously available at Fermilab 
and at the CERN SPS. There is 
heavy investment in the fixed tar
get programme to use these beam 
energies and, at present, even 
more pressure is driving the prep
arations for proton-antiproton col
liding beam operation at energies 
up to 1 TeV per beam. Since it is 
the revitalized machine which is 
making all this possible, we begin 
with news on machine perform
ance and development. 

The Tevatron and first colliding 
beams 

The 1000 GeV (1 TeV) supercon
ducting ring spent much of its life 
under the title 'Energy Doubler/ 
Saver'. It has lived up to its name 
having virtually doubled the beam 
energy available from the conven
tional magnet Main Ring and hav
ing saved some 40 MW of energy 
in operation because of the lower 
power requirements of the super
conducting magnets. 

Since the beginning of this year, 
the Tevatron has been operating 
at 800 GeV with a cycle time of 
57 s (which experimenters have 
learned to live with, particularly 
because they enjoy a 20 s slow 
spill as well as three 1 ms fast 
spills). The peak beam intensity is 
1.5 x 101 3 protons per pulse and 
regular operation is not much be
low this peak. Operating efficiency 
has reached 80 per cent. 

To sustain or improve such op
erating efficiencies and to push for 
2 x 101 3 intensities, a thorough 

programme on component reliabil
ity is planned. For example, one of 
the systems under strain is the 
cryogenics which keep the mag
nets at superconducting tempera
tures. As development of the 
Tevatron magnets proceeded, all 
the safety factor, in terms of the 
built-in cooling capacity, was grad
ually eaten away with modifica
tions to the magnet design, so that 
now the Central Helium Liquefier 

Recent aerial photo of Fermilab with the 
Main Ring to the right with, bottom left, the 
roughly triangular shape of the antiproton 
source. Beyond the hi-rise building, the 
beam/ines for fixed target experiments 
stretch away into the middle distance. 

has always to be in operation in 
support of the satellite refrigera
tion systems installed around the 
ring. It is intended to increase the 
cooling capacity and go through a 
detailed list of component reliabil
ity improvements. 

The refrigeration systems 
proved one of the toughest parts 
of the Tevatron project but, en 
route, a great deal of cryogenic ex
pertise has been accumulated at 
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*Late news - Antiprotons were captured and stored in the Fermilab 
debuncher-accumulator complex on 7 September, achieving an 
antiproton current of about one microamp in the accumulator core. In 
the short time available, current was limited by momentum matching 
between the debuncher and the accumulator. Meanwhile the big CDF 
detector has been rolled into position ready to see its first proton-
antiproton collisions. 

Big t ime electrons 
A 400 GeV electron beam has 
been established using the 
new wide-band photon beam 
at Fermilab. A strong beam 
of several million particles 
per spill was seen with the 
expected spot size, and muon 
background was down at an 
acceptable level. The aim is 
to push the energy up to 600 
GeV. 

In normal operation an 
electron beam (produced by 
photons coming from the de
cay of neutral pions) strikes a 
lead converter to produce the 
photons. This process of 
going from pions to photons 
to electrons and back to pho
tons produces a very clean 
beam, free of neutrons. As 
well as more than doubling 
the average photon energy 
available with the previous 
setup, the intensity is also 
much higher. 

the Laboratory. (For example, Fer
milab was assigned the cryostat 
design in the collaboration with 
Brookhaven and Berkeley in the 
development of high field magnets 
for the Superconducting Super 
Collider. The aim is to reduce the 
heat load of the SSC magnets by a 
factor of at least five compared to 
the Tevatron magnets. SSC cryos
tat tests are underway and are 
reaching the required perfor
mance.) 

In general, performance of the 
superconducting ring since Janu
ary has been very satisfying. In 
many ways, the superconducting 
accelerator has proved much 
'tamer' than the conventional Main 
Ring which requires as much or 
more attention in the push to 
higher energies. A programme to 
take the regular operating energy 
up to the magic figure of 1 TeV 
over the next few years started in 
September when a three day run, 
attempting to ramp the magnets 
to 900 GeV, was scheduled. The 
aim is to identify any weak mag
nets so that they can be replaced 
during the year-long shutdown 
which is necessary for conversion 
to a proton-antiproton collider. 
The collider could then start phys
ics operation in 1986 at energies 
of 900 GeV. The subsequent two 
years, via weak magnet replace
ment and operation at a lower 
temperature, should bring 1 TeV 
colliding beams. 

The beginning of proton-anti
proton colliding beam physics is 
scheduled for Autumn 1986 fol
lowing a year's shutdown for con
struction of a bypass around the 
region where the 'Colliding Detec
tor Facility', CDF, is located and of 
an additional experimental hall 
where the DO collider detector will 
be located. Before this construc
tion starts, there is a desperate ef

fort to bring the antiproton source 
into first operation, to install a 
substantial part of the CDF (as 
from 3 September) and to see 
some 1.6 TeV proton-antiproton 
collisions*. 

A rather full story on the anti
proton source appeared in the 
September issue (page 273). It is 
worth noting that its development 
and commissioning is another fine 
example of inter-Laboratory col
laboration. Novosibirsk collabo
rated on the lithium lens in the 
antiproton target station. Fermilab 
benefitted from access to the anti
proton experience at CERN, and 
CERN, in turn, was able to lean on 
Fermilab thinking for the ACOL 
collector ring upgrade of the CERN 
antiproton source. 

The collider detectors 

The Collider Detector Facility, to 
be installed in Main Ring sector 
BO, was described in the January 
1984 issue; it involves some 175 
physicists from 17 universities and 
Laboratories. It has electromag
netic and hadronic calorimetry 
over almost the complete solid an
gle around the collision region 
with segmentation of the detector 
volume to match the high energies 
and expected high multiplicities 
from the interactions. A supercon
ducting solenoid, successfully op
erated earlier this year, provides a 
1.5 T field in the central volume 
filled with drift chambersto pro
vide a visual reconstruction of the 
interactions. Muon detectors sur
round the detector. 

Construction is over two-thirds 
complete and it is hoped to see a 
few events in September to test 
out the various systems, prior to 
the start of the serious running in 
1986. Thoughts are already turning 
to 'upgrades' to take advantage of 

detector technology developments 
(silicon strip detectors), more ad
vanced electronics (programmable 
'level 3' trigger system and even 
more advanced FASTBUS sys
tems) and more complete solid 
angle coverage. Funds may be 
available for this from the end of 
1986. 

The plans for the other large de
tector, known as 'DO' from its lo
cation in the Tevatron ring, have 
escalated considerably from the 
initial intention to add another 
modest experiment (see May 1984 
issue, page 147). The DO collabo
ration now involves some 100 
physicists from sixteen universities 
and Laboratories. The detector de
sign profited from the UA1 and 
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UA2 experience at CERN and is 
optimized for jet, missing trans
verse energy and lepton observa
tion. 

There is no central magnetic 
field, allowing more complete cov
erage for the calorimetry which 
will involve the uranium/liquid ar
gon technique. Recent tests with a 
calorimeter prototype by the col
laboration have given encouraging 
indications that the predicted 
'compensation' (by the fissions 
caused in the uranium) of the 
energy lost in the insensitive ura
nium, does work. The central de
tector uses drift chambers and 
transition radiation detectors; on 
the outside are muon detectors -
magnetized iron and chambers. 
The total weight is 5500 tons. 

Construction of the building for 
the detector started in September 
and will continue until July of next 
year. It is hoped that significant 
money for detector manufacture 
will start to be liberated in October 
with the aim of completion and 
observation of first collisions in 
1989. 

To complete the colliding beam 
picture, an additional three more 
modest experiments will run dur
ing the early days of proton-anti-
proton operation. They are a total 
reaction rate measurement, a 
search for quark-gluon plasma and 
a search for anomalously ionizing 
particles using lexan plates (with
out which a machine first penetrat
ing a new energy range would not 
feel comfortable). 

Fixed target facilities and experi
ments (Tevatron II) 

To use the primary proton 
beams of 800 to 1000 GeV, the 
beamlines and facilities for fixed 
target experiments are being up
graded in a programme known as 

Prototype of the liquid argon/uranium calo
rimeter being developed for the DO collider 
detector at Fermilab. The predicted ura
nium compensation is giving encouraging 
results. 

(Photos Fermilab) 

Tevatron II'. The fixed target re
search programme involves some 
500 physicists. 

New beams include a wide-band 
photon beam (see box), a new 
muon beam and neutrino beam. 
Experiment detectors are coming 
together in the wide-band hall and 
muon hall and there is evidence of 
thoroughness and excellence in 
the engineering of all these facili
ties. The photon beam has been 
commissioned and has exceeded 
its design parameters; an experi
ment on the photoproduction of 
charm and bottom particles (Colo-
rado/Fermilab/lllinois/Frascati/ 
Milan/Northwestern/Notre Dame) 
is taking some first data. The new 
beam energies cross the threshold 
for reasonably copious production 
of these particles. 

Commissioning of the muon 
beam started in July yielding 
muons of up to 750 GeV and a 

muon scattering experiment detec
tor is being installed in an elegant 
hall, designed by 'itinerant archi
tect' R. R. Wilson. The experiment 
(involving Argonne/Cracow/CERN/ 
Fermilab/Freiburg/Harvard/Mary-
land/MIT/Munich/San Diego/Wash-
ington/Wuppertal and Yale) uses 
the vertex detector of the CERN 
EMC experiment followed by the 
magnet of the Chicago cyclotron 
in yet another reincarnation, a 
huge ring imaging Cherenkov 
counter, the steel of the Rochester 
cyclotron as shielding and further 
muon detectors. 

The upgraded neutrino beam 
compensates for loss of flux due 
to the longer cycle time of the 
Tevatron (where three fast spills of 
some 2 x 101 2 protons on target 
occur in each one minute cycle) by 
the rise in total cross-section be
cause of the higher energies and 
better neutrino beam quality. The 
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beam illuminates the reactivated 
15 foot bubble chamber filled with 
a neon-hydrogen mix using holo
graphic photography of the events 
with a pulsed ruby laser, and, of 
course, supplemented by external 
counter detectors (Berkeley/Bir-
mingham/Brussels/CERN/Fermilab/ 
Hawaii/IIT/lmperial College/Mu-

/nich/Oxford/Rutgers/Rutherford/Sa-
clay/Stevens/Tufts collaboration). 

Use of the 15 foot chamber as 
new energies are reached is in the 
tradition of bubble chamber phys
ics - the all-seeing eye which can 
reveal the unexpected, compared 
to the electronics experiment 
which has been traditionally tuned 
to observe some specific features 
of an interaction. The 15 foot (like 
the Tohoku chamber mentioned 
below and a counter experiment) 
is also lined up for a beam-dump 

experiment. Unfortunately, the 
beam-dump programme at the 
new high energies has been de
layed because the facility is fairly 
expensive to introduce (it uses 
magnets to eliminate charged par
ticles rather than an earth shield 
or other passive filter) and it has 
not yet been possible to finance its 
construction. 

Fermilab remains well populated 
with bubble chambers, which have 
now been exterminated at CERN. 
A 1 m heavy liquid bubble cham
ber from Tohoku, also using the 
holographic technique, has re
cently come into action for a Beij
ing/Brown/Fermi lab/Haifa/Indiana/ 
MIT/Nagoya/Oak Ridge/Tel-Aviv/ 
Tennessee/Tohoku experiment us
ing the narrow-band neutrino 
beam. Also the 'Little European 
Bubble Chamber', LEBC, is being 

used in conjunction with the Fer
milab multiparticle spectrometer 
to study charm particle production 
in proton-proton interactions 
(Aachen/Brussels/CERN/Duke/Fer-
mi lab/Florida/Col lege de France/ 
Kansas/LPNME/Michigan/Mons/ 
Notre Dame/Sfrasbourg/Vander-
bilt). 

These are just a few of the ex
periments in the fixed target pro
gramme. Other special ones await 
facilities planned in the second 
phase of Tevatron II. These include 
a new meson beam to provide a 
high flux of pions up to 800 GeV 
and a polarized proton beam (from 
polarized lambda decay) at ener
gies of over 100 GeV. 

By Brian Southworth 

The rising sun of particle physics 
The TRISTAN Accumulation Ring with, 
right, the positron injection line, which 
should soon come into action. 

A new entrant is set to join the se
lect league of big-time high energy 
Laboratories. Thanks to imagina
tive planning and hard work, the 
Japanese KEK (Ko Enerugi butsuri-
gaku Kenkyusho) National Labora
tory will soon become a new 
world focus for particle physics re
search. 

KEK's original research pro
gramme was (and still is) based 
on a modest 12 GeV Proton Syn
chrotron which began regular op
eration in 1977. But even before 
this got underway, plans were 
being prepared for a big new ma
chine which would push the Labo
ratory to the forefront of physics. 
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