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Abstract – Gas-filled neutron detectors have numerous applications across the nuclear engineering 6 
and nuclear physics fields.  The ability to accurately model and simulate these detectors is 7 
important for those applications but is currently limited by the lack of readily-usable detector 8 
response software.  Recently, the capabilities of DRiFT, a Detector Response Function Toolkit, were 9 
expanded to model gas-filled, He-3 and BF3, neutron detectors so that, combined with the radiation 10 
transport capabilities of the MCNP code, a high-fidelity treatment of gas-filled neutron detectors can 11 
be obtained.  This model has been validated by an experiment carried out with the Epithermal 12 
Neutron Multiplicity Counter and its capabilities have been demonstrated in two additional 13 
experiments.  This work shows that utilizing DRiFT to post-process MCNP outputs produces more 14 
accurate results than using the MCNP code alone, reducing the difference between experimental 15 
and simulated results for measurements taken near the end of a He-3 tube, where the MCNP code 16 
struggles to model inactive regions of the detector, from a maximum of 35% with the MCNP code 17 
alone to 15% with the MCNP code plus DRiFT.  DRiFT’s diagnostic capabilities are also 18 
demonstrated with measurements for scenarios when pulse pileup or room return effects are 19 
significant and must be considered.  Altogether, these measurements underpin the ability of DRiFT 20 
to accurately model and predict the behavior of gas-filled neutron detectors, making it a valuable 21 
tool for the design and testing of systems and experiments that utilize these detectors. 22 

Introduction 23 

 The simulation and modeling of gas-filled neutron detectors has important applications 24 
across a variety of fields, including in nuclear safeguards [1], nuclear security [2], and nuclear 25 
physics applications [3].  The MCNP, or Monte Carlo N-Particle [4], code is extremely powerful for 26 
simulating the transport of neutrons to, and interactions within, a detector, but has relatively limited 27 
ability to simulate the response of that detector to incident radiation.  DRiFT, a Detector Response 28 
Function Toolkit, is a pre-compiled executable software toolkit developed in C++, and was 29 
designed to complement the radiation transport capabilities of the MCNP code with a detailed 30 
simulation of a detector’s response [5].  The capabilities of DRiFT have previously been 31 
demonstrated for scintillator detectors and related electronics [6,7,8], and further developments 32 
of the code are planned to support semiconductor detectors [9].  This work focuses on the new 33 
capability of DRiFT to post-process MCNP outputs to model gas-filled detector responses to 34 
neutron irradiation, which has recently been publicly released [10]. 35 

 Gas-filled neutron detectors, particularly those filled with He-3, serve an important role in 36 
nuclear experimentation due to their suitability for thermal neutron measurements.  First, He-3 37 
and BF3, another popular gas fill, have naturally high thermal neutron cross sections, maximizing 38 
interaction rates within the detector [11].  Second, gas-filled neutron detectors are largely 39 
insensitive to gamma radiation, when compared to their sensitivity to neutrons, making them ideal 40 
for use in a mixed radiation field like a spent fuel pool where only neutron interactions are of 41 
interest.  Finally, gas-filled detectors are very reliable and resilient in high radiation fluxes.  Gas-42 
filled neutron detectors are often used in conjunction with a moderator such as polyethylene, as 43 
they are relatively insensitive to fast neutrons given the orders of magnitude smaller capture cross 44 
section in this energy region.  Multiple gas-filled detectors are commonly used together in neutron 45 
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well counters, which takes advantage of the detection efficiency provided by the large thermal 46 
neutron cross sections intrinsic to gas-filled detectors [12]. 47 

 The MCNP code is an extensively well-validated and powerful Monte Carlo radiation 48 
transport code.  The MCNP code has some capability to model gas tube physics; these include 49 
the ability to simulate effects of tube pressure on detection efficiency and the wall effects if protons 50 
and tritons are explicitly simulated. More nuanced effects on gas-filled detector response are 51 
missed, however.  In many gas tubes, the ends of the tube are rendered inactive to remove 52 
nonlinear end-tube effects due to distortions in the electric fields in these regions.  The MCNP 53 
code does not model this effect, so users must completely neglect neutron interactions in the 54 
inactive zones, even when these interactions could result in energy deposition in the active region 55 
of the detector.  Additionally, interactions in the inactive regions of the detector may contribute to 56 
the detector signal, as charge created in these regions can still be collected but is generally not 57 
multiplied [13]; the MCNP code does not model this effect either.  Finally, the MCNP code does 58 
not model downstream electronic effects from the preamplifier, pulse pileup, or detector dead 59 
time, which may degrade the accuracy of its results in some situations. More accurate modeling 60 
of gas-filled detectors can be performed using a combination of Geant4 and Garfield++, and is 61 
likely possible using the MCNP code and Garfield ++, but this requires extensive user modification 62 
and expertise in these software to perform [14,15]. DRiFT is intended to complement the 63 
capabilities of the MCNP code by modeling these effects and providing the user a human-64 
readable event-by-event readout including details for every event that occurs in the detector. 65 

Gas Detector Physics in DRiFT 66 

 The principles of operation of a gas-filled neutron detector are outlined in this section using 67 
a He-3 tube as an example; the general mechanisms at play are the same regardless of the 68 
choice of fill gas [16]; the types of charged ions generated and the energy deposited will change 69 
with different fill gasses.  First, a thermal neutron interacts in the detector volume via absorption 70 
on a He-3 nucleus.  This results in the creation of two charged ions: a proton and a triton.  The 71 
proton and triton are created antiparallel and with energies of 0.573 MeV and 0.191 MeV, 72 
respectively.  These ions deposit their energy in the gas as they slow, creating electron-ion pairs 73 
along their tracks.  It is possible for the proton, triton, or both ions to travel into the wall of the 74 
detector before losing all of their energy.  In this case, the energy deposited by that ion in the 75 
detector’s wall is not registered by the detector.  The electron-ion pairs created by the passage of 76 
the charged particles are then separated by an applied electric field.  For a cylindrical detector, 77 
the electrons are directed towards the central anode wire and the positively charged ions are 78 
directed towards the detector’s outer wall.  Once the electrons reach a sufficiently short distance 79 
from the anode wire, known as the critical radius, the electric field becomes strong enough to 80 
create a multiplicative avalanche, known as the Townsend avalanche, where the acceleration of 81 
the electrons in the intense electric field leads to further ionizations in electron-atom interactions.  82 
The electrons travelling towards the anode create a very fast (less than a nanosecond) signal 83 
pulse, though its magnitude is small due to the short distance travelled by the electrons to the 84 
anode wire, and thus it may not be observable with the detector electronics used.  Most of the 85 
electronic signal is generated from the ions created in the avalanche and accelerated away from 86 
the anode wire.  After a short time – on the order of one or several microseconds after the start of 87 
the Townsend avalanche – the contribution of ions is ignored by the finite (often around a 88 
microsecond) shaping time of the detector electronics.  At this point, the electronics reading the 89 
signal from the tube have returned to their baseline. 90 
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 Each step in the process described above is simulated in DRiFT.  To start, a neutron 91 
absorption on the fill gas is read in from the MCNP Particle Track (PTRAC) output.  The PTRAC 92 
file provides DRiFT information on where the neutron interacts in the detector, along with an 93 
absolute time stamp for when the interaction occurs.  Each individual neutron absorption recorded 94 
in the PTRAC file is treated as its own event in DRiFT.  Note that only neutrons need to be 95 
recorded in the PTRAC file, not the charged particles resulting from the absorptions; this allows 96 
the MCNP code to be run using parallelization as of version MCNP6.3.  Charged particles are 97 
created at the location of the absorption, and their travel through the gas is modeled.  The range 98 
and stopping power of these ions are determined using pre-generated data tables from the 99 
Stopping and Range of Ions in Matter (SRIM) software [17].  This information is then used in 100 
conjunction with data tables generated using Garfield++ [18], a toolkit for the simulation of particle 101 
detectors based on ionization in gases, which interfaces to Magboltz [19].  The data tables, which 102 
are pre-compiled and included with the DRiFT executable, contain information about electron drift 103 
velocities at different electric field strengths, the number of electron-ion pairs generated by 104 
protons and tritons in the gas, and the number of electrons generated in an avalanche.  At this 105 
point in the simulation, these data tables are used to calculate the range of the ion’s path through 106 
the gas and the number of electron-ion pairs created along the charged particle’s track. 107 

 The drift of the electrons through the gas towards the anode wire is then modeled using 108 
the electron drift velocities provided in the data tables, which depend on the composition and 109 
pressure of the gas in the detector.  The timing of the electron’s travel is preserved to generate 110 
an accurate pulse shape.  Once the electrons reach the critical radius, data tables generated 111 
using Garfield++ are used again to model the multiplication of electrons at the anode, with the 112 
number of electrons generated during the Townsend avalanche stochastically generated for each 113 
primary electron.  The final number of electrons generated in the avalanche, along with the timing 114 
information preserved from the electron’s path through the gas and the timing of the positively 115 
charged ions created in the avalanche drifting away from the anode wire, is used with the overall 116 
capacitance of the gas-filled tube to calculate the final signal pulse using semi-empirical equations 117 
derived from Wilkinson [20]. 118 

 Several potential effects previously mentioned are also modeled during this process.  First, 119 
it is possible for either or both heavy charged particles resulting from the neutron capture in the 120 
gas to have a sufficiently long path length so as to travel into the wall of the detector.  In this case, 121 
electron-ion pairs that would have otherwise been created in the gas are instead neglected, and 122 
the total apparent energy deposition in the gas is reduced.  This effect can be seen in Figure 1.  123 
Second, it is possible for a neutron to interact in the active region of the detector, but near one of 124 
the inactive end regions.  In this case, it is possible for an ion to travel from the point of the neutron 125 
capture into the inactive region; electron-ion pairs that are generated in this inactive region are 126 
collected but not multiplied in an avalanche, and again the apparent energy deposition in the 127 
detector is reduced.  The inverse is also true: a neutron may interact in an inactive region of the 128 
detector, and one of the resulting ions may travel into the active region, deposit energy, and be 129 
recorded.  In this way, interactions that occur in the inactive region of the detector may still be 130 
registered as detector events, depending on the energy deposition of the ion in the active region 131 
and the minimum charge collection required to pass the detector system’s lower-level 132 
discriminator (LLD).  This effect can also be seen in the low-energy events in Figure 1. 133 
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 134 

Figure 1: A sample energy spectrum of a He-3 detector modeled in DRiFT.  The effects of 135 
charged particles travelling into the walls of the detector can be seen in the wall effect 136 

continuum between around 200 keV to 764 keV.  Events that occur below 200 keV are due 137 
either to both charged particles travelling into the wall of the detector, or one or both charged 138 

particles depositing energy in the inactive end-tube regions. 139 

 DRiFT then models the effects of a charge-sensitive preamplifier converting the charge 140 
collected at the anode to a current pulse.  The pulse height and shape are taken from the gas 141 
tube model described above and converted into a voltage pulse by the simulated preamplifier.  142 
The shape of the pulse itself is modified according to the shaping time constant of the preamplifier, 143 
which is provided by the user.  Several electronic effects are possible depending on user-specified 144 
settings.  Events that occur close together in time can pileup on each other; that is, there is not 145 
enough time between events for the electronics to distinguish between them, and they are treated 146 
as a single event with the total energy deposition being the sum of the two individual events’ 147 
energy depositions.  The prevalence of this effect is determined both by the neutron interaction 148 
rate and the shaping time constant of the preamplifier.  Double pulsing is also possible, where 149 
photons or cations generated in an initial detection event trigger a second, spurious Townsend 150 
avalanche, and the resulting electronic signal is registered by the preamplifier.  This can also be 151 
modeled by DRiFT, where the probability of spurious double pulsing is determined largely by the 152 
mix of primary and quench gasses in the detector.  It is also possible for a gas tube to experience 153 
dead time; that is, the tube can be rendered inactive for a time after an event is recorded, as the 154 
cloud of positively charged ions shrouding the anode wire reduce the electric field in the detector 155 
sufficiently to prevent new detector events from being recorded until the electric field returns to 156 
normal strength.  This dead time can be either paralyzable or non-paralyzable, where, in a 157 
paralyzable detector, additional events that occur during the detector’s dead time serve to extend 158 
that dead time even longer.  The length of this dead time can be defined by the user in the form 159 
of a time window, along with whether the dead time should be paralyzable or non-paralyzable.  160 



Preprint submitted to NIM A 5 November 16, 2023 

Finally, a user-defined lower-level discriminator (LLD) can be employed to discard events that fail 161 
to record enough energy in the detector.  This can be done either directly based on charge 162 
collected by the preamplifier or on the reconstructed energy of the event in the detector, 163 
depending on user preferences. 164 

 At the end of the simulation, DRiFT outputs an ASCII formatted list of all detection events 165 
that have occurred.  The information available in this event-by-event output is configurable by the 166 
user, and can include information on the interaction time, charge collected, reconstructed energy, 167 
and whether the event is correlated to events in other detectors.  This correlation can be done 168 
either using the Monte Carlo truth information provided by the MCNP code or a user-specified 169 
coincidence time window.  DRiFT can also output diagnostic information, such as the source 170 
neutron’s initial energy and whether the event was due to room return or affected by pulse pileup.  171 
Optionally, DRiFT can also output individual pulse shapes for events in the detector for further 172 
analysis, an example of which can be seen in Figure 2. 173 

 174 

Figure 2: A sample pulse shape for a neutron interaction in a nominal He-3 tube filled to 10 175 
atmospheres with 1800 V applied.  The shaping time of the preamplifier was set to be 1 176 
microsecond. 177 

Specifying Gas Detector Settings in DRiFT 178 

 A number of parameters are available to customize the behavior of the gas-filled detector 179 
and its associated preamplifier in DRiFT and are outlined in Table 1 and Table 2.  Note that these 180 
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tables are not exhaustive but present the most important and common options available to users.  181 
More information can be found in the DRiFT user manual, which is included with the public release 182 
of DRiFT gas-filled detector capabilities. 183 

Table 1: The DRiFT parameters available for customization in the Gas module.  All parameters 184 
are defined in the input file as <Keyword>=<Value>. 185 

PARAMETER DESCRIPTION 
call Always Gas 

geometry  The geometry of the gas-filled detector; cylinder by 
default, with sphere also supported 

gas1 and gas2 The fill and quench gas, respectively; He-3 and CO2 by 
default, with BF3 and CH4 also supported 

comp1 and comp2 The relative compositions of the fill and quench gases; 
defaults to 100% fill gas with ranges between 95% and 
100% supported 

voltage The applied voltage to the tube; defaults to 1600 V with 
ranges between 1000 V to 1900 V supported 

temperature and temperature_units The temperature of the tube in the specified units; 
defaults to 293 K with ranges between 253 K and 293 K 
supported 

pressure The pressure of the tube, in atmospheres; defaults to 1 
atm with ranges between 1 atm and 10 atm supported 

tube_length and tube_radius The length and radius of the tube, in centimeters; 
defaults to 40.6 cm and 1.25 cm, respectively 

wire_radius The radius of the central anode wire, in centimeters; 
defaults to 0.0005 cm 

tube_base_x/y/z The location of the gas tube(s) in space, with units of 
centimeters; the values entered here should be 
consistent with the location of the detector cells specified 
in the MCNP input deck 

anode_orientation_x/y/z The orientation of the gas tube(s) in space; defaults to all 
tubes aligned with the Z axis 

inactive_area Whether to simulate inactive areas at the ends of the gas 
tube(s); defaults to no inactive area simulations 

inactive_bottom, and inactive_top The size of inactive areas at the ends of the gas tube(s), 
in centimeters; defaults to 3 cm in both cases 

 186 

Table 2: The DRiFT parameters available for customization in the Gas_Preamp module.  All 187 
parameters are defined in the input file as <Keyword>=<Value>. 188 

PARAMETER DESCRIPTION 

call Always Gas_Preamp 



Preprint submitted to NIM A 7 November 16, 2023 

pileup  Whether to simulate pulse pileup for events that occur 
close in time temporally; defaults to no pulse pileup 

shaping_time_constant The shaping time constant determining the electronic 
pulse die-away time, in seconds; defaults to the load 
resistance multiplied by the tube capacitance, below.  If 
shaping_time_constant is provided, the values for 
resistance and capacitance are ignored. 

resistance The load resistance, used to determine the shaping time 
constant, in ohms.  Defaults to 10,000 ohms. 

capacitance The tube capacitance, used to determine the shaping 
time constant, in farads.  Defaults to 10-10 farads. 

dead_time_enable Whether to simulate dead time in the tube; defaults to no 
dead time 

dead_time The dead time in the tube, in seconds; defaults to 0 s 

paralyzable Whether the tube’s dead time is paralyzable; defaults to 
not paralyzable 

LLD and LLD_units The lower-level discriminator of the preamplifier, in 
specified units of energy or charge; defaults to 0 MeV 

pulse_offset The fraction into a digitized trace the simulated pulse 
should fall; defaults to 0.1, e.g. the start of the pulse 
(absolute time zero) will be located 10% of the way into 
the digitizer trace  

pulse_shape_bins The number of bins to use when recording an electronic 
pulse; defaults to 512 

 189 

A broad overview of the process for defining a gas-filled detector in DRiFT follows.  First, 190 
the user must indicate the geometry of their detector.  Three geometry options are available in the 191 
code: the most common is a cylindrical tube, though a spherical detector with a point anode and 192 
a spherical detector with a wire anode are also available.  Users then must specify their fill and 193 
quench gases, along with their relative compositions.  Currently, He-3 and BF3 are available for 194 
fill gases and CO2 and CH4 are available for quench gases.  One fill gas and one quench gas can 195 
be mixed at a ratio generally ranging from 100% fill gas to 95% fill gas.  The tube’s pressure, 196 
temperature, and applied voltage can be specified in the ranges given in Table 1.  Details of the 197 
tube’s geometry must then be provided.  The length and radius of the gas tube (in the case of a 198 
cylinder) or the radius of the tube (in the case of a sphere) must be provided, along with the radius 199 
of the central anode wire (in the case of a point anode, this is the radius of the sphere that 200 
represents the anode).  The location and orientation of the detector in space must then be 201 
provided.  The location of the base of the detector is first specified.  The base of the detector is 202 
defined, in the case of a cylinder, as the flat surface from which the vector representing the 203 
cylinder extends, and in the case of a sphere, as the center point of the sphere.  The orientation 204 
of the detector is given as a unit vector, which does not need to be normalized, representing the 205 
central axis of the cylinder extending from the base.  Detector orientation is not needed for a 206 
spherical detector.  Finally, whether DRiFT should simulate inactive areas at the ends of the gas 207 
tube can be specified; inactive areas are not supported for spherical detector geometries. 208 
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The preamplifier attached to the gas-filled detector can be customized as well.  This affects 209 
several potential electronic artifacts that could be introduced in the gas tube response.  First, 210 
pileup can be enabled or disabled, controlling whether multiple pulses that occur close together 211 
temporally can pileup on each other and be counted as one pulse.  The pulse shape itself (which 212 
affects the likelihood of pulses to pileup on each other) can also be customized by specifying a 213 
shaping time constant, or by providing a tube capacitance and load resistance so the shaping 214 
time constant can be calculated.  Dead time can be enabled and customized, allowing for pulses 215 
within a specified time window of an original pulse to be ignored. This dead time can also be 216 
specified to be paralyzable or non-paralyzable. 217 

In addition to the settings described above, several diagnostic capabilities of interest for 218 
gas-filled detectors are also available as part of the DRiFT toolkit.  First, events that are from room 219 
return, where radiation interacts in the walls, ceiling, or elsewhere in the environment before 220 
scattering into the detector, can be flagged and output.  This capability is demonstrated by an 221 
experiment later in this work.  The capability to flag pulse pileup events for separate analysis is 222 
also provided, along with the ability to flag events that are correlated in time or from the same 223 
source particle. 224 

Epithermal Neutron Multiplicity Counter Validation 225 

 An experiment was performed on the Epithermal Neutron Multiplicity Counter (ENMC) [21] 226 
at Los Alamos National Laboratory to demonstrate and validate the gas-filled detector capabilities 227 
provided by DRiFT [22].  A diagram of the ENMC generated using the MCNP code is given in 228 
Figure 3.  The ENMC is a well counter designed for neutron multiplicity counting with an intrinsic 229 
efficiency of 63.5% that contains 121 He-3 tubes with an active length of 71.1 cm and a radius of 230 
2.54 cm, filled to 10 atm and operated at a nominal voltage of 1720 V.  These He-3 tubes are 231 
connected to 27 AMPTEK A111 amplifiers to read out the signal.  The well at the center of the 232 
detector is 19 cm in diameter and has a height of 75 cm.  During operation, the well is covered by 233 
a graphite and cadmium plug with a diameter of 18.5 cm and a length of 31.5 cm. 234 
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 235 

Figure 3: A diagram of the ENMC detector, containing 121 He-3 tubes centered around a central 236 
cavity.  The Cf-252 source is suspended in place from the top of the detector by a steel rod. 237 

Measurements were taken with a 21.6 µCi (100,000 n/s) Cf-252 neutron source at 24 238 
vertical positions at the centerline in the detector well using the INCC6 data acquisition software 239 
[23].  These measurements were taken at evenly spaced intervals between the bottom of the well 240 
and the top, including traveling into the graphite plug.  Measurements were specifically done this 241 
way to probe the ability of DRiFT to model the effects of the inactive regions of the He-3 detectors, 242 
which were 6.27 cm in length at the top of the detector tubes and 2.46 cm in length at the bottom.  243 
Two-minute-long measurements, divided into 6, 20 second cycles, were taken at each position to 244 
obtain a count rate.  This resulted, at its maximum, in a singles rate around 60,000 cps with an 245 
uncertainty of around 40 cps; the singles rate was used for this experiment instead of doubles or 246 
other multiplicities for a more straightforward comparison with results from the MCNP code.  While 247 
DRiFT has the capability to model neutron multiplicities and flag them as reals and accidentals, 248 
this was not utilized in this experiment in order to not confound effects from the inactive end-tube 249 
regions. 250 

 After the experiment had concluded, the setup was recreated as an MCNP input deck.  251 
Simulations were repeated with source definitions to match the experimental conditions previously 252 
carried out.  As with the experimental measurement, the number of counts, given by the number 253 
of neutron absorptions in the active portion of the He-3 detector, were recorded.  Two sets of 254 
simulations were carried out.  In the first, the top 6.27 cm and the bottom 2.46 cm of the He-3 255 
tubes were treated as inactive regions; that is, they were created as separate MCNP cells and 256 
interactions that occurred within those regions did not contribute to the overall count rate.  In the 257 
second set of simulations, the ends of the He-3 tubes were treated as active regions so that 258 
interactions that occurred within them did count as detector events and contributed to the 259 
detector’s count rate. 260 
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 In addition to the information described above, each MCNP simulation also output a 261 
PTRAC file that recorded both the origin of each neutron and the location of neutron absorptions 262 
in the geometry.  These PTRAC output files could then be fed into DRiFT. 263 

 DRiFT was then used to post-process the MCNP simulations to better capture the 264 
response of the gas tubes to the Cf-252 source.  Details of the He-3 tubes’ geometries were input 265 
into DRiFT, including the tube length and radius, along with the length of the inactive regions on 266 
both sides of the tube.  The composition of the gas and its pressure were also input according to 267 
the detector’s specifications.  Finally, the applied voltage to the tubes and the details of the 268 
AMPTEK A111 charge sensitive preamplifier – such as the detector’s dead time and the pre-269 
amplifier’s 190 ns shaping time – were input.  DRiFT then read in the MCNP PTRAC files 270 
described in the previous section and simulated the response of the He-3 tubes to the recorded 271 
neutron absorptions.  This process was repeated for each measurement point in the well detector.  272 
Because the specifications of the tubes did not change between points, the detector specifications 273 
given in the DRiFT configuration file did not need to be modified between runs, other than to 274 
change the name of the PTRAC file being read.  The number of detection events recorded were 275 
then read out by DRiFT. 276 

 A comparison of the experimental results and both sets of simulation results from the 277 
MCNP code alone and from the MCNP code plus DRiFT are presented in Table 3.  It can be seen 278 
from the table that using the MCNP code plus DRiFT produces the results most in agreement with 279 
the experimental results.  This is particularly true towards the top of the detector where the inactive 280 
ends of the He-3 tubes have the most effect.  Treating the end-tubes as entirely inactive regions, 281 
the third column of the table, underestimates the count rate of the detector in this region.  Treating 282 
the end tubes as entirely active regions, the fourth column of the table, also does not match 283 
experimental results and overestimates the count rate between 30 and 35 cm.  Most simply, using 284 
the MCNP code in conjunction with DRiFT more accurately reflects the count rate across the 285 
detector than without DRiFT. 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 
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Table 3: The relative difference of different simulated results from experimental results.  Points 297 
between 38 and 65 cm are skipped as both simulation methods simulations are in very good 298 
agreement with the experimental results. 299 

  Relative difference from experimental results of… 

Distance of 
Source from 
the Top of the 
Detector (cm) 

Measured Singles 
Count Rate (cps) 

MCNP Code with 
Inactive Tube 
Ends 

MCNP Code with 
Active Tube Ends 

MCNP Code + 
DRiFT 

21.1 3.26E+04 -63.77% -35.51% -14.62% 

23.6 4.01E+04 -36.30% -9.11% 5.46% 

26.1 4.66E+04 -21.59% 2.00% 5.24% 

27.4 4.95E+04 -10.51% 8.06% 5.32% 

28.7 5.22E+04 -4.79% 8.31% 4.50% 

30.0 5.45E+04 -0.08% 8.38% 4.13% 

31.3 5.67E+04 1.12% 5.91% 2.94% 

33.8 5.97E+04 0.11% 2.54% 0.79% 

36.4 6.02E+04 -0.24% 1.57% 0.62% 

38.9 6.06E+04 0.04% 1.55% 0.68% 

… Skipping positions where all simulations are in good agreement 

65.0 6.17E+04 -0.92% -1.11% -0.41% 

67.6 6.12E+04 -0.46% -0.57% -0.01% 

70.2 6.08E+04 -1.15% -1.17% -0.13% 

72.7 6.03E+04 -0.82% -0.78% 0.05% 

75.2 5.97E+04 -0.10% 0.08% 0.36% 
 300 

Pulse Pileup Example 301 

 DRiFT, as described above, has the capacity to model relevant effects from the 302 
detector’s electronics.  Two of such effects are pulse pileup and deadtime.  These effects are 303 
most significant when measuring high-activity sources that result in large count rates, though 304 
the design of the detector system and preamplifier may influence the significance of each effect 305 
for lower count rates.  Both pileup and dead time can result in the loss of events that occur in 306 
the detector system. 307 
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 The effects of pulse pileup were measured using a two-tube He-3 detector system 308 
exposed to different Cf-252 neutron sources.  Two sources – a lower activity source (designated 309 
R2-459), with an activity of 10.4 µCi (~48,000 n/s), and a higher activity source (designated R2-310 
465), with an activity of 20.1 µCi (~93,000 n/s) – were measured individually to establish a 311 
baseline tube response.  Both sources were then measured together, and the difference 312 
between the expected count rate (the simple sum of the count rates from the individual tube 313 
measurements) and the measured count rate was observed.  The results of these 314 
measurements are provided in Figure 4.  For this experiment, no distinction was made between 315 
pulse pileup and deadtime, as both phenomena result in the loss of events in the He-3 tubes. 316 

 317 

Figure 4: A comparison of the expected and actual count rate when exposing a He-3 detector 318 
system to two Cf-252 sources, demonstrating DRiFT’s ability to model pulse pileup.  The 319 

measured counts are presented in blue (left bar), with the results from the MCNP code + DRiFT 320 
presented in orange (center bar), and the results from the MCNP code alone presented in red 321 
(right bar).  Source activities in the MCNP code were normalized to match experimental results 322 

for individual measurements. 323 

 It can be seen in Figure 4 that, compared to the expectation based on the results from 324 
the individual source measurements, the count rate observed for the combined measurement is 325 
17% lower than expected, with around 250 counts per second measured rather than the 300 326 
counts per second expected. 327 

 The experimental setup was recreated in an MCNP geometry and simulated.  The 328 
results of this simulation, which does not consider pulse pileup or deadtime, are also given in 329 
Figure 4.  These results were post-processed using DRiFT to accurately simulate pileup effects.  330 
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The results from the MCNP code plus DRiFT are found to be in good agreement with the 331 
experimental results. The count rate from the combined sources reported by DRiFT was found 332 
to be 17% lower than those reported by the MCNP code alone and are within 2.1% of the 333 
experimental results.  These results show that DRiFT is able to accurately represent the effects 334 
of pulse pileup on a detector’s count rate in this case.  Overall, these experiments have 335 
demonstrated the ability of DRiFT to accurately model the response of gas-filled neutron 336 
detectors in two detector configurations.  An additional experiment was also conducted to 337 
demonstrate DRiFT’s ability to provide diagnostic information for the results provided by a 338 
detector system. 339 

Room Return Example 340 

 DRiFT can also provide useful diagnostic information to the user alongside its simulation 341 
of a He-3 gas detector response.  One such diagnostic capability is to flag room return events, 342 
defined as neutrons that interact in the surrounding environment before scattering into the 343 
detector, as opposed to neutrons that travel directly to the detector after being created.  The 344 
prevalence of room return will depend heavily on the geometry of the room around the source 345 
and detector system, and it can be of interest to determine the effect that this surrounding 346 
geometry has on the signal. 347 

 During the execution of DRiFT, the user can define any number of MCNP cells that will 348 
be treated as the “room” around the detector system.  Any neutron or gamma ray that interacts 349 
in or passes through one of these cells before interacting in the detector is flagged as “room 350 
return”.  This flag is carried throughout the rest of the analysis and is output alongside the rest of 351 
the information for the detection event.  This allows detection events that are from room return 352 
to be kept separate by the user in future analyses; this allows them, for example, to study how a 353 
detector’s positioning in a room affects the results of an experiment due to room return off of the 354 
walls and ceiling. 355 

 To demonstrate DRiFT’s ability to flag room return events, an experiment was performed 356 
with a two-tube He-3 detector system, as depicted in Figure 5.  A Cf-252 source was placed 357 
between the detector system and a standalone block of polyethylene, referred to below as the 358 
scattering block.  Some neutrons emitted from the Cf-252 source travel directly to the detector 359 
system and are recorded; others travel in the opposite direction, backscatter off the scattering 360 
block, and then travel to the detector system and are recorded.  The prominence of the 361 
backscatter room return effect depends on the distance between the source and the scattering 362 
block.  Varying this distance varies the amount of room return events that occur.  The results of 363 
the experiment for scattering block distances between 5 and 30 cm are presented in Figure 6.  364 
All results are for singles events; too few coincident double events were recorded in the detector 365 
system to be used for this analysis. 366 
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 367 

Figure 5: A side-view diagram of the room return experiment setup.  The distance between the 368 
source (center) and scattering block (right) is varied to affect the number of room return events 369 

seen by the detectors (left). 370 

 371 

Figure 6: The variation of the count rate of a two-tube He-3 detector system as a polyethylene 372 
scattering block is moved closer to the source, on the opposite side as the detector.  On the 373 
secondary axis, the percentage of events tagged as room return events is plotted.  All values 374 

are normalized to a measurement/simulation without a scattering block included (represented by 375 
the red dashed line). 376 

 The data shows that, as expected based on intuition, the closer the scattering block was 377 
brought to the source, the higher the count rate became due to an increased number of room 378 
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return events.  This can be verified using DRiFT’s diagnostic capabilities.  The experimental 379 
setup was recreated in the MCNP code and post-processed by DRiFT.  The overall count rates 380 
generated by DRiFT were equivalent to the experimental results, as seen in Figure 6.  Plotted 381 
on the secondary axis is the percentage of events flagged by DRiFT to be room return events.  382 
At the smallest source-scattering block separation, around 17% of the events were attributed to 383 
room return, while at the largest separation, almost none of the events were attributed to room 384 
return.  DRiFT thus demonstrates, through its diagnostic capability, that the increase seen at 385 
short separation distances is entirely a result of an increase in the number of room return events 386 
in the detector. 387 

Conclusions and Future Work 388 

The capability to model gas-filled detector and pre-amplifier responses with DRiFT has 389 
been demonstrated and validated.  Post-processing MCNP outputs with DRiFT better represents 390 
the behavior of the detector than is possible with the MCNP code alone, as DRiFT can better 391 
model effects from the inactive ends of the detector tubes and effects from downstream 392 
electronics.  DRiFT can also provide useful diagnostic information, such as flagging room return 393 
events, for better understanding the simulation scenario.  These capabilities are included in the 394 
most recent public release of DRiFT.  Future DRiFT development will seek to further refine and 395 
expand these capabilities, as well as expanding the scintillator capabilities and introducing 396 
semiconductor detector capabilities. 397 
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