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Machine learning and particle physics by A.
Salzburger (CERN)

M Data analysis the most prominent
field in ML.

//" Tracking & metric learning

Are we searching/clustering in the right spaca? - SSSS

M No out of the box solution.

* Mapping data into a different representation was one clag @ ==
track finding (hough transform, conformal mapping) @ e e

" R o Adrano Agretio (Co-heat, Guest) N |

* Can we learna b?t‘e: waylolook at tracks? (@ oo vtan e o | g N N tra | ned on Sl mu Iated data . HOW

Fig 2 Lean ° shitach Kouel)

=N good is the data?

M CPU time is expensive.

15 Acrouche, T Golleg. M. 0ste. AS Mo, het Lo & Trackeg |

e [F] DL assisted by ML: simulate boring
- events that could be interesting.
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Data Challenges for accelerating scientific

discovery at Neutron facilities by J. Taylor (ESS)

Neutron and Photon Scattering

Materials and Life Science Research

“Neutrons tell you where the atoms are and what the atoms R

are doing”
C. Shull & B Brockhouse '94 Nobel laureates

Photon scattering tells you where the electrons are and
what they are doing.

The domains are characterised by many different
experimental methods.

A direct probe of the quantum ground state (and excited
states)

M Challenge 1: Different types of data
and different Physics.

M Challenge 2: Velocity of data input
and output.

i Challenge 3: Data processing
becomes a limiting factor.

M Challenge 4: Lack of labelled
training data, experimental
background, analytical
understanding of the process.

M First successes: Data mining,
atomistic codes and ground work at

STFC.
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Luna, P et al (2019) Physica B 564, 64-69.
Tsapatsaris, N. et al (2016) Rev. Sci. Instrum. 87, 085118.
Tsapatsaris N. et al (2015) EPJ Web of Conferences, 83, 03015.

with some help ... MIRACLES will cost 13.525 M£.
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... but we still analysing data as we if we were in the 70s’

107 ¢ . ' -
: i\ Q=0.65 A"
- ' ]
. . . . . . 100 L -
Future directions in quasi-elastic neutron scattering g g
A.J. Dianoux Physica B 182 (1992) 389-402 —
tnstitt Laue-Langevin, Grenoble Cedex, France North-Holland 3 10-1 i i
4. Conclusions g : :
0p]
We can return to the main purpose of this 1027
paper which could be rephrased as: what is the 3
future of QENS? For me this is not a scientific '
question, but more a political one (if one consid- 109
ers as political the funding of neutron facilitics). .
[ have shown, using some selected examples, 2 -5 1 05 0 05 1 1.5 2
that the information brought by QENS is more Energy(meV)
direct, and sometimes more detailed than that Larsen, S. R. et al. & HNB - just submitted - Data from IN5.

obtained by the other spectroscopic techniques (b) 10w

e e

= . Hunter, R., Stirling, G. & While, J. Nature Physical Science 230,
However, the full capabilities of QENS can MQ, ) | (1971) 230, 192

only be realized it one has aceess to high intensi- Also data from IN5S!1

ty neutron sources, either contmugus (reactor) or Cebula, D. J. et al. Clays and Clay Miner (1981) 29, 241.
pulsed (spallation source). Furthermore, one Iso data from INS!1I

nceds to have an ongoing development of sophis-
ticated spectrometers.

hw/meV

EUROPEAN
SPALLATION
SOURCE

5




... but we still analysing data as we if we were in the 70s’

107 ¢ . ' -
: i\ Q=0.65 A"
- ' ]
. . . . . . 100 L -
Future directions in quasi-elastic neutron scattering g g
A.J. Dianoux Physica B 182 (1992) 389-402 —
tnstitt Laue-Langevin, Grenoble Cedex, France North-Holland 3 10-1 i i
4. Conclusions g : :
0p]
We can return to the main purpose of this 1027
paper which could be rephrased as: what is the 3
future of QENS? For me this is not a scientific '
question, but more a political one (if one consid- 109
ers as political the funding of neutron facilitics). .
[ have shown, using some selected examples, 2 -5 1 05 0 05 1 1.5 2
that the information brought by QENS is more Energy(meV)
direct, and sometimes more detailed than that Larsen, S. R. et al. & HNB - just submitted - Data from IN5.

obtained by the other spectroscopic techniques (b) 10w

e e

= . Hunter, R., Stirling, G. & While, J. Nature Physical Science 230,
However, the full capabilities of QENS can MQ, ) | (1971) 230, 192
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pulsed (spallation source). Furthermore, one Iso data from INS!1I

nceds to have an ongoing development of sophis-
ticated spectrometers.

... Remember ... at ESS instruments
performance will surpass what is
already available...

And what about analysis?

hw/meV
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Collaboration on Analysis of 3D Image Data in
the QIM Center by A. Dahl (DTU)

ol Image analysis for 3D tomography
not established like medical image
analysis; but users knows the
sample!

M AI/ML can help with segmentation
and higher throughput.

HE s". 28 \'.

Na. fw blc

M Needs: Methods that require little
training data (each sample is
unique); quick visualisation (data
vs result); annotation and

correction.
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A data-driven approach in Astrophysics by I.
Davidzon (NBI)

M Help with big data from future

surveys.
For the others: curb your enthusiasm... " g Methods that are well tested in
» Data doesn’t speak for itslef: data driven doesn’t mean n assumption free. H I
Even for unsupervised ML. IndUStry may nOt be SUItabIe for
_,_\J" ‘e 1 Dimensionality reduction of 1
- | ¢ " a given (galaxy) manifold, a St rO p h yS I CS L
j e.g. the panchromatic space

TS50 1 Fig.1) two different representations
. using t-distributed stochastic neighbc
! embedding (t-SNE)

(Z Treatment of uncertainties in the
ML algorithm itself; one solution
among many.
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A data-driven approach in Astrophysics by I.

DaV|d 20N ( N BI) 0 IS'ILIerI\I?ev;/;tlh big data from future

M Methods that are well tested in
industry may not be suitable for
astrophysics.

For the others: curb your enthusiasm...

» Data doesn’ - fv ’
B for mspenvised WL o mean asTpHaIffee [M Treatment of uncertainties in the
g . - Oimensinalyreciction of ML algorithm itself; one solution
g e.g. the panchromatic space among many_
. Fig.1) two different representations
E : | using t-distributed stochastic neighbc
L | embedding (t-SNE) . .
| M Light coming from a Galaxy!
Fig. 2) three differen - i z
1 using Self-Organizil

—17.2}

—17.4F}

Thacics for the great talk! | have lots
you. | will write on MOy

~17.6f

va. Toby (STFCRALISIS)

log(flux) [erg/s/cm?/A]

—17.8F 0.2Z¢, 7.5 Gyr, Ay=0.3 (SMC) \,
I Ze» 2 Gyr, Ay=0.3 (SMC)
- 18.0 I P 1 " 1 1 1 1
3.2 3.4 3.6 3.8 4.0 4.2 4.4

log(A\[A])

classical method: fitting galaxy models
to photometric data points
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More commonalities than we may think:
Lots of room for collaborations

ML IS EVERYWHERE IN HEP

Conclusion S~

AND IT WORKS BEST WITH

TRIGGER & DATA HUMAN GUIDANCE*

ACQUISITON

COLLIDER EXPERIMENT

ANALYSIS
RECONSTRUCTION

- a

.
.
.
A

EVENT GENERATION

DETECTOR
SIMULATION

SIGNAL
SIMULATION

Data Stream
Acquisition EV‘;('“S . Data
& Event Reduction Visualisation
Formation  aggregate

Meta Data

. Feedback & Automate _#

Tomographic

Scanning reconstruction

. Data collection, reduction, management

Segmentation

AR i Y A

w By all means learn from CERN
experiences, as the imaging
community can learn from medical
imaging.

M Understand what is behind a
solution: sharing algorithms, best
data structure and practical
experience.

Finite element
modeling

2. Extracting information from signal
(measurements with error bars)
Sample Projection Volumetric Segmentation] Simulation
3. Interpretation (e.g. model fitting) to e Geng FouE QUtCome
produce codified knowledge
. . \ L s—— EUROPEAN
4. From knowledge to “wisdom”: causality, S SPALLATION
ok SOURCE

big picture, future perspective




More commonalities than we may think:

Data deluge and data heterogeneity

w CRRE
Economist

L R R R e A .

Pheru v v
Wagambaq Lpe s

The ooeas & A Ven Mgt 2w
Saatoady vasded Topl Ve am
The B0 30 et ot 3d Gge

The data deluge

A3 FOGE TO MANDLE 1T A A FRGL SFLON BP0

[M Data storage and CPU are expensive.

M Data popularity, data monitoring (is
the experiment working, is my data
useful?), data does not speak for itself
(assumptions even in even
unsupervised ML), measurement vs
experiment...

M Difficulties in selecting relevant
method, quantifying structures
become the most time-consuming
part (of imaging...).
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More commonalities than we may think:

Dealing with noise

Energy (meV)
=

Useful data + noise + background(s)

these galaxies

don’t exist

M Do you know what you are looking

for?
T T T T I T I T T T T I T T T T

= {0tk TepTha VBF - Dala il
e {s=8TeV, 203 " — H(125) (u=1.4)
~ fo-gTev. 20807 . H(125) (u=1) ]
S 10° —

o) B Others

i B Fake t

27z Uncert.

BDT 10° Evidence
' 10 for Higgs
Boson

1.5

0.5

1 I 1
-1 -0.5 0 0.5 1
BDT output

Data / Model
i e |
L . :

M A distinctive feature of Astronomy
(and Scattering) is the complexity
& uncertainty in the data: Common
ML approaches ?
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More commonalities than we may think:

A We need out of the box solutions!

[ For students it is a great opportunity to make a difference in Physics!

[ The ultimate goal:
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Conclusion: ML can revolutionise the way science is done

* Correlation vs Causation
«  We want to discover mechanisms
- And understand why

« ML for automation
 assisting users set up and configure

« data driven automation for workflows

« increased throughput - commander data
- isit good or is it bad

- automated discovery
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Wrap-up: Workshop on Perspectives and Applications of Deep Learning (DL) for Accelerated Scientific Discovery in the next ¢

generation X-ray and Neutron Sources

12
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Conclusion: ML can revolutionise the way science is done

* Correlation vs Causation
« We want to discover mechanisms
- And understand why

* ML for automation
- assisting users set up and configure

« data driven automation for workflows

- increased throughput - commander data
- isit good or is it bad

 automated discoverv

- Easy to underestimate complexity need to dive in and explore

« Collaboration between ML experts is essential
« Build collaboration and communication channels
« Build a set of useful tools

Wrap-up: Workshop on Perspectives and Applications of Deep Learning (DL) for Accelerated Scientific Discovery in the next
generation X-ray and Neutron Sources
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Workshop on Perspectives and Workshop on Perspectives and
Applications of Deep Learning for Applications of Deep Learning for
Accelerated Scientific Discovery in the Accelerated Scientific Discovery in

next generation X-ray and Neutron  Physics - UCPH - 2020
Sources - UCPH - 2019*
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