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Benchmarking Ten Codes Against the Recent GSI M easurements of the Nuclide
Yields from 28Pb, 197Au, and 233U + p Reactions at 1 GeV/nucleon

SteparG. MASHNIK !*, RichardE. PRAEL!, Arnold J. SIERK!,
Vyachesla F. BATYAEV?, SwetlanaV. KVASOVAZ, RuslanD. MULAMBET OV?2, andYury E. TITARENKO?,

! Los AlamosNational Laboratory, Los Alamos,NM 87545 USA
2|nstitutefor Theoetical and ExperimentaPhysics B.Cheemushkinskaya5, 117259Moscow Russia

A qualitative and quantitatve comparisorof the recentGSI measurementsf the nuclide yields from 2°®Pb and
2381 at1 GeV/nucleorand!®” Au at800MeV/nucleoninteractionswith protonswith thecodes. AHET (with bothIS-
ABEL andBertini options),CEM95, CEM97,CEM2k, CASCADE,CASCADE/INPE,YIELDX, HETC,andINUCL
is presentedThe predictive power of thesecodesis reasonabléor nuclidesin the nearspallationregion but is worse
for deepspallationand muchworsein thefissionregion. None of thesecodesagreewell with the datain the whole
massregion of productnuclidesandall mustbeimprovedto becomereliabletoolsfor acceleratedrivenapplications.

KEYWORDS:nuclideyields,GSI measurementd, AHET/ISABEL, LAHET/Bertini, CEM95,CEM97, CEM2k,
CASCADE,CASCADE/INPE,YIELDX, HETC, and INUCL codesbendmark, spallation,fission

. Introduction

Currentdesignsof hybrid reactorsystemarivenwith high
current acceleratorgequire information about residual nu-
clidesthatareproduceddy high-enegy protonsinteractingin
thetargetandin structuralmaterials.lt is bothphysicallyand
economicallyimpossibleto measureall necessargata,which
is why reliablemodelsandcodesareneeded.

The recent GSI measurementperformedusing inverse
kinematics for interactions of 2°8Pb-2 and 233U%) at 1
GeV/nucleonand 97 Au at 800 MeV/nucleorf with liquid
I'H provide a very rich setof crosssectionsfor production
of practically all possibleisotopesfrom thesereactionsin a
“pure” form, i.e., individual crosssectionsfrom a specific
given bombardingisotope(or targetisotope,whenconsider
ing reactiondn theusualkinematicsp + A). Suchcrosssec-
tionsaremucheasierto compareto modelsthanthe “camou-
flaged” datafrom ~y-spectrometryneasurementsTheseare
oftenobtainedonly for a naturalcompositionof isotopesn a
targetandare mainly for cumulatve production,wheremea-
suredcrosssectionscontaincontributionsnor only from a di-
rectproductionof agivenisotope but alsofrom all its decay-
chainprecursors.

In the presentwork, we performa benchmarkof ten dif-
ferentcodeswidely usedin currentapplicationsnamelyLA-
HET (with both ISABEL and Bertini options)?) CEM958)
CEM97) CEM2k® CASCADE CASCADE/INPE
YIELDX, ) HETC!? and INUCL'® againstthe nev GSI
datato evaluatethe predictve power of thesecodesandto
considemwaysto furtherimprovethem.

Il. Resultsand Discussions

To evaluatethe predictive power of the testedcodes,we
calculatedwith the default optionsand without any changes
or modificationsfor all codesexceptCEM2k, whichis anim-
provedversionof its precursorCEM97,andwasdevelopedo
describeaswell aspossibletheseGSI| dataand othersimilar
measurementSeedetailsin®14).

* Correspondinguthor Tel. +1-505-667-9946FAX +1-505-667
-1931,E-mail: mashnik@t2yanl.gos

The limited size of the presentpaperdoesnot allow us
to describeall resultsof our benchmarkthereforewe shav
hereonly several typical examples. Figure 1 shovs a com-
parisonof the GSI datafor p(1 GeV) + 2°8Pb with predic-
tionsby the LAHET codewith bothISABEL andBertini op-
tions. Figure 2 shaws similar comparisonsvith resultsfrom
CEM97andHETC,while Fig. 3 shavs sampleof resultsfrom
CEM2k. Similar figuresfor p(1 GeV) + 2°8Pb with results
from INUCL, CASCADE, CASCADE/INPE,and YIELDX
may befoundin®® andfrom CEM95,in.®) Figureswith com-
parisonsof resultsfrom several codestestedherefor the re-
actionsp(800MeV) + 7Au and p(1 GeV) + 228U may be
found in®1% andwill be shavn in our posterat this confer
ence. Tableswith quantitatve information concerningthe
agreemenbf thetestedcodeswith experimentaldatamay be
found in'81") andwill be shavn in our presentatiorat this
conference.

Theability of codesto simulatefissionprocessess anim-
portantcriterionfor their applicationwhenthetargetis heary
enoughto fission. Amongthe codesbenchmarkdhere,LA-
HET, CASCADE, INUCL, CASCADE/INPE,and YIELDX
simulateboth spallationandfission products. The CEM95,
CEM97, CEM2k, andHETC codessimulatespallationonly
and do not calculatethe processof fission, and do not pro-
vide fission fragmentsand a further possibleevaporationof
particlesfrom them. When,duringa Monte-Carlosimulation
of the compoundstageof a reactionthesecodesencountema
fission, they simply remembetthis event (that permitsthem
to calculatethe fission crosssectionand fissility) andfinish
the calculationof this eventwithout a subsequentalculation
of fissionfragments.Therefore resultsfrom HETC, CEM95,
CEM97,andCEM2kreflectthecontributionto thetotalyields
of thenuclidesonly from deepspallationprocessesf succes-
sive emissionof particlesfrom the target, but do not contain
fissionproducts.To be ableto describenuclideproductionin
the fissionregion, thesecodeshave to be extendedby incor-
poratinga modelof high enegy fission(e.g.,in the transport
codeMCNPX,'8) where CEM97 and CEM2k are used,they
aresupplementetly the RAL fissionmodel?).

From the resultspresentechere and in our paperscited
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Fig. 1 Comparisorbetweerthe GSI dataon nuclideyieldsfrom p (1 GeV) + 2°¢Pp(filled circles)andcalculationsby LAHET-ISABEL and
LAHET-Bertini (opencircles);filled squareshav experimentaldatafor the samereactionameasuredy they-spectrometrynethod
atITEP by Titarenlo etal.*®
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Product mass



above, onecanseethatthoughpracticallyall thetestedcodes References
describequite well the productionof several heary isotopes 1) W. Wlazloetal.,PhysRev. Lett. 84, 5736(2000).

nearthe targets (we calculatep + 2°®Pb, 197 Au, and 238U; 2) T.Engvistetal., Nucl. Phys.A686, 481(2001).
thereforefor us2°¢Pb,'97 Au, and?*8U aretamgetsnotprojec- 3) J. Taieb et al.,Measuement of *3®U Spallation Prod-
tiles asin the GSI measurementsgxceptfor CEM2k they do uct Cross Sectionsat 1 GeV per Nucleon http://www-

wnt.gsi.de/kschmidt/publica.htm.

4) F. Rejmundet al.,Nucl. Phys.A683, 540 (2001);J. Benlliure
etal., Nucl. Phys.A683, 513(2001).

5) R.E. PraelandH. Lichtenstein,Userguideto LCS: The LA-

notreproducecorrectlythe crosssectiondor lighter isotopes
in thedeepspallatiorregion. Thedisagreemerihcreasesvith
increasingdistancefrom the target, andall calculatedcurves

areshiftedto theheavy massdirection,qutaswasobtainecby HET CodeSystemLANL ReportNo. LA-UR-89-3014,Los
the authorsof the GSI measurementwith all the codesthey Alamos(1989).

used.In otherwords,this meanghatfor a givenfinal isotope 6) K. K. Gudima, S. G. Mashnik, and V. D. Tones,
(2), thesecodegpredictemissiorof too few neutrons Most of Nucl. Phys.A401, 329 (1983); S. G. Mashnik, User Man-
theneutronsareemittedatthe evaporationstageof areaction. ual for the Code CEM95 JINR, Dubna, 1995, OECD
Accordingly, oneway to increasehe numberof emittedneu- Nuclear Enegy Ageng/ Data Bank, Paris, France, 1995;
tronswould be to increasethe evaporatie part of a reaction http:/iwww.nea.fr/abs/html/iaeal247.html.

(relative to preequilibrium). This (and otherimprovements ~ 7) S. G. Mashnikand A. J. Sierk, “Improved cascadeseiton
and refinementsseedetailsin8'14)) we did whendeveloping model of nuglearreactlonS’, Eroc. SARE4Septembe[t4—l6,
the codeCEM2k which agreesestof thesetestedcodeswith t%?'gggv'"e 2T9N 5U13|? ec.j'ttedb{ Iﬁ /rgs{i\é(?:: riel(ORNL,
the GSI (and ITEP) datain the spallationregion. However, ’ )bp. 2951 E-printnucl-

CEM2Kis licablen thefissi d . d 8) S.G.MashnikandA. J.Sierk,"CEM2k —recentdevelopments
Isinapplicablen thefission-productegion, asto date in CEM,” Proc.of theFourthInternationalTopical Meetingon

it hasno modelof fission-fragmentormation. NuclearApplicationsof Acceleator Technolagy (AccApp00),
November13-15, 2000, Washington,DC, USA (American
Product isotopic distributions in 2°’Pb+1GeV p: GSI+ITEP+CEM2k NuclearSociety La GrangePark, IL, USA, 2001) pp. 328—
T ‘ ?M s~ T e | 341; http://xxx.lanl.g&/ps/nucl-th/0011064.
= 10 - F am ;c\ m 9) V. S. Barashenév et al., JINR Report R2-85-173,Dubna,
Sl ful I en | H, | Sl 1985; V. S. Barashenév et al., Yad. Fiz. 39, 1133 (1984)
g W {\ it m i | [Sov. J. Nucl. Phys.39, 715(1984)];V. S. Barashengv etal.,
qo’l & o018 N L%l b% ; Nucl. Phys.A338, 413(1980). |
S0 e T | LA, | SO i 10) V. S. Barashenév etal., AtomnayaEnewgiya 87, 283 (1999)
10 | f“‘"":: I~ | : [AtomicEneigy 87, 742(1999)].
10_37 § o U e 08 1 oa alu 1 .% i 11) C.H. Tsao,PrivatecommunicationR. Silberbeg, C. H. Tsao,
Bl g PR andA. F. Barghouty Astrophys.J. 501, 911(1998).
ab b i i 12) T. W. ArmstrongandK. C. Chandler Nucl. Sci.Eng 49, 110
© oHg °iF ¢ Re :;f}‘i I :‘c?f?%‘A ] (1972)andreferencesherein.
T AT — 13) A. A. Sibirtsey etal.,ITEP PreprintNo. ITEP-129,Moscow,
0 1ia°‘ \ 114 iigf\% 3 .m 1 1985; N. V. Stepanw, ITEP PreprintNo. ITEP-81,Moscw,
S AU o ie LW e eoTMG 42" ™ ,Gdj 1987; N. V. Stepanw, ITEP Preprint No. ITEP-55-88,
10 180 190 200 160 170 180 190 200150 160 170 180 140 150 160 170 MOSCUV, 1988(|n RUSSian).
Product mass . ; “
14) S. G. MashnikandA. J. Sierk, “Recentdevelopmentsof the
Fig. 3 Thesameasin Fig. 1 but comparedvith CEM2k calculation. cascade»eciton model of nuclearreactions, paper#951in
theseProceedings.
. 15) StepanMashnik, Laurie Waters,and Tony Gabriel, Models
1. Conclusion andCodedor IntermediateEneigy NuclearReactionsLANL
The predictive power of the testedcodesis different but Report LA-UR-00-3775, Los Alamos (2000), http:/lib-
wasfoundto bereasonabléor mostof thenuclidesin thenear www.lanl.gav/la-publs/00393747.pfd.

16) Yu. E. Titarenlo et al., LANL Report LA-UR-00-4779,
Los Alamos (2000), E-print nucl-th/0011083 submittedto
Phys.Rev. C.

Yuri E. Titarenlo, Experimentabnd Theoketical Studyof the
Yieldsof ResiduaProductNucleiProducedn Thin Targetslr-

spallatiorregion (for nuclidesnottoofarfrom targets) though
noneof the benchmarkd codesagreewell with the datain
the whole massregion of productnuclidesandall shouldbe

improved further On the whole, the predictive power of all 17

~

benChmar.EdCOdegor thEdataln theﬁSSionprOdUCI]'egion is radiatedby 100-2600MeV Protons ISTC 839B-99,Moscaw,
worsethanin thespallationregion; thereforewve concludethat Russia(February2001).

developmentof bettermodelsfor fission-fragmenformation 18) MCNPX'™™ User's Manual, Version 2.1.5 editedby Laurie
is of first priority. S.Waters | os AlamosNationalLaboratoryReportTPO-E83-

G-UG-X-00001 Revision 0 (Novemberl4,1999).
F. Atchison,“Spallationandfissionin heary metalnucleiun-

. - dermediumenegy protonbombardmerit,in Targetsfor Neu-
We thankDrs. T. EnqvistandB. Mustaphafor providing tronBeamSpallationSouce, Jul-Conf-34 Kernforschungsan-

us with the crosssectionsmeasuredcat GSI. The work was lageJulich GmbH (January1980).
supportedy theU. S. Departmenbf Enegy andby thelSTC
Project#839B.

Acknowledgment 19

~



	BenchND2001_Cover.pdf
	ND2001benchmark

	laur #: 01-5391
	title: Benchmarking Ten Codes Against the Recent GSI Measurements of the Nuclide Yields from 208-Pb, 197-Au, and 238-U + p Reactions at 1 GeV/nucleon
	authors: S. G. Mashnik, R. E. Prael, A. J. Sierk, V. F. Batyaev, 
S. V. Kvasova, R. D. Mulambetov, and Yu. E. Titarenko
	submitted to: Proc. Int. Conf. on Nuclear Data for Science and Technology
(ND2001), October 7-12, 2001, Tsukuba, Ibaraki, Japan,
 Journal of Nuclear Science and Technology, Supplement 2, 
pp. 785-788, 2002
	tab to print: 
	RESET: 
	menu warning: NOTE: Use these buttons to print or save the form. DO NOT use the browser tool bar.
	save: 
	print: 


