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Nuclear Reaction Theory(R matrix) and FDRR Code – light nuclei 

FDRRi.dat: control the key paras. 

Weights for channels 

Different projectiles 

Para. Num., steps 

FDRRk.dat: levels and exp. data 

Nuclear reaction data evaluation 
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LUNF can be used for all CS cal. of n+ 6,7Li, 9Be, 10,11B, 12C etc. with ENDF/B6 output.  En ≤ 20/30MeV,  
double-differential CS.   

Nuclear Reaction Theory and LUNF Code – light nuclei 

Nuclear reaction data evaluation 
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• Incident energy of projectile: E ≤ 20MeV;  
• Incident particle: n, p, gamma(50MeV); 
• Target: stable and unstable nuclei near to beta valley 
• Output: ENDF-6 format; MF = 1-6,12-15; 

MEND for incident energy E ≤ 200MeV is also parallel being developed by Nankai University. 

Phenomenological method 
Koning-Dec(2003) 
CH89 (1989) 
Becchetti-Greenlees (1969) 
Coupled channel (in research) 

Microscopic method 
CT Potential (2016) 
Pot. via SHF (2014) 
JLM model (1977,1998) 

Hauser-Feshbach 
Fluctuation 
Fission 
γ emission 
Level density 
GC + Ignatyuk 
HFB approach (in Re.) 
Giant resonance 
recoil 

Jπ dependent pre-
equilibium theory 
Exciton model 
Kalbach syst. 
Comp. particle emis. 
… … 

Spherical  DWBA 
Deformed/coupled 
channel 
Rotation(soft, hard) 
(in Research) 
Vibration  

Dirac reaction Optical model potential Unified Hauser-Feshbach & exiton model 

Nuclear Reaction Theory and UNF Code – medium heavy and FP 

Nuclear reaction data evaluation 
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Reaction channels considered in UNF code  

Nuclear reaction data evaluation 
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KTEST:   single En or multiple(1/0) 
KOPP:    OMP output (1/0) 
KDDCS: DDX output(1/0) 
KGYD:   g production(1/0) 
KENDF: ENDF/B format(1/0) 
KCOV:   COV cal(1/0) 
KOUT:    output all the details besides results 

Target:ground  
state/iso state 

No.of En. 

Paras. for output control 
1:only XS 
2:XS and DA 
3:XS and DA and DDS, g-production 

Calculate the  
special En. point 

Incident En. 

UNF: input files 

Input： 

Nuclear reaction data evaluation 
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Calculation system for FP nuclei 
 (CENDL-3.1 to 3.2) 

sunf2unf.pl Convert sunf->unf 

Batchcal Produce unf.newunf 

batchmincard.pl 
Auto-produce inputs SEMAW.in, 
DPPMI.in, Min.in，sys.dat, exp  

Correctmin Correct the energy margin of min.in 

get14MevCSInl 
Produce the direct reaction cross 
section based on  

batchmincard14.pl Adjust DWUCK para. to fit 14MeV 

NDPlot Plot the figures for 10 reactions 

Nuclear Reaction Theory and UNF Code – medium heavy and FP 

Nuclear reaction data evaluation 
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New fission reaction code — FUNF-2020   
+ Multi-humped fission 

Nuclear reaction data evaluation 

Reaction channels considered in FUNF 



Input： 

For evaluation of cross section, the orthogonal polynomial fitting code SPF 
developed in CNDC or GMA were used if there are enough measurements. While 
only a few data were found, the evaluation was performed by means of theoretical 
calculations using APMN+UNF/FUNF or EMPIRE/TALYS. Sometime the systematic 
analysis codes developed by CNDC were also considered.  

FUNF: input files 
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Experimental  data selection, 
correction, normalization 

Evaluation and processing  
for exp. Data with individual  COV. 

(SPCC, CURVEFIT…) 

COV  evaluation  of  Exp. 
uncertainty  and  correlation (ASEU, 

ENDFCOV) 

Experimental data collection 
EXFOR, NSR, Searching engine… 

Plenty of  
exp. data 

Scarce of  
exp. data 

Model parameters determination for 
structure or fission nuclei 

(UNF, FUNF, DWUCK, ECIS) 

Sensitivity calculation for  reactions 
(SEMAW) 

Covariance of model parameters 
 (COVAC, Least Square methodology) 

Covariance of reactions C.S. 
 (COVAC, linear error propagation) 

CENDL 

NJOY 
Processing & 
S/U analysis 

Optical model 
Direct reaction 

Compound nucl.  
~ 40 parameters 

Correlations among single (or multiple) set(s) of experimental data are vital elements to get an ‘honest’ covariance.  

Non-model 
dependent 
evaluation  

Nuclear reaction data evaluation 
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Non-model dependent evaluation：Experimental COV construction via 
considering all the uncertainties sources. 

Nuclear reaction data evaluation 
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Evaluation Scheme for PD 

9Be 

9Be — 209Bi   274 nuclei 

270  new evaluations have been performed based on the new GLUNF、MEND-G systems. 

CENDL photon data — MEND-G & GLUNF 

Nuclear reaction data evaluation 
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GLUNF： theoretical model code for the photon – light nuclei reaction system 

Items Content 

Theory 

(1) Light nucl: GLUNF (150MeV) 

(2) Middle-heavy nucl: GMEND (200MeV) 

(3) Updating PSF parameters： GDR parameter 

Evaluation for 
Experimental data 

(1) analyze the consistency of experimental data of 
different channels  

(2) Evaluate the details of experimental data 

(3) Recommend the final data list used in our work 

Library compilation 
Data recommendation  and ENDF-6 format compilation 

• MEND-G for middle-heavy nuclei up to 200MeV 
• GLUNF for 6,7Li, 9Be, 10,11B, 12C up to 150MeV 

Nuclear reaction data evaluation 
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Be-9(g,*) reactions in GLUNF 

GLUNF: Model code for the photon/light nuclei reaction system 

• 7 models including the microscopic RQRPA, SLO, MLO et al. 
are utilized to estimate the photon strength function and 
derive the gamma absorption, Quasi-Deutron (QD) is 
included to describe the (g,abs) in the larger energy region; 

• OMPs of n, p, a, 3He, d, t were obtained from RIPL in GLUNF 
code; 

• The pre-equilibrium and  equilibrium emission are included; 

• Recoil effect in multi-stage emission processes are included 
for the light nuclei; 

• The 2nd particle emission is considered: 6Li(12), 7Li(12), 
9Be(26), 10B (24), 11B(35), 12C(143).  

Nuclear reaction data evaluation 
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Incident energies Incident energies and absorption XS 

Levels of residuals 

OMPs for particle emission 

Input file：GLUNF.dat 

Nuclear reaction data evaluation 

15/23 



MEND-G：Model code for the photon/medium heavy nuclei reaction system 

MENDI.dat for g+V-51 

Control parameters & incident energies Levels of residuals 

OMP of emission particles OMP of neutron and proton with KD potential 

Nuclear reaction data evaluation 
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An efficient plotting tool NDPlot for nuclear data. It is not only a plotting tool for nuclear data, but also integrated 
application system.  

NDPlot can manage experimental and evaluated data of nuclear reaction cross sections, angular distributions of 
secondary particles, energy distributions of secondary particles and product energy-angle distributions etc.  

It also provides data processing functions such as curves summation capability to meet users’ requirements. 

NDPlot 

Nuclear reaction data evaluation 
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Nuclear Data Processing Code - Ruler 

ENDF evaluations 

Ruler 

Library generating 

ENDF/B-VIII.0, ENDF/B-VII.1, ENDF/B-VII.0 
CENDL-3.2 
JENDL-4.0 
JEFF-3.2, JEFF-3.3 
… 

Function objects: 
• Reconstruction and linearization 
• Doppler broadening 
• Generating probability table in URR 
• Calculating effective cross sections in URR 
• Generating thermal scattering cross section 
• Generating multi-group cross section 

Formats 
• WIMS-D/E  
• ACE 

Memory 
stream 

Memory 
stream 

Json-style input 

Benchmark and validation   
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Auxiliary programs of ENDITS 
elem2iso Convert natural nuclide -> 

isotopes 

keff_mcnp Auto-extract keff values 

isotope.wgt Auto-extract neutron 
reaction weights  

klist Extract results and 
generate reports 

Auto. Testing System for Verification/Validation of ND – ENDITS 

Benchmark and validation   
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• Shielding 
• Criticality 
• Capture CS integal Exp. 



Auto. Testing System for Verification/Validation of ND – ENDITS 
HEU results 

IEU results LEU results 

Benchmark and validation   
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Nuclear Data Adjustment Code - NDAC 

NDAC: input file 
num. of isotopes, 
reactions, integrals 

sensitivity profiles 

reactions 

isotopes 

evaluation
s 

Nuclear data 
processing 

Group 
constants 

Multigroup 
covariance 

Sensitivit
y analysis 

Transport 
calculation 

Sensitivity 
coefficient

s 

Calculated 
integrals 

Experimen
t values 

Integral  
covariance 

Nuclear data adjustment 

Group 
constant

s 

Calculate
d 

integrals 

Multigroup 
covariance 

Benchmark and validation   
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Experimental uncertainty

(Case 1: As-built Monte Carlo results) (Case 0: SG33 Standard Monte Carlo method 
(2D MC + INL's Corrective factors)) 
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Nuclear Data Adjustment Code - NDAC 

Benchmark and validation   
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Summary : 
• Many utilities/codes and methodologies have been formed to accomplish the CENDL library, 

which contains of codes involving ND of reaction/structure modeling, exp. data eval., lib 
making/checking, benchmark/validation, etc. Many other excellent utilities from IAEA/other 
laboratories are also used. 
 

• Various/complex codes, parameters, input/out formats used in the ND  modeling, evaluation, 
checking and lib. establishing etc. it’s very inefficiency, fallibility for evaluators. Modern 
techniques (AI, ML and Big data etc. ) should be introduced into the ND produce process to 
improve the efficiency and to guarantee the ND qualities. 
 

• Efficient, friendly ND tools/methodologies for applications community are very importance, 
existing traditional tools/methodologies should be improved with modern techniques, so that 
the user could get correct ND and make the correct application with very convenient way. It will 
be benefit for both sides of ND researches and applications. 

 
END  

Summary  
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