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Abstract

Any Geiger counter is itself a good cosmic ray detector, indeed is it known that even without 
the presence of radioactive elements the instrument has the movement of the needle that there-
fore measures a certain activity called background radiation: more then 11% of this background  
activity is due to the cosmic radiation, however the rest of the radiation comes from the ground 
or from the air. To exclude the latter, is needed the so called coincident circuit invented by 
Bothe and Rossi in the early ‘30. AMD5 stands for Astroparticle Muon Detector and is a reli-
able cosmic ray detector built with GMT tubes and a very simple electronic circuit.
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1	 INTRODUCTION 

Primary cosmic rays consist mainly of protons, they travel in space at relativistic speed and 
every day bombard the Earth. The protons entering in the atmosphere transport high energies 
and when they collide with atoms in the air generate a cascade or shower of other particles, 
the products of the collisions in the atmosphere are defined secondary cosmic rays. A shower 
is composed of various types of particles, mainly there is a “soft” component confined in the 
central part of it, that is called electro-photonic (or electromagnetic) cascade and then there is 
an “hard” component mainly composed of muons. Besides muons, among the secondary cos-
mic rays that reach the ground there are other particles including photons and electrons from 
the electro-photonic cascade.

A cosmic ray detector on ground therefore measures the muons and also other ionizing parti-
cles present in the showers.

The minimum energy which carries a muon to ground exceeds 2 GeV, while the ionizing par-
ticles of natural radioactivity reach values ​​of a few MeV, a difference of a factor 1000. Using 
detectors based on Geiger-Müller tubes are also revealed a large number of particles since these 
are sensitive even to a few keV of radiation (X-rays). To measure only the cosmic rays and 
exclude other particles you must stack two or more GMT and consider only the particles that 
pass through the tubes at the same time, thus in coincidence. Alternatively you can use a lead 
shield (provided it is pure), or both the methods. Muons transporting huge energies can cross 
large material thicknesses, while environmental particles will be stopped from the first tube or 
from the possible lead shielding. Recall also that equipment of this type, can only record the 
number of events/particles but not the energy released by the particle.

2	 AMD5

The construction of this instrument began in 2012 during the centenary of the discovery of 
cosmic rays and a first version called AMD4 was employed on the VHANESSA expedition, a 
flying on an hot air balloon [1]. By AMD5 (Figure 1) in the last years have been obtained very 
interesting results so it is a useful device for the teaching of modern physics, particularly in 
secondary schools (high school, college and so.). To date, between Italy and Switzerland have 
been installed more than a dozen of AMD5 detectors, which are part of a project for the detec-
tion of high energy cosmic rays called ADA (Astroparticle Detector Array). 

This instrument consists of two GMT - of Soviet production - type SBM 20 that are easily 
available and sufficiently sensitive and reliable. The signal from the Geiger tube is taken and 
sent to an electronic board where a logic gate “and” works like coincident circuit, the signal is 
sent to different outputs for connecting to computer via USB or via sound card.

Have available both the audio and the USB output, means that is possible to use several soft-
ware for Geiger counters already present on the market, also free (e.g. CDVCounter by David 
Honig). For counting the flux of cosmic particles it was also developed an our own software: 
AstroRad that serves to log data, generate graphs of readings and much more.
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Figure 1: Several cosmic ray detectors, above from the left, the first version AMD4 and some 
versions of AMD5, below other detectors built with the same electronics, including a replica of 
ALFMED by NASA[2].

Figure 2: To the left the coincidence method, on the right the AMD5 geometry.
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Telescope geometry

Bruno Rossi had named this type of detector as “cosmic ray telescope” [3], indeed stacking 
two or more tubes means having a field of view or a geometry for the instrument. In the case of 
AMD5 the distance between the tubes has been arbitrarily choice of 6 cm, the instrument has 
therefore a field plane angle of about 18 ° (whereas the GMT’s diameter is about 10 mm) and 
a field of about 55 °(whereas the GMT’s length is 10 cm). Overall the telescope “sees” a solid 
angle of about 0.3 sr (Figure 2).

Coincidence timing

One of the first queries was to establish the time for the coincidence window between the 
two GMT tubes, since a too long time would record many environmental particles. The first 
prototype had a coincidence time window of 100 ms (between 20 and 100 ms appeared to 
provide substantially similar results); one test placing radioactive elements in the vicinity of 
the detector (a few tens of centimetres) did not produce a significant increase of coincidences. 
Eventually the time coincidence for the AMD5 detector has been brought to the present value 
of about 66 ms. After a while we realized that in some sites where there are AMD5 detectors 
installed, there is the presence of radon. This element is insidious because it is deposited on 
the GMTs and its decay products generate particles that cause false coincidences. This sneaky 
effect generates a kind of modulation on the cosmic ray flux. To solve this problem  was added 
a supplementary time window of approximately 190μs. This value corresponds to the dead 
time of the GMT thus go down further would be useless. Thanks to this, the radon’s problem is 
improved very much, but not completely settled. 

Accidental coincidences:

For the calculation of the accidental coincidences you can resort to the methods applied when 
the GMT were widely used for the study of cosmic rays. The Janossy [4] shows two equivalent 
methods which in our case we can write as: 

(1) 

(2) 

Where A is the number of false coincidences per second, N the GMT rate (cps) and τ the ac-
quisition time.

With our GMT we have N = 0.42 cps, hence for τ = 70ms  we get A = 0.025 (1) or 0.024 (2), 
instead for τ = 0.2ms we get  A = 7 10-5 (1 e 2). This means that with the first time window we 
have a rate of false coincidences around 6%, instead with the second window, the rate well 
drops to 0.017%.



5

Beyond calculation, the positive results from several experiments produced in recent years - 
conducted with the AMD detectors - show that the “false coincidences” can also be produced 
by various cosmic rays, coming from different inclination, that affecting the detector (i.e. the 
two tubes) with different angles but at the same time (remembering that the telescope-detector 
has a field angle of 18 ° ≈0.3 sr), or also by secondary particles (or tertiary ...) produced in the 
detector itself for interaction with the metal chassis.

The average flux of cosmic particles measured by AMD5 is about 6 cpm/sr with the standard 
time window (70 ms) and about 2.4 cpm/sr for the minimum time window (0.2ms).

Electronics

Here we publish the basic circuit of AMD5 (Figure 3 and 4) which is divided into two parts, 
the high voltage side and the low voltage part. To power the GMT 400V of direct current are 
needed, this is generated by a DC-DC converter that requires an input voltage of 1.5V. The 
signal from the tubes is taken via two high voltage capacitors and sent to two Schmidt trig-
gers ports, each channel has a monostable timer which define the activation times for the two 
coincidence windows. The time is set according to the capacitors C1,12 and C2,13, by means 
of a double switch (SV9, SV10) you can select the time of 0.2 ms or 70ms as discussed earlier. 
An “and” gate acts as a coincidence circuit which can be also deactivated via a switch (SV8). 
Then a buffer (IC3) provide some outputs compatible with the TTL standard 5V. One of the 
buffer port is used for audio output (SV2-3), a second buffer for the USB output (SV2-1) via a 
USB-TTL converter (Arduino compatible) and others stay available for possible connections 
with microprocessors, data-logger, Arduino and others. To view the activity of the GMT and 
the coincidence there are three LED lights. The components can be placed in different housing, 
we usually use normal computer cases that are rugged and have included the power supplies 
for the low voltage circuits. For those interested in the detector, it can be purchased from the 
K-Computers company in Italy [5].

Figure 3: AMD5 motherboard.
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Operation

After turning on the instrument, within a few seconds begin to appear the cosmic ray signals 
displayed by the LEDs. To connect to the computer you need first to install the USB port driv-
ers.

To use the AstroRad software  just copy it to a folder and run it, to now it does not need instal-
lation, it runs only on Windows systems, you can still use other (Geiger counter) software on 
the market for Linux and Mac. In that case you need to download the USB driver from the 
SiliconLab site [6].

3	 What can be done with AMD5

AMD5 is designed to always be running and doing long-term experiments and/or periodic 
daily data detection - 24 hours a day. The website www.astroparticelle.it is full of experiments 
obtained from the AMD family detectors. With this instrument you can do a lot of interesting 
jobs. The activities range from the most simple, like counting the flux of cosmic rays with the 
plotting of charts, till to the most challenging that require data analysis. There are also some 
leisure activities such as generation of music or words on the passage of the cosmic rays.

Figure 4: AMD5 electronic schematics.
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An interesting quest is that of the comparison between the flux of muons detected and the flow 
of the solar wind, to understand how the activity of our Sun affects cosmic rays on the ground 
[7]. The solar wind data is available in real-time from the SOHO web site (http://sohowww.
nascom.nasa.gov/), but it is not the only resource, you can make comparisons with ACE a 
spacecraft that measures the solar wind and other particles (http://www.srl.caltech.edu/ACE/
ASC/index.html), or with other neutrons or muons detectors collected from the NOAA portal 
(http://www.swpc.noaa.gov/).

Make a long-term comparison between the muons flux and the atmospheric parameters such as 
temperature and pressure shows the presence of the so-called seasonal effect (Figure 4) which 
is closely related with the local climatic variations.

Another task may be to proof the incoming direction of cosmic ray, also called the east-west ef-
fect. This can be done by orienting the detector (i.e. the GMT) in the South-North direction and 
then tilting it gradually towards the East and then to West. This work is great to demonstrate 
and understand the geomagnetic effect, but is an experiment that has more chance of success 
at low latitudes, however using a lot of data and statistics, you can also highlight the effect at 
higher latitudes.

A similar experience to the previous one is the dependence of cosmic rays from the zenith 
angle, due to the fact that inclined muons must travel through more matter and thus they lose 
more energy.

The energy loss by cosmic rays in matter can also be highlighted by overlaying materials of a 
certain thickness over the detector, for example the known “Rossi’s curves” are obtained by su-
perimposing metal plates of progressively greater thickness and marking out the obtained data.

Figure 4: An example of the seasonal effect over the flux of atmospheric muons.
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Excluding the coincidence circuit you can also make radioactivity measurements and also us-
ing materials with low radioactive emissions you can determine the levels of ionizing radiation 
and absorbed dose, in some locations the radon was discovered in this way.

Last (but not least) connected to the Internet, each detector becomes a valuable piece of a net-
work: a cosmic rays observatory made of several instruments distributed throughout the whole 
country and beyond, the A.D.A project (Figure 5) [8,9,10].

Figure 5: The 12 AMD5 detectors distributed between Italy and Switzerland, part of the ADA project 
(at 09.2016).
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