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Bubble Chamber Physics 

Handout 
  
 Since the 1960’s, bubble chambers have played an important role in experimental particle 
physics, yielding images that can be beautiful as well as informative. The image below shows the 
interactions of a beam of particles in the first of many bubble chambers at CERN, Europe's center 
for research in particle physics, near Geneva. The chamber, only 30 cm in diameter, was filled with 
liquid hydrogen - the simplest "target" material, as the nucleus of a hydrogen atom consists of a 
single proton.  
 Here, the particles in the beam, which comes in from the left, are pions, the short-lived 
particles originally discovered in cosmic rays. One has interacted with a proton in the liquid near 
the upper left to create a spray of new particles. One of these was a neutral (uncharged) particle, 
which left no track, but revealed its existence when it decayed near the center of the image, to 
produce two charged particles that leave behind a sideways V shape track. The chamber was 
located in a magnetic field, which made positive particles curve to the right, and negative particles 
to the left. Particles with high energies, including the beam particles, curve almost imperceptibly, 
but particles with lower energies produce fascinating spirals. These are mainly due to electrons 
knocked from atoms in the liquid hydrogen. From their invention by Donald Glaser in 1952, bubble 
chambers have been featured in many experiments up to the 1980s.  Glaser was rewarded with the 
Nobel Prize for Physics in 1960 for his invention. 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tracks in a hydrogen bubble chamber: http://hepweb.rl.ac.uk/ppUKpics/index/index.htm 
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The Elusive Top Quark 
 On 22 April 1994, the 440 members of the 
CDF experiment at Fermilab, in Illinois, submitted a 
paper to The Physical Review* describing their first 
evidence for the production of top quarks in collisions 
between protons and antiprotons at the laboratory's 
Tevatron accelerator.  The top quark was the long-
sought sixth and heaviest member of the family of 
quarks - the building blocks of protons, neutrons and 
many other less familiar particles. This image shows a 
particularly good example of the particle tracks that 
reveal the "signature" of top quarks in the CDF 
detector. The proton and antiproton have collided at 
the center of the image to produce a top quark and a 
top antiquark, which decay almost instantly (within  
10-24 s) to other particles. The top quark has decayed 
to a lighter b quark, a positron (antielectron) and a 
neutrino. The positron leaves the track towards 
bottom left (e+), the b quark materializes as the jet of particles that shoot off towards the bottom 
right (jet #4), while the neutrino is undetected. (This decay is directly analogous to neutron beta 
decay). The top antiquark has decayed to three lighter quarks, which create the other jets of 
particles (#1, #2 and #3). 

 
CDF - Detector for a Massive Particle 
 This image shows some of the 450-strong CDF team - 
one of the two teams at the Fermi National Accelerator 
Laboratory in the US that found evidence for Nature's 
heaviest known subatomic particle, the top quark. The CDF 
(Collider Detector at Fermilab) shown here weighs 5000 
tonnes and is as high as a three-story building. The top quark 
itself weighs in at about 340,000 times the mass of the 
electron, and was the first subatomic particle found just over 
100 years ago. Applying a similar scale factor to the mass of 
the CDF detector gives a result of 15 kg, probably not much 
different from the total mass of the apparatus that J.J.Thomson 
used in Cambridge in his discovery of the electron!  
 
 
 
 
Sample Particle Decays and Annihilations  
 A quark (from within a proton) and an antiquark (from an antiproton) colliding at high 
energy can annihilate to produce a top quark and a top antiquark, which then decay into other 
particles.  The following page illustrates this process and gives examples of other types of particles 
and decay processes. 

The Collider Detector at Fermilab 
http://durpdg.dur.ac.uk/lbl/particleadventure/frameless
/top_pro.html 

Tracks of the top quark on 4/22/98  
http://hepweb.rl.ac.uk/ppUKpics/index/fermilab-1.htm 
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Frame 1: One of the proton's quarks and one of the antiproton's antiquarks are heading toward a 
collision.  

Frame 2: The quark and antiquark collide and annihilate....  
Frame 3: They annihilate into virtual gluons.  
Frame 4: A top and antitop quark emerge from the gluon cloud.  
Frame 5: These quarks begin moving apart, stretching the color force field (gluon field) between 

them.  
Frame 6: Before the top quark and antiquark have moved very far, they decay into a bottom and 

antibottom quark (respectively) with the emission of W force carrier particles.  
Frame 7: The new bottom quark and antibottom quark rebound away from the emitted W force 

carrier particles.  
Frame 8: An electron and neutrino emerge from the virtual W- boson, and an up quark and down 

antiquark emerge from the virtual W+ boson.  
Frame 9: The bottom quark and bottom antiquark, electron, neutrino, up quark, and down antiquark 

all move away from one another.  
 
What is wrong with this picture? 
 We ignored the color force field that develops as the b quark and b antiquark move apart. 
This energy is converted into another quark/antiquark pair; eventually only distinct, color-neutral 
particles emerge (B mesons). The same is true for the u quark and d antiquark. To see what really 
happens, look at an analogous process in the picture of e+ and e- --> D+ and D-.  
**The intermediate stages of this process occur in about a billionth of a billionth of a billionth of a 
second, and are not observable. For a more detailed description of this and many other sub-atomic 
processes got to the Fermilab Site at the following URL.   http://www-ed.fnal.gov 


