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Abstract

Two new photoneutron targets have been developed for neutron time-of-#ight experiments, the axial water-moderated
target (AWMT) and the bare bounce target (BBT). These targets operate without any lead shielding nearby and both
have superior neutron resolution compared to the older bounce target. The BBT has been selected over the AWMT for
general time-of-#ight measurements because it exhibited lower neutron background in the keV energy region. ( 1999
Elsevier Science B.V. All rights reserved.

1. Introduction

At the Rensselaer Polytechnic Institute Gaer-
ttner LINAC Laboratory, transmission, capture,
self-indication and scattering measurements are
conducted using the neutron time-of-#ight method.
These measurements use the electron linear acceler-
ator (linac) to obtain a 60 MeV electron beam inci-
dent on a tantalum target that can produce an
evaporation spectrum of neutrons which peaks
near 1 MeV by the (e~Pc), (cPn) sequence of
reactions. These reactions are caused by electrons
striking a set of water-cooled tantalum plates. The
photoneutrons are subsequently moderated by hy-
drogenous material (water or polyethylene) and
then travel down a series of collimated #ight tubes
towards the samples on the sample changer and the

Li-glass detector. The resulting neutron beam
allows the determination of neutron cross sections
and resonance parameters through transmission,
capture, self-indication or scattering experiments.
Fig. 1 shows the experimental setup for transmis-
sion measurements with the 25 m #ight path.

The characteristics of the tantalum target used
with the linac have profound implications both for
the quality of the data gathered during an experi-
ment, and the ability to determine accurately reson-
ance parameters from that data. Of great
importance is the target resolution, which is the
spread in time of the emerging neutrons (of a given
energy) due to the moderating process. The current
target used in linac experiments in the epi-thermal
range, named the bounce target, contains a perma-
nently attached lead personnel safety shield as part
of the design. Neutron scattering by the lead in
addition to the target moderator material was
thought to create a &tail' of neutrons emitted over
an extended time period relative to the linac pulse
width. This tail-in-time of neutrons from the
bounce target was suspected to be the cause of
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Fig. 1. Sketch of the linac 25 m #ight path for transmission
measurements.

Fig. 2. Bounce target plan view.

Fig. 3. The bounce target (dark gray"lead, white"aluminum,
light gray"poly).

resonance distortions exhibited in the experimental
data, so the modeling and construction of new
targets with enhanced resolution was undertaken.

2. The bounce target

The bounce target arrangement, shown in Figs.
2 and 3 , has been used successfully at RPI for over
30 years and has proven to be a reliable target [1].
It, however, was known to be inherently de"cient
for several reasons. The cooling water #owing be-
tween the tantalum plates moderates some neu-
trons so this target has, in e!ect, two moderators.
These neutrons slowed by collisions in the water
take time to get to the polyethylene (poly) moder-
ator where they can be further moderated and
subsequently emitted down the #ight path. This
e!ect adds additional time to the overall moder-
ation process and distorts the expected neutron
time spectrum from the face of the moderator. In-
stead of a tightly grouped (in time) burst of like-
energy neutrons leaving the moderator face, there is
now a time spread in these neutrons as a result of
the travel of these slower (already moderated) neu-
trons from the target. This time spectrum of neu-
trons leaving the moderator is a measure of the
target resolution and signi"cantly a!ects the deter-
mination of accurate experimental resonance para-
meters. This e!ect leads to a higher o!-energy
background and a distortion of the experimental
resonance shape; both are undesirable e!ects.

Fig. 4 shows the neutron transmission of a 30-mil
(1 mil"0.001A"0.0254 mm) depleted uranium
metal sample measured at the 25 m #ight station
and using the bounce target (see Ref. [1] for a de-

scription of this apparatus). The 6.67 eV 238U res-
onance shape should be #at all across the bottom of
the blacked-out region indicating that there is zero
transmission through the 30-mil sample at this res-
onance energy. Instead, there is a distortion to the
expected resonance shape, as indicated in Fig. 4 by
the arrow. This distortion is attributed to the bounce
target resolution. At higher energies the resolution
distortion becomes even more prominent.

3. MCNP modeling of the bounce target

The "rst step in designing a new target was
to model the current bounce target with the
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Fig. 4. Resonance shape distortion in bounce target data near the 6.67 eV resonance in 238U.

neutron}photon Monte Carlo code MCNP [2]
and attempt to quantify the resolution function.
Through the use of MCNP statistical sampling
techniques, the neutron distribution in time and
energy from the face of the moderator was deter-
mined. This process resulted in the identi"cation of
the shortcomings of the bounce target and pro-
vided a method to initially validate the design of the
new target.

Following the work of Danon [3,4], who also
modeled the bounce target, a source term /(E) for
the tantalum plates in the target was chosen to
be an evaporation energy spectrum. This has the
form

/(E)"CE exp(!E/¹) (1)

where E is the neutron energy in MeV, ¹ is the
e!ective temperature of the tantalum target in MeV
[5,6], and C is a normalizing constant:

P
=

0

/(E) dE"1. (2)

Using an e!ective temperature of 0.46 MeV, Eq. (1)
produces a mean neutron energy of 0.92 MeV for
the source neutrons. The source parameters were
chosen such that the neutrons at `birtha are distrib-
uted uniformly throughout a homogenized mixture
of tantalum and cooling water. Various time and
energy bins were selected allowing an accurate de-
termination of the target resolution function at
several energies of interest. The MCNP calcu-
lations were carried out on a Sun workstation using
18 million source particles.

MCNP modeling highlighted an unexpected de-
"ciency in the bounce target. When this target was
modeled, the neutron time distribution from the
target was found to have a shape that was di!erent
from that initially expected. It was expected that
when a spectrum of like-energy neutrons leaving
the moderator face versus time was plotted, it
would approximate a Gaussian distribution or pos-
sibly a chi-square distribution, as found by Coceva
and Siminoni [7] with the Oak Ridge National
Laboratory's ORELA target. The result showed
that the calculated distribution for the bounce
target, though somewhat similar to a chi-square
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Fig. 5. Time distribution of 1 eV neutrons showing the tail-in-
time from the bounce moderator surface (poly).

Fig. 6. The neutron distribution of 1 eV neutrons from the
bounce moderator (poly) surface with the lead shield in place
and with the lead shield voided.

distribution, also had a tail of neutrons extending
out in time. Fig. 5 shows the calculated time distri-
bution of 1 eV neutrons leaving the face (on the
neutron detector side) of the polyethylene moder-

ator. As expected, there is the initial large pulse of
1 eV neutrons leaving the moderator face. How-
ever, in addition to this expected neutron pulse,
there is also a small tail of neutrons extending far
out in time. The number of neutrons which com-
prise this tail is only a small percentage of the total
neutrons emitted (2}5%) over the eV to keV energy
ranges sampled. This resolution tail was suspected
to contribute to the distortions in the blacked out
resonance shapes seen in the experimental data.

MCNP runs were made in an attempt to deter-
mine the source of this tail-in-time of neutrons.
Di!erent components of the bounce target could be
selectively removed by simply voiding the material
card entry corresponding to that component. By
using this method, the lead shield surrounding the
bounce target was found to be the major source of
the tail-in-time of neutrons. When the lead shield
was removed, the tail-in-time of neutrons was sig-
ni"cantly reduced. In Fig. 6, the neutron spectrum
with the lead shield in place is wider and has
a somewhat greater intensity than the spectrum
without the shield, the result of neutrons scattering
back into the moderator from the lead. The cal-
culated spectrum without the shield shows no data
point after 20 ls. The probability of a neutron
being scored in a time bin greater than 20 ls had
fallen o! nearly three orders of magnitude, and is
thus no longer statistically signi"cant.

The scattering from the lead shield was the major
cause of the tail-in-time of neutrons. Neutrons,
born in the tantalum plates or escaping the water
and poly moderators, were striking the shield,
which nearly surrounds the bounce target. Colli-
sions with the heavy lead nuclei resulted in very
small energy losses for the neutrons. Therefore,
these still energetic but now once-moderated, and
subsequently delayed, neutrons reenter the poly
moderator, slow down, and can be emitted down
the #ight tube. This tail e!ect was observed in every
MCNP run done for this bounce target and is
observed at neutron energies from 1 eV to 1 keV.

4. New target designs

An axial water-moderated target (AWMT) was
designed as an on-axis target, which we de"ne as
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Fig. 8. The two new epi-thermal targets* the AWMT, showing the internal ba%e system (left); and the BBT (in the o!-axis position),
showing the poly moderator with the lead safety shield retracted (to the right).

Fig. 7. Plan view of the axial water-moderated target (AWMT)
and bare bounce target (BBT). For both targets a 5-cm-thick
lead retractable shield (not shown) can be moved to surround
the target.

the tantalum assembly on the neutron beam axis.
The AWMT has a similar design to the photoneut-
ron target used at the Oak Ridge ORELA laborat-
ory [7]. The "nal design was achieved using
MCNP modeling with Figure-of-Merit (FOM)
techniques [8,9]. To remove the resolution function
broadening e!ects associated with a displaced
moderator (as in the bounce target), the cooling
water was chosen to also act as the moderator. The
best FOM resulted in a water moderator with
a radius of 8.89 cm and a thickness of 5.1 cm. The
AWMT is shown on the left side in Figs. 7 and 8.
The target consists of 10 tantalum plates separated
by 1.6 mm aluminum spacers.

The AWMT also contains an internal water
ba%ing system to distribute the water #ow. The
target is constructed entirely of 6061 aluminum.
The design also contains a retractable lead safety
shield that surrounds the target when it is not being
used. This shield is interlocked to the accelerator
system so that it must be in the open position to
turn the electron beam on. The shield is normally
closed when people are working in the target room.
For detector electronics overload protection,
a 6.68 cm]5.72 cm]17.78 cm lead shadow shield
is placed in line between the tantalum and the
detector. A 5.04 cm]5.04 cm]1.27 cm 10B

4
C tile

is attached to the side of the shadow shield that
faces the tantalum to reduce neutron scattering by
the lead back into the water moderator.

The bare bounce target (BBT) was designed as an
adjustable target, meaning that the tantalum can be
put in either an on-axis position (relative to the
#ight tube axis), like the AWMT, or in an o!-axis
position, which is displaced relative to the #ight
tube. In the o!-axis position, the BBT has the same
tantalum and polyethylene arrangement as the
bounce target. The BBT has the advantage of a re-
movable lead safety shield, also interlocked, as with
the AWMT design. The BBT is shown on the right
side in Figs. 7 and 8. A 17.78 cm diameter, 2.54 cm
thick polyethylene disk serves as the neutron mod-
erator. The BBT was designed to minimize the
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Table 1
Intensity results for the BBT and the AWMT relative to the bounce target

Region Center channel AWMT BBT (on-axis) BBT (o!-axis)
(channels) energy (eV)

Intensity ratio Intensity ratio Intensity ratio

5500}6000 4.11 2.48$0.005 1.24$0.003 0.98$0.003
4500}5000 20.1 2.22$0.002 1.30$0.002 1.00$0.001
3500}4000 91.2 2.26$0.003 1.37$0.002 1.02$0.002
3000}3500 198 2.34$0.003 1.41$0.002 1.04$0.002
2000}2500 717 2.53$0.005 1.51$0.004 1.06$0.003
1500}2000 1200 2.64$0.004 1.55$0.004 1.07$0.003
500}1000 6910 3.34$0.005 1.79$0.003 1.10$0.002

amount of cooling water in the active area of the
target in order to remove as much of the second
moderator as possible. The spacing between the 10
tantalum plates was reduced to 0.79 mm, and the
upper and lower water plenums (for #ow distribu-
tion) were reduced from a height of 5.24 to 2.54 cm.
The active portion of the target (minus the cool-
ing pipes) visible in the right side of Fig. 8 is
5.72 cm]5.08 cm]10.80 cm. The BBT is also en-
tirely constructed from 6061 aluminum. Finally, it
utilizes an adjustable lead shadow shield for elec-
tronics protection, and a 10B

4
C absorber on the

side of the shadow shield facing the moderator.

5. Intensity increase

Experiments conducted with the AWMT and the
BBT were performed to measure their neutron
intensity relative to the bounce target. MCNP
modeling of the AWMT predicted an increase in
intensity over the bounce target [9]. For the
AWMT testing, a 30 mil (0.076 cm) U depleted
sample was used for both the AWMT and bounce
target. To test the BBT in both the on-axis and
o!-axis positions relative to the bounce target,
open beam data were used. For each experiment,
the linac conditions were kept the same. For
example, when testing the AWMT, the preset linac
triggers were the same for the AWMT and the
bounce target, and the machine was tuned so that
the electron beam energies and currents were
equal.

Results for these measurements are given in
Table 1 where the errors are in standard deviations.
These measurements are relative to the bounce
target for a particular region of channels (the en-
ergy of the center channel for each region is given).
For the AWMT, the intensity is increased on aver-
age by nearly a factor of 2.5. Clearly, the AWMT
moderates a greater number of neutrons than either
the bounce target or the BBT in the on-axis posi-
tion. Thus, the AWMT provides the greater neu-
tron intensity for experimental use.

The intensity of the BBT in the o!-axis position
is approximately equal to that from the bounce
target for the entire epithermal energy range. This
is not surprising, since the alignment and design of
the BBT in the o!-axis position is, to within a few
millimeters, the same as for the bounce target. The
intensity increase for the BBT in the on-axis posi-
tion is not as good as that from the AWMT, but
this can be attributed to the con"guration of the
moderating material in these targets. In the
AWMT, the water moderator is on axis with re-
spect to both the #ight tube and the electron beam.
In the BBT on-axis position, the poly moderator is
on-axis with respect to the #ight tube, but displaced
with respect to the electron beam. Because of the
double on-axis characteristics of the AWMT, and
the fact that none of the moderator is shadowed or
blocked by the tantalum itself, there is complete
solid angle coupling between the AWMT and the
water moderator. However, for the BBT the front
surface of the poly moderator in both the on-axis
and o!-axis positions is almost 2.5 cm from the
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Table 3
Signal-to-background measurements using data with a U sample in the beam

Notch energy Bounce target AWMT BBT o! -axis BBT on-axis
(eV) (Moretti) (Moretti)

5 33.1$8 35.8$6 24.3$3.7 26.8$3.3
19 * * 33.2$5.2 23.5$2.7

129 31.6$3 27.1$1.3 29.5$3.2 27.8$2.4
330 31.3$2.1 17.2$0.6 29.0$2.5 27.1$1.7

2300 8.3$0.3 6.4$0.1 7.7$0.5 7.7$0.4

Table 2
Signal-to-background measurements using open beam data

Notch energy
(eV)

Bounce target
(Moretti)

AWMT
(Moretti)

Bounce target BBT o!-axis BBT on-axis

5 33.1$8 35.8$6 24.9$4.0 35.0$5.6 37.6$5.0
19 * * 23.9$3.3 31.4$5.2 21.3$2.8

129 31.6$3 27.1$1.3 26.6$3.3 27.2$3.4 31.6$3.0
330 31.3$2.1 17.2$0.6 32.4$2.8 28.7$2.6 32.9$2.4

2300 8.3$0.3 6.4$0.1 7.3$0.6 8.7$0.6 9.1$0.5

electron beam axis (away from the detector), which
reduces the solid angle coupling to the Ta photo-
neutron target. In addition, the most intense neu-
tron source region of the poly is shielded by the
tantalum itself. It may be possible to place the poly
moderator in the same plane as the electron beam
to increase intensity; however, care would have to
be taken to avoid igniting the poly by the high-
power electron beam. With the poly moderator
placed on-axis with respect to both the electron
beam and the detector, it would not be surprising
to "nd that the intensity increase over the bounce
target is close to that from the AWMT.

6. Signal-to-background ratio

The signal-to-background ratio was investigated
using a notch1, notch2 "lter package method as
described by Syme [10]. The signal-to-background
ratio is de"ned as the neutron count rate, minus
background count rate, divided by the background
count rate at a particular energy. It is important
that this ratio is high (510 : 1) for the entire energy
range of interest of the target.

Tables 2 and 3 give the results of signal-to-back-
ground measurements using open beam data and
data with a U sample in the beam, respectively;
errors are in standard deviations. The calculations
done by Moretti [9] for both the bounce target and
the AWMT are also included. As can be seen from
Table 2, the signal-to-background numbers from
the bounce target and the BBT in the o!-axis posi-
tion are approximately equal, within about two
standard deviations. This result is what is expected,
as the target geometries are essentially the same,
except for the lead shield. However, the most en-
couraging result is the signal-to-background ratio
obtained for the BBT in the on-axis position. The
AWMT signal-to-background ratio begins to drop
at the 129 eV resonance, and drops signi"cantly at
the 330 eV notch resonance. In comparison, the
data for the BBT in the on-axis position suggests
that the signal-to-background ratio at all of the
notch resonances (except for the 2300 eV case) re-
mains essentially constant, as opposed to gradually
dropping at higher energies, as does the AWMT. In
addition, the signal-to-background ratio of approx-
imately 30 : 1 for the on-axis case is the same as for
the BBT o!-axis and bounce target cases. Although
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Fig. 9. Capture data near the 66 eV 238U resonance for the
bounce target and the BBT.

Fig. 10. Capture data near the 102.5 eV 238U resonance for the
bounce target and BBT.

Fig. 11. Transmission data near the 66 eV 238U resonance for
the bounce target, the AWMT and the BBT.

the intensity for the AWMT increases on average
by a factor of 2.5, the background at higher energies
increases by nearly a factor of 4.0. Through further
experiments, the increased background was found
to be beam associated, but no "rm cause was estab-
lished.

From Table 3, one can "nd further support for
the statement made in the previous paragraph.
That is, the BBT in both positions has a consistent,
approximately 30 : 1 ratio for all of the notch reson-
ance energies, except for the 2300 eV region, which
is approximately 7 : 1. Thus, to enable accurate
cross section measurements in the keV region,
the BBT was judged superior to the AWMT.
The BBT was selected as the target for epithermal
measurements.

7. Resolution improvements and a quantitative
resolution function

To see if the AWMT and BBT targets provide
a resolution improvement over the bounce target,
a series of experiments was performed in transmis-
sion (with a 30 mil depleted U sample) and capture
(with a 1 mil natural U sample). These experiments
were intended to show the improvement in resolu-
tion. Primarily, this experiment was done to con-
"rm whether or not the resolution improved by
removing the "xed lead shield, as predicted by the
MCNP modeling.

Figs. 9}12 show the 66 and 102.5 eV 238U reson-
ances in capture and transmission. In capture, Figs.

9 and 10, the BBT shows a dramatic reduction in
the amount of neutron tail compared to the bounce
target seen in the low energy wing of both reson-
ances. The two transmissions, Figs. 11 and 12, show
a reduced amount of neutron tail for both the
AWMT and the BBT compared to the bounce
target in the low-energy wing of the resonances.
The resonances are also deeper for the BBT and the
AWMT than for the bounce target. This also indi-
cates an improved resolution for the BBT and the
AWMT compared to the bounce target.

To allow a quantitative comparison of the res-
olution of each target, an empirical method was
used which involved broadening the calculated
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Fig. 12. Transmission data near the 102.5 eV 238U resonance
for the bounce target, the AWMT and the BBT.

transmission, based on ENDF/B-VI evaluated
cross-section data [11] for 238U. The calculated
transmission was broadened with a resolution func-
tion that contained several variable parameters,
and then the resolution-broadened data were com-
pared to the experimental data. The resolution
function parameters, which lead to the best "t of
the experimental data, were selected to represent
the RPI resolution function. Using this method and
the MCNP modeling results as a guide, the target
and detector resolution function for the AWMT,
BBT, and bounce target were determined and
compared.

The total resolution function has four compo-
nents, which act to broaden the data: the burst
width, the channel width, the target plus moder-
ator, and the detector. The burst width and channel
width component shapes are well known and can
be described by a Gaussian and rectangular func-
tion, respectively. Pre-broadening the theoretical
resonance shape with a Gaussian function, repres-
enting the burst width, and a rectangular function,
representing the channel width, accounts for the
broadening e!ects of two of the four resolution
function components. Using this pre-broadening
procedure, the resolution function, which achieves
a best match to the experimental data, represents
the target and detector resolution components
only. Since the bounce target, BBT, and AWMT
experimental data were gathered in transmission
using the same detector, this method allows a direct

comparison of the resolution performance of each
target and a determination of the combined target
and detector resolution function shape.

The resolution parameters could be determined
at each resonance energy. Then the energy depend-
ence of these parameters could be obtained by
"tting them over this energy-range. This energy-
dependent resolution function is then valid over
that energy range.

Using MCNP results as a guide, a sum-of-ex-
ponentials function was added to a chi-square func-
tion to describe the tail-in-time of neutrons from
the target. This sum-of-exponentials function was
inferred from modeling the neutron attenuation in
the 6Li-glass detector using MCNP. The chi-square
function was used as a starting point since it is used
to describe the target resolution in SAMMY [12],
an Oak Ridge code used at RPI for the determina-
tion of resonance parameters. The chi-square func-
tion used for the resolution function "tting took on
the form

(t#shift)2

2K3
expC

!(t#shift)

K D (3)

where the variables K and shift are adjustable para-
meters during the "tting. The non-negative neutron
tail-in-time, "tted to the experimental results, took
on the form

A
1CA2

e~A3(t`t0 )#A
4
expA!A

t#shift

K BBD (4)

where A
1

also is an adjustable parameter to
increase or decrease the amount of neutron tail.
Thus, during a resolution function "t, the three
parameters to adjust are K, shift, and A

1
. For the

target and Li-glass detector system, the follow-
ing values have been obtained: A

2
"!65.638;

A
3
"5.0; A

4
"0.39383; t

0
"0.94 ls; shift"0.94 ls;

K"1.25 ls.
As an example, the left side of Fig. 13 shows

ENDF 238U data for the 102.5 eV resonance
broadened only with the burst and channel width
functions, overlaid with experimental data for the
AWMT with a 30 mil sample. The right side of Fig.
13 shows the same ENDF data, now broadened
with all the components of the resolution function.
This consists of the sum of Eqs. (3) and (4). The
integral over all time of this sum is normalized to
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Fig. 13. 238U ENDF data broadened only with the burst and channel width functions, compared with experimental data (left side); and
ENDF 238U data broadened with all the components of the resolution function, compared with experimental data (right side). The
AWMT target was used for this experiment.

Fig. 14. Best "t resolution function for the AWMT at 102.5 eV
in 238U.

unity. This represents the best "t possible by adjust-
ing the three independent parameters within the
resolution function, based upon a calculated min-
imum reduced chi-square (s2

R
). The excellent "t to

the experimental data here is re#ected in a low
value of s2

R
"1.7. Fig. 14 shows the resolution

function providing the "t given in Fig. 13 (right
side) for the AWMT, representing the combined
target and detector resolution e!ects.

Experiments were performed for the AWMT,
BBT and bounce target using U samples to evalu-
ate the resolution function for each. The experi-
mental data were then "tted with Eqs. (3) and (4),
to determine K, shift, and A

1
[9]. The results of

the "tting are presented in Tables 4 and 5 for the
combined target and detector components of the
resolution function. For the BBT data, the quantity
in parenthesis is the thickness (in mils) for the
U sample used to get that particular s2

R
. A 30 mil

sample was used in all cases for the bounce target
and the AWMT, where only transmission data
were obtained. Tables 4 and 5 do not provide
values for the shift variable because a value for the
shift variable is not indicative of the quality of the
target in terms of the resolution function. Compar-
ing the values for shift for all three targets at a par-

ticular resonance energy does not tell if one target is
best; it merely brings the experimental data in tem-
poral alignment with the burst and channel width
broadened ENDF data. Note that the parameter
K depends upon the moderator, target geometry,
and detector geometry in a complicated manner.
The chi-square value represents the result of the
best "t to the experimental data.

Tables 4 and 5 show the superiority of the new
BBT and AWMT over the older bounce target.
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Table 4
Values of K and the related s2

R
for the BBT, bounce, and AWMT

Resonance energy BBT BBT s2
R

Bounce target
K (ls)

Bounce target s2
R

AWMT s2
R

(eV) K (ls) K (ls)

66.03 0.101 1.1 (5) 0.114 2.1 0.100 1.4
2.1 (10)

102.54 0.085 1.1 (5) 0.096 1.7 0.085 1.7
2.6 (10)
1.3 (20)

116.9 0.083 2.6 (10) 0.093 1.7 0.082 2.1
2.1 (20)

189.7 0.073 3.9 (10) 0.086 3.4 0.074 2.4
1.3 (20)

Table 5
Values of A

1
and the related s2

R
for the BBT, Bounce, and AWMT

Resonance
energy (eV)

BBT A
1

BBT s2
R

Bounce target A
1

Bounce target s2
R

AWMT A
1

AWMT s2
R

66.03 0.579 1.1 (5) 0.834 2.1 0.485 1.4
2.1 (10)

102.54 0.749 1.1 (5) 0.958 1.7 0.540 1.7
2.6 (10)
1.3 (20)

116.9 0.648 2.6 (10) 0.977 1.7 0.590 2.1
2.1 (20)

189.7 0.715 3.9 (10) 1.00 3.4 0.610 2.4
1.3 (20)

From Table 4, the resolution function "ts show that
for every sampled 238U resonance, the values for
K are lower for the BBT and the AWMT water
moderated compared to the bounce target. This
lower value for K quantitatively proves what was
seen in Figs. 9}12 in terms of resolution improve-
ment. Table 5 also shows a reduced amount of
neutron tail (A

1
) for both the BBT and AWMT.

This is attributed to the removal of the "xed lead
shield in these target designs, and con"rms the
MCNP modeling results discussed previously.

8. Conclusion

Two new photoneutron targets have been de-
veloped for neutron time-of-#ight experiments
at the Gaerttner LINAC Laboratory. When
compared to the older bounce target, both the

AWMT and BBT exhibited superior resolution.
The AWMT had twice the neutron intensity as the
bounce target, while the BBT in the o!-axis position
had the same intensity as the bounce target. How-
ever, the AWMT had higher neutron background
(lower signal-to-background ratio) in the keV energy
region than either the BBT or the bounce target.
Given the BBTs superior signal-to-background ratio
in the keV energy region and its versatility to be
readily con"gured from an o!-axis to on-axis target,
the BBT has been selected as the target of choice for
epithermal time-of-#ight measurements.
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