ne Weak Force
discoveried

A neutrino, entering from
the right, emits a virtual Z boson
which is absorbed by a quark inside a
neutron. The energy which is
deposited creates quark-antiquark pairs.
These combine with the neutron quarks to
make a proton and two pions, T1° and 1. The
proton is knocked on and the 1° decays
immediately into 2 photons which convert into
electron-positron pairs. The 1 interacts with
a proton creating another 1° which
immediately produces 2 photons which in = &
turn become electron-positron pairs.
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EVENT 2858. 1279,

X 69576
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This event shows one of the first
Ws detected in UA1, with a W decay-
ing into an electron and a neutrino. What
is shown here is the event as it appears in the
central tracker of UA1. The electron is recognis-
able as a stiff straight high momentum track (see
arrow) surrounded by a large number of soft frag-
ments of the incident proton and anti-proton. The
electron is identified through its characteristic energy
deposition in the electromagnetic calorimeter which
is outside the picture. The global energy balance in
the transverse plane, as measured in the calorim-
eters, shows there is an escaping undetectable
neutrino balancing the electron’s transverse
momentum.
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A Z —> e*e- y decay observed
by UA2 in 1983 in a relatively rare
configuration with the y -ray emitted at
large angle to both the electron and positron.
On the left, a view of the event normal to the pro-
ton-antiproton line of flight: the track at ~1 o’clock
is identified as the electron, while the y -ray conversion
is detected at ~2 o’clock. The positron is the track shown
at ~8 o’clock: it is detected in one of the forward UA2
detectors as shown on the right. In this “Lego” plot of the
event, the heights of the three towers are proportional to
the transverse momentum components of the electron,
positron and y -ray, respectively.
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Making the IIEIItI‘iIIO
beam ar the PS

Neutrinos and antineutrinos are ideal for pr’the weak force
because it is effectively the only force they fe

Protons fired into a metal target produce a tangle of secondary particles. The
magnetic horn, invented by Simon van der Meer, selected pions of a given
electriccharge and focused them into a parallel beam. Pions decay into muons
and neutrinos or antineutrinos. The muons were stopped in a wall of 3000
tons of iron and 1000 tons of concrete, leaving the neutrinos or antineutrinos
to reach the Gargamelle bubble chamber. A simple change of magnetic field
direction on the horn flipped between focusing positively- or negatively-
charged pion beams, and so between neutrinos and antineutrinos.
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Agsembly in progreds ingside the Gargamelle
heavy-liquid bubble chamber-.

The Gargamelle bubble chamber was built at Saclay in France and came into
operation at the PS in 1971. The chamber had a cylindrical body 4.8 m long
and 1.85 m wide, with a volume of 12 cubic metres.



Neutral currents
in Gargamelle

Major breakt
Lagarrigue
in Gargame

Intense beams of neutr
through the liquid-fill
(or antineutrino)
survived. This proof that neu
for theory and experiment.
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involved in the ¢

presented photo
candidated. I cau
convinced, ad dic
colleagues. The
we really began
because, after fi
semi-precious Jtone

Looking at Gargamelle: P. Muvsset, M.

experimentds over the padst ten , : , ,
Price, W. Birr, R. Gregotire, A. Scaramelll.

yeard, we were now Jstarting to
glimpose a genuine diamond!”
Violette Brisson, Infinitely CERN, 2004

The hunt for the W and Z particles, vectors of the weak force at
the origin of neutral currents, would now well and truly begin.
Meanwhile, Gargamelle went on to make other discoveries. In
1976, the chamber was moved to the SPS where it ran for an-
other 3 years.



elementar
to create them. H

Head-on collisions

into a stationar

the Super Proton Synchrotrc
collider.

The hig’energy ﬂd been rt
'Rubbia convinced RN’'s Manac

change of direction was a risk
Research Board gave the go ahes

A stochastic cooling
Antiproton Accum

>
“The challenge o ng and assembling the anti-
proton source an tting them ko work in such a
short time, was enc wad that of digging and equipping the
large experimental halls required for housing the new detectors that
had to be alternately rolled in and out between collider and fixed

target periodds; and that of trandsforming the SPS into a collider.

The amount of ingenuity that went into all these achievements waos
tI”LL[y outy tan9 L.Ilg - Tt Pierre Darriulat, CERN courter, April 2004

Completion of the A section of the SPS Breaking through

boring of the SPS tunnel in 1977. from the SPS into

tunnel in 1974. the LHC trandfer
tunnel in May 2001.
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UA1 during assembly, Looking down into the UAl furst Z.
Aprd 1981. UAl pit, February 1981.

e Ffrst everts 1982 /2

ng the U, UAZ2 furst Wand Z.

: calorimeter in 1980.




