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INTRODUCTION STARTING POINT:
FISSION MATRIX BASED COUPLED CALCULATION

Objectives

® Best estimate calculations General approach

—> Monte Carlo, CFD ® Pre-calculation of the MC response: Transient Fission Matrix (TFM)

® Design and safety studies => spatial prompt/delayed neutron propagation probability and time

—> not too slow calculations ® Time dependent deterministic approach with correlated sampling based
® Gen IV Molten Salt Fast Reactor matrix interpolation model, e.g:
—> Circulating liquid fuel and complex core flow pattern Fission Matrix
Neutron —
' source dV / i i
Target application case: Molten Salt Fast Reactor (MSFR) P _ Kk —V +K Z 1Pl ——v
ds PPl P =dp =1 Lor
/
Precursor —
PUMpS concentration P,
dr

heat exchanger_

v
r -

fertile salt .
New open questions
: : cooooo CROCUS
fuel ® Neutron noise exists due to fuel turbulence 00000000000
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INTRODUCTION

Principle: response function pre-calculation

® (Green function
—> Reactor transtert function

® Different matrices
—> Prompt and delayed fission matrices (x4)
—> Absorption matrices (x2)
—> Time matrix (x1)

® Thermal feedback interpolation model exists
But not discussed today

Neutron emission spectrum - 233U

[ENDF/B-VIL1 ]
\ .
e / delayed spectrum: yd

p—t
U

05 / —~ prompt spectrum: xp
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Energy distribution [MeV-!]
5

K K AT
—Apbp —ApYd —Ap —App
D = D D = d D = abs. p lifespan
K K A

—XdVp —Xdld —Xd

d—)p d = d d - abs.

TRANSIENT FISSION MATRIX IN A NUTSHELL

® source neutron |
Corresponds to a column of the matrix

® produced neutron
leakage .
. column j

propagation of
a generation

T
/\ ablso s
cqi line | Ji<—j e
eImissSion .'.'
S @ A] matrix ‘
fission product ’
\%0\\1' .
Reactor discretized fission to fission any
OREAR e transport matrix distribution
Fission Matrix of a 1D MSR system Time Matrix of a 1D system FM change due to density change
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® More fissions close to the ® The greater the distance, Kep
emission position the longer the lifespan
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CROCUS TFM OPERATORS

Neutronician Rorschach test
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=> 1ntrinsic neutron noise
—> pile-oscillations (BLOOM)
® In this work: simplified OpenMC geometry 2Dx1D

—> fuel oscillations

® Research & training reactor at EPFL (Switzerland)
light water

® Oxide (center) / metal (periphery) enriched uranium +

® Well-known reactor for neutron noise studies

CROCUS zero power reactor
® Maximal power: 100W
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Extra

® Probability Density Function (PDF)

® Eigenvectors

—> column of the absorption matrices

PDF (a.u.)

=1.00169

sampling a number in [0,1]
provides the position of the
neutron at the next generation
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THE RTFM APPROACH
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List of required distributions

The RTKM - Radomized TKM - generation procedure

® Delayed neutron distribution
PDF

j at time t=0

e sample a decaying delayed neutron precursor:

fission matrix eigen vector
or thermalhydraulics based 2y APy

PDF = abs. column matrix, prompt or delayed

o sample target absorption cell 1
® increase t by the lifespan j=1

® propagation over one generation:
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matrix ratio

—> new models @WMax Begue thesis

o sample 1f fission:

fission/vi/absorption matrices, prompt and delayed

® Fission probability j=>1

tally

® sample n neutrons form vp

® Neutron prompt/delayed multiplicity in 1

® Lloop on the n neutrons

sample based on a regular v; tally

160 k neutrons per second

~260 000 k neutrons per second
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—> new models @WMax Begue thesis
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Generation 0
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NEUTRON SHOWER GENERATION

THE RTFM APPROACH

First approach - cython 96 MPI1 (with shared memory for laws)

modulation time step need to save the propagation
—_— .
spontaneous delayed n. laws at each modulation step(!)
Initialize precursor 0 " ~0.2's ~0.3 s 1h
x Watt => fiss./s /—L)
ldelayed = 1/(1-ky)/v fiss. | Y96 in fime
dwell time ~0.1ms | RAM
—log(fractiong, .:y.p) ‘. 0.3 GB per detector
L hower = = 1.1sat 107°1n CROCUS
QRossi

® Need to "know" n modulation states to generate the samples
® Memory requirement for the tallys

® Shared memory for the laws (read only)
—> cyclic memory management

Current approach - cython 8§ MPI (with shared memory for laws) x 12 OMP

modulation time step
———————>
delayed n. End-of-time-step buffer(j, i, time, type):

spontaneous
o . - ~delayed/s . 1/Pef . A 1h
Initialize precursor 0 " 0.1s p .
x Watt = fiss./s ~3.100/ Win CROCUS I
ldelayed = 1/(1-ky)/v fiss. x96 in 6
111C

dwell time ~0.1ms RAM
0.3 GB per detector

® Only two laws have to be generated at the same time ® Two step generation
—> 1important for coupled noise generation - —> remaining cut showers of previous step
toward tracking of precursors by CFD —> decaying precursors during the step (MPI-balanced)

—> predictor-corrector algorithm 1s possible



THE RTFM APPROACH

First approach - cython 96 MPI (with shared memory for laws)

enu 16:41:30 4L00ms

modulation time step 0 2.6 GHz
) PU sCecCccccSESSECECECECGGECSESESSESESEGEESETaESassSsaSsEsesEEEEe I e o 86°C

88°C 14 85°C 28 B6°C 42 36°C 56 B84°C 70 85°C 84 B86°C 98 1 86°C
delayed n.

88°C 15 85°C 29 86°C 43 86°C 57 84°C 71 87°C 85 85 99 85°C
86°C 16 1 84°C 30 85°C 44 ] 84°C 58 84°C 72 88°C 86 1 85°C 100 86°C
85°C 17 86°C 31 1] 84°C 45 ] 86°C 59 1] 85°C 73 88°C 87 1 85°C 101: 86°C
86°C 18 1 88°C 32 1 84°C 46 ] 85°C 60 85°C 74 86°C 88 84°C 10216 85°C
86°C 19 86°C 33 1 84°C 47 ] 87°C 61 86°C 75 85°C 89 86°C 1031 84°C

X l@iltt"*;fiSSZ/S' 85°C 20 ! 84°C 34 ! B4°C 48 88°C 62 1 85°C 76 ! 86°C 90 1°C 1041 84°C
.............................................................................. 84°C 21 86°C 35 85°C 49 100% B88°C 63 85°C 77 85°C 91 1 86°C 1057 B4°C

$ 25 33 45 2e te m de m de e m dE e e N N E R E R nEnRnnEnnRnEEnEnERnEnEnnEnl ] :
]delayed"* 1/(]'kp)/VﬁSS- RGN HENHEHnHEGHEaErEE 8 B4°C 22 ] 85°C 36 1 35°C 50 1 36°C 64 35°C 78 1 34°C 92 34°C 1067 85°C
i AHEHEHaEE] NN iGN HEGHEHEGEEEEEE qEE 9 84°C 23 87°C 37 1 86°C 51 3 85°C 65 1 34°C 79 1 34°C 93 1 36°C 1071 35°C
jj{j{;;g;;g;;;;;;g;;;;;;;;;;g;g;;;;;;;;;g;;;;;;;;;g;;;;;;;;;;g 23232 10 85°C 24 ] 88°C 38 ] 85°C 52 ] 86°C 66 86°C 80 84°C 94 ] 85°C 108] 86°C
----------- iEHEHE HHGRHEHEHEHHEHEHEHEHGRHRHEHEHENHEHEHEHENERHEE BEE 11 85°C 25 1 88°C 39 85°C 53 ! 86°C 67 1 86°C 81 1 84°C 95 1 87°C 1091 85°C
---------- iifHiE HEGHEHEHEHEHEHEHEHEHEHEHEHEHEHEHEHEHEHEEET HHH(12 2% 86°C|26 86°C 40 85°C 54 1 85°C 68 ! 84°C 82 1101 85°C
HEHdRRHARHGRHGERHERHGERGEREEREGEREEREEREEE B8 /(19 ¢ 85°C 27 ! 3590 41 1 349C BE 349C 69 1 869C 83 1 1111 —
177.68 118.92

c
0
a1
---------------- SEEHEE BEEEHEEEEEEEEEEEEEEEEENOOENONNEEEEEEEEEEEEEE BEE 2
.............................................................. — 3

A

5

..............................................................

Initialize precursor 0

TR T R I R T R T R I R I I R T I I T I L L I I L I T R I I T I IR E IR ETE TR LA
R R R T N T T T T T T Y ——rYr————————————————————————————————_————————
TR E IR R L P P I I P P P NP PP T P T A T
I T T I T T T T T I T T I I I R T O I I I O T T T P T T P T TR T T TR R T T T T TR TR T T T
------------------------------------------------------------------
I I T T T

RARRAR R RKRRKRKXR

dwell time ~0.1ms
—log(fractys

85°C 96 1] 88°C
-,‘.FDC 97 \ () ;":’OC
Load avg: 181.65

[ ~

shower
ARo

proc ilter pause - per-core everse - tre

® Need to "know" n modulation states to generate the s e :

® Memory requirement for the tallys

® Shared memory for the laws (read only)

msfrdatal
Used: 43%
utils
Used: 63%
msfr
Used: 85%
datall-3
Used: 62%
datall-8
Used: 72%

Current approach - cython § MPI (with shared memory

modulation time step

—————————
delayed n.

~0.1 s

----------------------------------------------

End-of-time-s:
~delc
~3.10

net 134.158.43.27

Initialize precursor 0
x Watt = fiss./s
ldelayed = 1/(1-ky)/v fiss.

download
21.9 KiB/s
Top:
Total:

x96 in

dwell time ~0.1ms RAM

29.0 KiB/s

Top:
Total:
upload

® Only two laws have to be generated at the same time

29.9

23.3
7.99

GiB

GiB
GiB

O Byte

1014

318
126
65.1
335
209
2.25
1.91
13.5
8.44
13.5
9.77

enslfOnpo

MiB

MiB
TiB
TiB
GiB
GiB
TiB
TiB
TiB
TiB
TiB
TiB

(175 Kibps)

26.7

(4.71 Gibps)

GiB

(232 Kibps)

(2.19 Gibps)

G1B

Pid:
1959325
1959508
1949533
1959727
1949682

1959657 py
1959679 py

1959701
1959668

1949705 py
1959716 py
1959690 py

1959705
1949693
"'v —‘ -r_:' ‘:1

——
~t -
e N
'
- (__l

S——
|

Program:

python
python
python

python
Pyt hon
python
python
python
| ! ;
l

|

At t-l on
ython
python
pythol

il
U

Command:
python crocus_rtfm.py
/media/python/venv/bin/python —-c
/media/python/venv/bin/python —-c
/media/python/venv/bin/python -c

/media/
.delaf
/media/
/media/
/media/
/media/
/media/
/media/
/medlsa
/medlz
fusr/1a

1sr/1a
uUsr/bi
ISY/SD

One of the main ennemy:

python/venv/bin/
python/venv/
python/venv/
python/:
python/:
python/:
python/
python/:
/python/
fpyt htmﬁw~

i exec /
of

v
\l
L
)\

\l

\l

fenv/

env/

env/

u;d

n/aprt—=adump
il.. I YSVS10oQf
11b

bin/
bin/
'bin/
renv/bin/
'bin/
bin/
env/b 1 n/
venv/bin/
Vv llh.

python
python
python
python
python
python
python
python
python
[\ ‘hon

Threads:

impo
impo
impo
1mpo
1mpo
impo

C 1mpo
C 1mpo
C 1mpo
C 1mpo
C 1mpo
C 1mpo
C 1mpo

151
1
1

2/
“

/
“

/
“

v‘\/
s

User:

laureau
laureau
laureau
laureau
laureau
laureau
laureau

4 laureau
4 laureau
24 laureau
24 laureau
24 laureau

laureau
laureau

rootc

-—

MemB
3.006
156M

49M
132V

l M

.....

False sharing

select




NEUTRON SHOWER GENERATION

STATISTICAL UNCERTAINTY ESTIMATION

. . . autocorrelation
time series with T values / \
Jit = 997
\ o L a O'(OC) ey
Naive approach: N sub time series of T/N values / /\
A—, A — ‘x (i € INI) —— var = ———varta

® Sensitive to statistical 1ssues i1f the chunks are too small

Jackknife resampling: N sub time series of T.(N-1)/N values

® Better estimation of the uncertainty



VERIFICATION EXAMPLE OF NEUTRON NOISE STUDY ON
SPATIAL AND TEMPORAL CROSS CORRELATIONS & CPSD

3x 1071
J 10 . ' — ' —
Test case using CROCUS reactor —— 0/0: —157.3+1.12 0/0: —157.3+1.12
—— 0/1: —156.9 +1.08 —— 0/1: —156.9+1.08
® Reference (matrix) oprompt = 155.9£0.1 s71 = 0.8 — 0/2: —156.9%+1.04 | 3 —— 0/2: —156.9 +1.04
. .. o ——— 0/3: —157.2+ 1.00 .25, — 0/3: —157.2+1.00
® Multiple detector positions along the reflector S e —— 0/4:-157.0+088 | § 2x {0 —— 0/4: —157.0 + 0.88
© —— 0/5: —156.9 +1.01 © e . —156.9 + 1.01
Q Q
= =
S 04 S |
X 2 singular
o .
S 0.2 - O generations
N N N N N |
00000
000000000 0.0 -
0o000O0OGCOOS L , , , . . y Y . T T T T T
bl = 00 25 50 75 100 125 15.0 17.5 20.0 0 1 2 3 - B
XYXXXXX, Time difference [ms] Ti difference [ms]
N N N N N N N N N N N N
000000000000 00¢0 ] —+actual shape
000000000000000 1.0 —— 0/0:175.8+0.92 model fit
XX EEEXXXEXKXXXXXX. -3 — 15 Q7+0 6 S e A
38 OGO s s 10 0/1:158.7 +0.86 o2 Uk
000000000000000 0.8 4 —— 0/2:157.1 +0.83 - T ——
"X XK EEEEEEEXEENEEENEENEIENEEENEIXNEEY I @000 Jd R s TR heii—————
Y EXXXXEXKXXXXXX. 104 -; — 0f3:155.6 £0.76
L N N N N N N N N N N N N — . — .
e e S r S 0.6 - 0/4:154.7 +0.72
000000OCGOCGOCGES o ) —_— 0/5:153.8+ 0.83
i ol ~ 10734 —— 0/0:175.8+0.92 &
N N N N N N N n & 0.4 -
o000 o0 4 —— 0/1:158.7 +0.86 e .
i i 10-6 ] — 0/2:157.1+0.83 5
— 0/3:155.6 +0.76 0.2 -
—— 0/4:154.7 £0.72
107§ — 0/5:153.8+0.83 -
100 101 102 103 10° 101 102 107
Frequence [HZ] Frequence [HZ]

Conclusion

® Very good agreement between simulated noise "measurement"” and
the aprompt contained 1in the TFM matrices

® Usetul to study spatial effect on neutron noise: first singular
generations depend on the delayed neutron seed

10



VERIFICATION EXAMPLE OF NEUTRON NOISE STUDY ON
MODULATION NOISE

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz

o 1/10/100 mW | /\
® Sin/ triangle | | —. . .
S . | - 100 mW / sin / global 10 mW / sin / global
Global perturbation o3 1
: § , N 10" 3
Local perturbation — 2/0:15/.0=1.06 §
o« o —_— 5/11572i110 100_=
Delayed 1. pOSlthﬂ 1 —— 5/2:157.3+1.03 :
40 —— 5/3:157.4+1.07
— 5/4:158.1 £1.08
— 5/5:174.4 +1.04 —
'YXXX X, g
'YXXX X, D
'YXXXXX. A 107%*{ —— 5/0:157.2+0.93
S e s S 2 10_55—5/1:157.611.02
000000O0OCGCOGOOGOS — 5/2:157.8 £ 0.98
eeccoscccccoe . loe] — 5/3:157.9x1.10
0000000000OC0CGCOCGROOOONONOOONOO ] — 5/4:158.7+1.13
0000000000000000000000 7] — 5/5:174.8+1.17
0000000000000000000000 10 :
0000000000000000000000 AL L S B L B AL E ‘ T
0000000000000000000000 104 107t 10° 101 102 10° 104 107! 10° 101 10? 103
0000000000000000000000 Frequence [Hz] Frequence [Hz]
ref: pert/ref:
5.18e+01 £ 3.5e-01 1.07e-02 * 1.9e-04
5.44e+01 *+ 3.8e-01 1.07e-02 £ 1.9e-04 | o
4.95e+01 * 3.4e-01 1.08e-02 * 1.9e-04 Amplitude variation
5.22e+01 £ 3.5e-01 1.07e-02 * 1.9e-04
4.82e+01 £ 3.3e-01 1.07e-02 *+ 2.0e-04
5.22e+01 * 3.4e-01 1.07e-02 £ 1.9e-04
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VERIFICATION EXAMPLE OF NEUTRON NOISE STUDY ON
MODULATION NOISE

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz

° 1/10/100 mW | /\
® Sin/ triangle | - =,
. | - 1 W/ si lobal '
Global perturbation . 00 mW / sin / globa | 1 mW /sin / global
Local perturbation — 2/0:157.0+1.08 1071
. — 5/1:157.2+1.10
Delayed n. position 1 — 57:157.3+1.03
107" —— 5/3:157.4 +1.07
— 5/4:158.1 £1.08

5/5:174.4 +1.04

— 5/0:158.1 +£0.63
10-6 4 —— 5/1:158.3%£0.61
—— 5/2:158.4 £ 0.59

10_5 ) 10—7 — 5/3 :158.3 £ 0.59
0o0000O0OCGES o0 —— 5/4:158.4 £ 0.61
e lo-+{ — 5/5:1756 060
0000000000000000000000 L B L L ‘ T
0000000000000000000000 104 107t 10° 101 102 103 1074 107! 10° 101 102 103
000000000000000000CGO0COCGOO Frequence [Hz] Frequence [Hz]
ref: pert/ref:
5.18e+01 *+ 3.5e-01 1.06e-04 * 4.3e-06
5.44e+01 * 3.8e-01 1.07e-04 £+ 4.1e-06 | o
4.95e+01 * 3.4e-01 1.05e-04 *+ 4.5e-06 Amplitude variation
5.22e+01 *+ 3.5e-01 1.05e-04 * 4.7e-06
4.82e+01 *+ 3.3e-01 1.04e-04 £t 4.2e-06
5.22e+01 * 3.4e-01 1.07e-04 * 4.3e-06
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VERIFICATION EXAMPLE OF NEUTRON NOISE STUDY ON
MODULATION NOISE

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz

® 1/10/100 mW | /\
‘ ° ° | ] —
Sin / triangle Fo 100 mW / sin / global 1 mW / sin / local
Global perturbation 103 - 102
Local perturbation 7o L8 j
o — 5/1:157.2+1.10 101
Delayed n. position 1 —— 5/2:157.3%1.03
10° - —— 5/3:157.4 +1.07
— 5/4:158.1 +1.08

5/5:174.4 +1.04

XXX X X, g
XXX X T
XX XXXXXX 8- 10734 —— 5/0:156.2 £0.85
::::::::: _45—5/1:156.110.86
00000OG0OCGOCO 10 — 5/2:156.1 £ 0.95
e et e ] —— 5/3:156.7 +0.88
107 - 10
0000000000C0OCOCGCOOOOO — 5/4:156.9 £0.906
N N N N N N N N N N N N N N N _6 — 5/5:174.0 + 0.90
0000000000000000000000 10
0000000000000000000000 L B ‘ B B B LA B B LAY R
0000000000000000000O0OCFO 104 107t 10° 101 102 10° 10~ 107t 10° 101 102 103
0000000000000000000000 Frequence [Hz] Frequence [Hz]
'XXXXXXX
ref: pert/ref:
5.18e+01 *+ 3.5e-01 1.35e+00 * 1.2e-02 - N
5.44e+01 £ 3.8e-01 1.13e+00 £ 1.1e-02 largerifclose to
4.95e+01 * 3.4e-01 9.94e-01 + 9.7e-03 perturbation
5.22e+01 *+ 3.5e-01 9.31e-01 *+ 9.0e-03
4.82e+01 *+ 3.3e-01 9.02e-01 *+ 8.9e-03
5.22e+01 * 3.4e-01 8.85e-01 * 8.8e-03 —
smaller if far from
perturbation

14



VERIFICATION

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz
® 1/10/100 mW

® Sin/ triangle
Global perturbation
Local perturbation
Delayed n. position

r

103_

101_

10—5_

100 mW / sin / global

5/0:157.0+1.08
5/1:157.2 £1.10
5/2:157.3+1.03
5/3:157.4+1.07
5/4:158.1 +1.08
5/5:174.4 +1.04

SEEEN

1072

GO G O O

10°1 10° 101 102 103
Frequence [HZz]

ref:
.18e+01 £ 3.5e-01
.44e+01 £ 3.8e-01
.95e+01 £+ 3.4e-01
.22e+01 *+ 3.5e-01
.82e+01 £ 3.3e-01
.22e+01 * 3.4e-01

G Oy Gy &Y Oy Gy

EXAMPLE OF NEUTRON NOISE STUDY ON

100 mW / triangle / global

101
10°
1071 -
024
10734 .
] — /1
10y 5/2.157.6 + ¢
10-5] — 5/3:157.7 £ 1.08
] —— 5/4:159.2 +1.12
10'6§ —— 5/5:175.0 + 1.07
102 10! 10° 10' 102
Frequence [HZz]
pert/ref:
.56e-01 £+ 5.8e-03 2.66e-03
.56e-01 * 5.9e-03 2.67e-03
.57e-01 £ 5.9e-03 2.71le-03
.55e-01 £+ 5.8e-03 2.68e-03
.56e-01 *+ 5.8e-03 2.68e-03
.57e-01 £ 5.7e-03 2.72e-03

3HZz

N R N i iy XY

N NMNNMNMNNR

IMODULATION NOISE

S5Hz
.9e-04 2.28e-04 * 6.4e-05
.0e-04 2.06e-04 £+ 6.6e-05
.0e-04 2.26e-04 £ 6.7e-05
.le-04 2.32e-04 *+ 6.3e-05
.le-04 2.18e-04 * 6.4e-05
.le-04 2.57e-04 * 6.9e-05
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VERIFICATION EXAMPLE OF NEUTRON NOISE STUDY ON
MODULATION NOISE

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz

o 1/10/100 mW | /\
o - —.

Sin / triangle | - _ 100 mW / sin / global Precursor from 100% left to 100% right

Global perturbation 205+

Local perturbation — 2/9:157.0=1.98 i =074

o —— 5/1:157.2+1.10 10° - —— 5/1:156.0 % 0.69
Delayed n. position 1 —— 5/2:157.3%1.03 —— 5/2:155.8 % 0.58
101 - —— 5/3:157.4 £ 1.07 —— 5/3:156.6 % 0.62 s
—— 5/4:158.1 + 1.08 10! - —— 5/4:156.8 + 0.66 Delayed . pOSItIOn

5/5:174.4 +1.04

5/5:173.2+0.74 | resampled according

eeocoo0o g to user defined ,Odf
cecs00000 3 (one per family)
I 103 - k is constant (/)
000000000
000000000
00000000 10-5 - s
XXX XXX EXXXXXXXXXX 1077 -
00000000000000060
00000000000000000000060
0000000000000000000000 i m A e ‘ B RALLA A e
0000000000000000000O0OCFO 10~ 107t 10° 101 102 103 10=2 107! 10° 101t 102 103
0000000000000000000000 Frequence [Hz] Frequence [Hz]
00000000
ref: pert/ref:
5.18e+01 £ 3.5e-01 1.62e+01 * 1.2e-01
5.44e+01 £ 3.8e-01 l1.62e+01 * 1.2e-01
4.95e+01 * 3.4e-01 1.62e+01 * 1.2e-01
5.22e+01 £ 3.5e-01 1.62e+01 * 1.2e-01
4.82e+01 £ 3.3e-01 l1.6le+01 * 1.2e-01
5.22e+01 * 3.4e-01 1.62e+01 * 1.1e-01
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VERIFICATION

Test case using CROCUS reactor - modulation

® £]14.1 pcmatl Hz
® 1/10/100 mW

® Sin/ triangle
Global perturbation
Local perturbation
Delayed n. position

EXAMPLE OF NEUTRON NOISE STUDY ON

HOW TO DETECT A CHANGE IN THE SLOPE OF YOUR DATA

NOVICE METHOD: EXPERT METHOD:

v- {m,x+ D, XN

mz”‘(*bz : X2 -‘l—d . '."". ’ HEY LOOK, lT
ﬁr_’_& Arun (BENDS HERE

-
'»!'., \
Yyl -
c& '
-
- !
.\
~

o WA ~rt AR
-
’ ’
' i H"I{EL-.
)y —@—y{
'.0 e .
® -—\/.A« ’ OJ
. -o"“‘/v < '\.\’.
0.' . \-\
L

DO A BUNCH OF STATISTICS TIP THE GRAPH SIDEWAYS

MODULATION NOISE

[https://xked.com/2701/]
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OUTLINE

R Lildgele [ le] IS tarting point: FM based coupled calculation
slicansient Fission Matrix in a nutshell

*MECROCUS ['TFM operators

IR MITUIET I - "Randomized" RTFM Algortihm
sl Statistical uncertainty propagation
e Examples

lll - Noise simulator [N 2q jl 5\ Bve)7 7 eYs (=
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RIFN TOYMODEL

/ERO POWER NOISE ANALYSIS

\ Figure1
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toto

00000

000000000 O®
0900000000000 00

000009 °090000 900000

O NON N NO©

QOO OO0 e0ceecececeoeceo OO0 0 O 107>
. . . . . N NON N N N NONON NON | . . . . .

"X X X XoXoX X XeX - XoX- 106
OO0 0 O ecoeeececeeceeeeo O O O

103 - POWEr
000000000000000000
Q000 e000000000c000000e 200 @ 0.0

0000000000000000000000 — 513
Q@0 D ceecere0eeeeeeeeceeec0®@0® - — NS
0000000000000000000000
000  ce00000000000000000002®C
QO @®ecoececcecceeececeeeccceo 0O 3-

200000000000000000
OO0O00 g00000000000000000 200 ®
SN EIIEIIEYY YN Y N XX X ENONON N0 > ~
e00C00O0OQCOOS 1-
Q000D 000000000000 0000 </
®© 0O @ ©°000000000° D N O OO 0- | | | , ]
YX XX Xo 0.2 0.4 0.6 0.8 1.0
Q00000 000000000000
0000000000000 - — tho
000000 0OOO

00000
C e Sooae - a0

0 025 0.5 0.75 1 —~0.02 -

102
— 513

0.02 -

—0.04 -

L T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

| reset |

cit 9.91e-03
[_Pause | Rho | 0.00e+00 18




RIFN TOYMODEL

PROMPT JUMP IN CROCUS

N\ Figure1

toto

Q@O OO0 occ0c0c0e00eeee OO0 O

N N EOE I rrr oy x |
0000000000000 00Q0@0®0
Q@000 g00000000000000000 C00 @
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"N BOR XX XXX XeXoXeXoXoXeXeXoXeX X XXX NON X |
0000000000000 0CO0QO®®
9000 000000000000 000QQ®O® 0000
"N EORKXEXXEEEXEIXIXEIXEOX X X |
0000000000 0®O®

Q@0 0O0® 000000000000 @000 ©® 10-3 -

" N NON® 00000 OCO0OO0O00OO NGO K X | ’ : : : : :
00000 1.0 1.5 2.0 2.5 3.0

0000000000000 500 -
00000000000 400 -
XXXXX .

S 200 -

0 025 05 075 1
100 -
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RIFN TOYMODEL

PROMPT CRITICAL CROCUS

N\ Figure1

A€ Q=M B

reset |

toto

N N NON NYYYYXXIXIXIE XA N N
000 @ A XK N N N N N N X N N 00000

Q0000 00000000000 000900
Q000 ”‘::::::"‘  NON N N |
Q0000 0 000000000000

0000000 0OCVOCEOCGCOGO

000000000 O

10° f —— 513
10-1 4 —— power

ol |.II| “l""u‘
0.03

0.04 0.05 0.06 0.07

dt

Rho | —

B
025 05 0.75 1

0.00 0.01 0.02
0.04 - g
—  pOWer
0.02 -
0.00 -
—0.02 -
—0.04 -
—-0.04 —0.02 0.00 0.02 0.04
— o
3000 -
2000 -
1000 -
0 -
T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

9.48e-04
0.00e+00

o
O

h no, not again...
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CONCLUSIONS & PERSPECTIVES

Modeling iiEMioperators can provide CDF for n. shower generation
East generation of time series

Standard noise analysis
Elexible framework to modify CDF and precursor position

Verification | O SCH@) M EV A0 o =0 = nalelp)

MIeT[TaT-Hea]oJg 710 (i1l < Neutron multiplicity distribution
Lifespan j=>i distribution

Future studies RO ETe o) o) (Il VA@ M EVE IO
Impact of turbulence in liquid fuel

» Clustering in large cores
 Jest other analysis technics
Run on graphics cards
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