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Abstract: At the 30th ICRC in Mexico, 2007, Krüger and Moraal reported on tests performed by the two calibration 
neutron monitors, e.g. the difference in the latitudinal dependence between the calibrator and a standard 3NM64 
neutron monitor, an instrumental temperature sensitivity of neutron monitors, as well as sensitivity of the calibrator 
to different ground surfaces. We report here on the effect of atmospheric humidity on the counting rate of this cali-
bration neutron monitor. The results show a slightly smaller sensitivity to water vapour than to dry air. These ef-
fects have to be corrected for in the calibration procedures. 
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1.   Introduction 
Two portable calibration neutron monitors were built 
with the purpose to intercalibrate the worldwide network 
of stationary neutron monitors (NMs). According to [8], 
this intercalibration must be accurate to within 0.2%. In 
order to achieve such accuracy, several properties of 
these calibrators were investigated, as was reported at the 
30th ICRC in Mexico, 2007 (see [5]), and are summarized 
below. 

1. Five latitudinal surveys were conducted with one of 
the calibrators, together with a standard 3NM64, over 
a cutoff rigidity range 0 – 16 GV, as described in [6]. 
The conclusion was that the calibrator has a differ-
ence of ≈  4% over this rigidity range in its energy 
response in comparison with the 3NM64. 

2. A fairly large instrumental temperature sensitivity 
was obtained, not only for the calibrator, but also for 
both the standard NM64s and IGYs, as described in 
[6]. A temperature coefficient of 0.12%/oC was de-
termined for the calibrator. It is important to correct 
for these temperature sensitivities for calibration pur-
poses. 

3. Further, it was found that the calibrator has a large 
sensitivity to the environment, and also for the type of 
surface (ground) underneath it. To avoid environmen-
tal effects, calibrations have to be done with the cali-
brator outside, far away from any absorbing or pro-
ducing structures.  

To eliminate surface effects, a series of experiments were 
performed in Potchefstroom with varying heights of 
water (in a portable swimming pool) beneath the calibra-

tor, to determine the amount of water needed to eliminate 
these effects, as described in paper icrc0436, and in detail 
in [7]. It was determined that the counting rate decreases 
with an increase in the amount of water, and that the 
counting rate levels off at approximately 30 cm H2O. The 
decrease was � 4.0%. 

Bercovitch and Robertson [1] did an investigation re-
garding the meteorological factors affecting the counting 
rate of neutron monitors, i.a. the effect of atmospheric 
water vapour. They used radiosonde measurements of 
relative humidity and temperature for these calculations. 
They determined that the NM counting rate decreases 
with increasing water vapour in the atmosphere. They 
obtained a water vapour attenuation coefficient of –(0.82 
± 0.03)% g/cm2. According to [2], this value is (12 ± 
4) % g/cm2 times greater than their attenuation coeffi-
cient in dry air of –0.73 % g/cm2, and they argued that 
this is presumably due to the larger cross-section per 
g/cm2 in water to that in air. 

Chasson, et al. [3] also investigated the relation between 
the barometric pressure coefficient and changes of at-
mospheric water vapour content above an IGY standard 
neutron monitor. They placed an aluminum container 
above one section of the IGY. This container was filled 
to different heights of water for various time intervals, 
and the difference in the counting rate was determined. 
This experiment was quite similar to ours. They obtained 
an attenuation coefficient of –(0.43 ± 0.02)%/g·cm-2. 
 
2.   Experimental procedure 

We further investigated this effect of atmospheric mois-
ture on the counting rate of the calibration neutron moni-
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tor. Vapour pressure in the atmosphere at 25oC is ~ 30 
g/cm2. We therefore experimented with amounts of water 
above the calibrator up to 10 g/cm2 as follows: 

The calibrator was placed outside on the roof of the 
physics building in Potchefstroom. A wooden box with 
edges of 10 cm high was positioned above the calibrator. 
Thus, the maximum amount of water that can be poured 
into this wooden box was to a height of 10 cm.  

The counting rates of the calibrator were obtained with 
increasing amounts of water by intervals of 1 or 2 cm, to 
a maximum of 10 cm of water. The time for each run was 
24 hours, from day 24 – 31 of this year (2011). The 
counting rates of the calibrator were normalised relative 
to those of the Potchefstroom IGY neutron monitor to 
eliminate any atmospheric or primary variation effects. 

3.   Result and Conclusion 
The results of the experiment are shown in Figure 1. This 
indicates that the attenuation coefficient in water is         
–0.604%/g cm-2.   

 
Figure 1: The ratio of the counting rates of the 
calibrator and the Potchefstroom IGY as function 
of varying heights of water above the calibrator. 

In [4] it was found that the attenuation coefficient of the 
calibrator in dry air is 1.05%/mm Hg, or –0.787%/g cm-2. 
This implies that the attenuation coefficient in water is 
almost 25% smaller than in dry air. The attenuation coef-
ficient of –(0.43 ± 0.02)%/g·cm-2 obtained by [3] is even 
smaller than ours. These results are opposite to the result 
of [1], and need further investigation. 
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