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Motivation of GP regression
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More general
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Prior / Regularization
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Gaussian process
- infinite series
- normal prior on coeffs



Covariance maitrix

Covariance matrices can represent a variety of
things such as normalization uncertainties, linear
trends, splines, Fourier series, polynomial
expansions, white noise, etc.

Observations (Yexp; Lexp)
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Power of GP

Powerful concept

Directly parametrize covariance matrix and work
implicitly with an infinite number of
parameters/basis functions!

(1 — 5132)2)

k(xy,xe) = 52 exp ( 2

Sample from prior (0=A=1) Sample from posterior
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Energy-dependent model
parameters

dependent (e.g., optical
potential)

e Use GPs to fine-tune energy
dependence to get a better
reproduction of data

e Better physics or vehicle to
treat model defects e S W W S

f(E) = M(E|p(E")) — M(E|P(E') +§(E'))

v

Gaussian process

o 5 1(E— E')?
k(E,E") = 6 exp (2 2

Helgesson, P., Sjéstrand, H., 2018. Treating model defects by fitting smoothly varying model parameters: Energy dependence in nuclear data evaluation. Annals
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Synthetic data study

=== Global fit +1 0o
Local fit +1 0 (g = 0.061, A = 3.2 MeV)

d MOdel. “PseUdO'TALYS” (56Fe 1400
like data)

e Sampled truth:

* frue(X) =F(x, B) (1 +&(x))
— B and ¢(x ) sampled |
= Varying model defect, &(x) "

« Sampled experimental data
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Found: Energy-dependent much
more reasonable uncertainties.

Deviation / uncertainty

Helgesson, P., Sjéstrand, H., 2018. Treating model defects by fitting smoothly varying model parameters: Energy dependence in nuclear data evaluation. Annals
of Nuclear Energy 120, 35-47. https://doi.org/10.1016/j.anucene.2018.05.026
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Comparison of correlations

(b) Local fit

(a) Global fit
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Local fit energy-dependent parameters augmented with GPs



Globally informed defect priors
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Global prior construction
(n,p) reactions as examples

CA40 CA42 CA43 CA44 CO59 CR50

MN55 NIO

30 0 10
energy [MeV]



model defect (relative to reference calculation)
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Link to animation [MP4]
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Remark

Reasonable constraints are
important for a successful
optimization (e.g., lower bound
for length-scale, upper bound
for maximal local difference of
amplitude, etc.)
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http://www.nucleardata.com/storage/presentations/2018_10_WONDER/movies/GP_np_hyperpar_optim_anim.mp4
http://www.nucleardata.com/storage/presentations/2018_10_WONDER/movies/GP_np_hyperpar_optim_anim.gif
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Marlike maxim with (n,tot) data

5(E)

)

calculation

elative to reference

model defect (r
Ny

metric m(E)
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model defect (r

Remark

Optimization was guided by allowing
more flexibility at lower than at higher
energies.
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Correlation matrices of defect (n,tot)
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Poor man’'s BMA

[again ~°Fe update (n,p) and (n,tot)]
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Poor man's BMA
[again ~°Fe update (n,p) and (n,tot)]
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Correlation structure

correlation of defect for (n,tot)
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http://www.nucleardata.com/storage/presentations/2018_10_WONDER/movies/GP_tot_priorsamples_anim.gif
http://www.nucleardata.com/storage/presentations/2018_10_WONDER/movies/GP_tot_priorsamples_anim.mp4
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>°Fe differential cross sections (n, ...

cross section [mbarn]
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cross section [mbarn]

Comparison update (def/nodef)
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Consistent parameters
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cross section [millibarn]

Inconsistent data = trouble

Proton-Neutron total cross

354 - : - 01 SHAPIRO,PR138B,823-65
et T - 02 CARVALHO,PR96,398-54
1 03 DEVLIN,PRDS8,136-73
04 CHEN,PR103,211-56
‘ - 05 DZHELE,DOKY110,539-56
30 1 - 06 BUGG,PR146,980-66
07 ABDIVAL,NPB99,445-75
= 08 KAZARINOV,JNP1,271-65
- 09 LAW,NP9,600-59
- 10 DIDDENS,PRL9,32-62

25 - 11 PANTUEV,JNP1,134-65
1 2 3 4 5
plab [GeV/c]

Fit of
>M, yiN (E|x;, 22)
SN (E]x), 2)

ow(E) =

to the neutron-proton total
Cross section using just
statistical uncertainties B

stat

Problems

Final fit underestimates
uncertainty

Associated x*/N = 16 too large

Without visual inspection
we do not know why



Large amount of data

Help » Manual POF | Lexfor | NND

d NR;)G Experimental Nuclear Reaction Data (EXFOR) QJ Exam ple: EXFOR Database

elp | Output | Plot+ | R33  Databases » ENDF | CINDA | IBANDL  CD-ROM » EXFOR-CINDA

talog

Database Version of 2017 04-03

Software Version of 2017-04:

2 New.Web-2VView plots; affine transformations
1 Plotting without grouping by reaction-code:

) [how-to], distortion picture using 2D-calibration [now-to]
0 CS ratios between diff. o on the fly) [example]
1 Plotting cross section coded with ahidea Ly atomic mass of taract) [example] #Adv.plot uaing C3
1 Recalculation of angular distributions to inverse kinematics (when converting EXFOR =R33) [example]

° n
The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactions have been compiled rO u m I I O n a a p o I n S

systematically since the discovery of the neutron, while charged particle and photon reactions have been covered less extensively.
The library contains data from 21574 experiments (see statistics and recent updates).
EXFOR Reference Paper: Nucl. Data Sheets 120(2014)272  EXFOR Minorsltes

Examples of requests: 1/2/3/ss|d7... = GO to: [upload your data] - -
* No covariance matrices for many
Request Submit Reset Help No reschion combsinations {atios,)|
Target E) Excude svaliatad data
| measurements
QLentity 2 Disable Prompt-Halp
Bl 2l |sortby: reaction publication
Energy from to o ] 7 Viow: basic ) oxtonded
Author(s) 9 Ranges (Z,A)
Publication year 2| Reaction Sub-Fields - - - -
s  Direct fitting of models/functions not
Accession # ] Clone Request:
Extended CINDA ENDF
YKeywords

reasonable

- all criteria are optional (selected by checking ¥ )
selected eriteria are combined for search with logical AND
- diteria separated in a field by ";" are combined with logical OR
- ariteria starting with **" will be sed as logical NOT L]
- wildeards (*) and interval
Statistics of us:

Database Manager: Viktor Zerkin, NDS, Intemationaf Atomic Energy Agency (V.Zerkin@ises.0rg) 4|Request #194
Web and Database Programming: Viktor Zerkin, NDS, Intemational Atomic Encrgy Agency (V.Zerkin@iaca.org) Results: Reactions: 203 Datasets: 827

Data Selection
Database as Of 2017_04_ Retrieve Selected  Unselected  All Reset

Output: X4+ EXFOR Bi TAB C4 PlotC4
Plot: Quick-plot (cross-sections)  ungroup Advanced plot [how-toJusing  CS5and  convertratios to o
Narrow incident energy (optional), eV: Min: Max:

Number Of 21574 experlmental Apply(52A,2I?) Data re-normalization (for advanced users, results in: C4, TAB and Plots)

Experts' corrections: 2

ENTRY WOka 1) id=2 K.Zolotarev 2011, Fe-54{n,p)Mn-54 [display corrections] [apply corrections] [search datasets] [list de
2) id=1 K.Zolotarev 2011, Zn64({n,p)Cu64 :: [display corrections] [apply corrections] [search datasets] [list date
e n Display Year Author-1 Energy range,eV Points Reference
[y Lp (=7 (R 5 == o ) ) (=316 ) ZE =215, o Ca: MF=3 MT=?

Number of 150976 data tables
SUBENT 1 JJMMME Cov| 1987 5.M.Qaim+ 1.00e7 1.05e7 2 _ + J,NSE, 96,52, 87

=10 ) J 52 (26-FE-0 (N, INL) 26-FE-0, AR, DA} = (26-FE-5¢ (N, TNL) 26-FE-36, PAR, DA, , &) Mr=7
2 JJM X4+| X4z | T4| 1968 E.Barnazd: 9.37a5  1.50=6 228 + J,NP/A,118,321,196810
s +] 4] Xd| xa+| x4z | T4] 1.05e6 1.18e6 50
Number Of 167857 data tables Of a3 J P (26-FE-0 (N, INL) 26-FE-0, PAR, OB, LEG/RS) = (26-FE-36 (K, TNL) 26-FE=30, BAR, DA, , LEG/RS/A)  Cd: MF=4

4 JJ& X4+| X4 | T4| 1968 E.Barnard+ 1.0926 1.3les & + J,NE/A,118, 321,196810

Datasets reactions
4) (26-FE-0 {N, INL}) 26-FE-0, PAR, SIC) ={26-FE-56 (N, INL) 26-FE-56, DAR, STG, ,A)  C4: MF=?  MT=?

i) J) ,O (26-FE-0 (N, X) 25-MN-56, PAR, DA, G) + {26-FE-56 (N, 2N) 26-FE-55, FAR, DA, G,A)  Cd4: MF=4 MT=?
& ) 2 (26-FE-0(N, X) 26-FE-56, PAR, DR, G) + (26-FE-56 (N, 2N} 26-FE-55, PAR, DA, G,A)  Cd: MF=4  Mr=?
7 L2 (26-re-s54(w,n) 24-CR-51,, 5
8) ) P (26-rE-s4 (v, INL) 26-FE-54, PAR, DA, G) + (26-FE-36 (N, 2N) 26-FE-55, PAR, DA, G,A)  Cd: MF=4 MI=?

Number of 14739297 total number of
Datapoints data points

Cd: MF=3 MT=%

/(26-FE-56 (N, P} 25-MN-56, , 5

9) 4 /2 (26-rE-54 (v, INL) 26-FE-54, PAR, DA, G, B) + (26-FE-56 (N, 2N) 26-FE-55, PAR, DA, G,A)  C4: MF=4  MI=?
10) L2 26-re-saw, T9r) 26-FE-54, BAR, ST
11 D 2 (26-re-54 (v, p) 25-MN-54, , SIG) / (26-FE-56 (N, F) 25-MN-58, , S

C4: MF=7 MT=?
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Empirical Bayesian approach

B:

B,

By

Oexp,1
Oexp = | Oexp,2

Suggestion of a reasonable parametrization (others are possiblel)

Additional normalization error (e.g. sample thickness, calibration, ...)

A 5
B, =B, + Ki"0exp.i

gl .
P,

~

m (ﬁcruea K I EexpaﬁOJ AO) X g(aexp Iﬁ{:ruea B(R)) XWO(ﬁrue IﬁOa AO)

Criteria for choice of prior

e Simple parametrization

X?T()(I%)

e “Uninformative” \

* Favor sparse solutions

K1
Schnabel, G., 2017. Fitting and Analysis Technique for Inconsistent \
Nuclear Data, Proc. of M&C 2017 (arXiv:1803.00960). K2


https://arxiv.org/abs/1803.00960

Schematic application
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] | | I |
1 2 o 4 2

D 2~ =T lab [GeV/c

0 A KL K K3 Ky K5 Kg kK1 k38 Ky Kio K XN
GLS — — .00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 16.13
£U N 00 .04 .10 00 00 .14 A3 06 .10 00 .13 0.73
PN A1 — 00 .03 .07 00 .00 .10 09 04 .05 00 .09 0.79

oL 13 10x10" 00 .00 07 .00 .00 09 09 .03 .00 .00 .08 082
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TABLE 1. Posterior maxima « based on the prior distributions specified in egs. (50) to (52). For the pdfs py and pr, results based
on different values of § are presented. Square brackets denote that the respective k; was fixed at zero. The index i refers to the
experiment data set, see fig. 2. The value y /N is the result of eq. (19) divided by the number of data points. Relative likelihoods
{ are stated for the case pp with § = 0.13.



Recent: Integral adjustment

 We add an extra uncertainty to each experiment.

Z ONDp

overall p
where p#J

extra,common

2
OB,J G T Gstat + Odefects other
2 _ 2 2 2 2
OB,I,J _OE + Ostat + Oextra,l +O0
g, found by

1

maxzimizing L.:

Sjostrand, H., Schnabel, G., Helgesson P., Monte Carlo
integral adjustment of nuclear data libraries —
experimental covariances and inconsistent data,
WONDER 2018
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\/(QW)N |Covstat,exp,extra
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Some results

1000
500 -
—5001 I
—1000-
—1500- « Before calibration + U5U8 unc.
e After calibration + U5U8 unc.
Benchmark uncertainty
—20001 ‘ . . . .
HMF1_1 HMF8 IMF2 IMF3_2 IMF7_4
Benchmark uncertaintes [PCM] | HMF1_1 | HMF8 IMF2 IMF3_2 | IMF7_4 |Fully correlated
No ML: Reported uncertaintes 100 160 300 170 80 0]
Uptated uncertaintes 153 204 300 580 390 0]
With correlaton 267 329 333 591 409 257




Outlook

e Perform an evaluation of sé6Fe with GPs on
parameter sidel

* Interface recent methodological developments
with TALYS/TENDL

* Continue development of methodology for
Integral adjustment

1) UU contribution to Eurofusion2018
VR contribution to PPPT nuclear data development: Evaluation of neutron cross section data in the fast energy range



https://ims.euro-fusion.org/Workpackage#?aWpId=2734&aTaskId=4139&Job=Task%20Reviewer

