
In the decays of the W, there are 
parity violating terms at work. For 
Ws produced in proton-antiproton 
collisions, this would make for 
marked asymmetries in the angu
lar distributions of the emerging 
charged leptons and provide a 
valuable signature of W decay. 

While leptonic decays would 
provide the main evidence for the 
existence of the weak bosons, study 

of the more copiously produced 
hadronic jets could provide valuable 
additional information. 

Hadronic decays of the Z would 
also produce back-to-back jets, simi
lar to those now seen in electron-
positron annihilations. The tell-tale 
production of lepton pairs is ex
pected to occur with a branching 
ratio of about five per cent, and could 
be expected to show up as a narrow 

enhancement. Thus the Z, produced 
singly, could be more evident than 
the Ws, produced in pairs. 

The discovery of these interme
diate vector bosons would rate as 
one of the great triumphs of modern 
physics, rivalling closely the saga of 
the neutrino, where the suspense 
between theoretical prediction and 
experimental discovery lasted nearl 
thirty years. 

Around the Laboratories 

FERMILAB 
Protons through 
Doubler sector 
On 1 February a proton beam 
extracted from the Fermilab main 
ring was successfully transported 
through a five hundred foot string of 
energy doubler magnets. By the next 
test on 1 March the operation was 
so well in hand that the first pulse 
injected into the Doubler segment 
was transported cleanly to the end of 
the magnet string. Beams of more 
than 1 0 1 3 protons per pulse have 
now been transported through the 
system. 

The twenty-f ive magnet test is 
one step in the Energy Doubler 
sector test that is being carried out at 
Fermilab. In the full scale sector test, 
a 'super period' of energy doubler 
magnets will be installed. In the 
present test a fast kicker in the 
transfer hall long straight section 
deflects the proton beam into two 
Lambertson magnets. These bend 
the beam down into the Doubler 

magnets twenty-f ive inches below 
the main ring. A short segment of 
conventional magnets matches the 
system into the doubler operating 
around 100 GeV. 

At a long straight section, one 
sixth of the way around the ring, the 
beam will later be deflected back 
into the main ring. In principle this 
arrangement could permit coasting 
beam in the hybrid doubler-main ring 
combination. In practice the 'double 
dogleg' perturbation may limit the 
number of turns. 

The present segment consists of 
twenty bending magnets and five 
quadrupoles. The magnets are early 
Doubler prototypes that will ulti
mately be used in the experimental 
areas. The system is cooled by one 
satellite refrigerator system operat
ing at a fraction of its final load. The 
refrigerator is presently able to cool 
the magnet string down from 
nitrogen temperature in forty-eight 
hours. 

The cryogenic and vacuum sys
tems are operating quite well. No 
tr im magnets are installed along the 

A significant signal in the history of the devel
opment of superconducting magnets for use 
in accelerators: a screen at Fermilab records 
the successful transmission of a proton 
beam through a sector of twenty-five Energy 
Doubler superconducting magnets under the 
Main Ring. 

superconducting segment and one 
power supply is driving the entire 
chain, so that the beam is a 'one 
knob' device. Sensitive parallel plate 
position monitors are installed after 
each quadrupole for beam sensing. 

During initial tests a few beam-
induced quenches occurred in the 
first and second dipoles because the 
liquid helium level in the magnet 
cryostats was low at the time. What 
was particularly encouraging was 
the rapid recovery from these 
quenches. A 30 s ' t ime-out' period 
had been programmed into the 
system and, after the quench, the 
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777e Magnet Test Facility at Fermilab for the 
production and testing of superconducting 
magnets for the 1000 GeV Energy Doubler. 
All the test stands are now in action. 
Completed magnets can be seen stocked at 
the top right of the picture. 

(Photos Fermilab) 

system was immediately supercon
ducting at the end of the period. In 
the recent tests it has been possible 
to put more beam into the system 
without inducing quenches, so that 
straightforward magnet tuning and 
injections were possible. 

The twenty-five magnet segment 
was installed last fall. A great deal 
las been learned about practical 
Doubler construction, particularly in 
checking out the vacuum. The first 
cooldowns began in December and 
initially took a week as the bugs 
were shaken out of the system. The 
magnet chain was superconducting 
for the first time on 21 December. 
Then on 1 February beam was 
successfully transported to end of 
the line. 

The present segment will be 
studied through the spring. The 
installation of forty to fifty more 
magnets is envisaged during the 
summer and a refrigerator is already 
in place and operating to cool these 
additional magnets. 

Test of 
superconducting 
magnets 
During January, Fermilab success
fully tested two superconducting 
magnets in the beam transport line 
to the Meson Laboratory. The mag
nets performed satisfactorily at their 
400 GeV field levels with a proton 
beam of more than 1.8 x 1 0 1 3 parti
cles per pulse from the accelerator 
being extracted along the line. 

The results of the test give 
increased confidence in the plans 
for transporting 1000 GeV protons 
to the experimental areas when the 
Energy Doubler comes into opera
tion. They also indicate how opera
tion may proceed during accelera
tion in the Doubler. 

The Doubler will accelerate pro
tons to 1000 GeV and the beam 

must be extracted, split into three 
portions and transported to the three 
experimental areas. The existing 
transport lines have to be upgraded 
with superconducting magnets to 
raise their energy to 1000 GeV. For 
example, in the Meson line fifty-six of 
the present conventional magnets in 
the left bends to the Meson Labora
tory will be replaced with twenty-
two superconducting magnets like 
those being built for the Doubler. The 
tests in January go a long way to de
monstrating that this energy 
enhancement is possible in prac
tice. 

The system that has been in oper
ation consists of two superconduct
ing magnets (sandwiched between 
four conventional trim magnets), 
two hundred feet of superconduct
ing transfer line (carrying liquid 
helium and current to the two 
magnets) and a satellite refrigerator 
system. The fields in the two super

conducting magnets were opposed 
so that no net bend was introduced 
in the beam. 

Roger Dixon, head of the Fermilab 
switchyard group, reports that even 
with beam losses higher than usual 
for normal operation, the magnets 
did not quench. Several quenches 
were induced by the beam during 
tuning but the systems recovered 
immediately so that little time was 
lost Estimates indicate that stray 
beam losses of several times 
1 0 1 1 protons per pulse did not 
induce quenches. These losses are 
substantially larger than normal due 
to the 'dogleg' path of the protons 
through the magnets (because of the 
opposed fields). 

The system has been operated 
with 350 GeV beam and approxi
mately 400 GeV fields provided by 
1500 to 2000 A currents in the 
superconductor demonstrating that 
400 GeV beamlines can be built 
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Leon Lederman, Russ Huson and Phil Livdahl 
showing Senator Adlai Stevenson (second 
from right) a superconducting Energy 
Doubler magnet during his visit to Fer mi lab 
in January. Senator Stevenson is one of the 
two senators from the Fermilab host State 
of Illinois. 

(Photo Fermilab) 

with Energy Doubler magnets. Ear
lier tests in the Proton Laboratory 
suggest that it takes about one fifth 
as much beam loss to quench 
magnets at 1 0 0 0 G e V field as at 
4 0 0 GeV field. Since no upper limit 
on beam intensity was found at 
4 0 0 GeV, the results are encourag
ing for 1000 GeV operation. Tests at 
higher fields will follow. 

Bubble chamber ups 
and downs 
Late last year, the Fermilab 1 5 foot 
bubble chamber was filled for the 
first t ime with liquid deuterium, wi th 
29 m 3 of liquid coming from Ar-
gonne and 8.5 m 3 from Brookhaven. 
Picture taking in the broad band 
neutrino beam began on 1 0 Novem
ber 1978. The accelerator was run 
at 350 GeV in order to enable two 
experiments at an upstream location 
along the neutrino beamline to 
collect data wi th reduced muon 
backgrounds.. 

It was established earlier that 
toroids installed as part of the muon 
shielding would not permit planned 
compatible operation of the up
stream experiments wi th the cham
ber at 400 GeV. These toroids 
reduced the upstream backgrounds 
but concentrated muons on the 
bubble chamber, which was un
acceptable to both the external 
muon identifier and the chamber. A 
reduced accelerator energy of 
350 GeV was therefore chosen. 

However, the neutrino interaction 
rates remain essentially the same 
over a period since the accelerator 
cycle has been shortened. One of the 
advantages of the new operating 
mode is that cycle times during day 
and night are the same. 

The run for experiment E-545 was 
highly successful despite extreme 
weather conditions. It ended one day 
early on January 16, wi th a total 

picture count of 328 000 . This 
happened just after the 'Blizzard of 
1 979 ' when one crew was on duty 
for 24 hours because snow-clogged 
highways prevented their reliefs 
from reaching the Laboratory. De
cember was marked by a new calen
dar month record of 174 136 
pictures, with the accelerator relia
bility, the seven second repetition 
rate and the continuously available 
neutrino horn and targeting contri
buting to the result. An average of 
near 1.5 x 1 0 1 3 protons per pulse 
was recorded on the neutrino target, 
resulting in a total flux of about 4.9 x 
1 0 1 8 protons for experiment E-545. 
The background on the pictures and 
refrigeration load were somewhat 
higher than for hydrogen operation. 

On 21 January, shortly after the 
start-up of the deuterium-filled 
chamber on 19 January for experi
ment E-390, the chamber piston 
stuck in the down position and the 

run was terminated. 
When the piston was removed, a 

somewhat dented stainless stee 
cap was found on its top. This ca 
was one of fifteen covering the bolts 
which secured the E-564 emulsion 
boxes (see October 1978 issue, 
page 346). 

A week was required to remove 
the piston. The shaft and shaft hous
ing were damaged in two areas. 
Present understanding is that the 
cap caught between the piston and 
the chamber, bending the shaft 
enough to touch the shaft housing. 
The two stainless steel surfaces 
continued to rub together and even
tually they stuck. 

Repairs to the damaged shaft and 
housing are expected to take over 
two months, and hopefully the big 
Fermilab 1 5 foot bubble chamber 
will soon be back in action for 
neutrino physics. 
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