
Hunting the weak bosons 

Thanks to the very rapid develop
ment of 'cooling' techniques to 
control beams of charged particles, 
equally rapid preparations are now 
under way at CERN and Fermilab for 
proton-antiproton colliding beams. 
This will enable a whole new range 
of experiments to be carried out wi th 
a minimum of additional construc
t ion work. These projects could 
provide us within the next few years 
wi th important glimpses into new 
physics results which would other
wise only be available later wi th 
completely new machines. 

Wi th collision energies of the 
order of several hundred GeV avail
able, these projects could at last 
bring within reach the long-awaited 
intermediate vector bosons of weak 
interactions. Several versions are 
expected to exist — positively and 
negatively charged particles (the 
Ws) mediating the charged current 
of weak interactions, and the Z°, the 
uncharged particle responsible for 
neutral current .interactions. 

These particles have haunted par
ticle physicists for the last forty 
years, and each generation of higher 
energy accelerators has failed to find 
any trace of them. However, wi th the 
unified theory of electro-weak inter
actions currently in such good shape, 
a confident prediction can be made 
of the mass of these elusive parti
cles (see December 1978 issue, 
page 432) . 

This electro-weak theory includes 
a free parameter which as yet can 
only be determined by experiment, 
although more ambitious unification 
theories which bring in strong inter
actions can give a value for it (see 
November 1978 issue, page 399) . 
This parameter is the mixing angle 
which relates the two electrically 
neutral electro-weak vector bosons 
— the photon, mediator of electro-
magnetism, and the Z°. 

Experiments seem to be homing in 
on a value for this parameter which 
when put into the theory places the 
charged and neutral vector bosons 
at about 80 and 90 GeV respective
ly, which is beyond the reach of any 
of the existing machines. Experimen
tal evidence so far points to the 
version of the theory where the 
Higgs mechanism of spontaneous 
symmetry breaking takes the s im
plest possible form, although this is 
not yet definite and more complex 
Higgs mechanisms could change the 
predictions for masses for the weak 
bosons. 

Production and decay 
of the weak bosons 

In high energy hadron collisions, the 
weak bosons are expected to be 
produced in quark-antiquark ' fusion' 
processes, for example between an 
up quark and a down antiquark 
(giving a positively-charged boson), 

or between a down quark and an up 
antiquark, (giving a negatively-
charged boson). 

This means that proton-antiproton 
experiments have the advantage 
that the participating quarks are real 
valence quarks, while weak boson 
production in proton-proton colli
sions would have to rely on the rarer 
antiquarks f rom the 'sea' of virtual 
quarks in the nucléons. As well as 
giving a larger cross-section for W 
production in proton-antiproton col
lisions, this means that if the W is 
heavier than expected, its produc
tion will be less severely damped. 
The behaviour of valence quarks is 
also much better known than that of 
sea quarks, so that theoretical 
predictions are more confident. 

However if the kinematics are 
such that the collisions pick up the 
small fractional momenta where the 
sea quarks tend to be found, then 
some of the potential advantages 
of proton-antiproton interactions 
might be lost. 

The W should decay mainly into 
hadrons, but wi th about a 10 per 
cent branching ratio for leptonic 
decays producing an electron (or 
muon) and a neutrino. The hadronic 
decays are the inverse of the produc
tion mechanism, giving a quark and 
an antiquark coming out in opposite 
directions (in the rest frame of the 
W) to conserve momentum. Rather 
than emerging as free particles, 
these quarks would produce back-
to-back jets of hadrons, character
ized by a limited amount of trans
verse momentum relative to the jet 
axis. 

Computer simulation of a high transverse 
momentum event in the central detector of 
the UA1 experiment for the proton-antiproton 
collider at the CERN SPS. This and its UA2 
counterpart will be ready to catch the first 
fragments produced by the colliding beams 
to search for signs of the elusive 
intermediate bosons of weak interactions. 
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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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