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Neutron Monitors

What they are and how they work, 
individually and collectively


What they tell us about space 
weather
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Victor Hess 
August 1912

Hess 1912 Kohlhörster

1913, 1914

Cosmic Rays Go Way Back
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Cosmic rays produce 
neutrons at ground 
level if the energy 
is sufficient, i.e., 

>500 MeV).
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by adding horizontally additional lead "I"units. Since
the incident nucleons are strongly peaked in the vertical
direction, the counting rate increases approximately
linearly with the number of counters. A pile composed
of 12 counters is shown in Fig. 10."The time constant
of the parafFin-lead pile is approximately 175 micro-
seconds for e ' decrease of neutron density.

(1) Origin of the Pile Neutron Counting Rate
Using the basic two-counter pile we examine the

origin of the neutrons in the pile. The counting rates
with and without the lead local neutron producer
show that 84 percent of all the detected neutrons are
produced in the lead. The remaining 16 percent is
divided approximately among production in paragon
(carbon) 13 percent; and counter background plus
neutrons entering from outside the geometry, 3
percent. These were observations from the two-counter
piles at Chicago, Climax, and Huancayo. The results
are tabulated in Table I. It is clear from Table I that
the local neutron production properties of this pile
design are reproducible.

(c) BFs Proportional Counters

The BF3 counters are designed to operate with an
applied potential di6erence of approximately 2000 volts
so that the high potential system may be used in field
stations under widely varying local conditions without
introducing spurious pulses. With this restriction the
counters were 6lled with BF3 enriched to 96 percent
boron-10 at 45 cm Hg pressure. The important dimen-
sions are

Active length =34 in.
Diameter = 1.5 in.
Center wire diameter= 0.001 in.

The curve for counting rate ss applied potential has
almost zero slope over a range of 200 volts.
It is essential to use counters with constant, low

background count rates. A typical background rate at
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FIG. 11. Source position along vertical center line within the
standard pile (Fig. 9) ss recorded neutron intensity. These data
determine the selection of an appropriate position within the pile
for a Ra-Se neutron source for normalization of the detector
(see Sec. VId}.

sea level with the counter surrounded by cadmium is
1.5 counts per minute. The problem of maintaining a
constant counter background for piles operated at sea
level is particularly important owing to the low level
production rate at sea level. The counters appear to
have an indefinitely long lifetime if the gas is properly
purified.

(d) Normalization of Pile Count Rate to Ra-Be
Point Source

Clearly the local production in lead represents a
distributed source of neutrons. We are restricted, how-
ever, to a Ra™Beneutron source which approximates a
point source whenever a test source is required. The
Ra-Be source may be inserted at selected positions in
the pile" to check the over-all performance of the
detector and recording equipment. The neutron count
rate as a function of point source position is given in
Fig. 11.
The Ra-Be source does not calibrate a series of piles.

Calibration is best achieved by the intercomparison of
all pile structures under identical cosmic radiation
conditions.

(e) . Stability of the Detection System
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Fxo. 10.The pile extended to 12 counters is used as the detector
at Chicago and Climax (ti 000 it). This pile is composed of
6500-lb lead plus approximately 3000 lb paraKn. Cross-section
viewer.

~8 This pile design requires 6500 lb lead and 3000 lb paragon.

The parallel connected proportional counters are
coupled to a negative feedback pulse ampli6er. Pulses
from the amplifier output are selected by a discriminator
circuit which also provides the correct pulse shape for
the scaling circuit. The integral count is recorded by a
register which is photographed along with a sensitive
dial pressure indicator, thermometer and chromometers
at predetermined intervals. The sealer pulses also
operate a counting rate computer which records on a
log scale individual points of predetermined probable
error; this computer system is used at four observing

~9 Thimbles which extend into the pile are provided for inserting
a Ra-Se source.

Original Simpson (1953) design

Reflects and absorbs low-E 
neutrons Lead Multiplier

Moderator Absorber/Counter
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Different stations measure different things, 
mostly due to the local threshold and altitude.

Particles are sorted 
by “rigidity”


R (V) = pc/Ze.  
rLarmor ∝ R.

Another effects contribute—how beamed are the 
particles and can they penetrate the atmosphere?
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So-called Asymptotic Directions
0203-0208 UT
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International Geophysical Year 
1957-1958

•Space Age Started

• Sputnik, Explorer

• Discovery of radiation belts


•Studies of cosmic rays with 
NM network
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Long term space weather
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CORONAL MASS EJECTIONS AND FORBUSH DECREASES 63

Figure 4. The large-scale structure of a fast ejecta and associated shock. The upstream solar wind
is draped around the ejecta and heated and compressed at the front of the ejecta. Two paths through
the ensemble are indicated with differing resultant cosmic ray profiles. The time of shock passage is
indicated by a vertical line marked S and the start and end times of ejecta passage are marked T1 and
T2. Only if the ejecta is intercepted is a two-step decrease be observed.

only. The majority (>80%) of short-term decreases greater than 4% are of the two
step (shock plus ejecta) type (Cane et al., 1996). Only very energetic CMEs create
shocks which are strong enough on their flanks to cause significant cosmic ray
decreases for observers who detect the shocks beyond the azimuthal extent of the
‘driver’ CMEs (it i.e. shock-only decreases). In such cases the shocks also generate
major solar energetic particle increases with profiles characteristic of events origi-
nating far from central meridian (Cane et al., 1988). The energetic particles allow
one to be sure that the cosmic ray decrease was caused by a CME-driven shock
intercepted on its flank and not by a co-rotating stream.
These two types of decreases are rather similar in appearance which is not

unexpected since the local solar wind conditions are similar. However corotating
streams do not produce detectable particle enhancements above ∼20 MeV amu−1

at 1 AU. In contrast, energetic CMEs are well-associated with solar energetic

Cartoon of NM signal for different CME 
orientations
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Simpson’s neutron 
monitors detected 

increases as well as 
decreases, called 

Ground Level 
Enhancements.
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Professor Jack Lockwood with the DeMerritt Hall
Neutron Monitor, circa 1955

Photo courtesy of University of New Hampshire Archives.

February 23, 1956

John Lockwood with 
Durham monitor.
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The Big Picture of Transient Solar 
Phenomena
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So who cares?
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