Geiger-Mueller (GM) tube

http://www.studio-miradoli-progettazione.it/

A Geiger-Mueller (GM) tube is a gas-filled radiation detector. It commonly takes the form of a cylindrical outer shell (cathode) and the sealed gas-filled space with a thin central wire (the anode) held at ~ 1 KV positive voltage with respect to the cathode. The fill gas is generally argon at a pressure of less than 0.l atm plus a small quantity of a quenching vapor (whose function is described below).
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If a gamma - ray interacts with the GM tube (primarily with the wall by either the Photoelectric Effect or Compton scattering) it will produce an energetic electron that may pass through the interior of the tube.
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Figure 1 The principal mechanism by which gas-filled counters are sensitive to gamma- rays involves ejection of electrons from the counter wall. Only those interactions that occur within an electron range of the wall's inner surface can result in an output pulse.
Ionization along the path of the primary electron results in low energy electrons that will be accelerated towards the center wire by the strong electric field. Collisions with the fill gas produce excited states (~11.6eV) that decay with the emission of a UV photon and electron-ion pairs (~26.4 eV for argon). The new electrons, plus the original, are accelerated to produce a cascade of ionization called "gas multiplication" or a Townsend avalanche. The multiplication factor for one avalanche is typically 106 to 108. Photons emitted can either directly ionize gas molecules or strike the cathode wall, liberating additional electrons that quickly produce additional avalanches at sites removed from the original. Thus a dense sheath of ionization propagates along the central wire in both directions, away from the region of initial excitation, producing what is termed a Geiger-Mueller discharge.
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Figure 2. The mechanism by which additional avalanches are triggered in a Geiger-Mueller discharge.

The ideal G–M tube should produce a single pulse on entry of a single ionising particle. It must not give any spurious pulses, and must recover quickly to the passive state. Unfortunately for these requirements, when positive argon ions reach the cathode and become neutral argon atoms again by obtaining electrons from it, the atoms can acquire their electrons in enhanced energy levels. These atoms then return to their ground state by emitting photons which can in turn produce further ionisation and hence cause spurious secondary pulse discharges. 

If nothing were done to counteract it, ionisation could even escalate, causing a so-called current "avalanche" which if prolonged could damage the tube. Some form of quenching of the ionisation is therefore essential. An early method for preventing this used external circuitry to "quench" the tube, but the introduction of organic or halogen vapors (F, I Br) is now preferred. The complex molecule of the quenching vapor is selected to have a lower ionization potential ( < 10 eV) than that of the fill gas (26.4 eV) and is present with a concentration fo about 5 ÷10 %. This kind of gas, prevents multiple pulsing through the mechanism of charge transfer collision.
The disadvantage of quenching is that for a short time after a discharge pulse has occurred (the so-called dead time, which is typically 50–100 microseconds), the tube is rendered insensitive and is thus temporarily unable to detect the arrival of any new ionising particle. This effectively causes a loss of counts at sufficiently high count rates and limits the G–M tube to a count rate of between 104 to 105 counts per second,[4] depending on its characteristic. A consequence of this is that ion chamber instruments were sometimes preferred for higher count rates, however the modern application of "electronic quenching" (see below) can extend this upper limit considerably.

Dead Time

The sheath of positive ions (space charge) close to the anode reduces the intense electric field sufficiently that approaching electrons do not gain sufficient energy to start new avalanches. The detector is then inoperative (dead) for the time required for the ion sheath to migrate outward far enough for the field gradient to recover above the avalanche threshold. 
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The Dead Time of a Geiger tube is defined as the period between the initial pulse and the time at witch a second Geiger discharge, regardless of its size, can be developed. In most Geiger tubes, this time is of the order of 50 ÷ 100 µs. The dead time depends on several factors including the active volume and shape of the detector. In a typical pancake tube that time is 20 microseconds, some end-window tubes run 90-150 microseconds, and metal hot-dog tubes are typically 100 microseconds

[image: image5.jpg]‘We define the following variables:
T = the resolving time or dead time of the detector
t, = the real time that the detector is operating. This is the actual time that the
detector is on. It is our counting time. tr does not depend on the dead time of the
detector, but on how long we actually record counts.
#; = the live time that the detector is operating. This is the time that the detector is
able to record counts. #; depends on the dead time of the detector.
' = the total number of counts that we record.
n = the measured counting rate, n = C'/t,
N = the true counting rate, N = C'/t;

Note that the ratio n/N is equal to:





To a good approximation: 
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CT is the total time that the detector is unable to record counts during the counting time. Conbining the two equations above:
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If nT<0,01 dead time is not important, and are less than 1% effect. Dead time is important if nT>0,05. Note that nT is small neither the counting rate n is small or the dead time T is small.

Resolving time of the GM counter
There is an interval of time following the production of a pulse in the GM tube during which no other pulse can be recorded. This interval is called the resolving time of the system. If this time is known it can be used to make a correction to the observed count rate to yield the true count rate. The procedure below can give a good estimate of the resolving time.

Il resolving time e' il tempo minimo che deve passare dopo il primo impulso affinche' una successiva scarica di Townsend generi un impulso elettrico di ampiezza sufficiente per poter essere rivelato dal discriminatore e contato dal contator Geiger.

Si chiama "restore time" il tempo richiesto dal rivelatore per tornare completamente operativo e generare una scarica di Townsend di ampiezza massima.

Spesso in letteratura si utilizza il termine "dead time" intendendo "resolving time" quando si parla di un contatore. Ma si utilizza il dead time, intendendo quello intrinseco del rivelatore, quando si parla di tubi GM (ad esempio nei datasheet dei GM). Poiche' tra i due valori, dead e resolving time, ci puo' essere una sostanziale differenza occorre prestare attenzione all'ambito di utilizzo del termine ed al reale significato.

Ludlum 44-7 End Window G-M Detector 
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APPLICATION: alpha, beta, gamma radiation survey; sample counting
RADIATION DETECTOR: end window, halogen quenched GM
EFFICIENCY(2π): 2% - 14C; 10% - 90Sr/90Y; 7% - 239Pu, 99Tc - 7%, 125I - 0.1%

WINDOW: 1.7 ± 0.3 mg/cm² mica
WINDOW AREA: 6 cm² (0.93 in²) active; 5 cm² (0.78 in²) open
SENSITIVITY: 2100 cpm/mR/hr (137Cs gamma)
ENERGY RESPONSE: energy dependant

BACKGROUND: 40 cpm
DEAD TIME: typically 200 microseconds
OPERATING VOLTAGE: 900 volts
CONSTRUCTION: anodized aluminum housing
SIZE: 1.8 x 5.8 in. (4.6 x 14.7 cm) (Dia x L)
WEIGHT: 1 lb (0.5 kg)

Electronics

http://www.fmboschetto.it/didattica/pdf/Geiger.pdf

[image: image10.png]Principio del Tubo Geiger

—

e M

asacoppamento

—AF—
i

|+ - ooovors oupn
i Tonione oiscaica ol 1o

eners un o
negatn i cica S0





_1542703593.unknown

_1542714517.unknown

_1542703382.unknown

