NIST Nuclear Reaction Data Activities

Allan D. Carlson

Ionizing Radiation Division

National Institute of Standards & Technology

U.S. Nuclear Data Program Meeting

Brookhaven National Laboratory

April 26-28, 1999

Evaluation activities

The ENDF/B-VI standards evaluation was completed in 1987. At that time evaluations were produced for allthe standards, i.e. H( n,n), 3 He( n,p), 6 Li( n,t), 10 B(n,

� ), C( n,n),

Au( n,

� ), and 235 U( n,f). Some addit io nalimportant reactions were also evaluated. Many important standards measurements have been made since the complet ion ofthat evaluat ion. Studies have shown that some ofthese data willcause important changes in an evaluat ion ofthe standards. This has caused concer ns about the qualit yo fthe standards and the need to improve them. This led to the formation o fan international collaboration effort to update the ENDF/B-VI standards evaluat ion by including standards measurements perfor med since that evaluation was completed. Efforts to increase participat ion and improve the structure ofthe collaboration are underway. Much ofthe work so far has been focused on invest igat ing the database, finding the exper imentaldata through papers, reports, etc and examining themso the data can be prepared for use in the evaluation. A detailed invest igat ion ofthe exper iments will be done to determine uncertaint ies and correlat ions wit hin and among data sets. The evaluat ion procedure to be used is still under study. One proposalwhich is being given ser ious consideration is to fo llow a procedure similar to that used for the ENDF/B-VI standards evaluat ion. The standards would then be obtained by co mbining the results ofa simultaneous evaluat ion and R- matrix analyses. The simultaneous evaluation would allow ratio measurements, shape and abso lute data to be included properly. The R-matr ix analyses would provide a method that allows charged-particle measurements, including angular distribut ion and polar izat ion work, invo lving the same compound nucleus to be included in the evaluat ion. The simultaneous evaluat ion program, the R-matrix program and the databases used in the ENDF/B-VI evaluation are all available for the new evaluat ion. Consideration is being given to an improved way ofdo ing the combinat ion process. A new evaluat ion ofthe H( n,n) cross section byHale is already underwayat

LANL. This evaluat ion is being done independent lyo fthe process descr ibed above.

This charge independent R -matr ix evaluation makes use ofa large data base ofn-p and pp exper imentaldata. The evaluat ion will extend to about 150 MeV neutron energy.

Since this cross section is being evaluated, allmeasurements in the simultaneous evaluat ion and the R- matrix analyses which were measured relat ive to the hydrogen standard willhave to be converted to cross sections using the new hydrogen standard. In addit ion to the H( n,n) work being done by Hale, some work has been done onother standards for energies above 20 MeV. This work was driven bythe need for cross sect ion measurements in this energyregio n where there is a lack ofstandards. The concern led to an IAEA consultants meet ing. The limited scope and manpower available for that work did not allow evaluat ions to be made. But a studywas done ofthe database for possible standards which led to some recommendat ions and the fitting o fdata to provide useable standards in this energy region. More work needs to be done to improve these standards.

Measurement Activities

There have been so me concer ns expressed about the ENDF/B-VI hydrogen scattering cross section. The concern is greatest at back angles, near 180

( in the CMS, fromabout

10 to 15 MeV neutron energyregio n. This cross sect ion is one ofthe most important neutron cross section standards and it is frequent ly used at 0 ( in the laboratorysystem which corresponds to 180 ( in the CMS . New measurements are needed to resolve these concerns for standards applications and for a better understanding ofthe ver y basic interact ion ofneutrons by hydrogen. Measurements have been co mpleted ofthe hydrogen scattering cross section in a Ohio Universit y-NIST-LANL collaborative exper iment. These measurements were made at 10 MeV neutron energyat the Ohio

Universit y Accelerator Laboratory. The D( d,n) neutron source reaction with a gas target cell is being used as the neutron source. The different ial cross sect ion was measured at

11 angles simultaneously wit h

� E-E detector telescopes at each angle. This removes

problems associated with the ver yaccurate monitoring ofthe neutron beamintensit y

which was required wit h a number ofprevious exper iments for which data were taken

one angle at a time. Measurements were made at laboratoryangles of0 ( , and at

equivalent angles on both sides ofthe neutron beam axis o f

� 12 ( , � 24 ( , � 36 ( , � 48 ( and

� 60 ( in order to provide consistencychecks on the results. These angles correspond to the range from180 ( to 60 ( in the center ofmass system. The data are now being analyzed. Preliminar y results appear to be in best agreement with an evaluat ion by

Ar ndt. Plans are being made for an extensio n ofthis exper iment to 14 MeV neutron energy after the 10 MeV data analysis has been completed. This will allow direct compar isons with the data sets which caused the large cross sections at back angles in the

CMS for the ENDF/B-VI evaluation.

The most accurate measurements ofcoherent scattering lengths have been made using a specialneutron inter ferometer at the NIST Neutron Interfero metryand Optics Facilit y.

Measurements have been made for silico n and 208 Pb. For silicon, the coherent scattering length was determined to an accuracyo f0.005% which is an improvement ofa factor of

5 in accuracy co mpared with the best previous measurement. The coherent scattering length is related to the phase shift and can be used dir ectly in certain analysis codes, such as R- matr ix analyses, for evaluat ion ofnuclear cross sections. Theywere used in the

H( n,n) evaluat ion by Hale and in the 235 U( n,f) evaluation work by Moxon.

A cr yogenic calor imeter has been built so that more accurate determinat ions ofthe neutron fluence can be obtained. With the calor imeter the neutron fluence is determined fro mthe heat produced fromthe 6 Li( n,t) 4 He reaction by mo noenerget ic neutrons ( ~ 4 meV) absorbed in a 6 Litarget which is black to neutrons. The goalis to measure the neutron fluence to an accuracyo f0.1%. The artifact standard neutron source NBS-1 will then be compared with the totalemissio n rate fromthis calibrated mo noenerget ic beam byusing a manganese bath. It is expected that an improvement in accuracy ofthe NBS-1 standard source to a totaluncertaint yof0.2% to 0.3% will be realized. The neutron beam can be used for ver yaccurate cross section measurements. Also the improvement in the accuracyin NBS-1 willhave an immediate effect on a large number ofcross section measurements which were made using sources calibrated in baths which have been calibrated with NBS-1.