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Introduction
Aims of the Full Bayesian Evaluation Technique
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oL Are needed for the design and development of

novel nuclear technologies (Nuclear waste
incineration, Fusion and GenerationlV reactor,...).
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Theory
Bayesian Statistics

X ... model cross sections

M ... model
o0 ... experimental cross  p(o,x|M)=p(c|x,M)p(x|M) Product Rule

sections

p(x | M)+p(X|M)=1 Normalization Condition

Likelihood function / Ili/:ior distrifhution o
easures the prob.
Measures the prob. (x| M) | to obtain the

that o is measured if p(x|o,M)=
oc|M
x and M are correct. TP M) correct quel Cross
sections x if M is

true.
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BAYES THEOREM

L|keI|hoodfunct|on p(x|o,M)= p(o|x,Mjp(x| M)

\'ﬂg M) Prior d|str|but|on

_l

p(x|o,M)=Nexp —2 G—y(x) B_1 G@lz X —X) AO_I(XO—X)}

In exponential
form
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Theory le

Bayesian Statistics WIEN

BAYES THEOREM in exponential form

Assumption: normal distribution of x around x,and o around y(x)

p(x|o,M) = NeXp{—@))T B! (@_ %(XO —X)T AO—I (XO —X)}
— v

o around y(x) normally distributed, if X, around xnormally distributed, if

considering /\‘;nside”ng /\)
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Theory - Experimental uncertainties,
Parameter Uncertainties and Model Defects

3SMn experimental and prior cross sections . .
T T T T Trassoe || Model deviates from experimental data
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Theory
Parameter Uncertainties and Model Defects

Parameter Uncertainties A,"{:
* account for the limited knowledge of the model parameters a,
* are calculated by means of Monte Carlo variation of parameters a, within
defined boundaries following different distribution functions

PU
AO :<(Gi(ak)—Gi)(Gj(al)—Gj)>
e parameter boundaries are chosen relatively broad to conform to the
required complete ignorance of prior knowledge.

Model Defects A,MP:
* account for systematic deviations of the model from the experiment
which cannot be corrected by exploiting the whole model parameter space
* formulation should neither be based on experimental data of the isotope
in guestion nor on model information

Theory
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Theory

Experimental uncertainties

Systematic and statistical uncertainties are _—

considered for the single experiments. exp-1 (exp.;,
Systematic uncertainties are considered as =
well between different experiments cor cor.

s P D

depending on their correlation.

All experiments which are correlated to
each other, are part of one large block
covariance matrix.

.co1
expl exp. 3) (exp 2 W

Jc 0c 0c 0C
B(c;,0;) = <AG/AG i)+ el £ (AE;, lAE >aE ¥ o B <AGSi,A\GSJ>aGS E
Errors in terms of cross sections energy cross section of standard material
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Theory
Experimental uncertainties

Systematic and statistical uncertainties are
considered for the single experiments. , 700

correlation matrix for experiment of Foster et. al.
‘Mnb5 corl?lockl’ Imat;rix

Systematic uncertainties are consideredas £ ®° | = .
well between different experiments -‘S Z§§ : _
depending on their correlation. 5 300 P (i °
All experiments which are correlated to § 200 i i 0.5
each other, are part of one large block E wg ' | B

0 100 200 300 400 500 600 700
number of exp. data points

covariance matrix.

B(Gi,cj):<AGi,ch>+2—g E <AEi,AEj>g—§ E +a%6 E{

/ l . \ oo |F

Errors in terms of cross sections energy cross section of standard material
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Theory
The Full Bayesian Technique

In Geneus, the linearized version of the Bayes theorem is implemented

T T p)
Ap=Ag—AgST (SAgS +B) SA,.
—1
T T
G; =Gy +AgS (SAOS +B) (0kxp =50 (Erxp ).

- 0o (EEXp)

600

Every update step corresponds to the inclusion of one large experimental block
covariance matrix B.

Theory
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Theory
The Full Bayesian Evaluation Technique

Nuclear Parameter Model
Model Uncertainties Defects

/ Experimental

Linearized / Cross Sections
Bayesian -
Update \ Experiment
v Covariance
ENDF Estimation
Output
e
I ] Theory
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Properties

Predictive Power of the Full Bayesian Technique WIEN
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Properties |
Impact of experimental uncertainties WIEN

correlation (n,tot) with (n,tot)

55 .
Mn total cross section
"corr001_001.mat’
52 itaatishon Cross corr001 00Lmat
. 140 -
c 3 7 Sect|0ns 120 -
S28 = 100 | L .o )
) =
526 S w0} |,
A % 60 |
[0 Q
024 rS .
& 40 | -4 -05
£22
s 20 f .
[v] 3
o 2 1 B
o 0 I R
1.8 R S T gy IR 8.2 -
: . . : . . y ]
0 20 40 60 80 100 120 140 E

15 20 25 30 35 40 45 50 55 60

Energy (MeV) Energy (MeV)
:
correlation (n,tot) with (n,tot) . correlation (n,tot) with (n,tot)
corr001_001.mat 1 Eval_ W|th ’corr001_001.mat’ 1
140 | f II 140 | !
20 | ull exp. 20 |
120 N s p 120 N s
> 100 |- % 100 |-
2 Cov 3
il {0 _ S 8o i
= L
§ 60 Eval. with § 60 f .
M40 | 05 . M40 | 188 -05
20 | i dlagonal 20t A - 3
=] - =]
0 - ! . . . - - -1 B H < y - : . . ' . 1 E
Tos" 3 experimental ) 04" 3
N 102 = 02 =
; : , . ; : ; 0 o C N 5 0 =
0 20 40 60 80 100 120 140 3 OV 0 20 40 60 80 100 120 140 'E»
Energy (MeV) Energy (MeV)

T B ) Introduction Theory Properties
ATOMINSTITUT




Properties |
Impact of cross channel correlations WIEN
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Recent Developments

Different contributions to Parameter Uncertainties

1U
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Recent Developments i
Different contributions to Parameter Uncertainties RAN=Z
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Recent Developments | lj
Distribution fuctions for Parameter Uncertainties WIEN
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Summary and Outlook

Summary:
* The Full Bayesian Evaluation Technique provides consistent cross
sections and uncertainties even beyond the energy range of the actually
included experimental data by means of sound prior covariance matrices.
* Experimental uncertainties limit the evaluated ones and have a large
impact on the evaluated covariance matrices.
* Considering cross-channel covariance matrices enables experimental
data to change cross sections and covariance matrices of different
reaction channels.

OQutlook:
* Inclusion of fission channel.
* Treatment of differential data.

| [T Summary
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