
Estimation of the cosmic ray effects Estimation of the cosmic ray effects 
AcceleratorAccelerator--based application facilitiesbased application facilities

Cancer therapy Cancer therapy 

Evaluated nuclear reaction dataEvaluated nuclear reaction data
Neutron & proton inc.Neutron & proton inc.
~ ~ GeV GeV rangerange
Various nucleiVarious nuclei

IntroductionIntroductionIntroduction



~ 20~ 20 ~ ~ 200200

Scattering and absorption Scattering and absorption ( Optical model )( Optical model )

Evaporation Evaporation ( H( H--F, WF, W--E )E )

( ( INC, QMD )INC, QMD )( ( ExcitonExciton, FKK ), FKK )
PrePre--equilibriumequilibrium CascadeCascade

Lack of exp. dataLack of exp. data????

JAM,JAM,
LAHET,LAHET,
JQMD,JQMD,
etc.etc.

JENDLJENDL--3.3,3.3,
ENDF/BENDF/B--VIVI,,
JEFFJEFF--3.03.0

JENDLJENDL--HE,HE,
LA150LA150

StatusStatusStatus
EEincinc. . ((MeVMeV))



Nuclear data evaluation for Nuclear data evaluation for JENDLJENDL--HEHE

NeutronNeutron : : 20 ~ 200 20 ~ 200 MeVMeV
ProtonProton : : 10 ~ 200 10 ~ 200 MeVMeV

90,91,92,94,9690,91,92,94,96ZrZr, , 9393NbNb, , 182,183,184,186182,183,184,186WW
Zr   Zr   : Nuclear fuel element for ADS: Nuclear fuel element for ADS
Nb  Nb  : : SuperconductingSuperconducting material such asmaterial such as NbTiNbTi, Nb, Nb33SnSn
W   : W   : Spallation Spallation neutron source, beam windowneutron source, beam window

-- Energy range Energy range --

Purpose of this study Purpose of this study Purpose of this study 



PREGNASHPREGNASH

GNASH code system GNASH code system GNASH code system 

Creation of input files for
ECIS-96, DWUCK-4, 
and GNASH

mass.datmass.dat

levels.datlevels.dat ECISECIS--9696

DWUCKDWUCK--44

POSTECISPOSTECIS

GNASHGNASH

POSTGNASHPOSTGNASH

MINGUSMINGUS--33

Nuclear mass and discrete
level data table

Optical model calculation,
( spherical, CC, DWBA )

Optical model calculation,
( DWBA only )

Conversion ECIS-96 output
file into GNASH input files

H-F statistical model and
exciton model calculations

Creation of MINGUS-3 input
file from GNASH output file

JENDLJENDL--3.33.3
Neutron Creation of ENDF format

file

Evaluated data ( < 200 MeV )Evaluated data ( < 200 MeV )



Empirical searchEmpirical searchVVrr((EE), ), WWvv((EE), ), WWdd((EE))

VVsoso((EE), ), WWsoso((EE)) Koning Koning & & DelarocheDelaroche

Phenomenological, spherical OMPPhenomenological, spherical OMP

ContinuousContinuous--energy dependent OMPenergy dependent OMP

Optical model analysis Optical model analysis Optical model analysis 

Local Local OMPsOMPs : around: around ZrZr, and W , and W 

Elastic, total and totalElastic, total and total--reaction c.s.reaction c.s. Evaluated c.s.Evaluated c.s.
Transmission Transmission coeffcoeff. . TTll((εε) ) For HFor H--F calculationsF calculations



OMPsOMPs for transmission for transmission coeffcoeff.. ““ TTll((εε) ) ””
n, pn, p : Our OMP: Our OMP

d, d, 33He   : He   : Daehnick Daehnick et al.et al.
tt : : Becchetti Becchetti & & GreenleesGreenlees

αα : : Avrigeanu Avrigeanu et al.et al.

Level density parameterLevel density parameter ““ a a ”” ( ( FermiFermi--gassgass region in Gregion in G--C )C )

Taken from RIPL (Taken from RIPL (The same parameter used for JENDLThe same parameter used for JENDL--3.33.3),),
IgnatyukIgnatyuk et al. et al. ((If there were no data in the RIPLIf there were no data in the RIPL))

H-F statistical calculation HH--F statistical calculation F statistical calculation 



State density parameterState density parameter ““ gg ”” ::
““ ||M|M|22 ”” for transition ratefor transition rate ::
Average effective well depthAverage effective well depth ““ VVeffeff ”” ::

AA/13/13
slight adjustmentslight adjustment
adjusted for adjusted for ppincinc evaleval..

( Nuclear surface effect )( Nuclear surface effect )

Nucleon emissionsNucleon emissions

CompositeComposite--particles emissionsparticles emissions

PickupPickup :   original :   original Kalbach Kalbach semisemi--empirical modelempirical model
αα--knockoutknockout :   modified :   modified Kalbach Kalbach semisemi--empirical modelempirical model

Note, A factor was multiplied to get reasonable agreement with eNote, A factor was multiplied to get reasonable agreement with exp. dataxp. data

Exciton model calculation Exciton Exciton model calculation model calculation 



Kalbach Kalbach original expressionoriginal expression

Adjustable

Calculation for α-knockoutCalculation for Calculation for αα--knockoutknockout



Excitations of lowExcitations of low--lying levels lying levels 

OMP   : Our OMP OMP   : Our OMP 
Level info. ( Level info. ( EEexex, , ll, , ππ, , ββ )  : RIPL)  : RIPL

Excitation of GR ( LEOR; Excitation of GR ( LEOR; llππ = 3= 3-- ))

β β ( deformation parameter )( deformation parameter ) :    sum rule:    sum rule
ЋЋωω ( ( averageaverage EEexex )) :    Adjustable:    Adjustable

Γ  Γ  ( resonance width )( resonance width ) :     ~ 5 :     ~ 5 MeVMeV

( )Γ×=





 ,2 ωσβ

ε
σ

hf
d
d dw

GR

ff((ЋЋωω,,Γ Γ )) :    :    Lorentzian funcLorentzian func. . 

DWBA calculation DWBA calculation DWBA calculation 
( In( In--elastic direct reaction calc. )elastic direct reaction calc. )



LA150LA150Our Our evaleval..

TargetTarget ZrZr, , NbNb, W, W No data for No data for ZrZr

OMP (OMP (nn,,pp)) LocalLocal GlobalGlobal
(slight adjustment)(slight adjustment)(continuous (continuous EE dependent)dependent)

VVeffeff.. No adjustmentNo adjustmentAdjusted for Adjusted for ppincinc evaleval..

CompositeComposite--particleparticle
prepre--equilibrium equilibrium emissemiss.. Original semiOriginal semi--empirical modelempirical modelModified semiModified semi--empirical modelempirical model

LEORLEOR Only for WOnly for WNbNb, W, W

This evaluation vs LA150This evaluation This evaluation vsvs LA150LA150
( Summary for main differences )( Summary for main differences )



Results of σtot.(En)Results of Results of σσtottot..((EEnn))
( Total cross sections )( Total cross sections )
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EEnn ((MeVMeV) ) EEnn ((MeVMeV) ) EEnn ((MeVMeV) ) 

nn + + 9090ZrZr nn + + 9393NbNb nn + + natnatWW



Results of σreac.(Ep)Results of Results of σσreacreac..((EEpp))
( Total( Total--reaction cross sections )reaction cross sections )

EEpp ((MeVMeV) ) 
EEpp ((MeVMeV) ) 
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Results of (dσel./ dΩ )Results of (Results of (ddσσelel../ / ddΩΩ ))
( Elastic differential cross sections )( Elastic differential cross sections )

θθc.m.c.m. θθc.m.c.m. θθc.m.c.m.

pp + + 9090ZrZr

nn + + 9090ZrZr
pp + + 197197AuAu
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εεnn ((MeVMeV) ) 

9090Zr(Zr(pp,,xnxn), ), 90 90 MeVMeV

εεnn ((MeVMeV) ) εεnn ((MeVMeV) ) 

9090Zr(Zr(pp,,xnxn), ), 120 120 MeVMeV 9090Zr(Zr(pp,,xnxn), ), 160160 MeVMeV
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Nucleon prod. DDX for ZrNucleon prod. DDX for Nucleon prod. DDX for ZrZr



dσ
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εεpp ((MeVMeV) ) εεpp ((MeVMeV) ) εεpp ((MeVMeV) ) 

9393Nb(Nb(pp,,xpxp), ), 18 18 MeVMeV 9393Nb(Nb(pp,,xpxp), ), 26.5 26.5 MeVMeV 9393Nb(Nb(pp,,xpxp), ), 65 65 MeVMeV

Nucleon prod. DDX for NbNucleon prod. DDX for Nucleon prod. DDX for NbNb
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )



εεnn ((MeVMeV) ) 

natnatWW((pp,,xnxn), ), 113 113 MeVMeV
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Nucleon prod. DDX for WNucleon prod. DDX for WNucleon prod. DDX for W
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )



Nucleon prod. DDX for WNucleon prod. DDX for WNucleon prod. DDX for W
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )
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Lab. Angle (deg.)Lab. Angle (deg.) Lab. Angle (deg.)Lab. Angle (deg.)

182182W(W(pp,,xpxp), ), 120 120 MeVMeV 182182W(W(pp,,xpxp), ), 150 150 MeVMeV

182182W(W(pp,,xpxp), ), 175 175 MeVMeV 182182W(W(pp,,xpxp), ), 200 200 MeVMeV
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LEOR9393Nb(Nb(nn,,xnxn), ), 25.7 25.7 MeVMeV

LEOR
184184W(W(nn,,xnxn), ), 

26 26 MeV      MeV      

LEOR contributionsLEOR contributionsLEOR contributions
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )



εεdd ((MeVMeV) ) εεHeHe--33 ((MeVMeV) ) 

9393Nb(Nb(pp,,xdxd), ), 65 65 MeVMeV 9090Zr(Zr(pp,,xx33He), He), 72 72 MeVMeV
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Composite-particle prod.CompositeComposite--particle prod.particle prod.
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )
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εεαα ((MeVMeV) ) εεαα ((MeVMeV) ) 

9090Zr(Zr(pp,,xxαα), ), 18 & 72.3 18 & 72.3 MeVMeV 9393Nb(Nb(pp,,xxαα), ), 65 65 MeVMeV

α-particle prod.αα--particle prod.particle prod.
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )
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9393Nb(Nb(pp,,xx))9090Zr(Zr(pp,,xx))

Isotope-prod. c.s.IsotopeIsotope--prod. c.s.prod. c.s.
( Our evaluations & LA150 ( Our evaluations & LA150 evaleval. ). )



Nuclear data were evaluated for neutron and proton
on Zr, Nb, and W up to 200 MeV.

Our evaluations agreed with experimental data better
than LA150 evaluations especially for (p,xn), (p,xα) 

Giant resonance contribution were considered for (n,xn).

Average well depth was treated as adjustable parameter.

Modified semi-empirical Kalbach model was used for
α-particle pre-equilibrium emission.

SummarySummarySummary


