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Spallation source macro and micro pulse timing structure

Gamma Flash

Fastest Neutrons

Wraparound Neutrons

Every second, 120 proton beam macropulses are sent to 
the spallation target. Each macropulse consists of 346 
micropulses, separated by 1.8 µsec. The macropulses last 
625 µsec and are separated by 8.3 milliseconds. 5 out of 
every 6 macropulse are sent to the WNR target. Thus, the 
90-m station receives 100 macropuses per second.

Slow neutrons that don’t make the 1.8 µsec window are 
called wrap around neutron. They make up a low-energy 
back ground and enter the 90-meter shed in one of the 
following micropulse windows. 

 Preparation for the Dark Scattering Experiment at LANL

A number of designs were 
considered for the proposed 
experiment. Originally, a wall of 
detectors with an empty space 
at the center in line with the 
beam was planned, but it was 
decided that this array didn’t 
supply a wide enough range of 
angles. Instead, a ramp like 
design was chosen to increase 
the angle range. The final 
design included components of 
several preliminary sketches. 

Front View of Target Ramp Array Back view of Target Ramp Array

Completed detector stand

Before the experiment, we traveled to 
to Los Alamos to build a support for 
our detector array. After constructing 
the stand, we installed it at the 
LANSCE facility at LANL in the 90-
meter station on neutron flight path 
4FP15L. A target bar was placed 1 
meter from the collimator (a device 
that narrows the neutron beam) and 
the top of the array was placed 2 
meters from this bar.   
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Dark scattering is the process by which a neutron scatters off 
of a carbon nucleus in a plastic scintillator detector without 
producing any light. The result is an undetectable scatter. 
Previous experiments have shown our simulations to 
overpredict the rate of dark scattering.  Dark scattering is 
difficult to measure because by definition the first scatter is 
always undetected.  A new detector array was proposed to 
deal with this problem. The new design has a target bar in the 
beam line ahead of the array. This design makes it possible to 
assume that any hit on the array that is not in line with the 
beam line has dark scattered off the target bar.   

Dark scattering of a neutron in a previous detector array
Comparison of actual and simulated dark scatter data 
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Los Alamos National Lab

Los Alamos National Lab in New Mexico has a Linear 
accelerator which produces a beam of neutrons that can 
can be studied with our scintillator detectors. The Lab 
was established in 1943 as sight Y of the Manhattan 
Project. The original goal of the Lab was to create a 
nuclear bomb.1 

Dark Scattering off of C Elastic and C Inelastic 
Cross Sections

Common neutron scattering with C and H nuclei

There are several different ways in 
which neutrons can scatter in the 
scintillators. Elastic scattering from H 
and C nuclei, and inelastic scattering 
from C nuclei are all possibilities. 
While both elastic and inelastic 
scattering from C nuclei are known to 
cause dark scatter events, simulation 
analysis indicates that C elastic is 
responsible for 80% of dark scattering. 

C elastic causes 80% of dark scattering while c 
inelastic causes 20%. 

Array Designs G4Viewer

In preparation for the experiment, 
simulations were performed to gain an 
understanding of what was likely to be 
observed. Using the G4Viewer in the 
geant4 package, a model of the array 
was created for simulation. 
Measurements made at Los Alamos were 
incorporated into the modeling process. 
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These graphs show the 
position where neutrons hit 
the target ramp in simulation. 
On the x-axis is the horizontal 
position of the scatter and on 
the y-axis are the vertical bar 
positions. A gate requiring the 
multiplicity of each scattering 
event to equal 1 allowed us to 
focus on events that dark 
scattered off the target bar 
and had their first detected hit 
on the ramp. As the energy of 
the neutrons increased, the 
amount of dark scattering 
decreased. Higher energies 
also showed decreased angle 
of scattering.

60 MeV neutrons

A gate was produced that cuts out 
the center of the top detector bar. 
This gate (y0sim<0 || 
abs(x0sim)>10) was necessary to 
cut out all  the counts resulting from 
neutrons traveling through the 
target bar without scattering. These 
neutrons deposit a multitude of 
counts in the top of the array and 
skew the results. 

Simulation is a powerful tool used to 
make predictions of what might occur in 
desired situations. These plots were 
made with the Geant4 and Menate_R 
simulation packages. Despite its wide 
application, simulation is still an analysis 
tool in need of improvement. This 
experiment will enable us to compare 
simulation with experimental scattering 
so that our discoveries can later be used 
to make improvements to simulation 
packages such as Menate_R. 
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Target Bar collimator
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