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SECURITY teams responding to 
 potential nuclear threats require quick 

and accurate assays of special nuclear 
materials (SNM) such as plutonium 
and uranium. Employing an unwieldy 
detector on the scene, especially one 
requiring an external high-voltage power 
supply or data acquisition system, slows 
emergency response. The MC-15 portable 
neutron multiplicity detector, a 2019 
R&D 100 Award winner co-developed 
by Livermore, Los Alamos, and Sandia 
national laboratories, was designed with 
threat assessment in mind. The self-
contained detector operates from a built-
in touchscreen or a networked computer 
and weighs less than 23 kilograms—
the Occupational Safety and Health 
Administration’s single-person lift limit. 

MC-15 detects SNM based on the 
principle of neutron multiplication, 
where the spontaneous fission in 
a mass of the material may yield 
multiple neutrons correlated in time. 

“Neutrons resulting from a fission chain 
arrive in bursts that are separated by 
gaps,” explains Livermore physicist 
Sean Walston, one of the system’s 
inventors. “This pattern of neutron 
arrival times reveals the characteristics 
of the material.” The MC-15 reports 
arrival time patterns with a resolution 
of 100 nanoseconds, providing a 
smaller, lighter, and faster alternative 
to competitive multiplicity counters.

Operators can quickly master MC-15’s 
intuitive controls, and the device’s power 
source—hot-swappable, rechargeable 
batteries—provides 12 hours of energy 
with continuous operation. “This detector 
could be used by law enforcement in 
the United States and worldwide,” says 
Walston. “It would be great for one to 
be available in most large cities.”

Better Data, Better Detection 
The MC-15 detector is named for 

its 15 neutron detector tubes, which 

are filled with helium-3 (3He) gas. MC 
stands for “multiplicity counter” as well 
as “Mize compromise,” to recognize 
the team member who proposed the 
final tube arrangement, satisfying each 
contributor’s wish list for optimizing 
the device. Signals from the detector 
tubes are tagged with the time and tube 
number of a detection. These data can 
be used to estimate chain length and 
the rate at which the chains occur to 
quantify the magnitude of danger.

Firmware processes electrical signals 
from the 3He tubes, updates the data every 
second, then either stores the data onboard 
or delivers it over a network, reducing the 
workload for high throughput with a low 
power demand. The operating software 
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provides direct access to key calculations 
in the firmware, yielding qualitative, real-
time answers—a distinct improvement 
over emergency response detectors 
that require data post-processing. 

Data resolution from MC-15 is more 
precise than from most competitors. 
In addition, two or more units can be 
synchronized to double the detection 
efficiency and significantly improve 
data quality. Walston explains, “The 
doubles rate, the detection of two 
neutrons from the same fission chain, 
is a measure of data quality in this type 
of analysis. The probability of detecting 
one neutron is proportional to MC-15’s 
detection efficiency. The probability 
of detecting two neutrons is proportional 
to the efficiency squared; three neutrons, 
efficiency cubed; and so on.”

MC-15 advances several steps 
ahead of competitors by reducing two 
challenges found in neutron multiplicity 
data: dead time and double pulsing. 
Dead time is the reset period during 
which a 3He tube cannot detect another 
neutron. Double pulsing occurs when 
a 3He tube counts two neutrons when 
only one exists. Therefore, decreasing 
dead time and double pulsing leads 
to more precise detection results.  

Built for All Environments
To prove MC-15 could perform 

and provide accurate data in almost 
any situation, Livermore took the 
lead in testing the device’s viability 
in extreme conditions from high heat 
and humidity to cold, dry, and dusty 
environments. Vibration tests simulated 

transportation of the MC-15 by truck, 
aircraft, and forklift. Researchers 
even drop-tested the MC-15 detector 
inside its shipping case onto concrete 
from a one-meter height. The tests 
demonstrated MC-15’s successful 
operation even under harsh conditions.

Although primarily designed for 
assessing and resolving threats from 
illegal nuclear development and 
testing, illicit proliferation of nuclear 
materials, and attempts at nuclear 
terrorism, MC-15 is also a valuable 
research tool. Its ability to reach higher 
count rates—up to 100,000 per second 
with minimal dead time—makes the 
detector suitable for experimental 
reactors, nuclear waste assessment, 
radioactive materials screening, and 
emergency response training. 

The device has been used at the 
Walthousen Reactor Critical Facility 
at Rensselaer Polytechnic Institute and 
the National Criticality Experiments 
Research Center (NCERC) at the Nevada 
National Security Site (NNSS) to conduct 
measurements that inform accident 
prevention plans at nuclear power 
plants. At NCERC, experiments using 
MC-15 have also provided important 
information in support of nuclear 
threat assessment strategies. Indoor 
and outdoor field testing at the NNSS 
Device Assembly Facility has proven 
MC-15’s ability to measure SNM inside a 
potential terrorist threat. With additional 
deployments, the multilaboratory research 
team expects the portable, easy-to-use 
MC-15 to be adopted more broadly by 
the emergency response community.
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For further information contact Sean Walston 
(925) 423-7364 (walston2@llnl.gov).

MC-15 Neutron Multiplicity Detector

MC-15 (black box) is smaller and lighter than competitive neutron multiplicity counters and is 
designed to be operated in the field for real-time nuclear threat assessment.




