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Introduction

jontext: BVMIC for integral experiment

Ol

Nuclear data assimilation using Bayesian Monte Carlo

Principle

® Step 1: generation of random cross sections (XS) 1n agreement
with the experimental knowledge
—> sampling on nuclear model parameters - TENDL
=> sampling from covariance matrices

® Step 2: Total Monte Carlo (TMC) uncertainty propagation
=> prior “C” value for each set of cross sections

® Step 3: Comparison to experimental “E” results and XS-
weighting in the BMC process ( X2>

—> reduced posterior uncertainty using W, — €xp >

(some of the) Advantages
® No first order approximation

® Applicable on many kind of observables...

(some of the) Drawbacks
® Requires one calculation per set of cross sections
® ... requires observables with a large dispersion

[Rochman, D. A., Bauge, E., Vasiliev, A., Ferroukhi, H., & Perret, G. (2018). Nuclear data correlation
between different isotopes via integral information. EP.J Nuclear Sciences & Technologies, 4, 7.]
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Introduction

Principle

® Heavy reflector near to the CROCUS reactor

ol : , : PETALE
=> all details in V. Lamirand s presentation!

device

® Regular spacing of dosimeters in the reflector
—> ~ cm radius and ~ 0.1 mm thickness

ooooo

ooooo

® Apply a BMC (and other) nuclear data assimilation processes on
the dosimeter activation

—> progressive evolution of the reaction rate between the

: 0 1 0 |
dosimeters Thermal neutron flux [a.u] Fast neutron flux [a.u]

Neutron flux in the CROCUS reactor estimated with Serpent2

Challenges

® Monte Carlo modeling
Low flux (statistics) / streaming effect / dosimeter self-shielding

® Difficult TMC uncertainty propagation on reaction rates: GNuclear Data ~ OMC statistics
and onp estimated via A Monte Carlo with independente neutron histories...

® C(Classic CROCUS calculation: days
—=> one caculation required per random cross section!

Additional objective of this work

® Use the TMC with the Correlated Sampling technics to optimise the experimental setup /
Run the experimental programme
—> several configurations have to be studied
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TMC-CS

Correlated Sampling technics?

Principle

® Objective: replace 2 “close” calculations by a single one
=> calculation speed-up - only I run
=> variance reduction - same neutron path
=> no first order assumption

® Neutron weight modification
=> ratio of probabilities between the two systems

T
Ratio of probability for Ei’cf eXp(—d ' foft)

® Different application fields a distance d sampling: Ztot exp(— A Etot)
—> surface displacement ont
—> element concentration / density modification Ratio of probability for  2n,r * 2o
the reaction sampling:  y»  ypert
—> Doppler effect tot * 24m,r

=> ... nuclear data uncertainty

Drawbacks ® [w] [ wsi, wr, w3, W4, Wss, ... ]
® Needs probabilities different from zero and infinity eutron
=> can not make isotope appears from scratch
® If the systems are too different the neutron weight is too different
—> bad convergence . -
position



TMC-CS

Correlated Sampling with multiple Cross Sections: TMC-CS

Principle
® Each set of cross sections corresponds to a different system B i s e e '
=> different probabilities during the transport |
10"}
® Neutron weight modification for each XS set ol
® Multiple “1sotopes” and “mt” all together =101
=> ratio of probabilities between the two systems %
102
Nuclear Data cross sections o
® “Classic” TENDL cross section | | ey oy
—> sampling on the nuclear data parameters e S
meV eV keV MeV
o “Extended” TENDL - EUROfusion (“to fill the gap™) Energy
—> sampling on the nuclear models themselves (more 256 random TENDL 56Fe cross sections
challenging)
e
| ' [xslw’ [xslwﬂ’ xslwfz’ xsle’ L
10! § 1" : xszw’ xszwfl’ xs2wf2, xs2wf3,
| . xs3w’ stwﬂ, XS3Wf‘2, XS3Wf3,
10%F l ]“'" “‘P\ ‘ XS4W’ XS4wf|9 XS4wf2’ XS4wf3’
=107 L : : : i - ]
2 —> discontinuities
© 102 '
| => non linearity? -
10 3? — \\}, .§
10—4:” —  On.el —  Onnl,, - -
Ui S — keV — MeV position

Energy

2 models x 40 random >¢Fe cross sections
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Validation

Retference and comparison

TMC-Ref
® C(lassic Total Monte Carlo uncertainty propagation (reference)

® N calculations for N cross section sets

TMC-CS

® Uncertainty propagation using the correlated sampling technics

® N/ (~64) calculations for N cross section sets
memory limitation

TMC-sensi
® Uncertainty propagation using the sensitivities (Serpent code)

® XS % variation between ACE files #x and #0
=> uncertainty propagation for each XS file

Sensi

® Uncertainty propagation using the sensitivities (Serpent code)

® (Covariance matrix from all the random XS files
=> one uncertainty propagation value



Validation

HMI-001: >°Fe
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Validation

Ol

Keff uncertainty propagation

TMC-sensi
1.0 — 1.0 — ol
HMI-001: 5°Fe & extended TENDL = 101333 /f i = 1.0206s
. ?O = 1195pcin = 0.8 (I N\ = 1103pkm
® Large uncertainty ~1000 pcm =, =,
S = 0.0} = 0.6
® Same global distribution < <
ab () 41 (.4}
® Good file to file agreement Z Z
, , L 0.2 = 0.2
® Non Ilinearity appears on the
sensitivity approach (B0 0.0
c 70t . 1.06} e
e D / <
=S 60} o i ol
= 50} | i |
= 40} = 1.02{ =
5 30 47 1.00] i
"g 20+ 1 & X s
S 10} ~< 0.98} o
7 ! 041.06 0.981.001.021.041.06

1\'(4{', TMC — CS

[e—
-
—

[U—y
-
)
T

e
T

(barn]

ag
[U—
&

[u—
5
oo

[
9
e

] —— 0nal —— Onpnl,

—

10~° : : ' ' ' '
meV eV keV

Energy

11



Validation

CROCUS: >%Fe
® Small uncertainty ~3pcm

o TMC-CS / TMC-senst: 5{5%‘(’)"’1’ tohfe ”/Zf
good agreement! ... :

® ...no TMC-Ref
OMC stat ~ OND

.....
oooooo
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L i 1

Thermal neutron flux [a.u] Fast neutron flux [a.u]
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® Neutron flux / reaction rate in the

dosimeters can be compared to
TMC-Ref!

® But requires neutron biasing
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Introduction

[Eexp & specific requirements

é Thermal neutron with a weight of 1

é Thermal neutron with a weight of 0.5

Principle

® On the fly learning of the “minimal number of displacements”
required to reach the target
—> Neutron splitting

® Geometric X Energy grid (no angular grid yet)
13
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Introduction

[IE exp & specific requirements

)
neutron in the

detector

leackage

2‘* Thermal neutron with a weight of 1
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Introduction

r\

On the fly learning
—> automatic bias on
the actual neutron path

EETALE eXp & specific requirements
K/
-® .

neutron in the
detector

Thermal neutron with a weight of 1

-~

z, Thermal neutron with a weight of 0.5

Principle

* *l‘

® On the fly learning of the “minimal number of displacements™" ‘
required to reach the target B 2

—> Neutron splitting
Fast neutron with a
large mean free path

13

® Geometric X Energy grid (no angular grid yet)
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(PATE exp & specitic requirements
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Validation
Klux'/ dosimetry application

LA A | L LA | Al vy L LA | L LA | vy Ll 1 M | L LA | L vy Ll T v LA L LA Ll T T r T L L L LA Al Tt L Tt

10_6;,”,. ;
CROCUS dosimetry: neutron flux g 5
2=
. - O
® Flux calculated 1n all the dosimeters =
il
S
-
Serie of
dosimeters -
(Indium here) 5
£
>
=
e
=
S
8 8
e
D
: . : =
® Each flux i1s declined according to each S
TENDL cross section % S
. . <
=> all Fe isotopes, all mt reactions
® Spectrum distribution different S j
according to the XS W
g -1
Observation: =l
4}
® Impact of ND uncertainty directly T
visible on the flux in the dosimeters -
. = 0]
® Very close trend line between TMC-Ref = E
and TMC-CS v
_— : —4r 64 % in lo, 96 % in20 T 67 % in 1o, 97 % in 20
Y 1070 1077 10V 10~° 1077 10"

Energy [MeV] Energy [MeV] 15



Validation

12107 , ‘ , , 1.2 107°
CROCUS dosimetry: reaction rate T ) 1
E 8108} L 8100}
® Flux calculated in all the dosimeters . o -
2, minimal )
if 4107 thermal flux GF 4107°F
210-10}
Serie of
dosimeters
(Indium here) S
I
® Each reaction rate 1s declined according to J I
each TENDL cross section B B L
=> all Fe isotopes, all mt reactions = = 2 ¥ 5
. 10 -5 0 5 10 15 20 ~10 " 0 5 10 15
Observation: Rz diff [%) R, diff (%]
o 5 . 6F ' ' - ds m o ] e 6F
® Very good prediction of the reaction rates
difference between the TENDL cross
sections (useful for BMC)
1}
0 . n . . 0 . . - ,
2 1 6 8 2 1 6 8

Volume number Volume number 16



Validation )
Inter-dosimeter correlation
11511 7 &V 195 Rh—1.2MeV 119 In—2.0 MeV
e e —
Separation power 10 x9.3010% | | o x6.4110% | | o x1.2710-08 |

® Multiple dosimeters... all
independant ?

® Rhodium-Indium inelastic
threshold reactions: similar
ordering

Dosimeter correlation matrix

Reaction X Dosimeter number —
N | %
B 51 OF 10 |
115 Eﬁ 4} O 8|
" e 1] i 1.7eV S ni
O = 3 O}
= 5 _ 3t
= 5 I _
3 : . A 4
%) ________ %o I} 1+ 21
_% 103 ....... ‘ g 0 1 1 1 1 O 1 1 1 1 O | | 1 1
© v R 11 9MeV © 2 4 §) 8 2 4 §) 8 2 4 §) 8
i Volume number Volume number Volume number
= o
.‘;—5-4 %
< >
= 2
115 I %
n,ns, n 41 2.0MeV 3
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Validation

Separation power

® Multiple dosimeters... all
independant ?

® Rhodium-Indium inelastic
threshold reactions: similar
ordering

Dosimeter correlation matrix
| Reaction X Dosimeter number
1157,, (SRR = -

Reaction X Dosimeter number

1.7eV
9.7eV
6.1eV

9.3eV
1.2M
2.0M
3.6 M

4.1M
6.0 MeV
7.6 M
8.9M

{1 8.3M

4 8.7TM
4 10.0 MeV

Q>
<
tron energy

= =

mncoming neu

eV -

®
-
Average

o o
S

eV

Inter-dosimeter correlation

103 Rh—1.2MeV

.15,

15T 1.7eV

n,)
1 1

x9.3010-06 |

x6.41107%

= Ot O

oS oo W

2> 4 6 8 2 4 6 8
Volume number Volume number

® Method generic for many
dosimeters

® Important for dosimeter choice!
—> see V. Lamirand presentation

Ol

115 1h—2.0 MeV

1,15,

127107 )

S N = O OO

> 4 6 3
Volume number
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Conclusion

M[=Vd o TeYe L] [oT- A *= [ hie'correlated sampling is nuclear data
~ uncertainty propagation friendly
Results Approach usable for different systems

HMI-001, CROCUS, ...

Helpful for observables with a small
dispersion

Perspectives Apply BMC assimilation using TMC-CS

Add v, X in the CS for fissionable
iIsotopes & angular sampling

Consider the angular dependance for
the automatic biasing



Thank you for your attention!
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