Yoroe ., Anlin Cfdhu1” o Heelear Lot :;gst;ji%f, A
r

Ve . , ey Bo -
rH Thile Geopor 7 AZor- § CoNF-880546--42

MEASUREMENTS OF THE 235p(n,f) STANDARD CROSS SECTION AT
THE NATIONAL BUREAU OF STANDARDS DE89 004817
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ALStract: The primary mission of the Neutron Interactions and Dosimetry Group at
the National Bureau of Standards (NBS) is the measurement of the standard neutron
cross sectfons. The group has had a long-term program for the measurement of one
of the most important of these cross sections - the neutron-induced 7ission cross
section of 2351, Since the ENDF/B-VI evaluation has been recently released, it is
appronriate to review the measurements of the 2359(n,f) cross seciion which have

been mace 4t the NBS using accelerator-based neutron sources.
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to 20 MeV region where this cross section is a standard, six

separate -visurements of the differential cross section, using a variety of
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sccelerator have been used as neutron sources.
ire relative to the H(n,p) cross section while the remainder are
"~ese measurements will be reviewed and compared to ENDF/B~VI. The

Both the NBS 150-MeV Electron Linac and the 3-MV

Two of the

current <-irus of this program and possible future improvements will, be disrussed.
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*~rroduction

The neutron-irdnced fission cross section of
23511 {5 one of the ~no«t important standard cross
cacrions. Neutrnn detectors using foils with
dep ~its of 233v irs relatively easy to build and
calibra.~. Trus, rart of this standard's
importance '~ i» ity widespread use for neutron
fluence monite. =z, In addition, 235U forms the
basis for an ertir- ‘ndustrv, the power reactor

industrv. Consecuentliv, an accurate knowledge of
the fission cross section “or this material is
vital.

The “eutron Interactions a1 Dosimetry Group
at the National Bureau of Standaruz (NBS) has had
a long-term program far the measurencnt of the
neutron-induced fission cross section ¢ 235y, 1In
this program six serarate measurements ot this
cross section using a variety of techniques “ave
been made.l”5 Fach measurement covers a portivn
of the N.1 to 2N VeV range where the cross sectfen
is a standard, but with considerable overlap among
the measurements. ®Rnath the NBS Neutron Time-of-
Flight Facility (NTOFF) which uses the 150-Mev
electron linac as s white neutron source and the
NBS 3-MV Positive Ion Accelerator Facility have
heen emploved for the measurements.,

Recentlv, the FNDF/B-VI evaluation of the
standard neutron cross sections was release.., In
view of this re-evalvation it is appropriute to
review the NBS program for the measurersnt of the
2351(n,f) cross sectinn. These meas' cements will
be compared to both ENDF/B version. V7 and vI®
below.
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Measurements

Since it is proposed to review six separate
measurements, detailed discussion of each is
obviously impossible in this limiret <rice. Four
of these measurements were perfor~e. tsinz NTOFF
and therefore have many common chara-r-ristics
(and consequently some correlated »~rr r . The

electron linac produces a pulsed wi ‘.- <. urce of
neutrons and energy is determined -~v ~votron time-
of-flight, Data are recorded in tw -: .r:veter
arrays (pulse height and time-of-t!: -+ +or both
the fission detector and .he flue-~ .- “itar.

All but one of ths six measur- -~ - . -:se the
same well characterized parallel--' - nization
chamber which contains a total 2:°% -. . ~
170.9 £ 2,0 mg- The characteriza-- “hisg
chamber was reported in Ref. 9.

The major difference in the '~ - -.isure—
ments is.1n the choice of fluence - ©ov2. Two
of the.measurements are relative *~ ghape
‘nfermation from the hydrogen cro- - ooy In
J0e' case a hydrogen gas proportin«:’ ser was

AR

x:sed and in the other case a prot« -
telescone system with an annular .- - * -~ was

employea. The remaining two meas: - were
done with a solute fluence monitors, *.BS Black
Detector!® an. the NBS Dual Thin S~i-t:!!itor

(DTS)1!, respeccively,

At the 3-MV P. itive Ion Accelerar .r Facility
two measurements have “een performed. '~ the
first a pulsed beam tim -of-flight r« ' ~ique was
used with monoenergetic ne. trons fr- ~ :-v
7Li(p,n)7Be reaction. The f.<sion ‘.-. 7)r was
the one discussed above while ti. -~ fluence
monitor was tha Black Detector. - nd
measurement was an absolute measur .- -

Th

l4.1 MeV in which the time-correla--: wiated-
particle technlque was used. In t':. ... “he
fission detector was a smaller par: T- Tate
ionization chamber with a total <°° < of
1546.1 % 1.6 ug.

All six measurements are su~™~:- -1
Table |. Further details on eac™ ~tained

from the references.
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Table |. Summary of 233U(n,f) cross section measurements at the NBS

Fluence Monitor

Ref. Energy Range Neutron Fission Fission Chamber Fluence Monitor
(MeV) Source Chamber Flight Path Flight Path
(m) (m)

1 0.005 - 0.8 white . A 69 H, Cas 200
Proportional

2 HEEY white A 63 Annular 1.7
Proton Recoil

3 n.3 -1 white A 69 .4 Black Detector 200 .8

4 1 - A white A 69.4 DTS 200.8

S N2 - 1.2 Tr1(p,n)?Re A 1.3 Rlack Detector 5.9

A P4, Tuf4,%de)n B - Time-Correlated ~-

Assoclated-Particle

A Large parallel-plit= innization chamber.
B Small parallel~plate ionization chamber.

Results

The cross sections obtained in each of the
six measurements are shown in Figures 1, 2, and
3. The regions »r enerzy covered by the three
figures are from .{ to 1.0 MeV, from 1.0 to 1.9
MeV, and 1.9 to ~,) MeV, respectively. Also
shown as an inset in Figure 3 is the result at
14,1 MeV. The error bars represent the total
error (| standard deviation) including the
estimated svstematic errors. The dashed and
solid lines in these fizures are ENDF/B versions
Vv and VI respectivelw,

For the two relative measurements the
normalization is thte same as that stated in the
most recent publications of the data. The data
of Ref. | are normalized to the 7.8 to 11.0 eV
integral of 243,7 eV-b and the data of Ref., 2
are norrmalized tn 1.20 b at 1.2 MeV,

The two sets of data from Ref, 5 differ by
the size of the conllimation between the fission
chamber and the fluence monitor.

Discussion

For the region up to approximately 2.6 MeV
all of the NBS data sers are in excellent agree~
ment. Above that energy there are two data sets
which extend to 6.0 MeV. There appears to be a
difference of about 27 between these measure-
ments, However that difference is still within
their estimated uncertainties,

DISCLAIMER

For the comparison with the EXNDF/B evaluation
the NBS data sets are generally in hetter agree-
ment with version VI than they are with version V.
For the region up to approximately !.2 “eV this
conclusion is readily apparent. Above that
energy, the uncertainties in the data are too
large and the difference between V and VI tono
small to form a conclusion.

At 14,1 MeV the NBS measurement is i~ excel-
lent agreement with either version ” »r version
VI. Combined with other associated-narticle

measurements near this energy, the !.-"vt noint {s
known trn better than [.0%.

In general for the region betwe-n . ° keV
and 2.6 MeV the goal of obtaining the - r g
section to an accuracy of 1.0% has neiriv =een
achieved with these NBS data. Most & -+« lata
points in this region have uncertaint:i~~ ¢ ahout
2%, Weighted combination of these ‘.-. e
appropriate energy bins can achieve r-o ', * goal.
However below 200 keV there are onlv :. :..ints
and between 2.6 and 6.0 MeV the two ~:*: -wts may
disagree somewhat. Above 6.0 MeV there :ro -0
measurements at the NBS except for ti- - ::t at
14.1 Mev,

Currently the group is involved in : collabo-
ration which will cover the region from 3 to
20 MeV. With this measurement the prohlers
pointed out above are being addressed. “relimi-
nary results are beilng reported at this
conference.

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, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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