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X-ray detectors

Ã X-ray photons are few, but are very energetic. 
X-ray detectors can measure the energy as well as 
the spatial position of X-ray photons, 
by counting the secondary photoelectrons they produce.

Ã X-ray detectors are chosen to have good spatial resolution 
as well as some level of intrinsic energy resolution. 
The three types in serious use today are:

ÄProportional Counters

ÄCCDs

ÄMicrochannel Plates
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Auger effect

Ã The principles that X-ray detectors work on 

are all pretty similar. The primary photon is 

very energetic, and produces a number of 

secondary electrons by the Auger effect. 

Ã TheAuger effect is a physical phenomenon 

in which the transition of anelectronin 

an atomfilling in aninner-shellvacancy 

causes the emission of another electron.

Ã The number of electrons released is 

proportional to the energy of the incident 

photon. In the gas proportional counter these 

electrons are produced by interaction of a 

photon with an atom of inert gas. 
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or ionization by an X-ray photon



Geiger counters

Ã Two electrodes inside an enclosure are held at such a potential 
difference that a discharge in the medium filling the enclosure is 
on the point of occurring.

Ã X-ray ionizes gas. Produced electrons accelerate toward anode and 
cause further ionization, producing more electrons ð electron 
avalanche. 
The amplification factor (gain) is about 108. 

Ã Amplifier records a charge pulse. 

Ã Operates in saturated regime: 
no energy resolution.
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An analogue of photomultipliers:



Proportional counters (1)

Ã Proportional counters are very closely 

related to Geiger counters but they 

operate at less than the trigger voltage.

Ã By using a lower voltage, saturation of the 

pulse is avoided, and its strength is then 

proportional to the energy of the original 

interaction.

Ã The gain is reduced to about 104 ð 105 
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Proportional counters (2)

Ã X-rays are detected through their interaction with inert gas (e.g Argon) 
in a windowed chamber.

Ã Primary photoelectron is emitted by the photoelectric effect.

Ã Secondary òAugeró electrons are emitted in a localized cloud. 

Ã Mean number of electrons released is N = E/w, where E is the energy of 
the X-ray photon, and w is the ionization energy of the gas 
(w = 26.2 eV for Argon; 21.5 eV for Xenon).

Ã Disadvantage: other forms of ionizing radiation (electrons, positrons, 
protons, etc.) create false signals, and so do even lower energy photons in 
the FUV or EUV. 
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Position Sensitive Proportional Counter (1)

Ã Position information is obtained using a 
position sensitive (resistive) anode. The 
pulse is extracted from both ends of the 
anode, and from the size of the pulse at 
each end the location is determined.

Ã A grid of anodes provides 
two-dimensional imaging. 

Ã Alternatively, the position can be 
measured using a pair of crossed 
cathode grids above and below 
the anode.
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Large Area Proportional Counters

Ã The observation of the weak X-ray fluxes with non-imaging instruments 

(no telescopes, only mechanical collimators!) requires large area detectors 

with high background rejection capability.

The bottom chamber, 

the "Veto counter" is 

used to detect/eliminate 

cosmic ray events.
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Large Area X-ray Proportional Counter (LAXPC) 

instrument onboard ASTROSAT 

Ã Astrosat is India's dedicated multi-wavelength space telescope. 

It was launched on 28 September 2015. 

The scientific payload contains six instruments.

Ã LAXPC - a cluster of 3 co-aligned identical 

Large Area X-ray Proportional Counters (3ð80 keV).
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LAXPC
271

A Detector Size             120cm x 50cm x 70cm

X-ray detection volume  100cm x 36cm x 15cm 



Proportional counters (3)

Ã The variation of the number N of electron-ion pairs created by the ionizing event is 
less than that estimated from Poisson statistics, because the collisions of the ionization 
process are not statistically independent.

Ã The Fano factor F is an empirical constant to adapt the experimental observed 
variance  to the predicted one: 

Ǹ
2 = F N

Ã F is a property of the gas, for Argon and Xenon F ~ 0.17.

Ã Energy resolution: , 

where w is the ionisation energy of the gas (~20 eV),
b= 0.5 ð 0.6 (related to the amplification of a single electron)
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Proportional counters (4)

Ã Time resolution: 

Ädue to the low flux rate of most X-ray sources, each photon event can be 
time-tagged to high precision.

ÄThere is, however, a limit to your temporal resolution called "dead-time", 
a period when the signal from any incoming X-ray photons is essentially lost. 

ÄThere is some time interval required for the system to return to its nominal 
state ð such as the high voltage grid to return to normal voltage, and the 
ions to recombine, etc. For the typical PC this is a few of microseconds.

Ã QE approaches 100% for energies up to 50 keV
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Gas Scintillation Proportional Counters (1)

Ã In conventional PCs, the charge 
generated by a high-energy photon 
is multiplied in a high electrical field.

Ã In gas scintillation PCs, the charge is 
not multiplied. However, these 
electrons are made to drift under an 
electric field and they acquire 
sufficient energy to excite 
the scintillation of the detector gas, 
but not to ionize it. 

Ã Such a scintillation signal can be 
easily detected with a photosensor.

The number of scintillation photons 

increases linearly with the number of 

exciting collisions of the electrons with 

the gas atoms.

274



Gas Scintillation Proportional Counters (2)

Ã GSPCs reach energy resolutions of 8% at 6 keV, outperforming 

standard proportional counters by a factor of about 2. 

Ã For soft X-rays below about 1 or 2 keV, GPSCs outperform any other 

type of large area detector, either cooled or room temperature.
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X-ray CCDs (1)

Ã CCDs become very inefficient in the Ultraviolet, primarily because the 

electrodes they use become opaque to radiation.

Ã However, at soft X-ray wavelengths they become efficient again, 

especially thinned (but not so thin as optical) CCDs.

Ã CCDs now produce many electron-hole pairs per incident photon, and 

the number they produce depends upon the energy of the photon. 

Ã Process is photoelectric, and is exactly the same as in a gas 

proportional counter.
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