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Abstract: Neutron monitors provide a continuous record of the cosmic-ray intensity. This record stretches back to the 
mid-1950s. To make this record reliable, it is essential that these instruments must be kept stable against electronic drifts, 
environmental changes, and mechanical modifications. This requires continuous and dedicated effort. In this paper the data 
record is examined for the following neutron monitors (with the starting date in brackets) Hermanus (157), Sanae (1964), 
Potchefstroom (1971), and Tsumeb (1976) and some of the corrections that were applied over the years are summarized. 
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1   Introduction 
The Centre for Space Research at North-West University 
operates four neutron monitors plus a neutron-moderated 
detector (a neutron monitor without lead producer). 
These instruments provide long-term records of the cos-
mic radiation and its modulation by solar activity, while 
they also record Ground Level Enhancements (GLEs) 
which are cosmic rays accelerated by the sun. 

In this paper we report on the operation of these detectors, 
as well as their data and relevant data corrections. 

2   Neutron Monitor Stations 
SANAE, Antarctica.  

This monitor operates since January 1964 at the bases 
Sanae I, II and III, at coordinates 70019’S, 02021’W. 
From February 1964 through to December 1994 this was 
a 3NM64 monitor with counting rate ~ 150 000 counts/hr. 
From March 1971 through to December 1973 there also 
was a 1NMD (a bare counter without lead producer), 
which was enlarged to a 4NMD from April 1974 through 
to December 1994. The 4NMD had a counting rate of ~ 
15 000 counts/hr. The altitude of the two detectors was 
52 m.a.s.l., the average pressure 987.2 mb, and the baro-
metric coefficient 0.73%/mb for the 3NM64, and 
0.76%/mb for the 4NMD. The cutoff rigidity was 0.86 
GV (1990 epoch). Since April 1997 the monitor was 
shifted to Sanae IV at Vesleskarvet, coordinates 71040’S, 
02051’W. It was doubled to a 6NM64, with ~ 627 000 
counts/hr. In this new location the 4NMD has a counting 
rate of ~ 33 000 counts/hr. The altitude is 856 m.a.s.l., 
the average pressure 660 mm Hg, and the barometric 
coefficient 0.97%/mm Hg for the 6NM64, and 

1.01%/mm Hg for the 4NMD. The cutoff rigidity is 0.73 
GV (1990 epoch). 

At Sanae I, II, and III the 3NM64 and 4NMD were 
placed on scaffolding that could be elevated to keep them 
clear from the rising snow level. The neutron monitors 
did not operate in 1995 and 1996. At Sanae IV at Vesle-
skarvet both instruments are in a fixed environment 
above rock, with insignificant snow effects. 

Hermanus, South Africa 

This monitor operates since July 1957 at coordinates 
34025.5’S, 19013.5’E, altitude 26 m.a.s.l., average pres-
sure 760 mm Hg, barometric coefficient 0.95%/mm Hg, 
and cutoff rigidity 4.58 GV (1980 epoch), 4.44 GV (1990 
epoch). 

From July 1957 to June 1964 this was a 12-counter IGY 
neutron monitor with ~ 16 x 3602 bi-hourly counts/hr. 
From August 1964 to July 1972 it was a 3NM64 neutron 
monitor with ~ 105 000 counts/hr. From August through 
to December 1972 it was a 9NM64 neutron monitor with 
~ 355 300 counts/hr. Since January 1973 it is a 12NM64 
neutron monitor with ~ 453 000 counts/hr.  

Hermanus is a town at sea level close to the southern tip 
of Africa. The neutron monitor is operated by the South 
African National Space Agency (SANSA) - Space Sci-
ence, formerly the Hermanus Magnetic Observatory. 

Potchefstroom, South Africa 

This is a 15IGY neutron monitor with ~ 213 000 
counts/hr. It operates since May 1971 at coordinates 
26041.9’S, 27005.6’E, altitude 1351 m.a.s.l., average 
pressure 652.4 mm Hg, barometric coefficient 
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0.99%/mm Hg, and cutoff rigidity 6.94 GV (1980 epoch), 
6.98 GV (1990 epoch).  

The neutron monitor is situated on the roof of the Physics 
building on the Potchefstroom Campus of the North-
West University. This building houses the Centre for 
Space Research, responsible for the processing of the 
data recorded by this chain of neutron monitors. 

Tsumeb, Namibia 

This is an 18NM64 neutron monitor with ~ 1 220 000 
counts/hr, operating since December 1976 at coordinates 
19012’S, 17035’E, altitude 1240 m.a.s.l., average pressure 
660 mm Hg, barometric coefficient 0.935%/mm Hg, and 
cutoff rigidity 9.15 GV (1980 epoch), 9.12 GV (1990 
epoch). 

The neutron monitor operates at a research station estab-
lished by the Max Planck Institute for Aeronomy in 1957, 
for ionospheric observations during the IGY. The station 
is presently operated by the Geological Survey of Na-
mibia. It is situated ~ 12 km north-west of Tsumeb in 
northern Namibia. 

 
3   General Remarks 
The sampling frequency of the instruments was gradually 
increased from once per two hours (at Hermanus from 
1957 to 1963), to hourly, 10-minute, 5-minute, and even-
tually 1-minute intervals. 

Barometers were gradually improved, and between 1995 
and 1999 they were replaced by solid-state pressure 
transducers with an accuracy of 0.01 mm Hg and a long-
term stability of 0.1 mm Hg. These pressure transducers 
have so far been maintenance-free. 

Figure 1 shows the monthly averages of these counting 
rates for the lifetime of the respective instruments. All 
data are normalized to 100 for March 1987, when the 
peak intensity of the so-called qA<0 solar minimum was 
reached. Traditionally, normalisations are done for May 
1965, one 22-year cycle earlier, but we found that in 
1987 the NM network was better established, and there-
fore this normalisation is more reliable. 

 
Figure 1. Monthly average counting rates of the neutron monitors operated by the Space Research 
Centre of North-West University, South Africa. 

 

4   Data publications 
The data files for these observations are available on the 
home page of the Space Research Centre at [4]. Apart 
from the monthly averages, hourly counting rates that are 
meant for short-term studies, are also available. In addi-
tion, the Ground Level Enhancements (GLEs), from 
number 15 on 6 July 1966, to number 70 on 13 Decem-
ber 2006, also appear. The time resolution for these 
GLEs has also gradually imoproved from 10-minute to 1-
minute intervals. 

 

5    History of Sanae neutron monitor 

The Sanae neutron monitor operates in a snow environ-
ment. The 3NM64 at Sanae I, II, and III was situated on 
the Antarctic Ice Shelf of Queen Maud Land. It was of 
standard design, the three Chalk River neutron counters 
and lead rings being in a polyethylene box of 75 mm 
thickness. The hut itself was not temperature controlled, 
but the 3NM64 was placed inside a temperature-
controlled 1.5 mm steel container, thermally insulated by 
25 mm layer of styrofoam. Underneath and along the 
sides of the container 138 mm of paraffin wax was 
placed in order to screen the monitor from neutrons pro-
duced by cosmic radiation in the changing ice environ-
ment. 
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Bercovitch [1] reported that snow outside the Deep River 
neutron monitor building reduced the counting rate be-
cause the 75 mm external polyethylene shield of the 
NM64 monitor was not sufficient to eliminate the effects 
of externally produced neutrons. Secondary neutrons 
produced by the cosmic rays in the soil were attenuated 
by the snow, and were then excluded by the external 
polyethelene shield from recording by the neutron moni-
tor. However, since the Sanae neutron monitor was on an 
ice shelf with no solid ground underneath, Kühn et al. [2], 
found that the rising snow level had no effect on the 
counting rate. 

Initially, in January, 1964, the monitor was installed in a 
wooden hut 3 m above the snow/ice surface. The snow 
level rose at a rate of ~ 1.5 m per year, and the hut and 
monitor had to be raised by 3 m in January 1966. It was 
necessary to raise it again in January 1968. In Janu-
ary 1971 the monitor was dismantled and moved to 
the site of the new base (Sanae II), about 1 km from 
the old site (Sanae I).  

During 1971 and 1972 the snow accumulation was par-
ticularly fast due to wind obstruction by the new build-
ings. During the second half of 1972 the snow accumula-
tion around the 3NM64 hut caused a noticeable reduction 
in the counting rate, when the elevation of the snow rose 
above the screening wax layer around the 3NM64 neu-
tron monitor. This reduction in counting rate was found 
to be related to the elevated snow profile around the hut 
[3].  

Kühn et al. [2] reported on the three-monthly and annual-
ly mean barometric coefficient of the 3NM64 at Sanae 
for the years 1964 to 1967. The coefficient had a magni-
tude, varying with the solar cycle, as would be expected 
for a high-latitude neutron monitor. This study also found 
that the rising snow level did not affect the barometric 
coefficient, presumably because of the additional 138 
mm paraffin wax layers underneath and along the sides 
of the monitor. 

During February 1973 the 3NM64 and 1NMD were 
taken apart and each reassembled on a new type of scaf-
folding about 2.5 m above the snow surface. The new 
scaffolding was so designed that the monitor could be 
raised by power jacks, without taking it apart. The 
3NM64 data thus became much more consistent over 
long periods, avoiding small corrections in counting rate 
each time after reassembling. The efficiency of the 
3NM64 remained the same within detectable limits when 
the monitor was reassembled in April 1979 at the new 
base of Sanae III. 

The 3NM64 and 4NMD monitors were closed down on 
the Sanae III station in December 1994. During 1995 and 
1996 a new Sanae base was built at Veleskarvet on solid 
rock. The neutron monitors were incorporated inside the 
base, and they are not subject to changing snow levels 
anymore. At the same time the 3NM64 was doubled in 
size to a 6NM64. They became operational again in April 
1997. 

6   Normalisation Correction at Sanae 

A normalisation needed to be done relative to the moni-
tors at Sanae III due to the difference in location and 
altitude. This was done using the counting ratios relative 
to the Hermanus, Potchefstroom and Tsumeb neutron 
monitors for the years 1994 to 1997, and scaling these 
variations at their respective cutoff rigidities to the 
equivalent atmospheric depth of modulation expected at 
Sanae, at cutoff rigidity ~ 1 GV. 

In December 2010 this normalisation was found inade-
quate, when it was pointed out to us by J.E. Humble that 
the counting rate of the two Sanae instruments seemed 
persistently higher than that of other high-latitude NMs. 
A renormalisation was therefore done, using the data of 
other high-latitude NMs. This resulted in an increase of 
approximately 2 % in the previously published counting 
rates, for both the 6NM64 and 4NMD, for the period 
since April 1997. 

The origin of the renormalisation error was due to the 
fact that our own NMs (at different, higher cutoff rigidi-
ties) had to be used, because at that time near real-time 
records of other stations were not readily available on the 
internet. After this was done, the normalisation procedure 
was not revisited, and the discrepancy was only discov-
ered in 2010. 

7   Current projects 
We are presently conducting another compactation of our 
data, by collecting all the hourly values of all four sta-
tions, plus the Sanae 4NMD, into a single file. For each 
NM the recorded counting rates, the atmospheric pres-
sure, and the pressure-corrected counting rates are pub-
lished. This results in a data file of approximately 460 
000 records (number of hours since 1957) of 74 bytes 
each, with a manageable size of 34 Mb. Eventually, this 
will become our only remaining file of hourly data. The 
current monthly average data, and the one-minute data 
files for the GLEs mentioned earlier, will continue. 

We are also in the process to contribute our data to the 
European Neutron Monitor Data Base (NMDB) [5]. 
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