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To improve the accuracy of the ?**U(n,f) cross section, measurements have been

made of this standard cross section at the target 4 facility at Los Alamos National

Laboratory (LANL).

‘The data were obtained at the 20-meter flight path of that facility.

The fission reaction rate was determined with a fast parallel plate ionization chamber and

the neutron fluence was measured with an annular proton recoil telescope.

The

measurements provide the shape of the 23%U(n,f) cross section relative to the hydrogen

scattering cross section. for neutron energies from about 3 to 30 MeV neutron energy.
data have been normalized to the very accurately known value near 14 MeV.
in good agreement with the ENDF/B-VI evaluation up to about 15 MeV neutron energy.

The
The results are
Above

this energy differences as large as 5% are observed.

(*3%U(n,f) standard cross section; H(n,n) standard cross section; annular proton recoil
telescope; fission; fission chamber; fluence; neutron; standard)

Incroduction

The #*%U neutron fission cross section is one
of the most commonly used neutron cross section
standards. In certain energy regions almost all
fission cross section measuremencs have been made
relative to this standard. It should be noted that
any improvement in the #**U(n,f) cross section, in
the region where it is used as a standard, improves
all cross section measurements which have been made
relative to this standard. Though many measure-
ments of this cross section have been made, signif-
icant differences in the data exist, particularly
at high neutron energies.
in neutron fluence scandards in cthe upper MeV
energy region and notably above 20 MaV as a result
of applications in radio-therapy, fusion, accel-
erator shielding, radiation damage, etc. In
response to this need the present shape measure-
ments were made which are normalized to the very
accurately known 2*%U(n,f) cross section near
14 MeV neutron energy.

Experimental Details

The measurements were made at the 20 n
station of the Weapons Neutron Research (WNR)
target 4 neutron time—of-flight facility at LANL.
The experiments were performed during several
different running periods with different data
acquisition systems and expsrimental conditions.
The neutron fluence and fission reaction rates were
decermined with an annular proton telescope (APT)
and a multiplate fission chamber, respectively. A
white spectrum of neutrons was produced by 800 MeV
protons from the proton linear accelerator of the
Los Alamos Mesan Physics Facilicy bombarding s
tungsten target 7.5 cm long and 3 ca in diameter.

*Research sponsored in part by the U.S. Department
of Energy.

There is recent interest

The 20 m flight path is at an angle of 60 degrees
with respect to the incident proton beam. For this
work, the-spacing between the sub-nanosecond width
microstructure pulses was about 4 us. The experi~-
ment employed a collimated beam which passed
through an evacuated flight pach tube with a
2.54=cm thick polyethylene (CH;) filter to reduce
overlap effects due to previous miéropulses and
permanent magnets to deflect charged particles from
the beam. The beam then entered the fission
chamber, passed through 0.46 m of air, entered the
APT, and was finally dumped in a concrete slab 5 o
from the APT. . : .

Neutron Fluence Detector

° A proton telescope with an annular geometry
was used to measure the energy dependence of the
neutron fluence. Recoil protons, emitted from a
thin CH; film placed in the neutron beam, were
counted in a lithium drifted silicon (Si(L1))
detector which was shielded from the neutron beam
by a carefully aligned copper shadow shield
suspended in the center of the beam. The present
detector is a design improved over that used in
Ref. 1 since it has a larger evacuated containing
vessel and a tapered copper shadow shield to reduce
the background. This APT detector was used in
measurements [2] of the 2%%U(n,f) cross section on
the National Institute of Standards and Technology
linac. Significant improvements [3] in the perfor-
mance of this detector system have been aade
compared to that given in Ref. 2. For the measure-
ments a CH, film having a thickness of 2.08 mg/cm’
and a diameter of 12.7 cm was used. The background
was deternined from a series of measurements made
with and without the CH; fila in place and with and

ithout a tantalum cap over the Si(Li) deteccor.
the tantalum cap is sufficiently thick to eliminate
proton recoil events but was assumed to be trans-
parent to neutron and gamma ray backgrounds.




Tor each measurement, the ambient background was
letermined from a time window located just before
the WNR micropulse. The time dependent background
<as determined from the quantity A~-B+C. Where A is
che measurement obtained with the CH, film and the
Ta cap, B is the measurement obtained with no CH,
£ilm and the Ta cap, and C is the measurement
obtained with no CH, film and no Ta cap. Normal-
ization of the various background runs was obtained
by using the fission chamber as a monitor. The
background in the telescope was small, a maximum of
a3 few percent. Measurements with CH; and CH films
indicated there were no statistically significant
contributions from neutron reactions with carbon.

Monte Carlo calculations were made of an
additional background associated with neutrons
which scatter from the shadow shield and then
either strike the CH, film or scatter from the
containing vessel and strike the CH, film. This
background was found to be negligible.

Further information about the APT, and
typical pulse height discributions for this
detector and the fission chamber employed in this
experiment are shown in Ref. 3. The bias channel
used for the APT was neutron energy dependent and
was seCt to include the proton recoil events and
discriminace against background events. The
intrinsic resolution of the 3-mm thick Si(Li)
detector was better than 2% for *‘!Am alpha
particles. The pulse height resolution observed in
this experiment was dominated by the angular spread
of the proton recoils and their energy loss in the
CH, film. The efficiency of the APT detector was
calculated taking into account the angular distri-
bution of the proron recoils and the finice size of
the CH, film. Relativistic transformations from
the center of mass to laboratory systsm were used
in chese calculations. The hydrogen scattering
cross section from the ENDF/B-VI evaluation {4] was
used in these calculations.

Fission Ionization Chami

A fast multiplate fission ionization chamber
{5] with 3 mm plate spacings was used to measure
the #3%U fission reaction rate. It was used at
room temperature and contains a 1.5 atmosphere gas
mixture of 70% methane and 30% argon. A single
pulse height bias was used for the entire neutron
energy range for each of the #**U deposits. The
chamber contained 200 ug/cm? 3?°U deposits of
10.2-cm diameter on stainless steel backings of
0.00127~cm thickness. A backing with no fission
deposit for background estimation and ohe with a
232Cf deposit for diagnostic measurements were
included in the chamber. The 232Cf deposit was
also used to match the gains of the sets of elec-
tronics associated with each of the fission chamber
plates so the background from neutron interactions
in the backing material could be determined. Other
deposits used for fission cross section ratio
measurements (6] to the 33%U(n,f) cross section
were also contained in the chamber. The neutron
beam at the chamber is 12.7-cm diameter. The
diameter of the supporting structure for the
fission backings was 15.2 ca thus the detector
could easily be aligned to ensure that the neutron
beam would not sctrike this structure.

Corrections for fission events which do not
escape from the deposit were made using the
expression given by Carlson (7]. This expression
takes into account both angular distribution and
momentum effects. The deposits wers all facing
away from the neutron producing cargst. The maxi-
mum correction relative to the 14 MeV value where

the data are normalized {s 0.5%. The background
contribucion in the fission chamber due co overlap
neutrons from previous micropulses was calculaced
using the neutron spectra of Russell [8]. This
contribution was less than 0.1lw. _

The ambient background for the fission -
chamber was measured by using a time gate located
just before the WNR micropulse. The results of a
run with the fission chamber out of the beam agreed
with that of an ambient run. A determination of
the background from neutron interactions in the
backing material indicated a negligible effect for
the energy range of these cross section measure—
ments. A check was made to determine if neutrons
scattering from the shadow shield in the annular
proton telescope caused a background i{n the fission
chamber. The test was performed by moving the
telescope entirely out of the beam. No change in
fission chamber count rate was observed. Further
tests for background which related to both' the
fission chamber and the APT were performed. These
tests included a run to check for high energy
charged particles in the beam, a run to check for
"eross talk" backgrounds related to the other
flight paths, and a run with the target out of
position. These runs indicacted no significant
background. Monte Carlo calculations were made of
the background from neutrons which scatter from the
beam defining collimators into the detectors. This
contribution was negligible.

Rata aAcquisicion

The APT and each fission foil employed essen-
tially the same electronics. The electronic system
permitted fast timing which is needed for the use
of the time-of-flight technique and some inregra-
tion of the pulse to provide reasonable pulse
height resolution. A tagging method was used which
allowed the timing information from all the detec-
tors to be digitized i{n one analog to digital
converter (ADC). The energy scale was established
from transmission measurements of carbon reson—
ances. Similarly all the pulse height signals were
digitized in a single separate ADC. The data were
taken and stored in an event by event mode. Each
event is composed of three words: the tag which
defines the detector in which the event occurred,
the digitized time-of-flight and the digitized
pulse height. Storing the data in this manner
allows the experiment to be "replayed” so that
shifts, etc. can be noted and handled appropri-
ately. It does, however, require the storage of a
significant amount of data.

-Analysis and Results

The APT data were sorted with an energy
dependent bias, divided by the efficiency,
corrected for backgrounds and the transmission
through the materials between the fission chamber
deposits and the APT, and grouped into energy
groups. The resulting data are shape measurements
of the neutron fluence. The fission chamber data,
which uses an energy independent bias, were sorted,

-corrected for backgrounds, grouped and divided by

the fluence to produce a cross section shape. The
statistical uncertainty, one sctandard deviatiom,
yfor the measurements varies from about 1% at the
lowest energy to about 2% at the highest energy.
The dead time correction for the APT as a function
of neutron energy is almost identical to that for
each of the fission chamber deposits. Since the
ratio of these quantities is used in the analysis,
no correction was made for dead time affects.




A separate measurement {9] of the #3*U(n,f)
cross section was made using the same fission
chamber and at the 20 m station used for the
present investigation, however, the neutron fluence
was determined with two new proton telescopes. The
Low energy telescope (LET) uses a thin CH, film and
a Si(Li) detector in a vacuum enclosure at ~15
degrees from the beam line. The geometry allows
very good proton recoil pulse height resolution.
This detector is located downstream from the
fission chamber. The other telescope is the medium
energy telescope (MET) which is also at an angle of
15 degrees from the beam but is operated in air
downstream from the LET. The MET is composed of a
CH, disk and three collinear proton detectors. The
detectors are a 0.l6~cm thick plastic scintillator,
a 0.6—cm thick plastic scintillator and a 15.2-cm
thick CsI scintillator. The MET is used in a
coincidence mode in order to reduce the background.
3y combining the results from these two detectors,
the fluence can be determined from 3 to greater
than 250 MeV. R

The results of the present investigation are
shown in Fig. 1. They agree well with the
ENDF/B-VI evaluation below 15 MeV. At higher
energies differences as large as 5% exist. Also
shown in this figure are the results obtained by
Alkhazov [10] and those of the separate measurement
79] at this facility. These measurements are in
generally good agreement with the present work and
suggest that the ENDF/B-VI evaluation is low above
15 MeV. .
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Fig. 1. Comparisons of the most recent measurements of che 235(n, f) cross section with the ENDF/B-VI
evaluation. The data shown are the presentc measurements (labelled APT), those of gef: 9
(labelled LET + MET) and Ref. 10. The statistical uncertainties, ome standard devxacxo?, on
all these data are - 1-28%. The energy scale in the figure changes from linear to logarichmic
at 30 MeV.




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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