
The Fermilab Meson Front End Hall looking 
upstream towards the production target. 
The M1 beam is on the left. 
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FERMILAB 
Operation resumes in 
Meson Area 
In late May the Meson Area at 
Fermilab came out of an eight month 
pause during which major improve
ments were carried out and prepara
tions made for future 1000 GeV 
Tevatron beams. 

The target train was completely 
rebuilt to accommodate indepen
dent targetting for the M 1 / 2 / 3 / 4 
and M 5 / 6 complexes. Provisions 
were made to raise the momentum 
of the M6 beam to 400 GeV using a 
superconducting front end. Exten
sive alterations were made on the 
M1 tunnel for high intensity opera
tion. M2 is coming into action first 
for a lambda beta-decay experiment, 
followed by M3forthestudyof pi-mu 
atoms. M1 follows and by late June 
M6 should be superconducting. 

The new projects grew out of user 
workshops held early in 1978. They 
were further developed to maximize 
both short term goals in the Meson 
Department as well as future Teva
tron plans, and work over the next 
few years will make 1000 GeV 
Tevatron operation possible. These 
efforts have been led by Ernie Mala-
mud and Tim Toohig. 

Flexibility has always been high in 
the Meson Area. Originally designed 
for 200 GeV operation, it has been 
upgraded to match the accelerator 
performance, reaching 300 GeV in 
1973 and 400 GeV in 1975. Inten
sity increases have been achieved in 
all beamlines and energy increases 
in most. One beamline, M4, has been 
converted from neutral to charged 
operation. In the past this flexibility 
of the area has allowed small and 
medium sized experiments to be 
mounted rapidly. A great deal of 
physics, involving many user groups, 
has been done. 

There continues to be a demand 
for higher intensity in the Meson 
Laboratory beams. One of the most 
direct ways to achieve this is to 
collect the secondary beam particles 
at very small angles relative to the 
proton beam. The original Meson 
Laboratory design employed one 
primary proton beam to illuminate a 
single production target. Character
istic angles for the secondary beams 
relative to the primary beam were 

two or three milliradians. 
Present state of the art of beam 

targetting technology permits oper
ation at much smaller angles. In the 
last year, it has been possible to vary 
the angle of the incident beam on the 
production target. However, this 
arrangement tended to favour one or 
the other of the secondary beams. 

Under the new arrangement, the 
Meson Laboratory primary proton 
beam is split 1 500 feet upstream of 
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The recoil calorimeter for the new Tagged 
Photon Spectrometer is shown during 
assembly in the Fermilab Tagged Proton 
Laboratory. The device was built at the 
University of Toronto and consists of four 
concentric layers of segmented scintillation 
counters. The outer two rings seen here are 
filled with liquid scintillator and are about 
6 feet in diameter. Three cylindrical 
proportional wire chambers and a liquid 
hydrogen target will fill the inner volume of 

the calorimeter. The detector will be used 
to measure the energy and angle of recoiling 
protons in photon-proton interactions. In 
association with a new trigger processing 
system, it will allow triggering of the 
spectrometer based on the forward-going 
'missing mass' which will be computed in 
real time for the recoil proton parameters. 

(Photo Fermilab) 

the target with electrostatic septa. 
Lambertsons following this septa 
pparate the two beams by 

1 4 inches at the production tar
gets. 

The switchyard group in the 
Accelerator Division at Fermilab and 
the Meson Department have 
teamed together to provide this 
splitting system. Five hundred feet of 
special, pre-cast four-foot diameter 
concrete pipe had to be installed just 
upstream of the target station to 
house the diverging beams. In addi
tion, a new target train for the Meson 
Laboratory was built to accommo
date two independent primary 
beams and targets, and new lines for 
the secondary particle beams div
erging from them. Each of the two 
primary beams is now equipped with 
independent focussing and steering 
elements as well as angle varying 
systems capable of three milliradian 
swings horizontally. Both target sys

tems will handle up to 10 1 3 protons 
per pulse. Provision has been made 
for a third independent primary 
proton beam to be installed in the 
future. 

One of the significant improve
ments is an M6 beam with double its 
original energy. The new beam 
makes it to 400 GeV by incorporat
ing three energy doubler dipoles in 
the first major bend. These twenty-
two foot dipoles are now installed in 
the beamline and have been cooled 
down. Four hundred GeV operation 
requires that these magnets run at 
39 kilogauss. 

To accommodate the 400 GeV 
optics, it has been necessary to more 
tightly couple the quadrupoles so 
that they are now in doublet clusters 
rather than the original stretched out 
triplet geometry. This new optical 
arrangement maintains the accept
ance of the beam at some loss in 
momentum resolution. This loss is 

not particularly significant since the 
precision single arm spectrometer is 
no longer being used in M6 east. 

The 200 GeV M6 beam had been 
designed for high resolution. The 
beamline contains an extended pa
rallel section for differential Cheren-
kov counters. When M1 is converted 
to very high intensity pion operation, 
M6 may be the only tagged beam 
available in the Laboratory. Thus, 
designs have been devised for 
400 GeV operation to preserve 
these properties. 

The development of the three 
magnet string of Energy Doubler 
magnets and the accompanying pair 
of CTI 1400 liquefiers has shed a 
great deal of light on what is needed 
for operation of superconducting 
magnets in the experimental areas. 
This system can now be reproduced 
and installed at other major bend 
points throughout the Meson area as 
necessary. While the superconduct
ing operation provides a major boost 
in beam energy, it also should 
substantially reduce the power 
usage for the beam. 

For the present, only the West 
branch of M6 will be able to operate 
to 400 GeV. More superconducting 
installations will be required to bring 
the East branch up to that energy. 
The large multiparticle spectrometer 
at the end of the West branch of the 
M6 beam has also been extensively 
upgraded in anticipation of high 
transverse momentum jet studies at 
high energy and searches for other 
spectrometer applications. 

During the Pause, work in M1 
concentrated on opening out the 
beamline passage so that it could 
accommodate future installations. It 
is anticipated that the development 
of the M1 beam will proceed in 
stages. One stage would be to 
permit the transport of the primary 
beam directly to experiments in the 
Detector Building. Another stage 
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would be to produce a high intensity 
pion beam using a target station 
about 500 feet from the present 
primary target point along with 
highly corrected optics to achieve an 
extremely small spot size at a final 
focus in the Detector Building. A 
third stage would be to convert all 
bend points and possibly the quadru-
poles to superconducting magnets 
and thereby raise the energy to 
Tevatron levels. Some designs for an 
upgraded M1 have fifty microstera-
dian percent in acceptance. 

The aperture for the M3 neutral 
beamline has been increased for two 
hundred and sixty feet in the down
stream portion to 36 inch diameter. 
This has permitted the development 
of an improved intense neutral beam 
to be used principally for kaon 
studies. Extensive civil excavation in 
the Meson Laboratory berm was 
required to open up the beam pipe. 

The Meson Department has been 
very successful in pushing this large 
improvement program in the face of 
financial problems. In the face of 
these difficulties the Meson Depart
ment has been able to turn a problem 
into a remarkably successful im
provement opportunity. 

Fast neutron therapy 
Work on fast neutron radiation ther
apy at Fermilab began in 1974 with 
clinical research going on in parallel 
to the basic physics programme. In 
the facility, a pulsed bending magnet 
extracts a 66 MeV proton beam 
from the linac between tanks 4 and 5 
using protons not needed to fill the 
accelerator. Two years of construc
tion followed by radiobiology studies 
gave sufficient information on the 
neutron beam to allow patient treat
ment to begin in September 1976. 

A total of 424 patients have been 
referred to the facility either for pilot 

studies, or for critical evaluations in 
cooperative clinical studies, involv
ing several centres which are inves
tigating fast neutron therapy. The 
pilot studies confirmed the efficacy 
and safety of the beam for relatively 
advanced cancer cases where the 
prospect of cure was considered 
remote. 

More recently, pilot studies have 
included potentially curable radio
resistant tumours. For the advanced 
cases, information on normal tissue 
reactions was obtained and found to 
be essentially as expected. For the 
potentially curable cases the re
sponse of a variety of uncommon 
radioresistant tumours has been 
studied. 

The facility provides the first 
isocentric capability with high LET 
(linear energy transfer) ; the centre of 
the target volume is on the centre 
line of the neutron beam and the 
patient is rotated around the inter
section point. Although the facility is 
constrained to a fixed horizontal 
beam the intensity is high enough to 
allow the patient to be placed at an 
adequate distance for the necessary 
rotational and translational move
ments. At present, a source to target 
distance of 1 53 cm is used and this 
will be increased to 190 cm in the 
near future to give greater flexi
bility. 

Tumour doses, when neutrons are 
used alone, range between 2000 
and 2400 neutron rads over a six 
week period. In all other respects, 
treatments are designed to match 
those which would be used in 
conventional isocentric photon ther
apy. 

A wide range of collimators permit 
'tailoring' of the treatment. X-ray and 
laser beams are used to position the 
patient in a special chair usually so 
that the tumour is at the axis of 
rotation of the chair. 

Treatment planning is done on a 

PDP-10 computer which calculates 
and plots equal dose distribution for 
fast neutrons and photons. The latter 
is especially important when pa
tients are being treated with a mixed 
beam (photons and neutrons on 
consecutive days) or photon treat
ment followed^by a neutron boost. 

Early reactions were recorded on 
all patients and several interesting 
statements can be made. First, no 
excessively severe early reactions 
were observed in any patient. Skin 
and mucosal reactions were, in 
general, relatively mild and in only a 
few cases were significantly painful 
reactions produced. Second, the 
broad range of fractionation 
schemes all lead to similar early 
reactions, confirming the expected 
weak dependence of radiosensitivity 
on fractionation per se with high LET 
particles. 

Late effects are being followed up 
for a number of specific tissues trav
ersed by the beam. It is too early to 
draw conclusions from Fermilab 
experience alone but the technique 
can be evaluated in conjunction wit^ 
observations at other centres. 

In summary, results with locally 
advanced epidermoid carcinomas 
were consistently superior using 
neutrons. Many reputedly radio
resistant adenocarcinomas and sar
comas respond dramatically to neu
tron irradiation, although long-term 
control and survival remains to be 
evaluated. On the other hand, the 
results of trials without the use of 
drugs for brain tumours were uni
formly discouraging. 
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