
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Is there an instrumental drift in the counting rates of some high latitude neutron 
monitors? 
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AAbstract: For the last six decades the neutron monitors have provided a continuous string of very reliable data. The 
pressure corrected hourly data are available from the World Data Centers. They have been used to derive deep in-
sights pertaining to the electromagnetic states of the heliosphere. We present evidence that some of the high latitude 
neutron monitors are undergoing long-term drifts in their baselines. We argue that there is no physical basis to justify 
the observed long-term downward trend in the baseline of the South Pole neutron monitor. The real reason may its 
maintenance at a distant location and an improper normalization of its data after the 26-month break in the 1970s.
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1 Introduction

The global network of neutron monitors (NMs) have 
provided data to the heliophysics community for over 
sixty years to study the time variations of the galactic 
cosmic ray (GCR) intensity. Simpson recommended a 
standard NM for worldwide use during the International 
Geophysical Year (IGY, 1957-58). Later, Carmichael 
designed the higher counting rate super monitor (NM64) 
during the Year of the Quiet Sun (IQSY, 1964-1965). The 
present network consists of a mix of both types of geo-
metries, located at sites ranging from sea-level to moun-
tain altitudes with vertical geomagnetic/atmospheric cut-
off rigidity ranging from 1 GV at high latitudes to 17 GV 
at the geomagnetic equator. For historical details, the 
reader is referred to Simpson [1] and Hatton [2].

NM data have been used extensively for the time varia-
tion studies ranging from minutes to decades. The short-
term studies involve energetic particles of solar origin in 
MeV to tens of GeV range [3], related to the solar flares 
and the Coronal Mass Ejections (CMEs). Earlier studies 
[4] led to the discovery of the spiral configuration of the 
interplanetary magnetic field (IMF). Recent studies led to 
the discovery of the solar neutrons [5]. The data were 
also used to make several important discoveries about the 
characteristic features of the onset and the recovery 
phases of the 11-yr modulation of GCR intensity related 
to the sunspot cycles.

The recovery phase of GCR modulation for a sunspot 
number (SSN) cycle contains important information 

about the transport modes of energetic charged particles 
in the tangled IMF. The modulation exhibits a 22-year 
periodicity (Hale cycle). Ahluwalia [6] showed that dur-
ing a negative (A < 0) cycle when the magnetic field in 
the solar northern hemisphere points into the sun, the 
recovery takes twice as long as for an even (A > 0) cycle 
when the solar magnetic field in the northern hemisphere 
points away from sun; GCR intensity recovers to a broad 
maximum for A > 0 and to an inverted “V”-like maxi-
mum for A < 0 cycle. This empirical finding was ex-
plained later in terms of the helio-latitudinal drifts of the 
positive charges in an inhomogeneous Parker [7] IMF 
spiral [8]. For A > 0, GCR protons drift down from the 
high latitudes towards the heliographic equator and out 
along the warped heliospheric current sheet (HCS). 
When the solar polar field turns negative (as in 1958-
1969 and 1981-1990) the protons drift inwards along 
HCS and out to the higher helio-latitudes. The access 
path to earth orbit is shorter in the first case, leading to 
more rapid GCR recovery at earth orbit. Webber and 
Lockwood [9] and Ahluwalia [1994, 10] drew attention 
to the fact that the recovery during a positive cycle is to a 
lower level than for a negative cycle; the physical cause 
of the difference in recovery levels is not understood yet.

The pivotal role played by the time variations of IMF 
intensity B in modulating GCR flux in the heliosphere is 
now well appreciated [11]. For example, Ahluwalia [12] 
showed that the systematic GCR flux changes near the 
solar minima (residual modulation) during 1963-1998 
correspond to systematic inverse changes in B.
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Figure 1.

Although NMs are not the primary source of data for 
GCRs, they serve as a baseline reference for the data 
collected by the detectors on board the satellites and deep 
space probes. The pressure corrected hourly NM data are 
available from the World Data Centers. The detectors are 
characterized by a median rigidity of response (Rm) to 
the GCR rigidity spectrum, 50 % of a detector counting 
rate is contributed by GCR rigidities below Rm [13].

The measurements made at the Wilcox Solar Observatory 
indicate that solar polar field strength for cycle 23 is only 
half as large as for previous three cycles, leading to a 
monotonic decline of B at earth orbit after 2006, reaching 
~3 nT in 2009 the lowest value of B ever recorded since 
in situ measurements began in October 1963. It is not 
surprising that cycle 23 GCR recovery observed by the 
global network of NMs has exceeded the level in 1996 
by a significant amount (> 1.5%), upsetting the pattern 
for the A < 0 cycles seen previously in1965 and 1987[14, 
15]. The stability of a NM count rate baseline is a pre-
requisite for the success of investigations of the long-
term systematic trends (often small) in the data. Sadly, 
several NMs are undergoing long-term drifts of unknown 
cause(s) in their baselines. Here we examine the case of
some erring high latitudes NMs.

2  Global neutron monitor data

To investigate the long-term change in the level of GCR 
intensity measured by a NM, it is very important to en-
sure that the detector is not undergoing a long-term drift
in its operation from whatever cause(s). For this purpose, 
we compare the baselines of the global network of NMs 
with the NM at Climax (CL/NM). It has operated con
tinuously, at the same site, at an altitude of 3000 m, since 
1950 (see Table 1 in 16). It is of IGY design, with two 
sections of six tubes each. To keep its counting rate level 
stable to within � 0.25 % (private communication from 
late J.A. Simpson), a great care is taken to maintain the 
stability of atmospheric pressure measurements.

Although Ro = 3 GV at Climax, the monitor is 16% more 
sensitive to modulation (because of its altitude) than the 
sea-level monitor at Deep River with a (lower) cut-off of 
1.1 GV [17]. Also, the Ro value for CL/NM has been 
stable for a very long time [18]. So, CL/NM is an ideal 
reference instrument to test other detectors against for the 
long-term stability of the baselines.

Figure 1 shows a plot of the monthly mean hourly rate  
for CL/NM for January 1951 to November 2006; the rate 
is normalized to 100% in May 1965. The smoothed SSNs 
are also plotted in the diagram. The period covers four 
complete solar cycles (19–22) and parts of the other two 
(18 and 23) as well as five epochs of solar polar field 
reversals, marked by the vertical dashed lines drawn 
through the middle of the epochs. After November 2006, 
CL/NM data is available till December 2008 but is un-
processed for a lack of support to its PI, Clifford Lopate. 
Ahluwalia et al. [14] discuss the time variations observed 
in the two datasets and their relationships.

A comparison of the monthly mean hourly rates of 
CL/NM (Rm = 11 GV) with several other NMs of the 
global network are shown below for 1951- 2009; in each 
case the data are normalized to 100% in May 1965. Fig-
ure 2a compares Oulu (Finland) and Climax monthly 
averages for available NM data; Rm = 16 GV for 
OU/NM. The two data strings track each other extremely 
well.

Figure 2b shows a similar comparison between Newark 
(USA) and Climax monthly averages for available NM 
data; Rm = 17 GV for NE/NM. Again the datasets track 
each other, considering the difference in Rm values.

Figure 2c depicts a comparison for Thule (Greenland) 
and Climax monthly averages for available NM data; Rm 
= 16 GV for TH/NM. There is an appreciable phase and 
amplitude difference between the datasets prior to May 
1965 as well as in the nineties and 2006, its baseline 
drifts downwards several percent with respect to the 
CL/NM baseline.
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Figures 2a, b, c, d.

Figure 2d shows a comparison for McMurdo (Antarctica) 
and Climax averages for the data; Rm = 16 GV for 
MM/NM. Unlike Thule, the two datasets track quite well 
until the late eighties. Afterwards the baseline for the 
MM/NM drifts upwards by several percent with respect 
to the CL/NM baseline. The long term drifts in the base-
lines of the polar neutron monitors, downwards for the 
TH/NM and upwards for MM/NM cannot have a physi-
cal basis; NMs at Oulu and Newark follow the baseline 
of the CL/NM very closely.

Figure 2e shows a comparison for South Pole (Antarctica) 
and Climax monthly averages. The two datasets track 
well during the sixties. Afterwards the baseline for the 
SP/NM shows a steady long-term downward trend 
with respect to the CL/NM baseline. Several points
should be noted here:

� The SP/NM belongs to the Bartol Research 
Institute at the Department of Physics and Astronomy at 
the University of Delaware, Newark, DE. An IGY-type 

NM operated at South Pole from March 1964 to October 
1974, it was replaced by a 3-tube NM64 type super 
monitor in January 1977; the latter operated until 22 
November 2005, a break in data string of 26 months. 

Figure 2e.

� An altitude difference exists between McMurdo
(48 m) and South Pole (2820 m). Therefore, one expects 
Rm value for SP/NM to be lower than that for MM/NM 
(16 GV). The amplitude of solar modulation for cycle 20
suggests that the Rm value for SP/NM is not too far 
below that for CL/NM (11 GV). Bieber et al. [19] note 
that long-term downward trend in the baseline of the 
SP/NM is not matched by any other NM of the global 
network. They infer “.. SP/NM, owing to its unique posi-
tion at both high latitude and high altitude (2820 m) has 
enhanced sensitivity at about 1-3 GV relative to a sea 
level monitor and may be responding to the intensity of 
primary cosmic rays in this rigidity region.” However, 
they do not show that the enhanced sensitivity at 1-3 GV
region of the GCR differential rigidity spectrum
computed by them (Fig. 2) for the SP/NM is consistent 
with the observed decline in its counting rate. Also, they 
note that their inference is inconsistent with the change 
observed with another IGY-type NM at Mt. Washington 
(Rm = 10 GV, Ro = 1.24 GV). So, Bieber et al. are not 
able to explain the deviant behavior of SP/NM.

Figure 3.

� Ahluwalia and Lopate [20] show that a small
long-term decline (of heliospheric origin) exists for > 95 
MeV protons measured by detectors abroad the high 
altitude balloons at high latitudes and IMP-7, 8 satellites; 
Ahluwalia and Lopate [21] show that Rm = 3 GV for 
these detectors. Also, see Ahluwalia [12] for the details 
of this modest long-term decline seen in the annual mean 
counting rates of the CL/NM and shielded IC (Rm = 67 
GV). This is crucial evidence against the case made by 
Bieber et al. Also, note that SP/NM recovers to a lower 
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level from cycle 20 modulation compared to CL/NM; it 
should have recovered to a higher level if its Rm value is
lower.

In Figure 3, we plot the annual mean hourly values for 
the NMs at the South Pole and Calgary (Ro = 1.1 GV; 
Rm = 10 GV) in Canada, as well as the annual means 
for > 100 MeV ions [22] measured by the high altitude 
balloons at high latitude sites in Russia and IMP 8 pro-
tons for the period 1958- 2005, the two data strings are 
normalized to 99 % in 1977 [20]. Since Rm = 3 GV for 
the ion data, one should expect SP/NM baseline to follow 
the ion data baseline, if Bieber et al. hypothesis is valid. 
This is clearly not the case. Therfore, we infer that there 
is no unusual long-term decrease in the GCR rigidity 
spectrum in 1-3 GV range to explain the observed long-
term drift downward for the SP/NM during 1963-2005.

2 Rm value for SP/NM?

Bieber et al. state correctly that “... it is experimentally 
very challenging to measure the neutron monitor re-
sponse in the 1-3 GV region.” But, we may estimate the 
Rm value for the SP/NM in an indirect manner. Recently, 
Ahluwalia et al. [14] computed the rigidity dependence 
of GCR modulation for the sunspot cycle 23, using the 
annual means data for 1997-2000 from the global net-
work of detectors. They obtain a power law dependence 
on rigidity R with an exponent – 1.22 (see their F. 4, p. 
937). For SP/NM the amplitude of modulation is 15.5 % 
which corresponds to Rm ~ 9 GV, compared to Rm = 10 
GV for CA/NM. This suggests that there is no physical 
basis for the observed long-term downward trend in the 
baseline of the SP/NM. The real reason may have to do 
with the maintenance of SP/NM at a distant location with 
challenging logistics and an improper normalization of 
its data after the 26 month break in the 1970s.
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