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Neutron spectroscopy @ ILL: e
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New Fresnel: doubling of Ft (=15 ns @ 7A). New vacuum box
Extension analyzer banks from 90° to 150°

Fresnel upgrade (Trans x 2, Bg / 2). 5 position sample changer with in-situ
DLS.

New primary spectrometer (guide, mono). Work on detector upgrade
New motorized focusing guide. BATS (TOF option) chopper upgrade

Fully integrated into user program. Installation of Bg choppers.
PASTIS-3 in progress.

Commissioning of primary spectrometer in 2024 Fresnel coil @ WASP

4 new monochromators, Thermes secondary spectrometer commissioned

New PG002 mono and ana. New Heusler in 2024. NVS commissioned.
PASTIS-3 in user program.

Extension experimental zone.

New detector shielding

New low T sample changer. Work on in-situ Raman option
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neutron counts (per monitor)

Single crystal spectroscopy:

-

ARTICLE B sy
Electron-momentum dependence of electron-
phonon coupling underlies dramatic phonon

renormalization in YNi,B,C

Philipp Kurzhals', Geoffroy Kremer?, Thomas Jaouen?3, Christopher W. Nicholson@® 2, Rolf Heid® ,
Peter Nagel', John-Paul Castellan#, Alexandre Ivanov® °, Matthias Muntwiler @ 6, Maxime Rumo
2, Vladimir N. Strocov® 6, Dmitry Reznik® 78, Claude Monney® 2 & Frank Weber® '™

2

Bjoern Salzmann

INS @ INS8:
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P. Kurzhals et al., Nat Commun 13, 228 (2022).

SX-ARPES @ ADRESS (SLS)
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SC induced phonon anomalies

Combined soft x-ray ARPES and INS

Ab-initio lattice and electronic
dynamical calculations
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PASTIS-3: e

D. Jullien, A. Petoukhov, N. Thiery, P. Mouveau, P Cm

U.B. Hansen, M. Enderle, B. Fak, P. Chevallier

on IN20 available from next cycles
project on Panther in progress, ~ 2024

D. Jullien et al., Nucl.Instr & Meth in Phys.Res., A 1010 (2021), p. 165558

Unpolarized Ei=21.35meV, Aw =3 meV
1D magnons
: 5000 .
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Single crystal spectroscopy - Exploring S(Q,®):

Tendencies: Consequences:

* Larger data volumes e Com ity in experiments
« Complementarity @3—3&%
* Modelling/calculations

* New experimental possibilities

Z= beautiful science Z: publication rate?
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Autonomous Experiments in
Inelastlc Neutron Scattering
SCICASAN NN | s e N
 ‘Data-driven’ analysis of 4D data sets
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Exploring S(Q,®) @ Panther:

INS intensity (arb.u.)

PHYSICAL REVIEW LETTERS 129, 127201 (2022)

Thermal Evolution of Dirac Magnons in the Honeycomb Ferromagnet CrBr,

S.E. Nikitin,"" B. Fik,”> K. W. Kriimer®,” T. Fennell®,' B. Normand,*® A. M. Liuchli®,*® and Ch. Riegg"®"*
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Exploring S(Q,w) — fitting 4D data sets:

INS intensity (arb.u.) (\5
[ 1 ' ‘

PHYSICAL REVIEW LETTERS 129, 127201 (2022)

Panther @ILL

Thermal Evolution of Dirac Magnons in the Honeycomb Ferromagnet CrBr, E :
S.E. Nikitin,"" B. Fik.” K. W. Kriimer®,” T. Fennell®,* B. Normand,*® A. M. Liuchli®,*® and Ch. Riiegg"*™* i
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Exploring S(Q,®) via Machine Learning :
ML Neural network approaches — Differentiating models

MAPS @ ISIS

Data volume:

Simulated data for training CNN

E=25 35 50 70 100140 E=25 35 50 70 100 140 E=25 35 50 J0 100 140

~ 30 million (Q,®) values

0.10-0.16 E; [ compressed to
0.16-0.22 £, BB 400 x 240 pixel image
0.22-0.28& Simulation/Convolution:
0.28-0.34 E; 6644 generated images (LSWT)
‘ ~ 7000 CPU-hr = 290 CPU-days
0.34-0.40 E; B3
(~ several weeks on a cluster)
0.40-0.46 E;
0.46-0.52 E, Comparison of several convolution
methods
0.52-0.58 E;
ML methods:
0.58-0.64 E; - CNNs

0.64-0.70 E;

- Deterministic Uncertainty
quantification (DUQ)

Data Goodenough Dimer - Network complexity vs
interpretability (Class activation
maps CAMs).

Keith T Butler et a/ 2021 J. Phys.: Condens. Matter 33 194006. '.ll
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Exploring S(Q,w) via Machine Learning:

Extraction of interaction parameters
5 model parameters
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_ Simulation/Convolution:
T8O 10% models (MC/LLD solver)

() o ()
e
(0. @) -~ Optimization
@y TRy ’id‘ ML methods:
§(Q) S ) . . . )
™~ @ - Nonlinear Autoencoder (denoising and compression)
Many body Solver s (Q.w)

- ML assisted iterative mapping algorithm (IMA)

== - Radial basis networks for fast surrogates '.ll
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Exploring S(Q,®) via ‘data driven” methods:

v g Specifically trained NN for well posed questions
e A A few, but huge data sets (~ Tbytes)
Huge computational/simulation effort

0.58-0.64 E;

0.64-0.70 E;

Benefits:

Acceleration of data treatment
Denoising

045 0 oS H5 0 0s H5 0 0s 045 0 08 H5 0
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Exploring S(Q,®) — from the TAS perspective:

MAYBE 1T'S
TIME TO POINT IT
TOWARD EARTH
Bl TO SEARCH FOR
9 TNTELLIGENT LIFE?

limited solid angle

limited experimental budget
= NoP

flexible exploration

asking the right
questions.

asking the right questions
before the experiment.

A different view on:
How many data do we need? -) Statistics

Can we use our experimental budget better? ") Acquisition strategy
| L (|
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TAS: From 1954 to today

Establishment of const - (Q or E)- scans
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Brockhouse B.N. and Stewart A.T. Scattering of Neutrons by Phonons in an Gao, S. et al., Nature 586, 37-41 (2020)

Aluminum Single Crystal. Phys. Rev. 100:756 - 757, 1955

a
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Exploring S(Q,w) — correlating points:

Can we use our experimental budget better?

Grid scanning: Algorithm driven scanning:
constant energy scans Gaussian Process Regression
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‘New’ algorithms — a look back into statistics:

Artificial Intelligence
Experience based leaming

Modern statistics Data Mining Big Data Data
Gensus ALORRAES Krvinige science
Machine Learning R emy ) S
Automated learning
x SvMm
x Triple-Axis Spectroscopy (Stppor Veckor Macisams) '
x Bayesian inference x Gaussian Process Regression Sparse lgatning
Y ® Deep learning x (High«dimensionality learning)
& Cluster analysis 8 Boosting, stacking..._,.-"'
Open Source
software supplants
Logistic regression isi : [ i an
Correlation % & OgcIg p— R Decision free.s-.. DI'o software
Random forest % ta
N Fachinidngisle | e cience
S Ehearrograntio % zsgzlpr:;l'\;orks Lonseet®®® polboxes
® Univariate analyses i ey Bayesian Network % ®

+ R&D acceleration

nnw
-----
......
..........
.................
.........
.........

llird century BC. XVIllith century 1950 1960 1970 1980 1990 2000 2011 2012

A. Nesvijevskaia. Phénomeéne Big Data en entreprise, Science de I'information et de la communication. Conservatoire national des arts et metiers — CNAM, 2019.

NNT: 2019CNAM1247. '.ll
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Bayesian inference — a probabilistic method:

“We owe to the frailty of the human mind one of the most
delicate and ingenious of mathematical theories, namely the
science of chance or probabilities.” Pierre Simon Laplace™

Thomas Bayes (1701 —1761) |

O Pierre Simon Laplace (1749 — 1827) &
/ O
/ Effects
Couse ¢ \: .2 SR 5
U
\ O
O
0 P(Oly) =
. P(y)
O
Possible wHects
causes O il X
observations
O
s
O

F 7/ §
*) The theory that would not die, Sharon B. McGrayne, Yale University Press, 2011. THE EUROPEAN NEUTRON SOURCE EOERUST&?ENT?



Bayesian inference — a probabilistic method:

“We owe to the frailty of the human mind one of the most
delicate and ingenious of mathematical theories, namely the
science of chance or probabilities.” Pierre Simon Laplace

Thomas Bayes (1701 - 1761)
Pierre Simon Laplace (1749 — 1827)

Gravitational waves:
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FIG. 1. Measured detector strain time senes of the first detected 25 30 35 40 45 50
gravitational wave signal by Advanced LIGO, GW 150914 (B. P m* /Mo
f , ) . srvrmd 2 anesly -
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(bottom P&lncl ). The tumes (“.\plkl\Cd are with ll‘f\pL‘Cl to probability distributions for the first detected gravitational wave
. . signal by Advanced LIGO, GW150914 (B.P. Abbott er al, )
September 14, 2015, 09:50:45 U IS are 'll

N. Christensen and R.Meyer, Parameter Estimation with gravitational waves, Rev.Mod.Phys. 94 (2022), 025001 EOERU ST&?ENT?



Gaussian Process Regression:

yj = f(xj)+egj, g; ~ N(0, op)

Prior distribution:
p(f{xi}i) = AL(f]0, Kyr) 2 o

(Ket|,; = k(xi,x;) = E[f(xi)f(x;)]. ™

-2
0 0.5 1 0 05 1
input, x input, x
Predictive distribution: (a), prior (b), posterior

2 —1
2 pe = Kug(Kge +0;,1,) 'y
p(vi|xe, D) = N (uy,02), where _
( *I 7 ) (”*’ *)’ 03:0,22+k**_k*f(Kff+0%In) lkf*
-/
1C.E. Rasmussen & K.I. Williams, Gaussian Processes for Machine Learning, MIT Press, 2006. 'll .

M. Lazaro-Gredilla et al., Sparse Spectrum Gaussian Process Regression, J. Mach. Learn. Res. 11 (2010), 1865-1881. NEUTRONS



Kriging Regression

Daniel G. Krige: distance-weighted average gold grades at the Witwatersrand reef
(South Africa). -

Karoo Supergroup

Georges Matheron: mathematical framework 1960.
Ventersdorp Lava - <
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Bayesian optimization — Steering the position:

n=2
- 0
-~ “' "
S~ . -==————objective fn (f(+))
observation (x) 25 s
® 3 t
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n=3 8 1 104
usd s { o o
' 50 points 100 points
- — BT T T i FTIE ") s O e 1 ik 1% 1% 1% 1% 1%
g SIS new observation (x,)
.y s s _— R
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y ) s "
25 s 2
v € 1] - B
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posterior uncertainty * e | o
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il 101 .
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% ié ik b 1 B e ik 1w % o ik ik B % 1% 1k O % 1 1 1k 1B 1% 1k e

1) B. Shahriari et al., Taking the Human out of the Loop: A review on Bayesian optimization, Proceedings of the IEEE 104 (2016), p.148 '.ll
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spectroscopy — Log-
Gaussian processes for
TAS

® 14:30-14:45
Q@ (NyaFest)

Astrid Schneidewind

Presenter

M. Teixeira Parente et al., Log-Gaussian processes for Al-assisted TAS experiments, arXiv:2209.00980v1
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Towards Autonomous Experiments:

[=]

Decision Policy m
Selects experiment
based on potential
information yield

P
4 Optimal Experiment

Bayesian Beliefs
Estimate of response
after a limited number
of experiments

b = Estimate
Uncertainty

Material Property
Information Yield

Synthesis Condition

o

Synthesis Condition

Experimental Results
New data are fed back to
update beliefs

<]

Figure 2. The closed-loop planning, execution, and learning from experiments for guided
and autonomous research. (a) Beliefs about the system that are captured using Bayesian
statistics, estimating a material property of interest; (b) a decision policy that balances
exploration versus exploitation when selecting an experiment to run; (c) closing the loop
by using the Bayesian update.

20/10/2022

K.G. Reyes and B. Maruyama, MRS Bull. 44, 530 (2019)

https://gpcam.lbl.gov . F RA

\Applied Math
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automated X, D
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N=$S N=10

AN A wq

Noack, M.M., et al. Sci Rep 9, 11809 (2019) '.ll
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Intermediate conclusions:
e Single crystal spectroscopy! |

 Complex experiments impo‘s'e comp'lex data analysis

e

* ML algorithms arrived.alse |n.th NS’ communlty (data driven
and data optlmlzangn) -t ,

* |ntelligent robatic &

* Bayesian optimization is the future




Physics instructed AE with Brillouin data:

Bayesian optimization on Brillouin scattering data

v*-.

12

—
o

(o]

1(Q, E) (arbit. units)

A.

0
E (meV
A. DeFrancesco et al., PRE 94, 023305 (2016)
20/10/2022

Quasi-elastic neutron scattering

D.S. Sivia et al., Physica B 182 (1992), 341
D.S. Sivia et al., Data Analysis —a Bayesian Tutorial, Oxford
University Press 2006.

NSE

A. De Francesco et al., PRE 99, 052504 (2019)

Autonomous loop

De Francesco et al., IntechOpen. https://doi.org/10.5772/intechopen.103850

F 7/ §
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AE with Brillouin data

20/10/2022

parameter estimation :
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3 ) ‘ 5 Figure s.
k Posterior distribution of the dampings of the two excitations as estimated from the Bayesian analysis after 5, 10,
20, 40, and 60 experimental runs.
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Figure 6.
Posterior distribution of the amplitudes of the two excitations estimated from the Bayesian analysis after s, 10, 20,
40, and 60 experimental runs.
A. De Francesco, L. Scaccia, M. Boehm and A. Cunsolo, Bayesian inference as a tool to optimize spectral acquisition in scattering experiments, )
IntechOpen. https://doi.org/10.5772/intechopen.103850 ' -
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Towards Physics Informed Autonomous Experiments:

Hl(QI a)l'lll"l‘lN)
H,(Q,®,)4,..,)m) (Qo, )

/ I aw Bayesian Beliefs

Estimate of response

after a limited number
of experiments

Decision Policy | I b |
Selects experiment
based on potential

information yield

/

4 - Estimate . Optimal Experiment \

g o
% Uncertainty .:__’
9 c
o 0
™ ®
: /\/\ E
5 :
35 2 ] - =
3l Synthesis Condition Synthesis Condition |

Experimental Results
New data are fed back to
update beliefs

\. )

K.G. Reyes and B. Maruyama, MRS Bull. 44, 530 (2019)

2 3 i
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Thank you!
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