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Abstract: The Princess Sirindhorn Neutron Monitor (PSNM) has operated as an 18-NM-64 since December, 2007 at
the summit of Doi Inthanon, Thailand’s highest mountain (2565 m altitude). PSNM records the flux of galactic cosmic
rays with the world’s highest vertical cutoff rigidity for a fixed station, 16.8 GV. In addition to monitoring the count rate,
PSNM has special electronics, as previously deployed in a latitude survey, to record the time delay of each neutron from
the previous one in the same tube. We accumulate and collect hourly time delay histograms for individual tubes (with
over 50,000 counts), which show an exponential tail at long times (> 1 ms) due to chance coincidences, i.e., counts
associated with independent atmospheric nucleons. Shorter time delays, however, are dominated by counts from the
same interaction between an atmospheric nucleon and a nucleus (typically Pb) in the neutron monitor, thus containing
information about the energy distribution of atmospheric shower particles. Time delay analysis has a goal similar to
multiplicity analysis, with the advantage that we examine and remove the effects of chance coincidences to derive the
leader fraction, L, i.e., the fraction of neutron counts not associated with a previous neutron count in the same tube
from the same nuclear interaction. While time variations in PSNM multiplicity are dominated by “contamination” from
variations in chance coincidences according to the count rate (uncorrected for pressure), this is not evident for L. We
report on variations of L with time and their dependence on atmospheric pressure.
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1 Introduction

Cosmic rays impinging on Earth’s atmosphere produce
showers of secondary particles, including neutrons. Neu-
tron monitors detect these and track variations in the flux
of (mostly) galactic cosmic rays (GCRs) from minutes to
decades.
The Princess Sirindhorn Neutron Monitor (PSNM) has
been operating since late 2007 at the summit of Thailand’s
highest mountain, Doi Inthanon (Figure 1). PSNM consists
of 18 proportional counter tubes filled with 10BF3 gas and
placed inside 29 tons of Pb surrounded by a (polyethylene)
neutron reflector (NM64 standard).
Besides its strategic location at the world’s highest cutoff
rigidity for a fixed station, 16.8 GV, PSNM possesses an
electronic data acquisition system that can record time de-
lays between successive neutron counts at the same tube,
based on a system used in a latitude survey [1]. Similar

systems have been developed by other groups [2, 3]. As a
refined measure of the neutron multiplicity, the time delay
distribution should depend on the secondary neutron en-
ergy spectrum, and may contain precious information about
variations in the galactic cosmic ray energy spectrum.

2 Time delay distributions

Let R(t) be the probability that a neutron count in one
counter tube is not followed by another count during a time
delay t. Let n(t) dt be the probability of having a new
neutron count after a time delay between t and t + dt, or
n(t) ≡ −dR/dt.
Let α be the probability of a chance coincidence per unit
time. If all the counts were independent, we would have

dR

dt
= −αR, or

d

dt
lnR = −α,
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Figure 1: The Princess Sirindhorn NeutronMonitor station,
located at the summit of Doi Inthanon, Thailand’s highest
mountain.

which would result in R = e−αt. Then n = α e−αt, that
would appear as a straight line in the log-linear plot of Fig-
ure 2.
As stated above, short time delays are actually dominated
by counts of neutrons that originate from the same Pb nu-
cleus when hit by an atmospheric fast neutron. However,
the two contributions to the distribution (i.e., chance coin-
cidences and nuclear physics) are not independent.
Let β(t) be the probability per time that a neutron count
followed a previous count in the same tube from the same
nuclear interaction after time delay t. Then

dR

dt
= −R (α+ β(t)) ,

d

dt
lnR = − (α+ β(t)) ,

which would give R = e−αte
−
∫ t

0
β(t′) dt′ . We define the

purely nuclear contribution to R as

Rn(t) ≡ e
−
∫ t

0
β(t′) dt′

.

Then
n = α e−αtRn − e−αt dRn

dt
.

For long time delays, dRn/dt � 0 andRn is approximately
constant at L ≡ Rn(∞). We call L the leader fraction be-
cause it represents the true probability that a neutron count

Figure 2: Example of the time delay distribution at one
counter tube recorded during one hour. Long time delays
(a) show the exponential distribution typical of unrelated
events, while short time delays (b) deviate substantially
from said exponential function (straight line).

did not follow another count from the same nuclear inter-
action in the same tube, removing the effects of chance co-
incidences. Therefore L is smaller for a larger true multi-
plicity of neutron counts from the same Pb interaction. At
long t,

n � αL e−αt.

The distribution can be very well fit by an exponential at
long time delays, and now we see that such a fit can be
used to estimate not only the chance coincidence proba-
bility α, but also the parameter L related to multiple neu-
tron production in the Pb. In our analysis, these formulas
are slightly modified to correct for effects of dead time and
overflow in the electronics.

3 Temporal variations of L

We fit to the distribution at long time delays for hourly-
averaged PSNM data between July 2009 and January 2011
to determine α (Figure 3) and thus L (Figure 4) at each
tube during each hour. The α value is closely related to
the uncorrected count rate and hence the pressure. Time
variations in the standard multiplicity (number of counts in
one tube during a fixed time window) are due to pressure-
related changes in α. Various reports in the literature of
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Figure 3: Temporal variation of the chance-coincidence
time constant α, which is closely related to the uncorrected
count rate and hence the pressure.

short-term variations in multiplicity at fixed NM stations
may also be affected by chance coincidences.
The quantity L should be free from the effect of chance co-
incidences as described above. We find that L varies little
for each tube throughout this time interval, but its value is
significantly lower for the end tubes (the first and the last in
the counter array) compared to the middle 16 tubes (Figure
4). This could be because neutrons produced in the middle
of the array can sometimes propagate to the sides, thus de-
creasing the probability of multiple counts and increasing
L, while the polyethylene near each end tube reflects more
of the neutrons back to the tube.
There is also a small apparent correlation with atmospheric
pressure that is similar in all 18 tubes. This is consis-
tent with a higher pressure (airmass) moderating the at-
mospheric neutrons and reducing the average multiplicity
of their interactions inside the monitor, thus increasing L.
Using a linear trend to “correct” for the pressure effect, we
find that L exhibits long-term variations that could include
seasonal effects. If these are atmospheric in origin, they
limit our ability to detect GCR spectral variations.

4 Conclusions

By careful analysis of the neutron time delay distribution,
we remove effects of chance coincidences to study varia-
tions in the true neutron multiplicity of nuclear interactions
in a neutron monitor. In the present analysis of PSNM data,
such variations may be atmospheric in nature. Any varia-
tions over longer time scales, e.g., with solar modulation,
would provide information on the GCR rigidity spectrum.
Given that the PSNM at Doi Inthanon has the world’s high-
est cutoff rigidity for a fixed station, such spectral informa-

Figure 4: Temporal variation of L before (top) and after
(bottom) correction for pressure. Remaining variations ap-
pear to be seasonal, perhaps atmospheric in origin.

tion would extend the “reach” of the worldwide NM net-
work to even higher rigidities.
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