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Abstract:Basedonthesphericalopticalmodel,pre灢equilibriumandHauser灢Feshbachstatistical
theory,thecodeMENDF(MediumEnergyNuclearDataforFission)iswrittentocalculateacom灢
pletesetofnucleardataforfissionnucleiinthemedium灢lowenergyregion(曑200MeV).Forneu灢
tronandprotoninducedreactionsbelow200 MeV,thetotalcrosssections,reactioncrosssec灢
tions,elasticscatteringdifferentialcrosssections,fissioncrosssection,energyspectraoffission
neutronandfivekindsofemittingparticles,etc.arecalculatedbyMENDF.Thecalculateddata
generallyagreewiththeircorrespondingexperimentaldata.MENDFiswidelyusedfornuclearda灢
tacalculationandtoestablishENDF灢6formattedfilesforthemedium灢lowenergyregioninChina.
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1暋Introduction
MENDF (Medium Energy NuclearDatafor

Fission)is a special edition of the program
MEND[1-2]whichisusedforcalculatingmedium灢
heavynuclei.MENDFisaprogramforcalculating
acompletesetofnucleardataforfissionnuclei(Z
曒89)intheenergyregionupto200MeV.Thein灢
cidentandemissionparticlescanbethefollowing
fivekindsoflightparticles:n,p,毩,dandt(the
emissioncrosssectionof3Heismuchsmallerthan
thoseofabove5 kindsofparticlesforfission
nuclei,so 3He emission is not considered in
MENDF.).Thereareeighteenemissionprocesses
includedin MENDF.Itcancalculatethetotal
crosssection,elasticscatteringcrosssectionand
angulardistribution,reactioncrosssection,inclu灢
sivecrosssectionsandtheirenergyspectra,fission
crosssection,the毻valuesandenergyspectraof
fissionneutron,thecharge,massandenergydis灢

tributionsoffissionfragments,etc..
Uptonow,theprogram MENDFhasbeen

usedtocalculateacompletesetofnucleardatabe灢
low200MeVformanyactinideswithneutronand
protonasprojectile.GoodresultsandENDF灢6for灢
mattedlibrariesareobtainedtobeusedforthe
ADS(AcceleratorDrivensub灢criticalSystem)pro灢
ject.

Thispaperisarrangedasfollows.InSec.2,

we introduce the functions and structure of
MENDF briefly;the theoreticalframework of
MENDFarelistedinSec.3;inSec.4,thecalcula灢
tionoffissionquantitiesaregiven;Sec.5contains
theinputandoutputfiles,and Sec.6contains
somecalculationresults.

2暋FunctionsandStructure

InMENDF,thefirstto18themissionproces灢
sesareconsidered.Theemittedparticlescanben,
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p,毩,d,tinthefirsttofourthemissionprocess;

onlynandpareconsideredforthefifthto18th
emissionprocesses.Moreover,therearesomere灢
strictionsfor charge particles emission in the
secondto18themissionprocess.Forthesecond
emissionprocess,theemission particlescan be
above5kindsofparticlesiftheoutgoingparticleis
ninthefirstemission;4kindsofparticles(n,p,

d,t,)iftheoutgoingparticleisp,dortinthe
firstemission;onlyniftheoutgoingparticleis毩in
thefirstemission.Forthethirdemissionprocess,

theemissionparticlescanbeabove5kindsofparti灢
clesifbothoutgoingparticlesareninthefirstand
secondemissions;4kindsofparticles(n,p,d,t)

ifoneoftheoutgoingparticlesisn,anotherisp,d
ortinthefirstandsecondemissions;onlynif
bothoutgoingparticlesarechargeparticlesinthe
firstandsecondemissions.Forthefourthemission
process,theemission particlescan beabove5
kindsofparticlesifalltheoutgoingparticlesaren
inthefirst,secondandthirdemissions;4kindsof
particles(n,p,dandt)iftwooftheoutgoingpar灢
ticlesaren,anotherisp,dortinthefirst,second
andthirdemissions;onlynforothercasesinthe
first,secondandthirdemissions.Forthefifthto
18themissionprocesses,therestrictionsarethose
reactionsemittingtwoponeaftertheotherarenot
considered.Therearealsosomerestrictionsfor
fissionreactionsinthe3~18themissionprocesses:

afteremittingchargeparticles,thefissionreac灢
tionswon暞tbeconsidered,onlythosefissionreac灢
tionsafteremittingnarepermitted.

Thereasonswegivetheaboverestrictionsare
thatforfissionnuclides,thecrosssectionofan
emitted毩ismuchsmallerthanthatofp,dandt;

pcrosssectionisusuallylargerthanthatofdand
t;ncrosssectionismuchlargerthanthatofp.

The calculation and output quantities in
MENDFareasfollows:totalcrosssection (only
fornasprojectile),elasticscatteringcrosssection
andangulardistribution,totalreaction (ornon灢
elastic)crosssection,capturecrosssection,every

kindofreactioncrosssections (includingpartial
fissioncrosssection)inthefirstandsecondemis灢
sion processes,theinclusivecrosssectionsand
theirenergyspectraandfractionofpre灢equilibrium
(PE)emissionforfiveemittingparticles,thepro灢
ductioncrosssectionsandenergyspectraof毭pho灢
tonsproducedinallkindsofreactions(butnotin灢
cludingfission),theproductioncrosssectionsand
energyspectraofallkindsofrecoilnuclei.Be灢
sides,thetotalfissioncrosssection,the毻values
andtheenergyspectraofthepromptfissionneu灢
trons,themass,chargeandenergydistributions
ofallfissionfragmentsarealsocalculatedand
giveninoutputfiles.Atpresent,MENDFcannot
calculatetheyieldsandenergyspectraoffission毭
photons,theuserhastoobtainthemfromother
approach.

Forthecalculationofthecapturecrosssection
andits毭spectra,besidestheusualevaporation
mechanism,thedirectandPEemission毭photons
arealsoconsideredinMENDF.Thetheoreticalap灢
proachandcalculationformulaearefrom Akker灢
mansandGruppelaar[3].Wegetthedirect毭cross
sectionbylettingn=1intheirEq.(8)ofthatpa灢
per.

MENDFcontainsfoursourcefiles:mendf.for,

peg.for,hf.forandcommon.for.Theusershould
puttheminasamesubdirectorytocompilethem.
Theusercanputpeg.forandhf.fortogetherwith
mendf.fortoformamuchlargerfile(atthesame
time,twostatements:include “peg.for暠andin灢
clude“hf.for暠attheendofmendf.forshouldbe
deleted),buttheusercannotputcommon.for
togetherwithotherfilesbecausethestatement“in灢
cludecommon.for暠appearsinmanysubroutines.
Thereareamainprogram,ablockdata,71sub灢
routinesand55functionsin MENDF,andthere
areabout33200linesinMENDFtotally.

3暋TheoreticalFramework

Thetheoreticalframeworkof MENDFcon灢
sistsofthesphericalopticalmodel,intranuclear
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cascadenucleonemissionsbasedonempiricalfor灢
mulae,PE statisticaltheory based on exciton
model,evaporation modeland Hauser灢Feshbach
(HF)theorywithwidthfluctuationcorrection.

Fourkindsofsphericalopticalpotentialscan
beemployedtocalculatethetotalcrosssection,

shapeelasticscatteringcrosssectionandangular
distribution,absorptioncrosssection,aswellas
transmissioncoefficientsusedin HFtheoryand
“inversecrosssections暠usedinPEtheory.Usual灢
ly,thephenomenologicalopticalpotentialofBec灢
chettiandGreenleesorthatofKoningandDela灢
roche[4]areused.MENDFcanalsodomicroscopic
opticalpotentialcalculations based on Skyrme
force[5]andthephenomenologicalopticalpotential
calculationwithCH89parameters[6]forthenandp
channel.Themicroscopicpotentialandtheglobal
phenomenological potentialare very usefulfor
thosenuclidewithoutexperimentaldataforadjus灢
tingopticalpotentialparameters.

Thecascadeemissionsofonetofournucleons
withcertainfractionsbeforePEandevaporation
areconsideredin MENDF.Thecascadeyieldsof
nucleons and the energy spectra of cascade
nucleonsarecalculatedwithempiricalformulae[7].

The PE emission mechanism is included
exactlyinthefirsttofifthemissionprocessesfor
nucleons,exactlyinthefirsttothirdandapproxi灢
matelyinthefourthandfifthprocessesforcom灢
positeparticles.Combiningthecascadeemissions
ofnucleonsandthePEmechanism,therearesome
fractionsforbothPEemissionandevaporationin
thefirsttosixthemissionprocess,andthereison灢
lyevaporation (withoutPEemission)inthe17th
to18themissionprocess.Foremissionofcompos灢
iteparticlesinPEtheory,theimprovedIwamoto
pick灢upreaction mechanism[8]isadopted.Inthe
calculationofstatedensitiesfortheexcitonmodel,

thePauliprincipleisaccommodated.Theangular
momentumandparityconservationarenotconsid灢
eredincascadenucleonemissions,PEtheoryand
evaporationmodel.

TheHFtheorywithwidthfluctuationcorrec灢
tionisusedonlyforthefirstemissionprocess,in
whichtheangularmomentumandparityconserva灢
tionareconsideredandthecrosssectionandangu灢
lardistributionofdiscretelevelscanbetreated.
Whentheincomingenergyislessthanabout2.5to
4MeV,thesecondparticleemissionand(x,nf)

reactionarenotopen,andweuseHFtheorytodo
allcalculations;forhigherincomingenergy,we
onlyuseHFtheorytocalculatethecrosssection
andangulardistributionofdiscretelevelsinthe
firstemissionprocess,usePEtheorytocalculate
thecrosssectionandangulardistributionofcontin灢
uouslevelsinthefirstemissionprocessandall
physicalquantitiesinthesecondto18themission
process.

MENDFdonotcalculatethedirectreaction
contributions,which are calculated with other
codes(suchasDWUCK4andECIS94)andtreated
asinputinMENDF.

4暋CalculationofFissionReactionin
theProgram MENDF
Thecalculation methodsin MENDFarethe

sameasinMEND,andtheusercanfindthemin
Sec.4inRef.[1].

Mostcalculationformulaecanbefoundinthe
MENDdescription[1].Inthissection,weonlygive
theformulaeaboutfissioncalculations.

4.1暋Calculationofcrosssection

ThetraditionalBohr灢Wheelerformulaisused
infissioncalculation.

Tf= af

Ux
-1.5

U
é

ë
ê
ê

ù

û
ú
ú

x

-1

, (1)

氀f(Z,A,U)=K1ex (p2 afUx +暋暋暋暋暋

U-Ux-殼f

T )
f

,暋ifU 曑Ux+殼f

氀f(Z,A,U)= K1exp[2afUe]
12 2暳0.0888A1/3Ue afUe

,

暋暋暋暋暋暋ifU >Ux+殼f (2)
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where

Ux=Uc+Ua

A
,暋Ue=U-殼f. (3)

暋暋Thismeansthatsimilarformulaearetakento
calculatetheleveldensitiesforboththefissionsad灢
dlestateandthefinalstateofacompoundor
residualnucleus.However,af曎a,殼f曎殼,usually
aand殼arecalculatedwithGilbert灢Cameron灢Cook灢
Ignatyk (GCCI)formula and parameters.In
MENDF,theeffectivesingle灢peakfissionpotential
barrierisusedtosubstitutethedouble灢peakfission
potentialbarrier.Thefissionwidthintheevapora灢
tionmodelis

殻f(Z,A,U)=暋暋暋暋暋暋暋暋暋暋暋暋暋暋
1
2曇

U-Vf+1.6淈氊

0

氀f(Z,A,x)

1+exp 2毿
淈氊

(x+Vf-Ué

ë
êê

ù

û
úú)
dx .(4)

Thepenetrationfactorofthefissionpotentialbar灢
rierinHFtheoryis

TJ毎
f (Z,A,U)=曇

U-Vf+1.6淈氊

0

J+1/2
2氁2(Z,A,x)暳暋暋

exp -
(J+1/2)2

2氁2(Z,A,x
é

ë
êê
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û
úú)暳

氀f(Z,A,x)

1+exp 2毿
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(x+Vf-Ué
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dx , (5)

where[9]

Vf=Vf0
,暋暋forfissionnuclei

Vf=Vf0 +319.0-16.7Z2

A +0.218Z2
æ

è
ç

ö

ø
÷

A
2
,

暋暋暋暋forsub灢fissionnuclei. (6)

Here,theVf0 forsub灢fissionandfissionnucleus
haveaboutthesamevalues(4.5~7.5MeV).

Forthefirstemissionprocess,HFandPE
theoryareusedinlowerandhigherenergyregion
(thetransitionalenergyregionisabout2.5~4
MeV),respectively.Wedonotdemandallparam灢
eterswithsamevaluesin HF and PE theory.
Thereare7adjustableparametersinPEtheory:a,

殼,af,殼f,Vf0
,淈氊,K1.Thereare5adjustablepa灢

rametersinHFtheory:af,殼f,Vf0
,淈氊,K1;aand

殼aretakenasthesameasinPEtheory.

Forthesecondto18themissionprocess,there
arealso7adjustableparametersa,殼,af,殼f,Vf0

,

淈氊,K1inPEtheory.Alltheseparametersarear灢
rangedasadjustableinorderto makethelarger
fractionalcrosssection氁f,氁in,氁2n,氁3n,…,氁18nin
accordancewithexperimentaldata.

To make the calculating cross section of
charged particle emission in accordance with
experimentaldata,weneedalsoadjustaand殼
valuesinthecorrespondingchannelbyhand.In
MENDF,weconsidertheheightoffissionpoten灢
tialbarrierinEqs.(4)and(5)isafunctionofnu灢
cleartemperature T (i.e.the excited energy
E* )[10]

Vf(T)=Vf(1-0.009T2), (7)

T=2
毿

毰fE*

A
, (8)

whereAisthenumberofnucleonsofthepre灢
fissionnucleus,毰f曋31MeVistheFermienergy.
InEqs.(4)and(5),weshoulduseUtosubstitute
E*forcalculationofVf(T)intheintegralupper

limit,andusextosubstituteE*forcalculationof
Vf(T)intheintegrand.

4.2暋Massandchargedistributionoffissionfrag灢

ments

4.2.1Massdistribution[9]

Themassdistributionoffissionfragmentsde灢
pendsonwhetherthefissionissymmetricorasym灢
metric.Forapre灢fissionnucleuswithZ2/A曑35,

onlysymmetricfissionisallowed;forapre灢fission
nucleus with Z2/A >35,both symmetric and
asymmetricfissionsareallowed,dependingonthe
excitationenergyofthepre灢fissionnucleus.Fora
nucleuswithZ2/A>35,theasymmetricfission

probabilityPasyis

Pasy= 4870.0exp(-0.36U)
1+4870.0exp(-0.36U), (9)

andthesymmetricfissionprobabilityisPsy=1-
Pasy.
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Forasymmetricfission,themassdistribution
ofonepost灢fissionfragmentA1isaGaussiandistri灢
butionwith meanvalueAf=140andwidth氁M =
6.5,anotherpost灢fissionfragmentA2=A-A1.

Forsymmetricfission,themassdistribution
ofonepost灢fissionfragmentA1isaGaussiandistri灢
butionwithmeanvalueA1=A/2andwidth氁M as
follows:

氁M =C3
Z2
æ

è
ç

ö

ø
÷

A
2

+C4
Z2
æ

è
ç

ö

ø
÷

A +C5(U-Vf)+C6,

(10)

withC3=0.122,C4=-7.77,C5=0.0332andC6

=134.0,thefissionbarrierVfisgivenby Myers
andSwiatecki[11].

4.2.2暋Chargedistribution[9]

Thechargedistributionofafissionfragment
isassumedtobeaGaussiandistributionwithmean
Zfandwidth氁Zasfollows:

Zf=Z+Z曚
1-Z曚

2

2.0
, (11)

where

Z曚
k= 65.5Ak

131.0+A2/3
k

,暋k=1or2, (12)

and氁Z=0.75.

4.3暋Kineticenergydistributionoffissionfragments

Thekineticenergyofthepost灢fissionfrag灢
mentisdetermined[9] bya Gaussiandistribution
withmean毰fandwidth氁毰f

毰f=0.131Z2

A1/3 ,暋ifZ2

A1/3 曑900,

毰f=0.104Z2

A1/3 +24.3,暋if900< Z2

A1/3 曑1800;

(13)

氁毰f =C2,ifZ2

A1/3 曑1000,

氁毰f =C1
Z2

A1/3 -1000.æ

è
ç

ö

ø
÷0 +C2,ifZ2

A1/3 >1000,

(14)

whereC1 =5.70暳10-4,C2 =86.5.Thekinetic
energyistherelativemotionenergyofonefrag灢
mentmovingagainstanother,andA,Zarethe

massandchargenumberofthepre灢fissionnucleus,

respectively.
Forthosepre灢fissionnuclideswithgoodevalu灢

ationand/orexperimentalfission毻values,weshall
calculatethe毰f withanotherapproachinsteadof
usingEq.(13),seenextsection.

4.4暋Energyspectraand毻valuesoffissionneutrons

Thecalculationformulaearetakenfrom Mad灢
landandNix[12] withconstantcompoundnucleus
crosssection.
4.4.1Center灢of灢mass灢systemenergyspectraoffis灢
sionneutrons

毜(毰)=2毰
T2

m曇
Tm

0

exp(-毰/T)
T dT=2毰

T2
m
E1

毰
T
æ

è
ç

ö

ø
÷

m
,

(15)

where

E1(x)=曇
曍

0

e-u

udu=曇
1/x

0

exp(-1/v)
v dv.(16)

FromEqs.(15)and(16)wecancalculate

暣毰n暤=曇
曍

0
毰n毜(毰)d毰=2(n+1)!

n+2 Tn
m, (17)

especially,letn=1andn=2inEq.(17),weob灢
tain

暣毰暤=4Tm

3
, (18)

暣毰2暤=3T2
m, (19)

where

Tm = E*

a
,暋a= A

adeno
(MeV). (20)

InMENDF,adeno=11.0isanimportantad灢
justableparameterinoneoftheinputfile“fiparm.
dat暠forfissionneutronspectra,andtheusercan
changeitalittletomakefissionneutronspectrain
betteraccordancewithexperimentaldata.InEq.
(20),

E* =E*
c +暣Er暤-暣Etot

f 暤, (21)

whereE* isthetotalexcitedenergyoftwofrag灢
mentsafterfissionofanucleus,E*

c istheexcited
energyofA nucleus,暣Er暤istheaverageenergy
releaseinfissionofanucleus(whicharecalculated
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from massandchargedistributionsoffissionfrag灢
mentsand masstable;therefore,it would be
changedifthemassandchargedistributionsoffis灢
sionfragmentsarechanged,andthenthefission
neutronspectraarealsochanged),暣Etot

f 暤isjust
theaveragekineticenergies毰foffissionfragments
calculatedfromEq.(13)inSec.4.3.
4.4.2暋Laboratory灢systemenergyspectraoffission
neutrons

Hereweuse

N(E)=1
2 N(E,EL

f)+N(E,EH
f[ ]) ,(22)

where

EL
f =AH

AL

暣Etot
f 暤
A

,暋EH
f =AL

AH

暣Etot
f 暤
A

(23)

istheaveragekineticenergypernucleonofthe
lightandheavyfragments,respectively;AL and
AHaretheaveragemassnumbersofthelightand
heavyfragments,respectively.

N(E,Ef)= 1
4 Ef

曇
(E+ Ef)2

(E- Ef)2
毜(毰)
毰

d毰暋暋暋暋

= 1
3 EfT

[
m

u3/2
2 E1(u2)-u3/2

1 E1(u1)+

毭 3
2

,uæ

è
ç

ö

ø
÷2 -毭 3

2
,uæ

è
ç

ö

ø
÷

ù

û
úú1 , (24)

where

u1=
(E - Ef)2

Tm
,暋u2=

(E + Ef)2

Tm
,

(25)

毭(a,x)=曇
x

0
ua-1e-udu (26)

istheincomplete毭function.Andtheaverage
energyoffissionneutronis

暣E暤=1
2

(EL +EH)+4
3Tm. (27)

4.4.3暋Averagepromptneutronmultiplicity
Hereweuse

毻=
暣Er暤+E*

c -暣Etot
f 暤-暣Etot

毭 暤
暣Sn暤+暣毰暤 , (28)

where暣Sn暤istheaveragefission灢fragmentneutron
separationenergy(takenasone灢halfoftheaverage

two灢neutronseparationenergy 暣S2n暤toavoidthe
fluctuation coming from odd灢even properties),
暣Er暤is mentionedinEq.(21),both 暣S2n暤and
暣Er暤arecalculatedfromthemassandchargedis灢
tributionsoffissionfragmentsandthemasstable.
暣毰暤isgiveninEq.(18),E*

cistheexcitedenergyof

pre灢fissionnucleusA,暣Etot
毭 暤isthetotalaverage

prompt毭energy,whichistakenas

暣Etot
毭 暤=CEgt0+CEgt1A+CEges EL +CEge1EL,

(29)

whereCEgt0=0.09,CEgt1=0.028[13],CEges=0.0,

CEge1=0.0atpresent;these4parameterscanbe
slightlychanged.

Further,暣Etot
f 暤istheaveragetotalkinetic

energiesoffissionfragmentswhichcanbecalcula灢
tedfromEq.(13)inSec.4.3.Ifwedoso,the毻
valuecalculatedfromEq.(28)willdifferalotfrom
theevaluationand/orexperimentaldata.There灢
fore,inrealcalculation,iftherearegoodevalua灢
tionand/orexperimental毻values,weuse4para灢
meters毻0,Cs,C1andC2toimitatethe毻values,

毻=毻0+Cs E*
c +C1E*

c +C2E*2
c (30)

andinverselytodetermine暣Etot
f 暤(alsoasafunc灢

tionofE*
c )fromEq.(28).Afterwards,weshould

substitute毰finEq.(13)and 暣Etot
f 暤inEqs.(21),

(23)withthevalueof暣Etot
f 暤determinedhere,re灢

calculateE*inEq.(21)andTminEq.(20),and
thenrecalculatetheenergyspectraoffissionneu灢
tronfrom Eqs.(15)~(19),Eq.(22)andEqs.
(24)~(27).For(x,f),(x,nf),(x,2nf),(x,

3nf)and(x,4nf),eachhasitsown4parameters
tocalculate毻values.For(x,5nf)andhigherfis灢
sion,their4parametersaretakenasthesamein
(x,4nf).

WemustemphasizethatinMENDF,thepre灢
fissionneutronsarenotcontainedintheenergy
spectraand毻valuesoffissionneutrons,whichare
alreadyincludedinthespectraoftheemittingneu灢
trons(liketheemittingp,毩,dandt;inMENDF,

forallfivekindsofemittinglightparticles,we
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havetogivetheinclusivecrosssectionsandtheir
energyspectraasENDF/B6formatoutput).How灢
ever,theexperimental毻valuesindeedincludethe
contributionsofpre灢fission neutrons;therefore,

besidesNUp (毻valuesnotincludingpre灢fission
neutrons),NUpt (毻valuesincludingpre灢fission
neutrons)arealsogivenintheoutputfile“CStabl.
out暠.Theusershouldadjusteachsetoffourpa灢
rameters毻0,Cs,C1andC2in(x,f),(x,nf),(x,

2nf),(x,3nf)and(x,4nf)reactionstomakethe
calculatedtotal毻valuesNUptinaccordancewith
theexperimental毻values.

5暋InputandOutputFiles

InMENDF,similartoMEND,theinputfiles
include“mendfi.dat暠and “fdir.dat暠;theoutput
filesincludemendfo.dat(generaloutput),CStabl.
out(tablesofcrosssections),specp.dat(norma灢
lizedenergyspectraoffiveemissionparticlesand
total毭灢ray),specr.dat(norma灢lizedenergyspec灢
traofallkindsofrecoilnuclei),sptabl.out(tables
ofdifferentialcrosssectionsoffiveemissionparti灢
clesandtotal毭灢ray)andB6out.dat (ENDF/B6
formatoutputfile);besides,mendv.dat(“inverse
crosssections暠table)isoutputfileifINCS=0and
inputfileifINCS>0;aaDLTA.dat (tablesof
leveldensityparametersandpairenergycorrec灢
tions)isoutputfilecalculatedwithGCCIformula
andparametersifIaDL=0andinputfileifIaDL
=1.Inthisway,usercanadjustsomeparameters
inaaDLTA.datto makecorrespondingfractional
reactioncrosssectionsinbetteraccordance with
experimentaldata.

Besides,there are also other two files:

fiparm.dat (fissionparameters)and FiGama.b6
(fission毭spectrainB6format)asinput,other
threefiles:Dmascha.dat(massandchargedistri灢
butionsoffissionfragments),Espeff.dat(energy
distributionsoffissionfragments)andSpecfn.dat
(normalizedenergyspectraoffissionneutrons)as
output.Allthesefilesarenotappearedinthecode
MEND.

The usercan find the explanation ofthe
meaningofallthequantitiesininputfilesfromthe
commentlinesin sourcefiles ofthe program
MENDF.Herewedonotgivetheexampleofin灢
putfiles,userscancontactusiftheyneedtheex灢
ampleandtheexplanation.

6暋CalculationResults

UsingMENDF,withneutronasprojectile,all
kinds of cross sections,angular distributions,

energyspectraanddoubledifferentialcrosssec灢
tionsoffivekindsofemittingparticlesandthe
crosssections,energyspectraofevery kindof
recoilnuclei,aswellasfissioncrosssections,the毻
values,energyspectraoffissionneutronsandthe
charge,massandkineticenergydistributionsof
thefissionfragmentsareconsistentlycalculated
and evaluated for 232Th, 237Np, 232~240U,
236~244,246Pu,241,242m,242,243Amand243~248Cmastar灢
getnucleus;withprotonasprojectile,allthesame
physicalquantitiesasforneutronareconsistently
calculatedandevaluatedfor232Th,and235,238Uas
targetnucleusatincidentneutronorprotonener灢
giesbelow200MeV.Generallyspeaking,besides
thecharge,massandkineticenergydistributions
ofthefissionfragments,aswellastheyieldsand
energyspectraoffission毭photons,goodagree灢
mentsareobservedbetweenthecalculatedresults
andtheexperimentaldata.Especially,iftheuser
givesappropriateadjustableparameters,thefis灢
sioncrosssectionscalculatedwith MENDFarein
much betteraccordance with experimentaldata
thantheresultscalculatedbyothercodes.Forn+
237Npasexample,theoreticalcalculatedresultsare
comparedwithexistingexperimentaldataasshown
inFigs.1to6.Atpresent,onlyoneofabovere灢
sults calculated with MENDF has been pub灢
lished[14].Otherswillbegraduallywrittenasre灢
searchpaperstobepublishedinthefuture.
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Fig.1Fissioncrosssectionforn+237Np (En =0.01~20

MeV).

Fig.2Fissioncrosssectionforn+237Np (En=0.01~200

MeV).

Fig.3 Theemittingprotonspectraforn+237Npatdifferent

incomingneutronenergies.

Fig.4 The emitting deuteron spectrafor n+237 Np at

differentincomingneutronenergies.

Fig.5 Theemittingtritonspectraforn+237Npatdifferent

incomingneutronenergies.

Fig.6 Theemitting 毩 particlespectraforn+237 Npat

differentincomingneutronenergies.
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MENDF———一个计算200MeV以下裂变核数据的程序*

蔡崇海1)

(南开大学物理科学学院,天津300071)

摘暋要:基于球型光学模型、预平衡发射和 Hauser灢Feshbach统计等理论,编制了 MENDF(MediumEner灢
gyNuclearDataforFission)程序,该程序适用于裂变核在入射粒子能量低于200MeV 的中低能区的全套

核数据计算。对于中子和质子在200MeV 以下诱发的核反应,其全截面、反应截面、弹性散射微分截面、
裂变截面和裂变中子谱、5种发射粒子的单举截面和相应的能谱等理论计算值与相应的实验值基本符合。

MENDF在我国已被广泛用于核数据计算及建立中能核数据库。
关 键 词:MENDF程序;裂变;核反应;核数据
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