The bubble chamber

A bubble chamber is a vessel filled with a superheated transparent liquid used to detect electrically charged particles moving through it. The charged particle deposits sufficient energy in the liquid that it begins to boil along its path, forming a string of bubbles. Bubble chambers are similar to cloud chambers in application and basic principle. It was invented in 1952 by Donald A. Glaser, for which he was awarded the 1960 Nobel Prize in Physics.
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A bubble chamber is normally made by filling a large cylinder with a liquid just below its boiling point; at the top of the chamber a camera looks in. The whole chamber is subject to a constant magnetic field. As the particles enter the chamber, a piston suddenly decreases the pressure in the chamber. This brings the liquid to a superheated state, in which a tiny effect, such as the passing of a charged particle near an atom, is sufficient to nucleate a bubble of vaporized liquid. At this moment, the camera records the picture. The magnetic field causes charged particles to travel in helical paths whose radius is determined by the ratio of charge to mass of the particle. In this way charged particles can be observed and their mass measured. However, there is no way to effectively measure their velocity (kinetic energy).

Bubble chambers have largely been replaced by wire chambers, which allow particle energies to be measured at the same time. Another alternative technique is the spark chamber.

The cloud chamber
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The cloud chamber, also known as the Wilson chamber, is used for detecting particles of ionizing radiation. In its most basic form, a cloud chamber is a sealed environment containing a supercooled, supersaturated water vapour. When an alpha particle or beta particle interacts with the mixture, it ionises it. The resulting ions act as condensation nuclei, around which a mist will form (because the mixture is on the point of condensation). The high energies of alpha and beta particles mean that a trail is left, due to many ions being produced along the path of the charged particle. These tracks have distinctive shapes (for example an alpha particle's track is broad and straight, while an electron's is thinner and shows more evidence of deflection). When a vertical magnetic field is applied, positively and negatively charged particles will curve in opposite directions. 

Ion chamber

A multi-wire chamber (or just wire chamber) is a detector for particles of ionizing radiation which is an advancement of the concept of the Geiger counter and the proportional counter.

The latter use a Geiger-Mueller tube: a wire, carrying a high voltage, passes through a metal tube whose walls are held at ground potential. Any ionizing particle that passes through the tube causes the flow of a current. This allows the experimenter to count particles and, in the case of the proportional counter, determine their energy.

For high energy physics experiments, it is also valuable to observe the particle's path. For a long time, one used bubble chambers for this purpose, but with the improvement of electronics, it became desirable to have a detector with fast electronic read-out. (In bubble chambers, photographs were made, printed and then looked through.) A wire chamber is a chamber with many parallel wires, arranged as a grid and put on high voltage, with the metal casing being on ground potential. As in the Geiger counter, a particle leaves a trace of ions and electrons, which drift toward the case or the nearest wire, respectively. By marking off the wires which had a pulse of current, one can see the particle's path.

An improvement is the multi-wire proportional chamber (MWPC) which combines this with the idea of the proportional counter (see there) to determine the energy. The 1968 invention of this device won Georges Charpak (then at CERN) the 1992 Nobel Prize in Physics.

Often, the chamber is put into a homogeneous magnetic field, so that charged particles are led into spiral paths due to the Lorentz force. By checking the direction of the curves, one can see whether and how the particles are charged. The necessary magnetic fields are often quite strong: physicists at CERN like to tell visitors the story of how Charpak once was working on a MWPC, being so careless as to sit on an iron chair. He and his colleagues spent months carefully attaching thousands of thin wires. One day, he moved his chair a bit too close to the magnetic field. The magnet pulled his chair out from under him into the chamber, tearing apart all the wires and ruining the detector.

If one also precisely measures the timing of the current pulses of the wire and take into account that the ions need some time to drift to the nearest wire, one can infer the distance at which the particle passed the wire. This greatly increases the accuracy of the path reconstruction and is known as a drift chamber.

If two drift chambers are used with the wires of one orthogonal to the wires of the other, both orthogonal to the beam direction, a more precise detection of the position is obtained. If an additional simple detector (like the one used in a veto counter) is used to detect, with poor or null positional resolution, the particle at a fixed distance before or after the wires, a tridimensional recostruction can be made and the speed of the particle deducted from the difference in time of the passage of the particle in the different part of the detector. This setup gives up the detector called Time Projection Chamber (often written just TPC)

Wire chamber





Function of a wire chamber

A multi-wire chamber (or just wire chamber) is a detector for particles of ionizing radiation which is an advancement of the concept of the Geiger counter and the proportional counter.

The latter use a Geiger-Mueller tube: a wire, carrying a high voltage, passes through a metal tube whose walls are held at ground potential. Any ionizing particle that passes through the tube causes the flow of a current. This allows the experimenter to count particles and, in the case of the proportional counter, determine their energy.

For high energy physics experiments, it is also valuable to observe the particle's path. For a long time, one used bubble chambers for this purpose, but with the improvement of electronics, it became desirable to have a detector with fast electronic read-out. (In bubble chambers, photographs were made, printed and then looked through.) A wire chamber is a chamber with many parallel wires, arranged as a grid and put on high voltage, with the metal casing being on ground potential. As in the Geiger counter, a particle leaves a trace of ions and electrons, which drift toward the case or the nearest wire, respectively. By marking off the wires which had a pulse of current, one can see the particle's path.

An improvement is the multi-wire proportional chamber (MWPC) which combines this with the idea of the proportional counter (see there) to determine the energy. The 1968 invention of this device won Georges Charpak (then at CERN) the 1992 Nobel Prize in Physics.

Often, the chamber is put into a homogeneous magnetic field, so that charged particles are led into spiral paths due to the Lorentz force. By checking the direction of the curves, one can see whether and how the particles are charged. The necessary magnetic fields are often quite strong: physicists at CERN like to tell visitors the story of how Charpak once was working on a MWPC, being so careless as to sit on an iron chair. He and his colleagues spent months carefully attaching thousands of thin wires. One day, he moved his chair a bit too close to the magnetic field. The magnet pulled his chair out from under him into the chamber, tearing apart all the wires and ruining the detector.

If one also precisely measures the timing of the current pulses of the wire and take into account that the ions need some time to drift to the nearest wire, one can infer the distance at which the particle passed the wire. This greatly increases the accuracy of the path reconstruction and is known as a drift chamber.

If two drift chambers are used with the wires of one orthogonal to the wires of the other, both orthogonal to the beam direction, a more precise detection of the position is obtained. If an additional simple detector (like the one used in a veto counter) is used to detect, with poor or null positional resolution, the particle at a fixed distance before or after the wires, a tridimensional recostruction can be made and the speed of the particle deducted from the difference in time of the passage of the particle in the different part of the detector. This setup gives up the detector called Time Projection Chamber (often written just TPC)
