
What is a Neutron Monitor?

Neutron monitors are ground-based particle detectors 
that are sensitive to nucleons from cosmic ray showers 
[1]. When a cosmic ray particle strikes molecules in the 
atmosphere, it can create secondary particles which can, in 
turn, create secondary particles of their own. This cascade of 
particles is known as a cosmic ray shower (figure 1 left). 

A neutron monitor consists of several components (figure 1 
right). The polyethylene reflector helps prevent background 
nucleons from the environment from entering the detector. 
The lead producer and polyethylene moderator increase the 
chances of detection. Finally, the proportional counter tube 
“counts” the neutrons that enter it.

The Global Neutron Monitor Network

The global neutron monitor network consists of ~50 stations 
distributed around the globe (figure 2). Because of the 
attenuation of charged particles by the Earth’s magnetic field, 
which varies significantly with geomagnetic latitude and 
incoming particle direction, each neutron monitor is sensitive 
to different parts of the cosmic ray spectrum. Because of this, 
the global neutron monitor network essentially acts a giant 
spectrometer [3].

Solar Neutrons
During solar flares, high energy neutrons are produced in the 
solar atmosphere. These neutrons carry information about 
solar energetic particle acceleration and nuclear reactions 
happening in the solar atmosphere [4]. Some of these 
neutrons reach earth and cause particle showers that are 
detected by neutron monitors which are known as “solar 
neutron events”. 

Figure 4. The most solar neutron event measured by the old, decommissioned Haleakalā neutron monitor.
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• The housing for the proportional counter 
tubes was constructed at the University of 
New Hampshire and has arrived in Hawaiʻi.

• The site for the detector has been prepared 
on the summit of Haleakalā.

• The electronics and software were 
successfully integrated and tested.

• Once the wildfires subside, HLEA and 
Thimon will be moved to the summit of 
Haleakalā (figure 8) where they will be 
outfitted with tubes and electronics and 
become fully operational in September 
2024.
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Why Haleakalā?

Redeployment of the Haleakala (HLEA) NM 
 The original Haleakala (HLEA) NM station was constructed on the island of Maui (Hawaii) by the 
University of Chicago in 1991. 

 HLEA has been continuously taking data until its decommission in 2006, due to lack of funds.  

 Currently, the Pacific Ocean represents a large gap in the global NM network over equatorial latitudes 
for GCR measurements. This gap spans ~162 degrees from Thailand to Mexico City.

HLEA
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HLEA: Solar Neutron Particle (SNP) Detector

At 19:45 UT,  HLEA  measured a ~ 2% increase over the background due to SNPs with a significance of 7.5 σ. 

 The Sun can emit Solar Neutron Particles (SNPs) during strong solar flares. Since SNPs are not affected by 
the interplanetary magnetic field,  they retain direct information about the nuclear reactions happening near 
the SEP acceleration site. 

 SNPs are best observed by NM stations located at high altitudes and low latitudes to maximize the elevation 
of the Sun. Haleakala Mountain, on Maui, is strategically positioned for SNP detection. 

 The most recent SNP event observed by the old HLEA was on November 4, 2003 
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HLEA set up similar to Thimon NM 
 HLEA was furnished with two 3-inch thick polyethylene boxes, six pure lead rings, and polyethylene moderators 
at the University of New Hampshire on May 2024 and shipped to Hawaii on June 21, 2024.  

 University of New Hampshire is developing the electronics, the University of Hawaii is providing 6 BP-28 
counters, polyethylene and all the local support. 

Thimon
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HLEA NM set up similar to Thimon NM 
 HLEA NM is set up in a shipping container and hosts two sets of 3-NM64 tubes on each side.  

 HLEA container has double doors to host 6 BP-28 tubes arranged, such as three tubes will be reached at each 
side of the container independently. 

 Polyethylene left from the original NM inside the Chicago building was shipped to New Hampshire to construct 
the new HLEA. 

HLEA container
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AcknowledgementsPreparing the Site
Hardware and Software

A lot of work had to be done at the summit to 
prepare the site for the arrival of the detector:
• Level the ground at the site
• Dig trenches for power lines and data lines that go from 

nearby buildings to the location of the detector
• Set up a panel for data and power lines
• Install concrete footings for the containers that house the 

detectors (both HLEA and Thimon)
• Clean up the site as per the rules and regulations attached 

to the summit, which include making sure the work is 
respectful of the wildlife, the environment, and the cultural 
and historic significance of the summit

• Schedule the work around nēnē nesting season on the 
mountain. A nēnē is the Hawaiian goose, the state bird of 
Hawaiʻi.

Figure 3. Work being done to prepare the site on the summit of 
Haleakalā

The HLEA monitor is set up in a 
shipping container with two banks 
of 3 tubes on each side (figure 5).

The polyethylene from the old, 
decommissioned monitor was shipped 
from Hawaiʻi to the University of New 
Hampshire to be reused in the new 
monitor. The polyethylene and ~9000 
kg of newly manufactured lead rings 
were assembled at the University of 
New Hampshire in Durham, NH. The 
housing was secured, and the 
container was prepped for shipping. 
The container arrived in Hawaiʻi on 
July 11, 2024. 

The container was scheduled to be 
transported to the summit of 
Haleakala shortly afterwards, but due 
to wildfires near the summit, the 
container is still waiting to go up the 
mountain.

Figure 5. Top – a rendering of the shipping container 
and the positions of the housing for 2 banks of HLEA 
tubes. Bottom – a photograph of one bank the HLEA 
monitor. The proportional counter tubes are still 
missing. The polyethylene reflector has been removed 
from the top to show the lead producer

The new neutron monitor, HLEA, has several advantages because of its 
unique location:
• The detector’s location in tropical Hawaiʻi means that the detector’s location is at low 

latitude. Since solar neutrons are not affected by magnetic fields, the response of the 
detector to solar neutrons is dependent on the solar zenith angle, where an angle closer 
to vertical is more preferred. This means a tropical location like Hawaiʻi is a great boon 
for solar neutron detection [5].

• The detector’s location on the summit of Haleakalā is also advantageous for solar 
neutron detection because of its high altitude. The atmosphere attenuates solar 
neutrons, so the number of observed neutrons increases exponentially with altitude [5]. 
Figure 4 shows the most recent solar neutron event measured by the old, 
deccomissioned Haleakalā neutron monitor.

• The dectector’s location in the middle of the Pacific Ocean helps fill in a significant 
geographical gap in the global neutron monitor network. Without HLEA, there are not any 
active neutron monitors between Thailand and Mexico City, a gap of ~162 degrees 
longitude.

Electronics In April 2024, front-end boards were installed on the 6 bare tubes that will 
eventually go into the monitor housing (figure 6). The boards consist of a pre-amp that 
converts the current pulse signal into a voltage pulse signal as well as a discriminator and an 
isolator that set the threshold and turn the analog signal into a TTL pulse. In addition, high 
voltage power supplies, low voltage power supplies, housekeeping sensors (pressure, 
temperature, humidity, voltage, current), and an NI cRIO 9035 (that runs the software and 
records the data) were integrated as well.
Software Software was developed by the University of New Hampshire to turn TTL pulses 
from the front-end boards and sensor outputs into recorded data. 
Housekeeping The sensor data and pulse widths recorded on the cRIO are used to 
monitor environmental conditions and the health of the instrument. In addition, each 
container will be outfitted with a housekeeping PC which can remotely control the power, 
view the instrument live with USB cameras, and access housekeeping data (temperature, 
humidity, etc.) from the cRIO.
Dataflow The Haleakalā monitor will be connected to the internet via the Institute for 
Astronomy (University of Hawaiʻi) network. From there, the data will be sent to the University 
of New Hampshire, the University of Delaware, and the University of Hawaiʻi. The data will 
be processed and provided to the global neutron monitor network. Additionally, the data will 
be an integral part of a space weather center at the University of Hawaiʻi where it will be 
used for space weather alerts and educational outreach.

Thimon is a decommissioned 3-tube neutron monitor that 
was used for latitude surveys provided by Chiang Mai 
University, Thailand (figure 7). Thimon will be outfitted with 
proportional counter tubes provided by the University of 
Hawaiʻi and electronics provided by the University of 
Delaware. 

By adding the 3 tubes from Thimon to the 6 tubes from 
HLEA, Thimon increases the effective area of the detector 
by 50%. Thimon and HLEA will function together on the 
summit of Haleakalā as a single instrument. 

Figure 1. Left – the particles produced in a cosmic ray shower [1]. 
Right – the components of a neutron monitor [2].

Figure 2.  The global neutron monitor network. Hawaiʻi is circled in red.

Figure 7. The Thimon monitor. The proportional counter tubes are not 
yet installed

HLEA electronics installation - April 2024
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UNH Upgraded Neutron Monitor Front End Board
(For APTEC BP-28 Boron Trifluoride Neutron Counter Assembly)
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Summary:

This board is an upgrade for the BP 28 Neutron Counter Assembly. It maintains the processing
rate and response of the original design while providing an adjustable threshold, an optically isolated TTL
logic level output with the capability of driving twisted pair cable up to 100’. It features the ability to do
remote pulse height distribution analysis of the tube to verify the health of the tube without requiring
additional external connections to the tube. It provides a pulse test connector on the board, as well as a
monitor point to facilitate setting the adjustable discriminator threshold. In this manner, each tube can be
individually optimized for detection with a common HV supply for multiple tubes.

Specifications:

Board Power Requirements:
Main Power at J4 Connector: +12VDC +/- 1.0V @ 25 mA max
Isolated Logic Out Power at J1 Connector:

+5VDC +/- .5VDC @ 15 mA + f * 9 x 10^-4 mA nominal

Board Input Signal:
Negative charge pulse
Transient protected to bipolar peak current of 100 milliamperes
Nominal Input Charge ~ 0.3 picocoulombs delivered in ~ 4 μS (~ .075 μA)
Charge amplifier input with 10 μS τ
Voltage gain 180.
Nominal Charge pulse results in ~ .35volt pulse at J3 test connector.
Operating Average pulse rate to 10,000 pulses per second
Pulse pair resolution ~ 40 μS at nominal energy

(Note: Pulse pair resolution is a function of pulse amplitude.)
Noise at J3: < 5.0 mV RMS or 14.1 mV P-P (typical 2.0 mV RMS)
Dynamic Range to 2.2V peak, or 43 dB minimum

Figure 6. Left- the front-end electronics board. Right – 9 bare proportional counter tubes, 6 of 
which will go into HLEA and have been outfitted with the front-end boards. The other 3 tubes 
will go into Thimon and have been outfitted with electronics from the University of Delaware.
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Figure 8. The detector site after work was finished at the summit of 
Haleakalā
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