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= Co-ordination of Task 2.2 m

Task 2.2: Covariance tool development (Task leader: TUW; Participants: TUW, CEA-
DAM,CEA/DEN)

Three specific co

A computer tool ruction of an
experimental covariance matrix based on the information available in the original papers describing

the measurements. Statistical and systematic errors would be treated separately, with all types of
systematic correlations (stemming from sample, experimental geometry, beam normalization
reaction for example) being treated properly.

The general evaluation tool GENEUS will be extended by TUW to include fission observables. The
code is based on the concepts of Bayesian statistics, which provides a complete evaluation

including mean values of observables and cross section covariance matrices. As before, the
package is connected to the TALYS code, but will now also make use of its new fission
capabilities.

The CONRAD code will be extended by CEA/DEN to Include a more general experimental

covariance treatment.
Partl: CEA-DAM (E. Bauge et al. CEA' D EN

Partll: TUW (H. Leeb et al.)
Part lll: CEA-DEN (C. De Saint Jean, B. Habert, O. Litaize, G. Noguere
and C. Suteau
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[m FullBayesianEvaluationTechnique m
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Max.Entropy Nuclear Experimental
Transf.Invariance Model xsData

Parameter Model Experimental
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Bayesiarbtatistics

EvaluatedData
Meanvalues+ Covariances
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= Work Programmeat TU Wienof first 24 months m
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Almprovement of extrapolation procedure for model defects
Alnclusion of parameter uncertainties for proton, deuteron,
triton and a-optical potential parameters

Alnclusion of uncertainties level density parameters reported
at 1st

ASolution of the Aonvergence problemf annual
meeting

Alnclusion of fission channels MT=18,19,20,21 und 38
in GENEUS
Alnclusion of MF=4 in the GENEUS output (no evaluation) |

RECENT DEVELOPMENTS
ATreatment of multiple measurements of experimental data
AStructural materials library
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Improved Model Defect Estimate

Implementation of TALYS 1.2

Inclusion of fission observables EXFOR
Data Base

PRIOR e

parameter Estimate

uncertainties covariance
matricesfor

model defects experiments

regularisation and improved treat-
ment of multiple measurements
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Impactof regularisation

(n,2n) cross sections
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A paradox result first obtained by R.W. Peelle (ORNL) in 1987

Example:

2 uncorrelated measurements q,,9,

of the quantity ¢, standard errors oy, 0,
Both normalised by factor N with oy

1aSK 2.2

r=Nq, 1=1,2

0,=2.4, 0,=0.12 ,=2.0, 0,=0.10
N=1.0, ,=0.15

r=Ng;=2.4 r,=Nq,=2.0 | ': e i}gfﬁ}

p=1n-c —

50 2 . . . .
('Eij =N%6,07 +0Q0y 16 18 2 22 24 26

Er 5
,E:Z_d:gzl.zsar2 =1.8857 var ¢k = 21@1 =0.0977
ij ij
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Assumptions
Full information on (q,,95,7) 14
Gaussian distributions for ¢ and n (ol

P®|0. 0, N = [do [dnP € |, 0, PGIN '
~ 2\ -~ i _2\ 0.8r
P¢IN =p@N,ci , P&lg,0 =9€g5° |
q:ql/o-lz-l_qZ/O-Zz 52 = 1 0.4}
]/0-12"']/0'22 ’ ]/0'12‘”/0'22 0.2}

0
l 0.5 1

EQ =EGa EGE€ =Ng

var @ =Eq’c’ — F€a ¥ =G%0% + NG + 5207
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R
Posterior mean variance  skewness
True posterior pdf 21639 01114 0.0464
Anwendung auf das Beispiel liefert: Gaussian pdf with C ~ 2.1639  0.1113 0
E(p)=2.1639 var(p)=0.1114 Gaussian pdf with € 1.8857  0.0977 0
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- The propercovariancematrix B
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: . : 0
Linear error propagation requires: a—pza (o at the moment unknown)

n
a_ N2 2 2 « A _ N& a ) nj2=2 2 2
CIj =N §ijai ’GN S AR pCyv Sy > 0" =Ng, var () FNG°+a‘oy

Using a={( yields a proper estimate of the covariance matrix
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C, =N?5,67 +0°c5 > p=Ng, var € =N’G°+q°c;

For the example: p =2.1639, var ¢ =0.1112

Criterion for occurence of PPP Example:
(D.S. Sivia, 2006)

~

= ~
(’E12 = 0.108> 0.1002 m|n 11,(,E22) — PPP
Cp

=0.1054>0.1154= min€,,,C,, = noPPF

cov(ry,r,) > min(var(r,),var(r,))
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- Extensionto multiple measurementsm
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The derivation of Peelled6Pertinent Puzzle has been extended to an
arbitrary number of measurements

Conclusion: The situation becomes worde with increasing number of
measurements if the wrong covariance matrix is used
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Motivation:
A the use of a proper prior plays an essential role in evaluations based
on scarce experimental data

A frequently current evaluations suffer from incomplete prior information
only diagonal prior covariance matrices used
only priors stemming from parameter uncertainties are considered

A The evaluation of a complete prior is a rather tedious work
(computation time, selection of reference basis of experiments)

A Global consideration over a great number of isotopes can provide
more reliability

Acknowledgement:
Work supported ed by EURATOM project ANDES
Data partly achieved by the VSC: Vienna Scientifc Cluster
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Impactof a properprior
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N Evaluated with diagonal prior cov. 55Mn total cross sections
[ | correlation (n,tot) with (n,tot)
’corr001_001.mat’
N 140 | ! €25
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Z N ] o2 & full prior covariance matrix:
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; Energy (MeV) energy dependence continued
< Evaluated with full prior cov. beyond experimental
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= StructureMaterials Library B

\! The prior cross sections and covariance matrices for 276 isotopes:
12 13 14 15 16 17 18
z Mg Al Si 4 S c Ar
24-26 2627 | 28-30 31| 32-34,| 3537| 36,38
w % 40
19 20 |2 2 2 2 25 26 27 28 29 30 31 R 33 34 35 3%
m K Ca Sc Ti v Cr Mn Fe Co Ni Cu In Ga Ge As Se Br Kr
— 3941 | 4044, 45| 46-50| 50-51 | 50,52 55| 54,56-| 59,60| 5862, 6365 | 64,66-| 69,71 70,72 751 74,76{ 7981 | 78,82
46,48 54 58 64 68,70 78,76 78,80,82 84,86
37 E B ES) 40 41 a2 43 a4 45 46 |47 48 49 50 51 52 53 54
Rb Sr Y Zr No Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
“ 8587 | 84,86 88,89 | 88:2:96, 93 |92:2:100 99 |96:2:104 103]102:2:10 107 |106:2:16] 113, | 112,14 121,] 120:2:30 127,] 124:2:3§
88 91 95,97 99,101 ,105 109 | 111,113 115(20,2224  123] 232% 129 2931
L 55 56 72 73 74 75 76 77 78 79 80 81 82 83
Cs Ba 57.71 | Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi
> 133, [130:2:38 174:280| 180, | 182:84| 185, [184:2:92| 191,| 190:2:| 197, |196:204 203, | 20428 209
> 135 35,37 77,79 181| 186| 187| 187,89] 193] 98,95| 198 199,201] 205 207
D . 57 58 59 60 61 62 |62 64 65 66 67 68 69 70 71
u Lanthanides: la Ce Pr | Nd Pm Sm Eu Gd o | by Ho Er T Yo Lu
138, 136:2:|  141| 14246| 147| 14752 151 | 154-58 159|156:2:64] 156 | 162:2:| 169,[168:2:76 175,
: 139 142 148,150 144, 54 153| 154,60 161,63 70, 67 171] 71,73 176
Z Isotopes were chosen on the basis of availability of a minimal number of
( reliable experimental data sets for certain reaction channels.
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@ Contentof the StructuralMaterial Library m
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A neutron incident energies from 1 to 150 MeV
A 9 neutron-induced reaction channels included

Total Elastic Nonelastic

Inelastic (n,2n) (n,3n)

1aSK £.2

(n,g) (n,p) (n,a)

ACovariance matrices for each reaction channel and between
pairs of reaction channels:

prior stemmming from parameter uncertainties
prior accounting for model defects are supplied

AOutput in ENDF-6 format:
MF=3 and MF=33 file
General information supplied in MF=1.
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Publications:

Peeles Pertinent Puzzle i A fake of improper analysis
D. Neudecker, R. Frihwirth, H. Leeb
Nuclear Science and Engineering, 170 (2012) appeared in January 2012

Conference Proceedings:.

P e e | Redisent Puzzle and its solution
R. Fruhwirth, D. Neudecker, H. Leeb
Proc. of the 2nd Workshop on Neutron Cross Section Covariances, TU Wien, Vienna, 14.-16.9.2011 (in print)
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Status of GENEUS i General Nuclear data Evaluation and Uncertainty System
V. Wildpaner, H. Leeb, D. Neudecker, Th. Srdinko
Proc. of the 2nd Workshop on Neutron Cross Section Covariances, TU Wien, Vienna, 14.-16.9.2011 (in print)

Prior for Structurals Materials
D. Neudecker, St. Gundacker, H. Leeb, Th. Srdinko, V. Wildpaner
Proc. of the 2nd Workshop on Neutron Cross Section Covariances, TU Wien, Vienna, 14.-16.9.2011 (in print)

PhD thesis:

The Full Bayesian Evaluation Technique and its Application to Isotopes of Structural Materials
D. Neudecker
PhD thesis, TU Wien, Vienna Austria, April 2012
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JEFF Presentation and Documents
H. Leeb, D. Neudecker, Th. Srdinko, V. Wildpaner,
Stabilized Covariance Matrices for the Full Bayesian Evaluation Technique

at the example of >>Mn
JEFF-DOC-1377, 9.5.2011

lasK £.2

Workshop Organisation

2"d\Workshop on Neutron Cross Section Covariances

Vienna University of Technology, September 14.-16.9.2011

Proceedings in European Physics Journal i Web of Science, in preparation
21 participants, 13 talks
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= Progressachievedat TU Wien infirst 24 months m
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V Improvement of extrapolation procedure for model defects

V Inclusion of parameter uncertainties for proton, deuteron,
triton and a-optical potential parameters

V Inclusion of uncertainties level density parameters

V Inclusion of fission channels MT=18,19,20,21 und 38
iIn GENEUS

=

N

i .

7))

@ . ]

==l V Solution of the Aonvergence problemfi

NN

all

; V Inclusion of MF=4 in the GENEUS output (no evaluation)

V Treatment of multiple measurements of experimental data

)

A o

D V Structural materials prior library
<

V Successful evaluations for *°*Mn and 2°8Pb starting from prior library




" Milestonesand Deliverablesof m
WP 2, Task 2.2

Deliverables:

D2.3 Software Package for experimental covariance matrices
(CEA-DAM, month 30)

lasSK 2.2

Milestones:

M2.1 Report on Improvements and extensions of the GENEUS code
package including TALYS1.2. as well as sample evaluation for
55Mn and 208Pb. Extensive report by means of the PhD thesis

Mrs. D. Neudecker. (TUW, month 24)
completed

I M2.5 A new release of CONRAD (CEA-DEN, month 36) I
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Thomas SRDINKO

Stefan GUNDACKER Volker WILDPANER
(left in 2010 for CERN)
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Thank you for your attention
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