Bubble Chambers: Background Information


The photographs in this lesson are all from Big European Bubble Chamber (BEBC) at CERN in the 1970’s. It was filled with liquid hydrogen that was on the edge of boiling. A charged particle moving through this will cause hydrogen bubbles to form in the liquid, leaving a visible track. The bubble chamber is in a uniform magnetic field of 1.78 Tesla, which causes the charged particles to curve. The curvature provides details of the charges and momenta of the particles. 

Negative kaons are injected into the chamber.  They can react by decaying or by colliding with either the electrons or protons that make up the liquid hydrogen. A collision with an electron produces a tightly curved path because the electron is very light and so has a large acceleration (a = qvB/m). Accelerating charges emit energy, so the electron slows down and spirals in (r = qv/mB). 

A collision with a proton is either a simple elastic collision or it produces new positive and negative particles. A proton can be identified by a short, dark path. The path is dark because the proton – the largest mass in the bubble chamber – will tend to be travelling slowly. If a proton is seen after the collision, then it was just an elastic collision. When a beam particle collides with a proton, the kinetic energy of the beam can be converted into mass energy and different particles can be produced. The number and type of particles produced must be consistent with the conservation laws of the strong force. These include momentum, energy, charge, strangeness, baryon number and lepton number conservation. The easiest for the student to deal with are the charge and momentum. (If you want to identify the products of the collision, you will need to do quantitative analysis of the momentum and energy and make use of conservation of strangeness and baryon number. As the beam (K-) particle has a strangeness of -1 and the proton has a strangeness of zero, the produced particles must also have a total strangeness of -1. The target proton is a baryon with baryon number = +1 and the beam particle (K-) is a meson, with no baryon number, so the produced particles must have a combined baryon number of +1.)

The collisions can form a variety of products: positive, negative and neutral. Things are greatly simplified by the fact that all the charges are plus or minus one elementary charge. The students can deduce quite a lot by observing the shapes of the paths and applying the laws of conservation of charge and momentum. The decay of a neutral particle will produce a ‘vee’ or a ‘petal’ shape. This is because the decay must produce particles with equal and opposite charge and momenta. The decay of a charged particle will produce a ‘kink’ in the track as it must produce another charged particle and a neutral particle. The neutral particle can’t be seen but it and the charged particle must move apart with equal and opposite momenta. The path of the neutral particle can often be confirmed by its decay into two charged particles further downstream.

The particles are travelling very fast and the size of the photos is roughly to scale. The particle decays are controlled by one of three fundamental forces, with characteristic lifetimes. With the strong interaction, the lifetime of the unstable particles can be very short (about 10-23 s).  Decays through the electromagnetic interaction are short (ranging from about 10-19 s for the Σ° to about 10-18 s for the π°). However, decays via the weak interaction can be long enough for the particle to travel a measurable distance before decaying, i.e. pions to muons. It is these interactions that were widely studied in the bubble chambers.
The crosses on the photos are to help in three-dimensional analysis of the tracks. We are keeping things simple by sticking to events that are mostly two-dimensional. Momentum can be determined by measuring the radius of curvature of the track and using r = mv/qB. The energy can be determined by using E2 = p2c2 + m2c4. Calculations like these have not been included in these lessons (yet). 

Bubble chambers are not in great use anymore. Present accelerators are increasing the energies of collision by having accelerated particles hit other accelerated particles coming the other way, i.e. the electron-positron collider at Fermilab and the Large Hadron Collider that will start up this year (2008) at CERN. Faster, electronic detectors are needed to analyse the results of these collisions. However, bubble chambers are still being used in a number of experiments searching for Dark Matter – particularly WIMPS, which have similarities to neutrinos, but with more mass.

This lesson was developed from resources, which can be found at 

http://education.web.cern.ch/education/Chapter2/Intro.html
and 

http://epweb2.ph.bham.ac.uk/user/watkins/seeweb/BubbleChamber.htm (found under quarknet resources at http://quarknet.fnal.gov/biblio.shtml) 

