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Preliminary Analysis Results
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Right: Hit pattern for the 3355 
array where the first hit (not 
visible) is in the center of the 
array (Bar C0) and the second hit 
in all other bars.  

Below: Two hit multiplicity graph 
for the 2x8 array where Bar D1 
receives first hit.

MoNA-LISA at NSCL, MSU

MoNA-LISA (left) and Sweeper Magnet 
(right) in the N2 vault at NSCL, MSU

The MoNA (Modular Neutron Array) and LISA (Large multi-Institutional 
Scintillator Array) neutron detector arrays each consist of 144 2m-long 
scintillator bar detectors with PMTs attached to each end.

Importance of Monte-Carlo Simulation

MoNA-LISA at NSCL, MSUMoNA-LISA at NSCL, MSUMoNA-LISA at NSCL, MSU

Typical layout for NSCL MoNA experiment studying properties of neutron-unbound 
states:

● Secondary beam enters the N2 vault and Impinges on secondary target
● Charged particles deflected away from the beam axis by the Sweeper Magnet 
● Energy and trajectory determined detected by a suite of charged-particle detectors 
● Neutrons pass undeflected through the magnetic field toward MoNA-LISA arrays 
● Energy and trajectories of neutrons and charged fragments enable reconstruction 

of the decay to determine level energies and properties Data Simulation
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Dark Scattering of Neutrons in BC408

Conclusion & Next Steps
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Right: Light 
produced from 
scatter (MeV) vs x 
position (cm) for 
all bars

The ability to simulate neutron interactions with MoNA is critical to the 
exploration of exotic nuclear systems and exotic neutron decay modes.  As our 
collaboration moves to investigate these more exotic systems, we will rely more 
and more on simulation to interpret multiple-neutron data from the arrays, which 
means that we need to be certain that simulation models neutron scattering 
accurately.   

● Determine angular distribution of dark scatters as function 

of neutron energy

● Detailed investigation of scattering angular distributions, compare with 

simulation results (currently underway)

● Detailed investigate average pathlength between scatters (currently 

underway)

● Improve simulation code to better represent experimental observations

Right: Ratio of beam 
halo to collimated 
neutron flux in the 
3355 array, for different 
neutron energies

Right: Illustration of 
Proton Crosstalk

Right: Effects of dark scattering in 
the detectors. Neutron 
trajectories are computed using 
first light.  Dark scattering 
redirects neutrons, reducing 
trajectory resolution.

Below: Ratio of dark scatter 
events to beam events in the 
3355 array for different 
neutron energies.

Right: Energy released 
from single hit scattering 
from  150 MeV neutrons: 
collimated beam neutrons 
(blue) and beam halo 
neutrons (red). Note that 
both have very similar fall-
offs at high energy.

● The neutron beam entering the 90-m 
shed at the WNR facility at LANSCE 
was collimated to a diameter of 3mm

● Careful analysis of our data revealed 
that a fraction of neutrons emerging 
from the collimator were scattered into 
a large beam “halo” that illuminated the 
entire array.  

● The energy profile of these scattered 
neutrons was determined to be similar 
to that of the beam neutrons.  

● For comparison of data with simulation, 
it was critical that we develop a method 
to remove the background contributed 
by these scattered neutrons.  

● These multiplicity two events are 
detected nearly simultaneously, and 
often register in the opposite time 
order, something which simulation 
doesn’t reproduce.  
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Left: Scattering angle 
distribution in the 
3355 array for 150 
MeV neutrons (top), 
80 MeV neutrons 
(center), and 40 MeV 
neutrons (bottom). 
Data is blue and 
simulation is red.

Right: Dark scattering 
results in the 3355 
array for the beam 
layer and upper layer 
in comparison with 
simulation. The left 
pane of data and 
simulation is the 
beam layer, and the 
right pane for both is 
the upper layer.

3355 array

2x8 array

For simulation of neutrons interacting with the MoNA and LISA arrays, we use 
GEANT4 with the Menate_R neutron scattering cross sections package, a very 
important tool for interpreting data from the MoNA and LISA arrays.  

Most common scattering processes for 
neutrons in BC408.  Some produce light 
above detector threshold, some do not.

In order to test the accuracy of simulation, we moved 16 MoNA bars to the Los 
Alamos National Laboratory LANSCE facility to expose the bars to a well-
defined neutron beam to observe neutron scattering directly.  

MoNA at LANSCE – to Test Simulation
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16 MoNA detector bars in the 90-m shed at the WNR facility at LANSCE. 
 The beam enters the room from behind the camera to the left.  
LEFT: 2x8 array, RIGHT: 3355 array

Dark Scattering in the 3355 Array

Angular Distribution, 
Comparison with Simulation, 
3355 Array (preliminary)
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