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Fission Physics and Cross Section Measurements with a Lead Slowing down
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A Lead Slowing Down Spectrometer (LSDS) provides a high neutron flux environment that en-
ables measurements of small samples (∼µg) or samples with small cross sections (tens of µb). The
LSDS at Rensselaer Polytechnic Institute (RPI) was previously used for fission cross section mea-
surements and for studies of methods for assay of used nuclear fuel. The effective energy range for
the LSDS is 0.1 eV to 10 keV with energy resolution of about 35%. Two new LSDS applications
were recently developed at RPI; the first enables simultaneous measurements of the fission cross
section and fission fragment mass and energy distributions as a function of the incident neutron
energy. The second enables measurements of the (n,α) and (n, p) cross sections for materials with
a positive Q value for these reactions. Fission measurements of 252Cf, 235U, and 239Pu were com-
pleted and provide information on fission fragment and energy distributions in resonance clusters.
Measurements of the (n,α) cross section for 147,149Sm were completed and compared to previously
measured data. The new data indicate that the existing evaluations need to be adjusted.
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I. INTRODUCTION

A Lead Slowing Down Spectrometer (LSDS) is a large
cube of lead with a pulsed fast neutron source in its
center [1]. The neutron slowing down process results in
a high neutron flux with about 35% energy resolution in
the energy range between 0.1 eV to 10 keV. The relation
between the slowing down time t and the mean neutron
energy E in the LSDS is very similar to the expression
used for neutron time-of-flight experiments:

E =
K

(t− t0)2
. (1)

The constants Kand t0 depend on the size and purity
of the lead cube; for the RPI LSDS with cube side of
180 cm, K =165 keV*µs2 and t0 = 0.3 µs [1]. To per-
form a fission cross section measurement, a detector is
placed in the LSDS and the reaction rate R is recorded
as a function of the slowing-down-time. The fission cross
section at energy Ei corresponding to slowing down time
ti recorded in channel i is given by [2]:

σf (Ei) =
R (Ei)

Nηϕ (Ei) ∆Ei
, (2)

where N is the number of atoms in the sample, η is the
detector efficiency, ϕ(Ei) is the neutron flux per eV at
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energy Ei, and ∆Ei is the energy width of channel i.
Measurement of other cross sections such as (n,α) and
(n, p) is done a similar way.

In the US there are currently two spectrometers; one
at Rensselaer Polytechnic Institute (RPI), and another
at Los Alamos National Laboratory (LANL). Previous
fission cross section measurements at the RPI and LANL
LSDSs can be found in previous publications, for exam-
ple [2-5]. Other LSDS devices were also constructed in
Russia [6] and Japan [7]. We report on two new appli-
cations of the LSDS; the first provides more informa-
tion about physics of the fission process obtained from
simultaneous measurements of the fission cross section
and fission fragment mass and energy distributions as a
function of the incident neutron energy. The second en-
ables measurements of the (n,α) and (n, p) cross section
on materials with a positive Q value for these reactions.

In order to measure the fission fragment mass and en-
ergy a double gridded fission chamber was constructed
and placed in the LSDS about 40 cm from the neu-
tron source. The design of the chamber and associated
electronics allowed relatively fast recovery from the very
strong gamma flash to allow measurements up to 2 keV.

Compensated detectors were developed to allow mea-
surements of the alphas and protons emitted from neu-
tron interactions with the sample material while operat-
ing in the high neutron and gamma radiation environ-
ment inside the LSDS.
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Fig. 1. The LSDS setup showing the electron beam en-
trance from the left, neutron production target, and detector
locations. To prevent neutron room return the LSDS is cov-
ered with cadmium and shielded with Li2CO3 on the bottom.

II. EXPERIMENTAL SETUP

The LSDS setup at RPI is shown in Fig. 1, the elec-
tron beam is incident from the left hitting an air cooled
tantalum target placed in the center of a high purity lead
cube. There are two detector positions and data can be
measured for two detectors in both locations simultane-
ously.

1. Fission Chamber

The fission chamber is described in detail in Refs. 8 -
11. It is a double gridded fission chamber with a sample
deposited on thin polyamide (∼250 nm) backing posi-
tioned on a cathode at the center of the chamber. A
photo of the internals of the fission chamber is shown in
Fig. 2.

This setup enables measurement of the energy de-
posited by the two fission fragments in the gas. The
signal from the cathode is used for timing and to trig-
ger data collection from the grids and anodes. The data
from the two grids and anodes is used for obtaining the
fragment energy and emission angle. These values are
then used to correct for the energy loss in the sample
and calculate the post neutron emission fission fragment
mass and energy. Using published data for neutron emis-
sion as a function of fission fragment total kinetic energy
(TKE) and mass (see Ref. 12) it is possible to obtain the
preneutron emission mass and energy distributions.

Data acquisition is accomplished by connecting the
fission chambers’ grid and anode signals to a preampli-
fier with a time constant of 500 ns that matches the
charge collection time of about 400 ns. The signal is
then shaped with a 200 ns amplifier and the pulse height
is digitized using ADCs [9].

Data was collected for 0.41 ng of 252C (outside the
LSDS) and was used to test the setup and qualify it by
comparing to published data [10]. Data for 25.3 µg of
235U and 26.9 µg of 239Pu was collected with the LSDS
operating at a pulse rate of 180 Hz, electron energy of

Fig. 2. (Color online) A photo of the double gridded fission
chambers showing the cathode with the sample in the center
(with guard rings above and below) and the two grids and
anodes.

∼58 MeV and average current of ∼8 µA. Although the
sample size is small, the high neutron flux in the LSDS
provided enough events to have small counting statistics
errors in a short run time of a few hours.

2. Detectors for (n,α) and (n, p) measurements

The primary effort in measurements of (n,α) and (n, p)
cross sections was related to finding the appropriate de-
tectors. This is necessary because the LSDS environ-
ment includes a very intense gamma flash and high neu-
tron (and gamma) flux that can damage the detectors
or paralyze the system. The signal obtained from alpha
energy deposition in the detector is much smaller rela-
tive to fission and thus the noise from the high neutron
and gamma flux environment are more problematic in
this type of measurement. The proximity of the detec-
tor to the neutron producing tantalum target results in
an intense gamma flash that induces a large pulse that
paralyzes the electronics and thus induces a long dead
time. It is important to note that according to Eq. (1)
after a slowing down time of 1 µs the mean energy in the
LSDS is about 97 keV and in 4 µs it drops below 10 keV.
It is thus very important to keep the recovery time short
in order to be able to obtain data above 10 keV.

In order to reduce the gamma flash dead time, com-
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Fig. 3. (Color online) A diagram of the two PIPS detectors
in a compensating configuration. This configuration enabled
measurements of the sample signal and background using the
sum signal.

pensated detectors are used. Several compensated detec-
tor concepts were examined including: solar cells, ion-
ization chambers [13], GEM based detectors and solid
stated Passivated Implanted Planar Silicon (PIPS) de-
tectors [14]. The concept that yielded the best result was
the PIPS detectors and this is primarily because of the
large signal to noise ratio. However these detectors suffer
degradation during the experiment and can become use-
less after several hours in the LSDS. During the detector
degradation process it was observed that the pulse height
and resolution degrades, but the signal in this detector is
high relative to the noise and with proper configuration
the detection efficiency remains constant. The configu-
ration used included two detectors; the signal of one was
passively inverted and summed with the second detector
to provide compensation during the gamma flash. The
sample faced the non inverted detector such that dur-
ing the measurement that detector measured the alphas
emitted from the sample and the second measured the
background. This was important in order to make sure
that capture gammas from the strong 0.097 eV resonance
in 149Sm that possibly interact with the detector can be
subtracted from the alpha signal. During the gamma
flash both detectors had about the same response and
thus their signal summed to zero (or a small value).

The sum signal was fed to an Aquiris DC4404 12 bit
digitizer and a bipolar signal was recorded such that the
polarity allowed to distinguish the two detectors and
thus provide simultaneous measurements of the signal
and background while using a compensated detector.

III. RESULTS

1. Fission Fragment Spectroscopy

Simultaneous measurements of the fission cross section
and the fission fragment mass and energy distributions
as a function of incident neutron energy were completed
for 235U and 239Pu. The high neutron flux in the LSDS
allowed for short data collection time of a few hours and
provided data from 0.1 eV to about 2 keV. The data

Fig. 4. (Color online) 239Pu preneutron emission fission
fragment yield as function of TKA and mass in the thermal
region (En < 0.1 eV).

below 0.1 eV has poor resolution with respect to the in-
cident neutron energy but can be used to obtain data for
an average thermal spectrum. Data reduction procedure
and results for 235U were outlined in detail in Refs. 9 and
10. A contour plot of the 239Pu preneutron emission fis-
sion fragment yield as a function of the TKA and mass
for incident neutron energy in the thermal region (En <
0.1) is shown in Fig. 4.

Similar data is available for other incident neutron en-
ergies and demonstrate the capability to study fission
symmetry and variations in TKE as a function of in-
cident neutron energy as previously demonstrated for
235U [9]. Figure 5 shows the 239Pu fission cross section
as measured in the LSDS and the energy regions limits
used to construct the mass distributions shown in Fig. 6.
The measured cross section shows the effect of the broad
energy resolution of the LSDS indicating that with the
exception of the low energy resonances, the selected en-
ergy regions can only cover resonance clusters.

The prenuetron emission mass distributions in Fig. 6
show variations as a function of incident neutron en-
ergy. Note the good statistics in these plots which result
from the intense flux inside the LSDS. Region 9 exhibits
strong variations in the yield in the mass range of 100
- 110 and 130 - 140 amu which is currently unexplained
and warrants further investigation. Similar variation was
also observed in one region of the 235U data [9].

2. 147,149Sm (n,α) Cross Section

The isotopes 147Sm and 149Sm both have positive Q
value for the (n,α) reaction which means that there is
no threshold for the reaction. Both reactions emit an
energetic 9 MeV alpha particle which easily escapes a
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Fig. 5. Measured 239Pu fission cross section and the energy
regions that were set in order to study the variation in fission
fragment mass and TKE.

Fig. 6. 239Pu preneutron emission fission fragment mass
distributions for several incident neutron energy regions cor-
responding to Fig. 5.

relatively thick sample thus helping to reduce degrada-
tion of the detection efficiency.

Samples of 147Sm and 149Sm were prepared by dis-
solving Sm2O3 in nitric acid. Solutions of enriched
147Sm (98.03%) and 149Sm (97.67%) isotopes were stip-
pled onto a thin backing to form nitrate samples con-
taining 8.25 mg 147Sm and 7.99 mg 149Sm with sam-
ple area of about 1.4 cm2. As discussed in section 2.2
the data was analyzed to separate negative from posi-
tive pulses to allow background subtraction. The 147Sm
data was reduced to cross section and was normalized to
ENDF/B-7.0 [15] broadened to the LSDS resolution in
the energy range from 3 – 300 eV In this energy range
the ENDF cross section overlaps a newer high resolution
measurement [16] which was not included in the evalua-
tion.

The 149Sm data was analyzed using the detection effi-

Fig. 7. (Color online) 147,149Sm (n,α) cross section mea-
sured with the LSDS at RPI compared with other data and
current evaluations broadened to the LSDS energy resolution.

ciency obtained for the 147Sm sample. The cross sections
for both isotopes are plotted in Fig. 7. In both cases the
data is considerably different from the evaluations. For
the case of 147Sm there is good agreement to Ref. 16.
The 147Sm thermal cross section agrees better with the
JENDL 3.3 evaluation [18] and is higher than Ref. 19.
For 149Sm the cross section is in good agreement with
the measurements of Refs. 20 - 22 and in the thermal
region it is closer to Ref. 23 disagreeing with the two
evaluations.

IV. CONCLUSIONS

The LSDS provides a high flux environment that en-
ables neutron induced reaction measurements of small
samples (<µg) or samples with small cross sections (tens
of micro barns). Although in its useful energy range be-
tween 0.1 eV and 10 keV the LSDS has an energy res-
olution of about 35%, it can be used to obtained useful
data in the resonance region.

A method for simultaneous measurements of the fis-
sion cross section and fission fragment mass and energy
distributions as a function of incident neutron energy
was developed and used for measurements of 235U and
239Pu samples. The high flux environment allows the
use of small mass samples and requires a relatively short
experiment time. This capability enables measurement
on actinides that are available in small quantities.

Data presented here and in Refs. 9 and 10 demon-
strate the ability to extract information on the variations
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of mass and energy distributions with incident neutron
energy in the resonance region. Fission yield data as a
function of TKE and fragment mass were measured and
currently, in conjunction with advanced fission models
[17], these data can be used to predict the impact on
other fission observables.

Methods were developed to perform (n,α) and (n, p)
cross section measurements with the LSDS. A system of
solid-state PIPS detectors was used to construct a com-
pensated detector and enabled simultaneous measure-
ment of the alpha particles and the neutron and gamma
induced background. Measurements of 147,149Sm sam-
ple demonstrate the ability of this system to provide
new cross section data to improve current evaluated data
files. Improvements to the method by using other types
of detectors and methods to eliminate background from
radioactive samples are under development.
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