BNL-NCS-65889

InformalReport

M easurement and Basic Physics

Committee of the U.S. Cross-Section

Evaluation Working Group

Annual Report 1997 by

Donald L. Smith, Chairman

Argonne National Laboratory and

Victoria M cLane

Brookhaven National Laboratory

Compiled and Edited at Argonne National Laboratory

October 1997

National Nuclear Data Center

Brookhaven National Laboratory

Upton, NY 11973-5000

BNL-NCS-65889

InformalReport

M easurement and Basic Physics

Committee of the U.S. Cross-Section

Evaluation Working Group *

Annual Report 1997 by

Donald L. Smith, Chairman

Argonne National Laboratory and

Victoria M cLane

Brookhaven National Laboratory

Compiled and Edited at Argonne National Laboratory

October 1997

National Nuclear Data Center

Brookhaven National Laboratory

Upton, NY 11973-5000

* This work is supported by theU.S. Department of Energy under Contract DE-AC02-

98CH10886.

DISCLAIMER

This report was prepared as an account ofwork sponsored byan agencyofthe United StatesGovernment. Neither the

Un i ted States Government nor anyagencythereof, nor anyof their employees, not anyof their contractors, subcontractors, or their employees, makes anywarranty, express or implied, or assumes anylegal liabilityor responsibility fortheaccuracy,completeness,orusefulnessofanyinformation,apparatus,product,orprocessdisclosed, or represents that its use would not infringe privatelyowned rights. Reference h er ei n t o anyspecific commercial produ ct, process, or service bytrade name , trademark, manufacturer, or otherwise, does not necessarilyconstitute or implyits endorsement, recommendation, or favoring bythe United States Government or anyagency, contractor, or subcontractor thereof. The views and opinions of authors expressed herein do not necessarilystate or reflect those of the United states government or anyagency, contractor or subcontractor thereof.

Table of Contents

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Reports from the Laboratories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Argonne NationalLaboratory(D.L. Smith) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Colorado SchoolofMines (E.F. Cecil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Los Alamos NationalLaboratory(R.C. Haight) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

NationalInstitute ofStandards and Technology(A.D. Carlson) . . . . . . . . . . . . . . . . . . . . . 14

Ohio University(S.M. Grimes and T.N. Massey) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

UniversityofCalifornia-Davis (J.L. Romero) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

UniversityofKentucky-Lexington (M.T. McEllistrem) . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

UniversityofMassachusetts-Lowell(J.J. Egan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

CSEWG Communications Directory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Introduction

The Cross-Section Evaluation Working Gr oup (CSEWG) is a long-standing committee charge dwithresponsibility for organizing and overseeing the U.S. cross-section evaluation effort.

It’s main product is the official U.S. evaluated nuclear datafile, ENDF. The current version of this file isVersionVI.AllevaluationsincludedinENDF,aswellasperiodicmodificationsandupdates to the f ile, ar e reviewed and approved by CSEWG and issued by the U.S. Nuclear Data Center,

Brookhaven National Laboratory. CSEWG is comprised of volunteers from the U.S. nuclear data community who possess expertise in evaluation methodologies and who collectively have been responsible for producing most of the evaluations included in ENDF.

In 1992CSEWGaddedtheMeasurementsCommitteetoitslistofstandingcommitteesand subcommittees. This action was based on a recognition of the importance of experimental data in the evaluation process as well as the realization that measurement activities in the U.S. were declining at an alarming rate and needed considerable encour agement to avoid the loss of this resource. ThemissionoftheCommitteeistomaintaincontactwithexperimentalistsintheU.S.and to encourage them to contribute to the national nuclear data effort. Improved communication and th efacilitationof collaborativeactivitiesareamongthetoolsemployedinachievingthisobjective.

In 1994 the Committee was given an additional mission, namely, to serve as an interface between the appliedinterestsrepresentedinCSEWGandthebasicnuclearsciencecommunity.Accordingly, its name was changed to the Measurement and Basic Physics Committee.

The present annual report is the third such document issued by the Committee. It contains voluntary contributionsfromseverallaboratoriesintheU.S. Theircontributionsweresubmittedto the Chairmanfor compilationandediting. ThisreportisavailableinhardcopyandontheInternet, along with earlier reports from 1995 and 1996, at the National Nuclear Data Center, Brookhaven

National Laboratory. The Web site URL is http://www.nndc.bnl.gov/ (look under "Reports").

Ihopetheinformationprovidedhereonnuclear dataworkinprogressatthereportingU.S.

laboratories will prove both interesting and stimulating to the reader.

Donald L. Smith

Technology Development Division

Argonne National Laboratory

Argonne, Illinois 60439

Internet: Donald.L.Smith@anl.gov

Reports from the Laboratories

The following reports appear in alphabetical order, sorted by submitting laboratory. The individual(s) who prepared the reports at the various contributing laboratories are indicated along with a contact address(es) for reference. Titles of individual contributions and the authors appear as titled subheadings withineachlaboratory report wherever such information was available to the compiler. Note that there may be some duplications of topical material submitted by the reporting laboratories. This is inevitable given the extensive and very desirable ongoing collabor ations between several of these organizations.

Argonne National Laboratory

Contact : D.L. Smith

Technology Development Division

TD-207-DB116

Argonne National Laboratory

Argonne, Illinois 60439

Internet: Donald.L.Smith@anl.gov

Use of Gamma Rays from the Decay of 13.8-sec 11 Be to Calibrate a Germanium

Gamma Ray Detector for Measurements up to 8 MeV

Y. Ikeda,F.MaekawaandY.Uno( JapanAtomicEnergyResearchInstitute,Tokai,Japan );

D.L. Smith ( Argonne National Laboratory ); A. Filatenkov ( Khlopin Radium Institute, St.

Petersburg, Russia )

It is difficult to calibrate germanium (Ge) gamma-ray detectors for accurate measurements above 3-MeV because of the limited availability of convenient radiation sources with well-known gamma-ray emission probabilities. One approach which has been used with some success is to employ prompt high-energy gamma rays from (n,

� ) reactions initiated by low-energy neutrons.

However, to accomplish this requires thermal- or epithermal-neutron beams from a r eactor or

sources of moderated neutrons from an accelerator. Also, there are difficulties with this approach

associated with the fact that the relative intensities of the gamma rays used for calibration will

depend uponwhichresonance(s)areexcitedinneutroncapture,andhenceontheneutronspectrum.

The present approach utilizes the decay of 13. 8- sec 11 Be which is produced by the 11 B1(n,p) 11 Be

reaction. ThereactionQ-valueis-10.724MeVandthethresholdisabout11.7MeV. Inthepresent

investigation, 11 Be wasproducedbythisreactionusingtheintense14-MeVneutronsourceprovided

by the FNS accelerator at JAERI. The cross section for this reaction is around 5.5 millibarn at 14

MeV [1]. A sample of elemental boron in the f or m of tetra-boron carbide was placed in a nylon

c apsule, transported by a pneumatic system to the vicinity of the FNS target, irradiated with

neutrons and then returned promptly to a remote location for counting with agermanium detector.

The relativeefficiency of this detector could then be determined above 3 MeV using the following

11 Be decay gamma rays (with relative intensities indicated in percent): 2.124 MeV (35.5%), 4.666

MeV (1. 82% ) , 5. 019-MeV (0.467%), 5.852 MeV (2.13%), 6.790 MeV (4.48%) and 7.975 MeV

(1.90%) [2]. T he pr esent investigation has explored this approach by performing measurements,

developing dataanalysisprocedures, andestablishingwhichcorrectionstorawdataarerequiredto

develop a reliable efficiency curve for a Ge detector.

__________

[1][1] Evaluated Nuclear Data File, ENDF/B-VI, NNDC, Brookhaven National Laboratory, USA.

[2] E. Browne and R.B. Firestone, Table of Radioactive Isotopes , Wiley, New York, 1986.

7

Neutron Spectrum Adjustment Using Reaction Rate Data Acquired with a Liquid

Dosimetry System

D.L. Smith ( Argonne National Laboratory ); Y. Ikeda, Y. Uno, and F. Maekawa ( Japan

Atomic Energy Research Institute, Tokai, Japan )

A new concept of fast-neutron dosimetry has been r eported recently [1]. It is based on

continuously circulating a liquid containing dissolved chemicals between alocalized neutron field

and a remote location where the induced radioactivities are detected. This approach has been

pursu edfurtherbyexaminingproceduresforanalyzingdosimetrydataacquiredwithsuchasystem.

Reaction ratesweredeterminedfor therelativelyshort-livedradioactivitiesgeneratedinasolution

ofyttrium-chloridehexahydratebythe 16 O(n,p) 16 N, 37 Cl(n,p) 37 S and 89 Y(n,n’) 89m Y reactions. These

reactions exhibit widely different thresholds so they provide complementary information which is

useful for neutron-spectrum adjustment purposes. The technique was applied to an analysis of the

neutron spectrum generated in the vicinity of the the target of the JAERI FNS accelerator. This

spec tr um is dominated by neutrons near 14-MeV, but it also includes lower-energy neutrons

resulting from scattering interactions near the target. A prior representation of this spectr um was

generated from Monte-Carlo neutron transport calculations. The present spectrum-adjustment

procedure is based on Bayesian principles as embodied in a generalized-least- squar es algorithm

[2,3]. This approach combines prior subjective information (a calculated spectrum) and new

objective information (the measured reaction rates) in an optimal fashion, tests the consistency of

these results and provides uncertainty estimates for the adjusted group cross sections. The present

application of this approach yielded reasonably consistent results, but it also indicated a need for

b etter-quality differential cross-section data for those particular neutron-induced reactions which

were employed in this investigation.

__________

[1]D.L.Smith, Y. Ikeda, Y. Uno, andF. Maekawa, Proc. 9thInternationalSymposiumonReactor

Dosimetry , Prague, Czech Republic, 2-6 September 1996.

[2] D.L.Smith, Probability,StatisticsandDataUncertaintiesinNuclearScienceandTechnology ,

American Nuclear Society, LaGrange Park, Illinois, USA, 1991.

[3] D.L. Smith, Report ANL/NDM-128, Argonne National Laboratory, Illinois, 1993.

Data Compilation and the Derivation of Reaction Rates at Stellar Energies for (p,

� ) and (p,

� ) Reactions in the Mass Range A = 30-50

D. Smith ( Argonne National Laboratory ); J. Daly ( Indiana University, South Bend,

Indiana ); L. Van Wormer and R. Miller ( Hi ram College, Hiram, Ohio ); M. Wiescher

( University of Notre Dame, South Bend, Indiana )

Reactions ofthetype(p, � ) and(p,

� ) playimportantrolesinstellarnucleosynthesis[1].This work hasbeencarriedoutintheframeworkofanongoingcollaborationbetweenArgonneNational

Laboratory, IndianaUniversity,HiramCollegeandUniversityofNotreDame.Theobjectiveofthis work is to compile data on these specific reactions, and on the corresponding compound nuclei which are formed, for the mass range A = 30- 50. This project is part of a larger international endeavor to impr ove the data base of nuclear reaction information employed in astrophysical analyses. Usingthiscollectedinformation,reactionratesandtheirassociateduncertaintiesarebeing determined at center-of-mass interaction energies corresponding to Maxwell-Boltzmann distributions forstellartemperatureswhichrangefromT 9 =0.01to10inunitsof10 9 degreeKelvin, i.e. , for kT = 0.86 to 860 keV. Depending upon the individual reactions and compound nuclear systems formed, reaction rates under these conditions may be dominated by a few isolated resonances, by so many resonances that they can be treated statistically, by direct (non-resonant) interactions, or by various combinations of these mechanisms. Regardless of the situation, the calculated reaction rates are found to be extremely sensitive to the stellar temperature T 9 . During the pastyearworkhasbeeninprogressforthefollowingspecificreactions: 31 P(p, � ) 32 S, 31 P(p, � ) 28 Si and 32 S(p, � ) 33 Cl. Summaries of pertinent references found in the literature are being prepared and files of datapublishedthereinarebeingassembledintheEXFORformat[2] for transmittaltodata centers. In the case of 32 S(p, � ) 33 Cl, an Argonne National Laboratory report has been issued summarizing the work on this reaction [3]. Reaction-rate calculations have been performed based on considerationof bothknownindividualresonancesandaHauser-Feshbachapproachwhichcan treat thecompoundnucleusasacontinuumof levels. Uncertaintyestimatesfor thesereactionrates have also been generated. They are based on the propagation of errors in parameters which figure in the reaction-rate calculations.

__________

[1] C. Rolfs and W. Rodney, Cauldrons in the Cosmos , University of Chicago Press, Chicago,

Illinois, USA, 1988.

[2] IAEA Nuclear Data Center, International Atomic Energy Agency, Vienna, Austria.

[3] R.E. Miller and D.L. Smith, Report ANL/NDM-143, Argonne National Laboratory, 1997.

53 V Half-life Determination

D.L. Smith ( Argonne National Laboratory ); A. Fessler ( Institute for Reference Materials and Measurements, Geel, Belgium )

T he halflife of 53 V has been determined bymeasurements of 53 V radioactivityproduced via

53 Cr(n,p) 53 V and 54 Cr(n,np+d) 53 V r eactions that were induced bythe irradiation ofan elemental chromium metalsample wit h fast neutrons. Neutrons with an average energyof19.1 MeV were generated by 3 H(d,n) 4 He reactionsinatitanium-tritidetarget irradiatedwith3-MeVdeuteronsfrom a VandeGraaffaccelerator.Thefull-energy-peakyieldof1006-keVgammaraysfrom 53 V decaywas measured withanintrinsicgermaniumdetector.Twentyfiveindependentdecaycurveswereacquired through repeated irradiations followed bygamma-raycounting. The acquired data (171 data points in all)wereanalyzedusingthemethodofweightedleast-squares.Eachindividualdecaycurveyielded an independent value for the 53 V halflife. The 25 independent half-life valuesdeterminedinthis way were averaged to yield a finalvalue for the 53 V halflife: 93.4 ±1.3 seconds (one standard deviation error). Althoughsmaller thanallbut oneoftheother valuesreportedintheliterature, it isconsistent with mostofthemwithinthegivenerrors.Thepresentresultandtheearlierexperimentalvalueswere thenusedto produceanewevaluation(recommendedvalue) for the 53 V halflife:92.4±1.1seconds

(one standard deviation error).

Measurement of the 52 Cr(n,p) 52 V, 52 Cr(n,2n) 51 Cr, 51 V(n,p) 51 Ti, and 51 V(n, � ) 48 Sc Cross

Sections Between 7.9 and 14.4 MeV

W. Mannhart and D. Schmidt ( Physikalisch-Technische Bundesanstalt, Braunschweig,

Germany ); D.L. Smith ( Argonne National Laboratory )

The cross sections for 52 Cr(n,p) 5 2 V, 52 Cr(n,2n) 51 Cr, 51 V(n,p) 51 Ti, and 51 V(n, � ) 48 Sc were measured at 15 neutronenergies between7.9 and 14.4 MeV. Witha deuteriumgas target, neutrons were produced via the D(d,n) 3 He reaction. The neutronenergies were determined bytime-of-flight techniques. The neutron fluence was monitored using a low-mass 238 U fission chamber. Metallic samples, 10 mmin diameter and 1 mmthick, were attached to the front ofthe fission chamber and were irradiated at zero degrees at a distance of6 cmbetween gas target and samples. The induced radioactivitywasmeasuredwithacalibratedHPGedetector of300cm 3 . Extensivecorrectionswere applied for background and deuteriumbr eakup neutrons to derive high-precision data on monoenergetic neutron cross sections. The results are compared with previous measurements and with ENDF/B-VI, EFF-2.4 and a few other recent evaluations.

Neutron Activation CrossSectionsforShort-lived Isotopesin theEnergyRange16-20

MeV

A. Fessler and E. Wattecamps ( Institute for Reference Materials and Measurements, Geel,

Belgium ); Y. Ikeda ( Japan A tomic Energy Research Institute, Tokai, Japan ); S.M. Qaim

( Forsch ungszentrum-Juelich,Juelich,Germany ); D.L.Smith( Argonne NationalLaboratory )

Neutron activationcrossectionmeasurementsfortheproductionofshort-livedisotopeshave been carried out at the IRMM 7-MV Van de Graaffaccelerator facility, Geel, Belgium, for five neu tronenergiesintherange16-20MeVusingtheT(d,n) 4 He neutronsourcereaction.Theactivities observed inthisworkhadhalflivesrangingfrom7secondsto severalhours, but most werefrom10 seconds to a few minutes. The induced radioactivities were measured byobserving � -rays emitted from irradiated samples with a germaniumdetector. A pneumatic sample transport system(rabbit) was built and a collection ofnaturaland isotopically-enriched sample materials was made available by JAERI.Theenrichedisotopesandcompoundswere: 25 Mg(MgO), 46 Ti and 50 Ti (TiO 2 ), 52 Cr, 53 Cr, and 54 Cr (Cr 2 O 3 ), 54 Fe(Fe 2 O 3 ), 57 Fe (Femetal), 62 Ni (Nimetal), 119 Sn (SnO 2 ) and 138 Ba (BaCO 3 ). The reference crosssectionsforthisinvestigationwere 27 Al(n,p) 27 Mg, 2 7 Al(n, � ) 24 Na and 93 Nb(n,2n) 92m Nb reactions. Data were acquired for so me 30 reactions. In severalcases isomer ratios could also be measured. The cross sections derived fromthese data are compared withexperimentalresults from the literature and with values calculated using the nuclear modelcode STAPRE-H95 [1].

__________

[1] M. Avrigeanu, M. I vascu, and V. Avrigeanu, STAPRE-H - ^A Computer Code for Particle

Induced Activation Cross Sections and Related Topics~ , NEA Data Bank, IAEA 0971/03 (1995).

Colorado School of M ines

Contact : F.E. Cecil

Physics Department

Colorado SchoolofMines

Golden, Colorado 80401

Internet: fcecil@iola.Mines.EDU

Low-energy Nuclear Physics Program

F.E. Cecil, J.A. McNeil, and M.A. Hofstee ( Colorado School of Mines )

Our low-energynuclear physics programis currentlydevoted to four projects:

Thin-thick Target Experiments

Use o f "t hin-thick" targets in which a low-energybeamstops in a target while exothermic reaction products are able to pass through the target and be detected in transmission geometryat forward angles, including zero degrees. Using this technique, we have successfullymeasured the

(d,p), (d,t) and (d, � ) reactions for deuteron bombarding energies of100 and 150 keV. When co mbined with our previous measurements ofthese reactions at backward angles using standard reflection geometry, wenowhaveangular distributionsfor thesereactionsfromzero to 165degrees laboratory scattering angles. We are currentlyapplying this technique to the deuteron-induced reactions on 6 Li, 7 Li, 10 B and 11 B.

Measurements of (d,n) Reactions on Light Nuclei

We are undertaking a series ofmeasurements of(d,n) reactions on light nucleias analogue reactions to t he ( d, p) reactions discussed above. We have acquired and are in the process of calibrating a large volume BC-505 fast-liquid-scintillation detector. The systemwillbe calibrated using thewell-measuredD(d,n) 3 He and 6 Li(d,n) 7 Be reactionsbeforeundertakingour measurements on heavier nuclei.

Theoretical Studies of the Origins of Highly Non-Isotropic (d,p) Angular Distributions

We are continuing our theoreticalefforts to understand the highlynon-isotropic angular distributions ofthe(d,p)reactionsdiscussedabove( Thin-thick TargetExperiments ). Thiseffortwill incorporate explicit exchange effects in the single-nucleitransfer reaction calculations. Preliminary results are able to reproduce the experimentallyobserved strong backward peaking in the

9 Be(d,p) 10 Be reaction. We expect to extend these calculations to the (d,n) react ions whose measurements are discussed above ( Measurements of (d,n) Reactions on Light Nuclei ).

7 Be(p,

� E n � 15 MeV.

Level-density Studies

No author list provided

A paper has been published byF. Bateman et al. (Phys. Rev. C55 , 133, 1997) giving measured valuesfor theleveldensityof 29 Si from3MeVto 22MeV. TheEricsonfluctuationsinthe reactions 27 Al(d,n) 28 Si, 28 Si(n,p) 28 Aland 28 Si(n, � ) 25 Mg were studied inmeasurements carried out at

WNR (Los Alamos) and at Ohio University. Also included in the analysis were level-densityvalues from summing up resolved levels. A set oflevel-densitypar amet er s is derived that fits the level densityover the range 3 MeV � E � 22 MeV.

Neutrons from Protons and Deuterons Incident on Stopping Targets of Beryllium

No author list provided

The productionofneutronsfromstoppingtargetsofberylliumbybothprotonsanddeuterons is ofinterest for applied and medicalphysics. This work has been a collaboration with Ar go nne

National Laboratoryand MIT. To investigatetheproductionofneutrons froma stopping beryllium target, we have made measurements with both NE-213 and lithium- glass detectors. The Al(d,n) reaction at 120 ( and 7.44 MeV incident energywas used to obtain the detector efficiencyfrom0.2 to 15.0 MeV.

The neutron production fromproton bo mbar dment ofberyllium is being considered as a source reactionfor the boronneutrontherapytreatment ofcancer. Thus, the low-energyportionof the spectrumis extremelyimportant. We have completed measurements at incident energies of2.0-

4.0 MeV. Of special interest in our preliminaryresults is the relative importance ofthe neutrons produced frominelastic scattering to the first and second excited states of 9 Be.

We have completed precision measurements ofthe angular and energydependence of neutrons fromthe 9 Be(d,n) reactionat incident deuteronenergies of2.6, 3.0, 3.4, 3.8, 4.2, 4.6, 5.0,

5.4, 5.8, 6.2, 6.6, and7.0MeVusingNE-213detectors. Ameasurement ofthelow-energyneutrons has been completed from3.0 and 7.0 incident deuteron energyusing a Liglass detector array.

Deuteron Optical-model Studies in Fe and Al

No author list provided

An investigationinto thedeuteronopticalmodelnear theCoulombbarrier in 56 Fe and 27 Al is in progress. We have completed initial measurements ofthe neutron, proton, deuteron and alpha channels at energiesfrom2.5to 7.0MeV. Thisset ofdataincludesalloftheopenchannelsavailable in the bottompart ofthisenergyrange. The result ofthese studies willhelp improve our knowledge oftransmission coefficients near the Coulomb barrier for Hauser-Feshbach calculations.

Reaction-channel Widths from Shell-model Wave Functions

No author list provided

We havedevelopedatechniqueofcalculationofthewidthsofvariousreactionchannelsusing wave functionsobtainedfromshell-modeldiagonalization. Thesewidthsarethenusedtopredict the cross sectionofreactions whichcannot be directlymeasured. We have extensivelystudied the 10 Be and 14 C compound nucleiand are beginning studies of 11 B and 12 B. These willbe studied with (p,n) and (d,n) reactions on a 10 Be target.

University of California - Davis

Contact : J.L. Romero

Physics Department

UniversityofCalifornia - Davis

Davis, California 95616

Internet: ROMERO@physics.ucdavis.edu

Measurement of Neutron Elastic-scattering Cross Sect ion for 12 C, 40 Ca, and 208 Pb at

Energies from 52.5 MeV to 225 MeV with Angles from 7 Degree to 23 Degree

J.H.Osborne*,F.P.Brady,J.L.Romero( University ofCalifornia-Davis );J.L.Ullmann,and

D.S. Sorenson ( Los Alamos National Laboratory, Los Alamos, NewMexico ); A. Ling

( TRIUMF, Vancouver, British Columbia, Canada ); R. Finlayand J. Rapaport ( Ohio

University, Athens, Ohio )

Differential neutronelastic-scatteringcrosssectionsfor threeisotopictargets( 12 C, 40 Ca, and

208 Pb) havebeenmeasuredusingthecontinuum-neutronsourceattheLosAlamosMesonProduction

Facility(LAMPF).Incident-neutronkineticenergiesrangedfrom45MeVto250MeV.Thedataare placed in angle and energybins during analysis. Cross sections are computed for mean energies of

52.5, 65, 75, 85, 95, 107.5, 127.5, 155, 185, and 225 MeV. The scattering-angle bins are 2 degree wide with the cross sections computed for mean labo r at o r y angles varying from7 degree to 21 degree. The detector system is based on the conversion ofscattered neutrons to protons in plastic scintillators. The recoilprotons are detected in a large area E-dE detector telescope that uses drift chambers tomeasureanglesanddeterminehitlocationsonthevariousdetectors.Themeasuredcross sections are compared with the predictions ofthree different OpticalModels.

__________

* Ph. D. dissertation, Department ofPhysics, UniversityofCalifornia - Davis, 1995.

Hydrogen Depth Profiling Using Coincidence-proton Elastic Scattering

R.S. King*, T.A. Cahill, C.M. Castaneda, and J.L. Romero ( University of California -

Davis )

A dualioncoincidence technique utilizing proton-protonelastic scattering is studiedfor use in depthprofilinghydrogenconcentrationinthintargets.Particularattentionispaidtounderstanding the effects ofmultiple scattering, energystraggling, and macroscopicallynon-homogeneous target media onthespectraofsummedcoincident-protonenergy.Experimentalresultsfor2.5-MeVprotons incident onthinsandwichtargets ofcarbon/mylar and porous Teflon/mylar clearlyshow the layered hydrogen depth profile. In order to better understand experimental r esults a numericalsimulation program, CPESS, was developed. One immediate and important application ofthis new technique is discriminating betweenorganic vapor and particulateresiduesinquartz and Teflonair filters used to sample fine organic atmospheric aerosols. The measurements were performed at the Crocker

Nuclear Laboratory76-inch cyclotron.

__________

* Ph. D. dissertation, Department ofPhysics, UniversityofCalifornia - Davis, 1996.

Fragmentation of Si Induced by 80 MeV Protons using Reverse Kinematics .

J.L. Romero, F.P. Brady, D.A. Cebra, J. Chance, J. Kintner, and J.H. Osborne ( University of California- Davis ); D.J. Morrissey, M. Fauerbach, R. Pfaff, C. Powell, andB.M. Sherrill

( Michigan StateUniversity,EastLansing,Michigan ); H.K.Tang( I.B.M .Microelectronics,

Semiconductor Research and Development Center, East Fishkill Laboratory, Hopewell

Junction, NewYork )

Differentialcross sections ofcharged fragments near zero degree were measured for the

1 H( 28 Si,A)x reactionat 80MeV/nucleon, usingtheA1200zero-degreespectrometerattheNational

Superconducting Cyclotron Laboratory, Michigan State University. CH 2 and C targets were used.

The fragments detected ranged fromA=5 throughA=28. Preliminaryresults for selected fragments

( 10 Ne, 24 Mg,and 27 Al) andcomparisonwiththeintra-nuclear cascade-statisticalmodeldevelopedby

Henry Tang et al. at I.B.M. (codeNUSPA) werepresentedat the1996InternationalConferenceon

Application ofAccelerators in Research and Industry, Denton, Texas, and published in Ref. [1].

Further analysis is in progress.

__________

[1] J.L. Romero, H.K. Tang, D.J. Morrissey, M. Fauerbach, R. Pfaff, C. Powell, B.M. Sherrill, F.P.

Brady, D.A. Cebra, J. Chance, J. Kintner, and J.H. Osborne, American Institute of Physics

Conference Proceedings No. 392 , 655-658, 1997.

University of Kentucky - Lexington

Contact : M.T. McEllistrem

Department ofPhysics and Astronomy

UniversityofKentucky

Lexington, KY 40506-0055

Internet: marcus@server1.pa.uky.edu

Methods Developments in Nuclear Structure Studies with Neutrons

Coincidence Arrays for use in Neutron Inelastic Scattering

MichaelStrano, P.E. Garrett, Minfang Yeh, and S.W. Yates ( University of Kentucky )

An interimdesign, three detector arrayhas beenused successfullyfor coincidence detection of gamma rays fr o m neutron inelastic scattering. A modified Spencer design, forced reflection co llimatorisusedto collimatetheneutronsto anearlyparaxial2-cm-diameter flux. Thishasenabled the placement ofthe faces of50+% HpGe detectors to within approximately6 cmofthe center of the flux, enabling good coincidence geometrywithout excessive damage to the detectors. Now a morecarefullydesigned four 50+% HpGe arraycarriage is inconstruction. The mounting frame for the four detectorshasshieldingwhichreducescrosstalkbetweenthedetectors. Thisimprovedarray will enabletwicethecoincidencedetectionratethat hadbeenenjoyedwiththeearlier threedetector array, and considerablyimproved background conditions. The new arraywillbe in service by

November, 1997.

Multi-phonon Quadrupole Excitations - SphericalNuclei

Three-phonon multiplets in Cd nuclei

H. Lehmann, J. Jolie( Fri bourgUniversity, Fribourg, Germany ); M. Kadi, P.E. Garrett, and

S.W. Yates ( University of Kentucky )

Manyexamples exist for two-phonon quadrupole triplets near twice the energyofthe onephonon 2+ excitation, but the persistence ofquadrupole collectivityto higher excitationenergies is still anopenquestion.Clearevidenceofthepersistenceofquadrupolecollectivitywouldbeevidence for three-phononmultiplets, at about threetimestheenergyofthesinglephononexcitation. TheCd isotopes seemto be the best place to searchfor multi-phonon excitations. Extensive measurements of gamma-rayspectra as a function ofincident neutron energy(excitation functions) for confident placement oflevels and angular distributions ofgamma rays have given both spin assignments and limitations and lifetimes oflevels. Measurements have beenconcluded for 112 Cd and are inprogress for 116 Cd using isotopicallyhighlyenriched samples.

Three-phonon Quadrupole Excitations

Vladimir Sorokin and Jesse L. Weil( University of Kentucky ); Zoltan Gacsi( Institute of

Nuclear Studies, Debrecen, Hungary )

New measurementsofexcitationfunctionsandangulardistributionshavebeenmadefor 124 Sn, where earlywork identified a quintuplet ofstates whichonlydecayedinto the two-phonontriplet of states. AngulardistributionshavebeenmeasuredforthepurposeofextractinglifetimesusingDSAM techniques. Additionalmeasurements ofangular distributions and lifetimes are planned for the next co uple ofyears. Ifthe lifetimes indicate adequate collectivity, that would be convincing evidence of a three-phonon multiplet in that nucleus.

Collective Levels in the Rare Earth Region via (n,n’ � ) Studies

Band Structures in 166 Er

P. E. Garrett, MinfangYeh, M. Kadi, S.W. Yates( University of Kentucky ); H. Lehmann, J.

Kern, J. Jolie, and N. Warr ( Fribourg University, Fribourg, Germany )

Angular distribut io n and excitation function measurements for 166 Er provided new lifetime measur ements which showed that the state previouslyidentified as the K = 4 two-gamma phonon bandhead wastooslowtobethatcollectivestate.Instead,anotherbandheadwhichhascollectiveE2 decays was identified 50 keV higher than the pr eviouslysuspected bandhead. Also a 0+ state was found which is the 0+, K = 0 bandhead ofa double gamma phonon excitation. Finally, another 0+ level hasbeenidentifiedasthebetabandhead.Thusseveralbandstructureshavebeenclarifiedinthat deformed nucleus.

Lifetime measurementswerecompletedwithourHpGedetectorinsideananti-ComptonBGO shield. This detection systemenables measurement ofangle-dependent energyshifts to a precision of about 0.01keV;this sensitivitymeans we canfixwelllifetimes for neutronscattering fromheavy nuclei.

In order to investigate the properties ofhigher spinstates thancanbe achieved with (n,n’ � ) studies, the 164 Dy( � ,2n � ) reaction has been employed at the PaulScherrer Institute (Villingen PSI,

Switzerland). Analysis ofthis data is in progress.

Level Structures in 178 Hf

P.E. Garrett, Minfang Yeh, M. Kadiand S.W. Yates ( University of Kentucky )

The BGO-shielded anti-Compton spect r ometer is being used to measure levelthresholds, angulardistributionsofgammarays,andlifetimesoflevelsin 178 Hf. Thegoalofthisworkistosearch for multi-phonon structures.

LevelStructures in Quasi-vibrationalNuclei

Transition Rates in 207 Pb

M. Kadi, P.E. Garrett, Minfang Yeh, and S.W. Yates ( University of Kentucky )

DSAM measurements oflifetimes in 207 Pb have been completed. T his nucleus has several single particle levels at low energies, some ofwhich can decayvia single particle E1 transitions. At the sametime, awellknownoctet oflevelsexistsfromcouplingoftheg7/2singleparticleexcitation to the3- collective excitationin 208 Pb. The E1 transitions fromthose levels to the lower-lying single particle levels destroythe octupole excitation. Thus it is possible, inprinciple, to compare E1 rates of these two types o f t r ansition. Ifthe comparison is promising, there maybe a means of distinguishing those E1 transitions de-exciting E3 excitations fromthose ofother, no n- collective excitations. That would be veryuseful in seeking multi-phonon st r uctures involving E3 collective excitations.

Levels and Transition Rates in 116 Sn and 120 Sn

V. Sorokin and J.L. Weil( University of Kentucky ); Zoltan Gacsi( Institute of Nuclear

Studies, Debrecen, Hungary )

Lifetime data has been taken using the DSAM technique, and the voluminous data sets are nowbeingexaminedtoseewhetherthetransitionspeedsareconsistentwiththeextendedshellmodel calculations ofBonsignoriand Allart. The levelscheme of 116 Sn is beautifullyrepresented by these broken pair calculations. The question arises whether the lifetimes, or transition rates will also be found to be consistent, and whether evidence can be adduced for multi-phononexcitations.

Decay Properties and Lifetimes of States in 124 Te

S. J. Etzkorn, P.G. Burkett, and SallyF. Hicks ( University of Dallas, Dallas, Texas ); J.R.

Vanhoy andB.R.Champagne( U.S. NavalAcademy,Annapolis,Maryland ); P.E.Garrettand

Minfang Yeh ( University of Kentucky ).

Excited levels o f 124 Te have been studied using the (n,n’ � ) reaction. Gamma-rayexcitation functions were measured to 3.3 MeV excitation in 124 Te. Multipole-mixing ratios, branching ratios and lifetimes were deduced. These experimentalresults were compared to predictions based on the interacting-boson modelII (IBM-II) and those based on the particle-core coupling model.

Development and testing of the GEANIE coincidence array at LANSCE

R.O. Nelson, G.D. Johns, W.S. Wilburn, D.M. Drake, and R.S. Rundberg ( LANSCE, Los

Alamos National Laboratory, Los Alamos, NewMexico ); D.E. Archer, J.A. Becker, L.A.

Ber nstein, K. Younes, and W. Hauschild ( Lawrence Livermore National Laboratory,

Livermore, California ); G.E. Mitchell( TUNL, North Carolina State University, Raleigh,

North Carolina ); P.E. Garrett and S. W. Yates ( University of Kentucky )

The development and construction ofthe 20 anti-Compton shielded-detector arraynamed

GE ANIE was done primarilybyLANSCE and LLNL personnel, but background tests were do ne with the collaborationofthe two people fromthe UniversityofKentucky. This arrayis now inuse, and LANSCE is accepting proposals for experiments where neutron induced r eact io ns leading to rather high multiplicitydecays would benefit fr o m the use ofsuch an array. The GEANIE arrayis based largelyon the HERA arraywhich had been in use at the Lawrence BerkeleyNational

Laboratoryprior to the arrivalofGAMMASPHERE at that laboratory.

This facility, withthe capacityto measure simultaneouslyover a neutron energyrange from

1 MeVto several-hundredMeVincident-neutronenergywillenablestudiesofnucleireachableonly by(n,xn) reactions -- and not reachable byanycharged particle reactions. As the facilitydevelops, this willbe its capacityofhighest importance.

Tests of Nucleosynthesis of 180 Ta

P.E. Garrett and S. W. Yat es ( University of Kentucky ); R. Nelson ( LANSCE, Los Alamos

National Laboratory, Los Alamos, NewMexico ) ; D. Archer, L. Bernstein, J. Becker, G.

Johns, and W. Younes ( Lawrence Livermore National Laboratory, Livermore, California )

Most mechanismsinvokedtoexplaintheabundanceof 180 Ta mustrelyontheassumptionthat once formed, the naturallyoccurring long-lived isomeric levelcannot be depopulated byexcitation to otherlevelswhichcanthendecaytotheunstablegroundstate.Unfortunately,thenuclearstructure of 180 Ta is not wellknown. Attempts were made to developagoodpictureofthe low-lying levels of this nucleus using the white source techniques ofLANSCE and the GEANIE gamma-raydetection array, but testsshowthat runswillhaveto bemuchlonger thantheallottedtimefor theexperiment.

Further runswillbeattemptedto gainadequatestatisticsto establishalevelschemefor thisnucleus.

Neutron Inelastic Scattering and Separating Isoscalar and Isovector Transitions

Neutron Scattering in 140 Ce and 142 Ce

Gang Chen, Min Li, J.L. Weil, and M.T. McEllistrem( University of Kentucky )

Differential crosssectionsforexcitationof2+, 3-, and4+levelsof 140 Ce hadbeencompleted last year . Additional measurements had been made also for the 2+ and 3- levels of 142 Ce.

Unfortunately, writingerrors inlast year’s CSEWG AnnualReport provided errors. The strengthof both the2+and3- levelexcitationsfoundinneutronscatteringwerecomparedwithstrengthsfound in electromagneticexcitation.Contrarytolastyear’sreportthe2+and3-levelsof 140 Ce werestrongly dominated byvalence proton excitatio ns. But the corresponding levels of 142 Ce were differently excited. The2+levelof 142 Ce wasstilldominatedbyprotonexcitations,butwasmuchclosertobeing an isoscalar transition than in 140 Ce. However, the 3- levelof 142 Ce changed from being dominated stronglybyprotons in 140 Ce to being stronglydominated byneutrons in 142 Ce.

Another surprise was that the 4+ levelof 140 Ce was most stronglyexcited bya single phononE4 amplitude; the two phonon E2 amplit ude was almost insignificant. Problems with the CeO 2 target which had to be used for the 142 Ce experiment prevented measurement ofcross sections for the 4+ levelofthat nucleus; but it was clear that it was much weaker than the 4+ excitation of 140 Ce.

Applied Physics Projects

Tests of Neutron Transmission Detection of Contraband in Luggage

T.G. Miller , Peter VanStaagen, and Cameron Gibson ( Tensor Technology, Madisonville,

Alabama ); M.T. McEllistrem( University of Kentucky )

A heavilyshielded,flux-collimated 9 Be(d,n) 10 B neutronsourcehasbeendevelopedwiththick

Be targets to provide an approximatelywhite neutron source. The 5-degree neut r o n flux is transmitted through suitcases and cargo boxes. The transmitted-neutron spectrumis recorded with a 99-detect or array, to localize the volume elements in the suitcase which give rise to particular transmission spectra.

The totalcross section signatures, which depend lar gelyon resonance structure in the elemental cross sections, are used t o de-convolve the composite attenuation ofneutrons into the individual elementalcomponents. Thenearlyuniqueelement ratiosofeither narcoticsor explosives enable identification ofthese mat er ials. A powerfulneuralnet is trained with element totalcross sections andmanysignaturesofmaterialslikelyto befoundinnormalsuitcases. Materialswhichfall outside thenormallimitsarethentaggedasneedingfurther examination. Thedetectionandanalysis systems are stillunder development.

University of M assachusetts - Lowell

Contact : J.J. Egan

Department ofPhysics and Applied Physics

UniversityofMassachusetts - Lowell

Lowell, Massachusetts 01854

Internet: eganj@woods.uml.edu

Neutron Scattering Data and Fission Spectrum Measurements

G.H.R. Kegel, J.J. Egan, A. Mittler, D.J. DeSimone, C. Narayan, M.L. Woodring, Y. J. Ko,

P.-N. Seo, D.J. Souza, J.R. Tedesco. D.-S. Kim, and T.J. Morancy( University of

Massachusetts - Lowell )

There are three separate projects to report in this category:

High-resolution Neutron Total Cross Sections of 235 U from 200 to 400 keV

High- energy-resolution totalneutron cross section measurements on 235 U in the 200- to

400 - keV range revealfluctuations from7 to 17 barns [1], while broad-resolution measurements averageover theseresonancesandleadto smoothcurves[2]. Thelevelstructureof 235 U issuchthat high resolution (10 keV) measurements are required in neutron scattering experiments to separate elastic and severalinelastic neutrongroups fromeachother. Interpretationofthese data is difficult if the elastic (like the total) cross sectionhas significant fluctuations withenergy. Withthis problem in mind we set out to determine whether the 10-keV-resolution total cr o ss section of 235 U shows appreciable fluctuations bymaking higher resolution(2-5 keV) measurements over alimitedenergy range.

WeusedtheUMLVandeGraaffaccelerator withMobleybuncher to produceprotonpulses with sub-nanoseconddurations. Athickmetalliclithiumtarget wasusedtoproduceneutronsviathe

7 Li(p,n) 7 Be reaction generating a pseudo- whit e neutron spectrum. Neutron time-of-flight spectra were acquired using a thin (1.3 cm) fast plastic scintillator coupled to a Burle 8850 photomultiplier tube. Theneutronflightpathwas309cm. Theneutrontime-of-flight resolutionwasbetter than2ns fo r neutrons above 200 keV. This datumtogether with the 1.3-cmflight path dispersion due t o scintillator thickness lead to an energyresolution ofabout 5 keV at 400-keV neutron energyand 2 keV at 200-keV neutron energy.

After making corrections for "wrap around" contributions to the time-of-flight spectra, data analysis was accomplished byforming the quotient ofsample-in to sample- o ut spectra, suitably normalized, channel-by-channel. The resulting "quotient spectrum" wit h appropriate algebraic operations can be converted into a cross section vs. energycurve. Preliminaryresults indicate that large crosssectionfluctuationsarenotobservedinthishighresolutiondataandthereforeshouldalso be absent in 10-keV resolution data. However we do observe smallfluctuations in the data which exceed statisticaluncertaintiesandtheyarepresumablyreal.TheresultsagreewithENDF/B-VInear

200 and 400 keV but are somewhat less than ENDF between 250 and 350 keV.

As acheckonourtechniquewemeasuredthecarbontotalcrosssectioninthisenergyregion.

The carbon data exhibit no fluctuations and agree wellwith ENDF/B-VI.

Neutron-induced Fission-neutronSpectraof 235 U and 239 Pu forEnergiesBelowtheIncident

Energy

We have completed measurements of fission-neutron ener gy spectra of 235 U and 239 Pu for energies below the incident energyand are preparing the results for publication. The region ofthe fission-neutron spectrumbelow the incident energyhas been particularlydifficult to measure using high resolution time-of-flight techniques because ofthe difficultyin distinguishing elasticallyand inelastically scatteredneutronsfromfissionneutrons.Ourexperimentaccomplishesthisbyemploying three fast barium-fluoride scintillation detectors located veryclose to (6 cmawayfrom) the fission sample to observe fissiongamma rays intwo-fold coincidence to act as a "fissiongate" for the main n eut r o n detector time-of-flight electronics. The ultra-fast barium-fluoride detectors used in coincidence mode provide verycleantime-of-arrivalspectra inwhichfissiongamma-raysignals are well separatedintimefromsignalsdueto gamma-raysgeneratedintheneutronproducingtarget, as wellas fromsignals produced byneutrons interacting in the bariumfluoride detectors.

Using this technique we were able to extend our earlier measurements [3] offissionspectra at 1.5 and 2.5 MeV downto 800 keV providing more data withwhichto compare to predictions of theoretical models o f t he fission mechanismsuch as that ofMadland and Nix [4]. Extending the measurements tolowerenergyalsoprovideabetterexperimentalbasisfordeterminationofthemean ener gy ofthe fission spectrumand for determination of fitting parameters used in empirical expressions used to represent the spectrumsuch as the Watt equation [5].

Decay Rate Measurement for 7 Be in Tantalum and 7 Be in Lithium

Measurements areinprogressofthedecayrateof 7 Be intwodifferentchemicalenvironments.

Beryllium-7 decaysbyelectroncaptureso itsdecayrateisproportionalto theelectrondensityat the nucleus. Hence 7 Be maydecayat different rates when in different chemicalenvironments. Samples of 7 Be in lithiumand 7 Be in tantalumwere prepared byproton bombardment via t he 7 Li(p,n) 7 Be reaction. A quasi-differentialsetup similar to that first described byHuber et al.

[6] is being used to determine anydifference in decayrates.

__________

[1] Victoria McLane, Charles L. Dunford, and Philip F. Rose, Neutron Total Cross Sections, Vol.

2 , Academic Press, N.Y., 705, 1988.

[2] W.P. Poenitz, J.F. Whalen, and A.B. Smith, Nuclear Science and Engineering 78 , 333, 1981.

[3] P. Staples, J.J. Egan, G.H.R. Kegel, A. Mittler, andM.L.Woodring, NuclearPhysics A591 , 41,

1995.

[4] D.G. Madland and J.R. Nix, Nuclear Science and Engineering 62 , 213, 1982.

[5] B.E. Watt, Physical Review 87 , 1037, 1952.

[6] P. Huber, St. Gagneux, and H. Leuenberger, Physics Letters 27B , 86, 1968.

Fission-Product Studies

G.P. Couchell, W.A. Schier, D.J. Pullen, E.H. Seabury, J.M. Campbell, S. Li, H.V. Nguyen, and S.V. Tipnis ( University of Massachusetts - Lowell )

This report summarizes aggregate decay-heat measurements and individualfission-product nuclide cumulativeandindependentyieldmeasurementsthathavebeenbothcompletedandanalyzed.

The research covered three separate areas of fission product studies:

- aggregate gamma-energydistributions and decayheat of 235,238 U and 239 Pu;

- aggregate beta energydistributions and decayheat of 235,238 U and 239 Pu;

- cumulative and independent yields ofshort-lived fission-product nuclides of 235,238 U.

The primaryreason for these studies was to provide tests for evaluated nuclear data files associa t ed with fission, particularlyextending down to veryshort delaytimes where no reliable measurements existed.

Aggregate gamma-rayenergyspectrahavebeenmeasuredforfissionproductsresultingfrom the thermal-neutron fissio n o f 235 U and 239 Pu, and fromthe fast-neutron fission of 238 U. The measurements were performed using a beta-gated 5"x5" NaI (TI) spectrometer and co ver ed an energy range of0.1-8.0 MeV. Spect r a were taken over a decaytime range of0.1 - 40,000s, with measurements made at approximatelythree decaytimes per decade. Anaverage gamma-rayenergy was determined for each spectrumand the gamma-raydecayheat as a function ofdecaytime was deduced fromthe average gamma-rayenergy, measured gamma-to-beta activityr at io and the measured beta activityas a function oftime. Since the noble gases transferred bythe heliumjet are not retained bythe tape transport system, these results r epresent the gamma decayheat excluding noble gases.CINDER[1]calculationswereusedtoestimatethenoble-gascontributionateachdecay time. Correction factors were thus generated to account for t he loss ofnoble gases. Corrected gamma-raydecayheats for 235,238 U and 239 Pu were compared with CINDER calculations and wit h earlier ORNL[2,3]andYAYOI[4-6]measurements.Theagreementisgenerallygoodexceptatthe shortest and longest decaytimes. At the shortest decaytimes there are no earlier measurements for comparison, but our decayheat values are somewhat higher than the CINDER calculations. At the shorter decaytimes the ENDF/B-VI fission-product data base used in the CINDER calculations is supplemented byt heo reticalestimates based on the Gross Theory[7,8] ofbeta decayand a gamma-ray cascade model[9] for estimating the gamma-rayspectra for many unmeasured fission products. Our measurements suggest that the discrepancylies mainlywith the aggregate gamma-to-beta activityratio, rather than with the average gamma-rayener gy o r t he relative beta activity.

Beta energyspectra have been measur ed fo r the aggregate fission products resulting from thermal neutronfissionof 235 U and 239 Pu, andfromfastneutronfissionof 238 U. Thebetaspectrometer consisted ofa 3"x3" plastic scintillator, gated byanopticallyisolated thin-disk scintillator mounted on itssurfaceforgamma-raysuppression.Measuredspectracoveredabetaenergyrangeof0.15-8.00

MeV and spanned a decaytime range of0.4 - 40,000s in steps ofapproximatelythree decaytimes per decade.Theaveragebetaenergywascalculatedfor eachenergydistribution, after correctingfor the 150-keV cutoffofour spectrometer. The beta decayheat was obtained byforming the product o ftheaverage beta energytimes the relative beta activity. Againthe result was corrected for loss of noble gases. Resultsofthepresent studywerecomparedwiththeearlier ORNLmeasurements[2,3] in the case of 235 U and 239 Pu and withthe YAYOI beta decayheat results [4-6] for 238 U. The present results havebeennormalizedtogivethebestoverallagreementwiththeCINDER10calculations.For

235 Uand 239 Pu our results are inexcellent agreement withthose ofORNL throughout their regionof overlap. Excellent agreement was also observed between our 238 U beta decayand that reported in the YAYOI study. For 235 U and 239 Pu bothour measurements and the ORNL resultsare inexcellent agreement with the CINDER10 calculation everywhere, except in the vicinityof1000s decaytime where both measurements suggest a slightlyhigher value fo r the beta decayheat. The UML and

YAYOI beta decayheat measurements for 238 U are also in excellent agreement wit h CINDER10 calculations, with onlya similar slight discrepancyin the vicinityof1000s.

These studies have also determined independent and cumulative fission-product yields following fission of 235,238 U. Measurements ofhigh-resolution gamma-rayspectra, following the thermal-neutron fissionof 235 U havebeenmadewithaCompton-suppressed,beta-gated,high-purity germanium detector at the UML Vande Graafffacility. Thegammaspectra were measured at delay times ranging from0.2s to nearly10,000s following rapid transfer ofthe fission fragments with a helium-jet system. Onthebasisofknowngammatransitions, fortyisotopeshavebeenidentifiedand studied. Bymeasuring the relative intensities and lifetimes ofthese t r ansitions and using their published beta-branching ratios, the relative probabilit ies for direct production ofthe various precursor nuclides have beencalculated. Metastable and ground state yields have been measured in several cases. The division between metastable and ground-state yields tends to be quite uncertain in theENDF/B-VIcompilationandthereforethecurrentmeasurementsareanimportantcontribution to this file. Elementalyields for rubidium, cesium, strontiumand bariumfissionproducts have been c omparedtothoseinENDF.Even-oddeffectsinthedistributionsofpartialelementalyieldswerealso clearlyobserved.

Measurements ofgamma-rayspectra following fast-neutron fission of 238 U with t he HPGe systemdescribed above were performed in a fast-neutronport onthe UML Research Reactor. The cad mium- shielded fission chamber resided near the core and the counting systemwas located at a near by shielded area. The gamma spectra were measured over delaytimes ranging from0.3s to

4,000s. A totalof63 independent yields and 63 cumulative yields have been determined fromour measurements and compared to ENDF/B-VI. Our experimentalvalues typicallyhave uncertainties of 10% or less while the ENDF values have typicaluncertainties of25% or more. Only28% ofthe nuclides in this studyhave previouslymeasured independent and cumulative yield values listed in ENDF with the remainder based solelyon model calculations. The overallagreement with

ENDF/B-VI is reaso nable, with 57% ofthe values falling within one standard deviation (68% expected) and 81% falling within two standard deviations (95% expected).

As expected, a near-Gaussian distribution ofelementalyields in our measurements was observed for rubidium, strontium, yttrium, cesium, barium, and lanthanum. In most cases the distributions are quite similar to those ofENDF, although our measured distribution for yttrium indicates a shift to lower mass numbers.

__________

[1] T.R.England,W.B.Wilson,andM.G.Stamatelatos, Fission ProductDataforThermalReactors,

Part 2: Users Manual for EPRI-CINDER Code and Data , Report LA-6745-MS, Los Alamos

NationalLaboratory, 1976; also published as Report EPRNI NP- 356, Part 2, Elect r ic Po wer

Research Institute, December 1976.

[2] J.K. Dickens, T.A. Love, J.W. McConnell, and R.W. Peele, ^Fission-Product EnergyRelease for Times Following Thermal-neutronFissionof 239,241 Pu Between2 and 14000s~, Nuclear Science and Engineering 78 , 126, 1981.

[3] J.KDickens,T.A.Love,J.W.McConnell,andR.W.Peele,"Fission-ProductEnergyReleasefor

Times Following Thermal-neutron Fission o f 235 U Between 2 and 14000s", Nuclear Science and

Engineering 74 , 106, 1980.

[4] M. Akiyama, K. Furuta, T. Ida, K. Sakata, and S. An, Journal of the Atomic Energy Society of

Japan 24 , 709, 1982.

[5] M. Akiyama and S. An, "Measurement ofFission- pr o duct DecayHeat for Fast Reactors",

Proceedings ofanInternationalConferenceonNuclearDataforScienceandTechnology , Antwerp,

Belgium, 237, 1982.

[6] M. AkiyamaandJ. Katakura, Measured Dataof DelayedGamma-raySpectrafromFissionsof

232 Th, 233,235 U, and 239 Pu byFastNeutrons-TabularData , Report JAERI-M-88-252, JapanAtomic

EnergyResearch Institute, 1988.

[7] J. KatakuraandT. England, Augmentation of ENDF/B Fission-productGamma-raySpectraby

Calculated Spectra , Report LA-12125-MS, Los Alamos NationalLaboratory, 1991.

[8] K. Takahashiand M. Yamada, Prog ressinTheoretical Physics 41 , 1470, 1969;S. Koyama, K.

Takahashi, andM.Yamada, Progress inTheoreticalPhysics 44 , 633,1970;K.Takahashi, Progress in Theoretical Physics 45 , 1466, 1971.

[9] T. Yoshida and J. Katakura, Nuclear Science and Engineering 93 , 193, 1986.

CSEWG Communications Directory

Addresses for the contributing laboratorycontacts can be found in the main bodyofthis report. The CSEWG Communications Directoryis reproduced here to further facilitate communication between the CSE WG co mmunityand the readers ofthis report. AliLopez,

Brookhaven NationalLaboratory, kindly transmitted this address list to the Chairman in electronic formto facilitate its inclusion in this report.

------------------------------------------------------------------------------

Dr. Lance J. Agee PHONE: 415-855-2106

SystemSafetyand Licensing FAX: 415-855-1026

Analysis

Electric Power Research Institute

3412 Hillview Ave.

P.O. Box 10412

Palo Alto, CA 94304

------------------------------------------------------------------------------

Dr. Alan M. Baxter PHONE: 619-455-2374

Reactor Engineering FAX: 619-455-4571

GeneralAtomics TELEX: 695065

3550 GeneralAtomics Court EMAIL:

P.O. Box 85608 I- baxter@vaxd.gat.com

San Diego, CA 92186-5608

------------------------------------------------------------------------------

Dr. Martin J. Berger PHONE: 301-656-8331

5011 ElmSt.

Bethesda, MD 20814

------------------------------------------------------------------------------

Mr. SamE. Berk PHONE: 301-903-4171

Office ofEnergyResearch FAX: 301-233-2791

Reactors and Systems Radiation EMAIL:

ER-5333 I- sam.BERK@mailgw.ER.DOE.GOV

U.S. Department ofEnergy

1000 Independence Ave. SW

Washington, DC 20585

------------------------------------------------------------------------------

Dr. MulkiR. Bhat PHONE: 516-344-2814

NationalNuclear Data Center FAX: 516-344-2806

Bldg. 197D EMAIL:

Brookhaven NationalLaboratory E- BNL::NNDCMB

P.O. Box 5000 I- NNDCMB@BNL.GOV

Upton, NY 11973-5000

Dr. Robert C. Block, Director PHONE: 518-276-6404

Gaerttner LINAC Laboratory FAX: 518-276-4007

Dept. ofEnvironmentaland EMAIL:

EnergyEngineering I- blockr@rpi.edu

Rensselaer Polytechnic Institute

Troy, NY 12180-3590

------------------------------------------------------------------------------

Dr. J. Blair Briggs PHONE: 208-526-7628

MS 3890 FAX: 208-526-0528

Idaho NationalEngineering EMAIL:

Laboratory I- bbb@inel.gov

P.O. Box 1625

Idaho Falls, ID 83415-3890

------------------------------------------------------------------------------

Dr. Denis E. Cabrilla PHONE: 301-427-1693

EM-431 FAX: 301-427-1016

Quince Orchard, Rm. 487

U.S. Department ofEnergy

1000 Independence Ave. SW

Washington, DC 20585-0002

------------------------------------------------------------------------------

Dr. Allan D. Carlson PHONE: 301-975-5570

Radiation Physics Bldg. C314 FAX: 301-975-4766

NationalInstitute of EMAIL:

Standards and Technology I- CARLSON@NIST.GOV

Gaithersburg, MD 20899

------------------------------------------------------------------------------

Dr. Mark B. Chadwick PHONE: 505-667-7797

Group T-2, MS B-243 FAX: 505-667-9671

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 I- mbchadwick@lanl.gov

------------------------------------------------------------------------------

Dr. Yungan A. Chao PHONE: 412-374-2416

CommercialNuclear FuelDivision FAX: 412-374-2284

P.O. Box 355 EMAIL:

Westinghouse Electric Corp. I- yung-an.chao@cnfd.pgh.wec.com

Pittsburgh, PA 15230-0355

------------------------------------------------------------------------------

Dr. Edward T. Cheng PHONE: 619-793-3567

Suite 203 FAX: 619-793-0569

TSI Research Corp. EMAIL:

225 Stevens Ave. I- ETCHENG@CTS.COM

Solana Beach, CA 92075

------------------------------------------------------------------------------

Dr. Dermott E. Cullen PHONE: 510-423-7359

MS L-298 EMAIL:

Lawrence Livermore National I- CULLEN@TOORED.LLNL.GOV

Laboratory

P. O. Box 808

Livermore, CA 94550

------------------------------------------------------------------------------

Dr. Virginia Dean PHONE: 520-455-5378

Private Consultant FAX: 520-455-5378

HCR 1, Box 407 EMAIL:

Elgin, AZ 85611-9710 I- VIRGINIA.DEAN@mep-1.sprint.com

------------------------------------------------------------------------------

Dr. Ulrich Decher PHONE: 203-285-9346

GC-28 FAX: 203-285-4117

ABB Combustion Engineering EMAIL:

P.O. Box 500 I- Ulrich.Decher@ussev.mail.abb.com

Windsor, CT 06095

------------------------------------------------------------------------------

Mr. Andrew DeLa Paz PHONE: 202-208-6663

Defense Nuclear Facilities Safety FAX: 202-208-6518

Board EMAIL:

625 Indiana Ave. NW, Suite 700 I- andrewd@dnfsb.gov

Washington, DC 20004

------------------------------------------------------------------------------

Dr. TerryE. Dix

MS FA-88

Boeing North American

P.O. Box 7922

Canoga Park, CA 91309

------------------------------------------------------------------------------

Dr. Charles L. Dunford PHONE: 516-344-2804

NationalNuclear Data Center FAX: 516-344-2806

Bldg. 197D TELEX: 967703 BRO US

Brookhaven NationalLaboratory EMAIL:

P.O. Box 5000 I- nndccd@bnl.gov

Upton, NY 11973-5000 I- dunford@bnlnd2.dne.bnl.gov

------------------------------------------------------------------------------

Mr. Colin Durston PHONE: 408-377-4870

S. LevyIncorporated FAX: 408-371-6804

3425 S. BoscomAve. EMAIL:

Campbell, CA 95008-7006 I- COLIN@LEVY.COM

------------------------------------------------------------------------------

Dr. Talmadge R. England PHONE: 505-667-7743

T2, MS B-243 FAX: 505-667-9671

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 I- TRE@LANL.GOV

------------------------------------------------------------------------------

Dr. Stephanie C. Frankle PHONE: 505-665-6461

X-6, MS B226 FAX: 505-665-5538

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 E- MPX0::FRANKLES

I- FRANKLES@LANL.GOV

------------------------------------------------------------------------------

Ian C. Gauld PHONE: 905-823-9040 (EXT: 6416)

2251 Speakman Drive EMAIL:

Atomic EnergyofCanada Ltd. I- gauldi@aecl.ca

Sheridan Sci. and Tech. Park

Mississauga, ON

L5K 1B2 CANADA

------------------------------------------------------------------------------

Dr. Patrick J. Griffin PHONE: 505-845-9121

Dept. 9363, MS 1146 FAX: 505-845-3117

Sandia NationalLaboratories EMAIL:

P.O. Box 5800 I- PJGRIFF@SANDIA.GOV

Albuquerque, NM 87185-1146

------------------------------------------------------------------------------

Dr. HarmGruppelaar PHONE: 31 2246 4083

Netherlands EnergyResearch FAX: 31 2246 3490

Foundation (ECN) TELEX: 57211-REACP-NL

Postbus 1

NL-1755 ZG Petten

NETHERLANDS

------------------------------------------------------------------------------

Dr. L. MichaelGundy PHONE: 803-952-3990

Bldg. 730-B, 3414 FAX: 803-952-3063

P.O. Box 616 EMAIL:

Westinghouse Savannah River Co. I- mike.gundy@srs.gov

Savannah River Site

Aiken, SC 29802

------------------------------------------------------------------------------

Dr. Robert C. Haight PHONE: 505-667-2829

MS-H803, Group P-23 FAX: 505-665-4121

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 I- haight@lanl.gov

Dr. J.M. Harris

MS 0957, P.O. Box 5800

Albuquerque, NM 87185-0957

------------------------------------------------------------------------------

Akira Hasegawa PHONE: 81 292-82-5480

Nuclear Data Centre FAX: 81 292-82-6122

Reactor Engineering Div. TELEX: J 24596

Japan Atomic EnergyResearch EMAIL:

Institute I- hasegawa@cracker.tokai.jaeri.go.jp

Tokai-mura, Naka-gun,

Ibaraki-ken 319-11

JAPAN

------------------------------------------------------------------------------

Dr. John Helm PHONE: 212-854-2972

Dept. ofApplied Physics EMAIL:

202 Mudd Bldg. I- HELM@CUNIXD.CC.COLUMBIA.EDU

520 W. 120th St.

Columbia University

New York, NY 10027

------------------------------------------------------------------------------

Dr. DanielT. Ingersoll PHONE: 423-574-6102

Bldg. 6025, MS 6363 FAX: 423-574-9619

Oak Ridge NationalLaboratory EMAIL:

P.O. Box 2008 I- DTI@ORNL.GOV

Oak Ridge, TN 37831-6363

------------------------------------------------------------------------------

Dr. Urban Jenquin PHONE: 509-372-4151

Pacific Northwest National FAX: 509-372-6421

Laboratory EMAIL:

P.O. Box 999 I- up_jenquin@pnl.gov

Richland, WA 99352

------------------------------------------------------------------------------

Dr. AlfJonsson PHONE: 860-285-3857

5318-1911 FAX: 860-285-4117

ABB Combustion Engineering EMAIL:

P.O. Box 500 I- Alf.i.jonsson@ussev.mail.ABB.COM

Windsor, CT 06095

------------------------------------------------------------------------------

Dr. Albert Kahler PHONE: 412-476-5399

MS ZAP 34-F FAX: 412-476-6924

Bettis Atomic Power Laboratory EMAIL:

P.O. Box 79 I- kahlerac@bettis.gov

West Mifflin, PA 15122

Dr. NancyM. Larson PHONE: 423-574-4659

Bldg. 6011, MS 6370 FAX: 423-574-3527

Oak Ridge NationalLaboratory EMAIL:

P.O. Box 2008 I- nml@ornl.gov

Oak Ridge, TN 37831-6370

------------------------------------------------------------------------------

Dr. Luiz Carlos Leal PHONE: 423-574-5281

Bldg. 6011, MS-6370 FAX: 423-574-3527

Oak Ridge NationalLaboratory EMAIL:

P.O. Box 2008 I- e5a@ca24.cad.ornl.gov

Oak Ridge, TN 37831-6370

------------------------------------------------------------------------------

Dr. CecilR. Lubitz PHONE: 518-395-7103

Bldg. F3-7 FAX: 518-395-4422

Knolls Atomic Power Laboratory EMAIL:

P.O. Box 1072 I- lubitz@kapl.gov

Schenectady, NY 12301

------------------------------------------------------------------------------

Dr. Robert E. MacFarlane PHONE: 505-667-7742

T2, MS B243 FAX: 505-667-9671

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 I- RYXM@LANL.GOV

------------------------------------------------------------------------------

Dr. Frederick M. Mann PHONE: 509-376-5728

MailStop H0-31 FAX: 509-376-1293

Fluor DanielNorthwest EMAIL:

P.O. Box 1050 I- v92515@fep1.rl.gov

Richland, WA 99352

------------------------------------------------------------------------------

Dr. V.N. Manokhin PHONE: 7 084-399-8982

FederalResearch Center IPPE FAX: 7 095-8-83-31-12

Centr Yadernykh Dannykh EMAIL:

Ploschad Bondarenko I- MANOKHIN@CJD.OBNINSK.SU

249 020 Obninsk, Kaluga Region

RUSSIA

------------------------------------------------------------------------------

Dr. Richard D. McKnight PHONE: 630-252-6088

RA-208 FAX: 630-252-4500

Argonne NationalLaboratory EMAIL:

9700 S Cass Ave. I- rdmcknight@anl.gov

Argonne, IL 60439

--------------------------------------------------------------------------

Ms. Victoria McLane PHONE: 516-344-5205

NationalNuclear Data Center FAX: 516-344-2806

Bldg. 197D EMAIL:

Brookhaven NationalLaboratory E- BNL::NNDCVM

P.O. Box 5000 I- NNDCVM@BNL.GOV

Upton, NY 11973-5000

------------------------------------------------------------------------------

Dr. Richard A. Meyer PHONE: 301-903-3613

Office ofEnergyResearch FAX: 301-903-3833

Div. ofNuclear Physics EMAIL:

ER-23 GTN I- DICK.MEYER@OER.DOE.GOV

U.S. Department ofEnergy

19901 Germantown Road

Germantown, MD 20876-1290

------------------------------------------------------------------------------

Mr. MichaelS. Milgram PHONE: 613-584-3311 EXT: 4265

Reactor Physics Branch FAX: 613-584-1108

Atomic EnergyofCanada Ltd. EMAIL:

Chalk River Nuclear Laboratories I- MILGRAMM@CRL.AECL.CA

Chalk River, ON

K0J 1J0 CANADA

------------------------------------------------------------------------------

Dr. RussellD. Mosteller PHONE: 505-665-4879

TSA-12, MS K551 FAX: 505-665-3167

Los Alamos NationalLaboratory EMAIL:

Los Alamos, NM 87545 I- mosteller@lanl.gov

------------------------------------------------------------------------------

Dr. Douglas Muir PHONE: 43 1-2060-21709

IAEA Nuclear Data Section FAX: 43 1-2060-7

Wagramerstr. 5, P. O. Box 100 EMAIL:

A-1400 Wien I- muir@iaeand.iaea.or.at

AUSTRIA

------------------------------------------------------------------------------

Dr. Claes Nordborg PHONE: 33 1-4524-1090

OECD Nuclear EnergyAgency FAX: 33 1-4524-1110

Data Bank TELEX: OECD 620 160 F

Le Seine Saint-Germain EMAIL:

12, Boulevard des Iles I- nordborg@nea.fr

92130 Issy-les-Moulineaux

FRANCE

------------------------------------------------------------------------------

Dr. SolPearlstein PHONE: 516-344-9527

NationalNuclear Data Center FAX: 516-344-2806

Bldg. 197D EMAIL:

Brookhaven NationalLaboratory I- solp@bnl.gov

P.O. Box 5000

Upton, NY 11973-5000

------------------------------------------------------------------------------

Dr. David A. Resler PHONE: 510-423-0451

Dept. ofPhysics FAX: 510-422-2851

MS L-59 EMAIL:

Lawrence Livermore National I- daresler@llnl.gov

Laboratory

P. O. Box 808

Livermore, CA 94550

------------------------------------------------------------------------------

Dr. Robert W. Roussin, Head PHONE: 423-574-6176

Radiation Information Analysis FAX: 423-574-6182

Section EMAIL:

Oak Ridge NationalLaboratory I- rwr@ORNL.GOV

P.O. Box 2008

Oak Ridge, TN 37831-6362

------------------------------------------------------------------------------

Dr. John M. Ryskamp PHONE: 208-526-7643

MS 3885 FAX: 208-526-6971

Idaho NationalEngineering EMAIL:

Laboratory I- jmr@inel.gov

P.O. Box 1625

Idaho Falls, ID 83415-3885

------------------------------------------------------------------------------

Mr. Joseph Sapir PHONE: 505-667-7439

MS B-220

Los Alamos NationalLaboratory

Los Alamos, NM 87545

------------------------------------------------------------------------------

Dr. Robert E. Schenter PHONE: 509-376-3935

MailStop P7-52 FAX: 509-376-3722

Pacific Northwest National

Laboratory

P.O. Box 999

Richland, WA 99352

------------------------------------------------------------------------------

Dr. Alan Bowen Smith PHONE: 602-621-2551

Department ofEnergy& Nuclear FAX: 602-621-8096

Engineering EMAIL:

College ofEngineering and Mines I- alansmit@ccit.arizona.edu

UniversityofArizona

Tucson, AZ 85721

------------------------------------------------------------------------------

Dr. Donald L. Smith PHONE: 630-252-6021

Nuclear Data Program FAX: 630-252-1774

TechnologyDevelopment Division EMAIL:

TD-207-DB116 I- Donald.L.Smith@anl.gov

Argonne NationalLaboratory I- b18245@anlvms.ctd.anl.gov

9700 S Cass Ave.

Argonne, IL 60439

------------------------------------------------------------------------------

James P. Weinman PHONE: 518-395-7050

Bldg. E6 FAX: 518-395-7592

Rm. 208

Knolls Atomic Power Laboratory

P.O. Box 1072

Schenectady, NY 12301-1072

------------------------------------------------------------------------------

Dr. Charles A. Wemple PHONE: 208-526-7667

Idaho NationalEngineering FAX: 208-526-6971

Laboratory EMAIL:

P.O. Box 1625 I- CEW@ans.INEL.GOV

Idaho Falls, ID 83415-3885

------------------------------------------------------------------------------

Dr. John E. White PHONE: 423-574-6176

Radiation Information Analysis FAX: 423-574-6182

Section EMAIL:

Oak Ridge NationalLaboratory I- JEW@ORNL.GOV

P.O. Box 2008

Oak Ridge, TN 37831-6362

------------------------------------------------------------------------------

Dr. Roger M. White PHONE: 510-422-9668

PhysicalScience Directorate FAX: 510-422-9523

MS L-59 EMAIL:

Lawrence Livermore National I- rmwhite@llnl.gov

Laboratory

P. O. Box 808

Livermore, CA 94550

------------------------------------------------------------------------------

Prof. Mark Williams PHONE: 504-388-2745

Nuclear Science Center FAX: 504-388-6400

Louisiana State University EMAIL:

Baton Rouge, LA 70803 I- NSMARK@LSUMVS.SNCC.LSU.EDU

------------------------------------------------------------------------------

Dr. R.Q. Wright PHONE: 423-574-5279

Bldg. 6011, MS-6370 FAX: 423-574-3527

Oak Ridge NationalLaboratory EMAIL:

P.O. Box 2008 I- rqw@ornl.gov

Oak Ridge, TN 37831

------------------------------------------------------------------------------

Dr. Phillip G. Young PHONE: 505-667-7670

Group T-2 FAX: 505-667-9671

MS B-243 EMAIL:

Los Alamos NationalLaboratory I- PGY@LANL.GOV

Los Alamos, NM 87545

------------------------------------------------------------------------------

Dr. Mahmoud Z. Youssef PHONE: 310-825-2879

Mechanicaland Aerospace FAX: 310-825-2599

Engineering Dept. EMAIL:

SchoolofEngineering and I- youssef@fusion.ucla.edu

Applied Science

43-133, Engr-IV, 405 Hilgard Av.

UniversityofCalifornia

Los Angeles, CA 90024

------------------------------------------------------------------------------