
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
THE ASTROPARTICLE PHYSICS CONFERENCE

Mini Neutron Monitors
H KRÜGER1 , H MORAAL1, GJJ BENADÉ1

1Centre for Space Research, School of Physical and Chemical Sciences, North-West University, Potchefstroom, 2520, South Africa

helena.kruger@nwu.ac.za

Abstract: Two small neutron monitors were built in 2002 in order to calibrate the ~40 stationary neutron monitors
around the world, to obtain rigidity spectra. Various tests were performed on these instruments, and some
calibrations have been done. Due to electronic development during the past decade, the electronics heads were
completely redesigned in 2011, and two new detectors were built. This has broadened the concept of a calibration
neutron monitor to that of a mini neutron monitor, i.e. a permanent detector in its own right. The plans for a
network of mini neutron monitors are reported.
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1 Introduction
The approximately 40 worldwide neutron monitors (NM)
in operation each have their own detection efficiency. The
result is that their counting rates depend on design, environ-
ment, cutoff rigidity and altitude.

The counting rate, N, of such a NM at cutoff rigidity, Pc,
is

N(P > Pc) =
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Pc

(−dN/dP)dP =
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Pc

S(P,x) j(P, t)dP,

where dN/dP is the differential response function, j(P, t)
is the primary cosmic-ray intensity above the atmosphere,
and S the NM yield function of secondary particles at
atmospheric depth x.

To derive spectra from these NMs, as with spacecraft,
the counting rates must be normalized. Therefore, two
identical mobile calibrators were built in 2002. Figure 1
(adapted from [4]) shows e.g. a typical differential response
function as function of cutoff rigidity when 11 NMs are
inter-calibrated. The vertical error bars show an assumed
0.2% uncertainty in the counting rate of each individual
NM.

Figure 1: Typical differential response function for 11 inter-
calibrated neutron monitors.

Several properties of these mobile NMs were investigated
in [1] and [3], to assure accuracy within 0.2%. The results
are summarized as follows:

1. Five latitudinal surveys were done with a calibration
NM together with a standard 3NM64, as described
in [1]. The result obtained was that the calibration
NM is ≈ 4% more sensitive in its energy response
than the 3NM64 over a cutoff rigidity range between
0 and 16 GV.

2. It was determined by various studies that NMs have
a fairly large instrumental temperature sensitivity, as
described in [1]. The coefficient for the calibration
NM was largest, at 0.12%/°C. Hence, NMs have to
be kept as near as possible to a constant temperature,
or these temperature sensitivities have to be corrected
for.

3. The counting rate of a NM is affected by chang-
ing neutron absorbing or producing materials around
NMs. To avoid such environmental effects, calibra-
tions have to be done by placing the calibrator out-
side, far away from any absorbing or producing struc-
tures, and to keep the background as constant as pos-
sible.

4. It was determined by a series of experiments that
the calibrator has a strong sensitivity to the type
of surface underneath it, which can be absorbing
or producing materials, as described in detail in
[3]. Experiments were performed in Potchefstroom,
South Africa, in Kiel, Germany, and at Doi Inthanon,
Thailand, by varying the height of water beneath a
calibration NM (in a portable swimming pool), to
determine the amount of water needed to eliminate
these effects. The results show that the counting rate
decreases with ~ 4.0% per 30 cm, but it levels off
when the water layer below the NM exceeds ≈ 30
cm.

Four stations have been successful calibrated, as described
in [2]: SANAE in Antarctica (twice), Kiel in Germany,
Potchefstroom in South Africa, and Doi Inthanon in Thai-
land.

2 New mini neutron monitors
The electronic heads of the calibrators have been redesigned
and completely rebuilt since 2010. This was possible with
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the electronics development during the past 10 years. Figure
2 shows the original calibration NM of 2002/3 with the
older head, as well as the current mobile NM with the
modernized head. This is the engineering prototype, built
in 2011, and further upgraded since then.

One of these mobile NMs with the engineering prototype
electronics head was installed in December 2011 on the
research vessel Polarstern of the German Polar Programme,
which conducts continuous latitudinal surveys over a wide
cutoff rigidity range in the northern and southern hemi-
spheres on an annual basis. A second mobile NM, with an
indentical engineering prototype electronics head, was in-
stalled in January 2012 at the Neumayer station, Antarctica,
for continuous monitoring of the cosmic-ray intensity.

Figure 2: The 2002/3 (left) and 2011/12(right) electronics
heads of the mobile NMs.

These two new detectors have broadened our original
vision of a calibration NM to that of a mini NM, i.e. as a
permanent detector in its own right. They can replace neu-
tron monitors in the current network that are threatened,
mainly because they are expensive and too labour-intensive
to maintain easily. Otherwise they can augment this net-
work. Sites can be chosen more readily than for the cur-
rent network so that their asymptotic cones of acceptance
also make it possible to continue to study Ground-Level
Enhancements due to Solar Energetic Particle events.

In addition to upgraded electronics, the counter tubes
used have also significantly developed over the last 10 years.
³He-gas counters were used for the original calibration NMs.
Since then the price of ³He gas has increased to such an
extent that the counter has become unaffordable, at ≈ US$
30 000. Therefore we reverted back to 10BF3 counters at
≈ $ 5 000 (March 2013) per counter. The international
regulations on the shipping of 10BF3 filled counters was
relaxed in October 2011 from 0.3 to 0.9 atmospheres filling
pressure. This has enabled the readily transport of these
types of counters. Due to the high filling pressure of the
new design of detector counters, we are able to build similar
NMs but at almost twice the counting efficiency than that of
³He mini NMs. We further decided to increase the volume
of the counter by a factor of three, by increasing its diameter
from 50 mm to 89 mm. This was done by reducing the inner
diameter of the lead rings and increasing the diameter of the
polyethylene moderator tube into which the 10BF3 detector
with larger diameter fits. The outside dimensions have not
changed. Initial indications are that the 10BF3 counter with
larger diameter and higher pressure has a slightly higher
counting rate of 15%-20% than the originally used ³He
counter, but at about one-sixth of the price. Further testing
will be done once the ordered counters have arrived.

The central concept for the mini neutron monitor is to
offset their low counting rate by placing them at high al-
titudes. For a standard atmosphere, the pressure increase

with altitude is P = P0e−0.00012h(m). The barometric coeffi-
cient for the mini NM is ≈ 1%/mm Hg. Hence, using these
expressions, the counting rate of a mini NM at 3000 m will
be ≈ 11 times higher than at sea level. Therefore, a single
mini NM at 3000 m altitude should give the same counting
rate as a single-counter NM64 at sea level.

The following specifications apply to the mini NM:

• At 260 kg it is lightweight, has no moving parts, and
does not need to be dismantled in transport. Its overall
dimensions are 90 cm x 85 cm x 60 cm.

• The electronics is simple, semi-autonomous, the main
data storage is fully backed up by an independent
high-durability flash drive. It registers individual
pulse arrival times with an accuracy of 1 ms, in
addition to the normal rates per time interval,

• It is inter-connectable via LAN, has a fully adaptable
and versatile IP 63 system rating for protection from
water and dust ingress, and has a user-friendly inter-
face to manage and interpret data easily.

• The final version of the electronics head will weigh
about 1 kg, with dimensions of 11 cm x 11 cm x 11
cm (see Figure 3). Therefore, it can easily be shipped
and exchanged.

• It is fairly inexpensive: the electronics head costs ≈
C 600. A complete single-tube mini-NM, including
a high-quality, built-in pressure transducer will cost
≈ C 15000.

• With this design, the instrument is semi-autonomous,
and it only need power and network connectivity.

• Further design improvements currently under way
are to reduce power consumption to the absolute
minimum. and to insulate the instrument thermally
so that it can operate independently without power
at very low temperatures for up to one year. (This
version will not allow in-time data transmission.)

Figure 3: The final version of the electronics head

3 Planned and possible sites
We plan to install another two mini neutron moni-
tors at Dome C, Antarctica (altitude 3 200 m) for a
Finnish/Italian/French collaboration by the end of 2013.

In addition to this, the following sites offer interesting
possibilities:
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• Kohnen, a German summer station in Antarctica, at
2872 m, that is unattended and without power during
winter months.

• Sulphur Mountain, Canada, at 2383 m, the site of
the original NM64 monitor, with commercial power
available.

• Thailand, at the site of the Princess Sirindhorn Neu-
tron Monitor at Doi Inthanon at 2560 m.

• Several other high-altitude powered sites such as
Mount Denali in Alaska; Climax, Colorado, USA,
where the stationary NM was closed; Mount Wash-
ington, New Hampshire, USA, where the NM was
also closed; at the site of the new HAWC detector in
Mexico, at altitude 4 600 m; similar possible sites at
the high-altitude telescope network in Chile.

• Several high-altitude unpowered sites on the Green-
land and Antarctic plateaus.

4 Summary
With the concept of a mini NM that is relatively inexpensive
and portable, with semi-autonomous electronics that uses
existing infrastructure, it is possible to deploy a renewed
NM network similar to the existing NM64 network. At
mountain altitudes of typically 3000 m, each of these
counters will have a counting rate of a standard NM64
counter.

The concept of calibration is retained in this strategy,
because the mini NMs are dispatched from their point
of manufacture as already-calibrated units that are not
dismantled in transport which may affect their efficiencies.
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