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DESCRIBE BUBBLE CHAMBER (BC) PICTURE

e Lines are photographs of trails of bubbles formed as charged
particles force their way through a specially prepared liquid -
superheated hydrogen - protons and electrons,

e Picture corresponds to about 1 metre in space.

e Incoming parallel beam of about 10 (red) hadrons called K~
entering from bottom of picture, with an energy of 8.25 GeV /c.

COMMENTS ON HOW CHARGED PARTICLES
LOSE ENERGY AS THEY TRAVEL THROUGH
MATTER

e lonisation

Most of the K™ beam particles go straight through, losing energy
by ionising atoms (via the Coulomb-Priestley force of the beam
particle on atomic electrons)

In the BC, this is the process that starts bubble formation.
Note: Loss of energy/cm = dE/dz ~ 1/v*

So, slow particles cause more ionisation.

One important particle loses energy (more or less) ONLY by
ionisation - the muon, p. So high energy muons (from the decays
of the W or Z bosons for example) can travel a long way through
matter to the outside of any detector.

The muon only feels the electromagnetic force.

For more on bubble chambers see HST website:

GOOGLE: bubble chambers website.




e Hadronic interactions

Notice that the hadronic beam particles can interact (via the
strong interaction) with the protons - this is what we want to
study - in the bubble chamber:

— Interaction 1: 4 outgoing charged particles

— Interaction 2: 2 outgoing charged particles,

The outgoing tracks from these interactions - pions, kaons, etc.
- themselves interact by the strong interaction; gradually, the
energy of the original beam particle is shared out between many
particles of lower energy (hence lower v). These, being slower,
lose more energy by ionisation (dE/dx ~ 1/v?).

Eventually, the particles stop - the hadronic shower has ended.

Next lecture: how to measure the energy of such hadron showers
at the LHC. (Hadron calorimeters).

Electromagnetic showers

Bubble chamber picture: notice small spiralling tracks. What
are they?

Occasionally, a K~ beam particle - by chance - can pass very
close to an atomic electron and transfer to it an unusually large
amount of energy - enough for the electron itself to travel and
produce its own bubble trail.

NOTE: the electron track looks very different from the hadron
tracks - it spirals in, showing that it is losing energy very quickly.

There must be a new mechanism for a charged particle to lose
energy - bremsstrahlung.




The origin of the loss of energy of such an electron is the
electrical force it experiences as it passes a nucleus. This
produces a much larger acceleration (¢« = F//m) than for any
other particle. (Next lightest charged particle: m, ~ 200m..)

Accelerated charges radiate - produce photons.

Then, if they are energetic enough - £, > 2m.c* - the photons,

under the influence of nuclear charges, can ‘pair-produce’ an
+

e"e” pair.

Both e¢™ and ¢~ can then produce bremsstrahlung photons
... the result is an ¢ electromagnetic shower’ that stops when

the energy of the original particle is used up.










Rich Bubble Chamber Event (focus on decays)

For details, GOOGLE: ” Learn step-by-step” ”bubble chamber”
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You simply point the index finger of the left

hand along B , the second finger along / and
the thumb will then point in the direction
of the force.




Decays
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Is this KY —7 71~ or A° —pr—?

Here, a neutral particle has been produced in a colli-
sion of an 8 GeV /cK~ beam particle with a stationary
proton. From a measurement of the curvature of the
outgoing tracks from the decay of this neutral particle,
the following momenta were obtained:
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