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, resources of past efforts

in related : | ntelligent systems (e.g. IEEE — see

back-up charts).

®* Thoughts for the future of how to better weave data science processes into our future scientific

systems — specifically particle accelerators and laser facilities and well as these systems’

/lesea rch outputs.
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n, and
Final

an be used
3y used to monitor its

model was needed that

could h ‘monitoring of the system and

control the syste

* Data science helps build off of our first p o nodels, help systems that might not have first principles
models, and help understand systems that might not have much experimental data, etc.

“All models are wrong, but some are useful’’ George E. P. Box
/3 but we can to our best try to build the best model possible.
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Artificial Intelligence (Al)

Machine Learning (ML) Techniques
A subset of that enable

Al that artificial
includes the systems

Deep Learning e (computers) to

A subset of ML with algorithms to

complex mimic human
allow software to train itself to

statistical intelligence
algorithms using logic, if-
to improve then rules,
performing decision trees,

perform tasks such as image
recognition through multilayered
neural networks.

tasks as machine

experience learning, and

Increases. deep
learning.

“[Machine Learning is the] field of study that gives computers the ability to learn
without being explicitly programmed.” - Arthur Samuel in 1959




from them and utilizes for making accurate predictions and better decisions

MACHINE LEARNING
\j ®* Machine learning is a data analysis method that can identify patterns, learns

without or with minimal human guidance.

Machine Learning Types

ad : Unsupervised Semi-supervised Reinforcement
T
arger

Housing Price thmr -Euﬂnmcr .Hn 'lmn ﬁn:llnl rnu!d I: ,
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® Hi D) €

® Specialized - er hardware As, application-specific integrated

(f circuit (ASIC), including tensor processing units (TPUs), neural engines
e
. Etc...
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Tech-X’s VSim engineering and physics models courtesy of Salvador Isaac Guitron Sosa
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e records, etc.

o0
3

d ‘ Tech-X’s VSim engineering and physics models courtesy of Salvador Sosa

There can be a data exchange process that begins from the first principles
5 simulations and eventual model of a device with the behaviour and control of the
device if well monitored can improve the model continuously through data science.
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® Also sec next chart

® Y.D. Hezaveh, L. P. Levasseur, anc f strong gravitational lenses with convolutional neural
networks,” Nature, vol. 548, pp. 555—557, Aug. 2017; P. Adamson et al., “Constraints on oscillation parameters from ne appearance
and nu disappearance in nova,” Phys. Rev. Lett., vol. 118, p. 231801, Jun 2017. [Online]. Available:
https: / /link.aps.org/doi/10.1103 /PhysRevlett. 118.231801; M. A. Acero et al., “New constraints on oscillation parameters from ne
appearance and np disappearance in the nova experiment,” Phys. Rev. D, vol. 98, p. 032012, Aug 2018. [Online]. Available:
https://link.aps.org /doi/10.1103 /PhysRevD.98.032012

Courtesy Jim Amundson



https://link.aps.org/doi/10.1103/PhysRevLett

o8 Why deep learning is interesting for neutrinos in one slide...

Because, just /Jook at them!
Event reconstruction

One full beam spill
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My guess,
just for fun
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Modern neutrino detectors are
imaging detectors. Domain experts
can discern an enormous amount
of information visually. But feature
engineering is hard.

A ol & N

Position (5m) ->

2% Fermilab

13 DL in neutring experimants // Gabriel M. Perdue // Fermilab / ML in Science and Engineering & CMU & Pittzburgh /¢ June 8, 2018

Courtesy Jim Amundson
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fire ground by
proc scene.

« The methoc , -ti supervised

/) Courtesy of Manel Martinez-Ramon
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SIFT - scale invariant
feature transform O
Features processed by ML: Construction of a probabilistic model of the features
Three conditional probability distributions: background, fire, smoke

=

.4:} d
i |

Different models are compared. Markov Random Fields is the best algorithm
Courtesy of Manel Martinez-Ramon, to be published IEEE Access



Test video frame

Segmented background (White color)

_;A

Segmented background (Whlte color)

Segmented fire (White color)

Segmented fire (White color)

Segmented smoke (White color)

A

Segmented smoke (White color)

aussian
IXture models

(GMM)

Gaussian
markov Random

Fields (GMRF)

General Markov
Random Fields
(MRF)



OPTICAL FLOW

DIVERGENCE

INTENSITY

INTENSITY+OPTICAL FLOW

INTENSITY + DIVERGENCE

INTENSITY + DIVERGENCE + OPTICAL FLOW

MRF GMM GMRF K-Means

FEATURES

40 50 60
ACCURACY %

/;Performance comparison among algorithms MRF performance with different
feature combination

0 70 80 90 100

Courtesy of Manel Martinez-Ramon, to be published IEEE Access
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nctly by J.

d on random data —

the sc nce, have “more interesting”

data sets, including « Ny bedded physics.
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® Controls engineering

* Computational * Eic

techniques

Since we as a community already have such a filled skill set (toolbox), this has led to a slow adaptation of
/ data science as we thought we could solve problems in other ways (already in our toolbox).
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/ adaptation TEAM - us we thought we could solve problems in other ways (already in our toolbox).




DENINEDE

ENGINEERING  ION LINAC SYSTEMS, INC. pi.
- -

& ELEMENT AERO

TECH-X

accelerator.

% Control

® NC has ¢ |
neutrons is then rec

number of NC interactions ,
\ ; ‘ .| Operation
® The linac needs to be controlled to \ b IR o - 1 Station

produce and hold steady a high-current ’

/D proton beam for producing neutrons.
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Output the
optimal
setpoints

Py
* The NN can b
data from two sou

— Recorded data from operatic

experiments. Hidden layers

— Generated data from first principles
) simulations.

/dhis technology has the potential of making medical accelerators more affordable and efficient.
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* Use of HPC (THETA at the Argonne Leadership
Computing Facility) in order to generate ,. byt |

thousands of training points. 03203040, 58, 570, 36300

Distance

VSim10 simulation of the longitudinal E-field along the axis of the RF structure.

Tech-X’s VSim engineering and physics models courtesy of Salvador Sosa



Mode 1, 56 Hz

Mode 7, 238 Hz

Mode 12, 300 Hz

rroTfetTPereomtiucting cavities

lation suite. PRAB, 2017

FNAL/ICMTS/CM2/Cavity 2 - May 18,2017

——Active Compensation OFF & = 3.7
Active Gompensation ON o = 1.0

* All need to |

=)

Relative Probability
=

=)

® Effects are both non-linear and difficult to characterize,

10° ‘ u 4

making Neural Networks one of several promising methods
-15 -10

5 0 5

to improve existing control. Detune (H7)

Active Resonance Control developed at Fermilab for TESLA cavities

Courtesy Jorge Alberto Diaz Cruz




O

* We are exploring intelligent techniques as a tool to improve performance of

existing LLRF and resonance control systems.

* Simulations are performed to create data for training of Neural Networks.

(Eventually to merge with experimental data.)

| K\) FOR LLRF AND RESONANCE CONTROL SYSTEMS

* Gaussian processes, genetic algorithms and Neural networks are all part of the

artificial intelligence framework under test.

Multi objective Various
genetic signal
conditions

Optimization phase
Fitness Function: RMS error(amplitude & phase),

energy. algorithm
Output: Settling time, Proportional and Integral Gains

Signal conditions
read by the
sensors, Ratio of
error to energy

Experimental phase

Optimal parameters

Reference 3 PI
Point Controller

SENSOrs

Low level RF

Courtesy Jorge Alberto Diaz Cruz; NAPAC2019, LLRF, ICALEPS

Learning phase

Cleaned data
for ML

Correlation

between
Analyzing the data
data

Interaction
plot

Treasure
hold

Data
reduction

- Reduce noise

and error in data

- Reduce the

complexity of

data

- Reduce quantity Data production and
of data analysis

Random
elimination

N




CHANDRA X-RAY
(CLOSE-UP)

l imager-satellite

Courtesy Reza Pirayesh



Optimization phase

( Multi objective Various
L genetic algorithm conditions

Experiment Learning phase

Initial conditions read
Y by sensors, Ratio of
error to energy

Gaussian
processes

Confidence
interval

ML

Initial conditions, Optimal parameters

Reference |
@ L Controller J Actuator Plant

Extended
Optimal Kalman Sensors
filter

parameters

Error

Performance

point

Deep
learning

Plant System

Courtesy Reza Pirayesh; Small Sat, ICALEPS
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<

BG39 zoom
filter, lens

electron FOS
beam CCD

\\‘HJI_

gas jet

respectively to trair

4

-\ computer
neural network.

<
closed loop feedback

Input for training

/; « Convolutional Neural Networks take advantage of local spatial coherence in the input (often

Images), which allow them to have fewer weights as some parameters are shared.
This process, taking the form of convolutions, makes them especially well suited to extract
relevant information at a low computational cost.

Courtesy A. Aslam, research with the University of Michigan (Thomas, Krushelnick)



used as input and relevant output respectively to train the neural
O :
/Cour’resy A. Aslam, research with the University of Michigan (Thomas, Krushelnick)



h laser

JNC
BG39 zoom

implement. ,ﬁ X filter,  lens
5 electron FOS
Can be improved evc DM = \‘
|

forward control. A |
fI2 OAP caplll ary
Most of the real-world problems have non-linear and Ll

complex relationship between input and output and NNs have < <
: =51 computer closed loop feedback
ability to learn and model such relationship.

U

Courtesy A. Aslam, research with the University of Michigan (Thomas, Krushelnick)



Impact:
Safe and improved operation
Reduced component damage
Increased uptime
Improve or change future accelerator design
Optimise data storage for ML

€ SsDsSC

=Pl

PAUL SCHERRER INSTITUT

L I Nominal
LI Optimised

-1.2

0 epochs

Ground truth

®  (full tracking)
x NN prediction

=12

—0.6

NN tracking training

phase space
after 1 turn

Courtesy of Jochem Snuverink

speedup factor: 20 x




(l)f(- Machine Learning Optimizing beam lifetimes in the LHC

‘COLE POLYTECHNIQUE L. Coyle(EPFL-CERN), T. Pieloni (EPFL-LPAP) and B. Salvachua (CERN)
EDERALE DE LAUSANNE

Data driven surrogate model of beam lifetimes| Nelder-Mead optimization on surrogate model to determine best
using Gradient Boosted Decision Trees for| constanttune values for maximal lifetime over an operational fill.
PRERAMP beam mode.

— Predicting lifetimes from operational knobs. “Optimized” working point vs dedicated experimental

Performance af Beam 1 model 2018 measurements.
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®* LHC beam lifetime _> With the LHC physics fills of 2018 year they built a surrogate model of the LHC at
injection energy. With that model they determined the best working point (RED DOT). Then they did and
experiment scanning the various parameters they had in the model and measured lifetimes (color code points).
The yellow area is where the lifetime is the highest and also the prediction of the surrogate model. They
believe larger emittances in some cases because of collective instabilities that the trained model did not have
(thus a small yellow area).

Courtesy of Jochem Snuverink
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INNOVATION )( LAB” visions of the
ARTIFIC'AL INFFELLIGE"NCE ns af Argonne qnd
SUMMIT facilities communities.
October 2-3, 2019 x CHICAGO i

\;aw N7 =¥ i\\ U.S. DEPARTMENT OF Office of

/ EN ERGY Science

Basic Research Needs Workshop on ?
WY NI N e o Compact Accelerators for
\ Invite-only summit to launch the secu rity and MediCi [
Al office in DOE with members of
industry, government, labs, and Several of the accelerator facility community were part of the
/ academia controls, computing mad design cross-cut panel. Report expected in
the coming months.
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ccelerators,”

ty Physical Review

subli .aps.orqg/physics-next/2018

* “2nd ICFA Works cle Accelerators,” was held from 26
February 2019 to 1 March 2019 at PS ps: / /indico.psi.ch/event/6698

® In HEP - 18 Workshops in ML for HEP between 2015-2018 See list in Promise and Challenges of
Machine Learning in Particle Physics, Astrophysics, and Cosmology Kyle Cranmer (New York University)
cdn.journals.aps.org//cf3bab2e-015¢c-4eac-813a-570bc512c5e9/KyleCranmer.



http://www.cockcroft.ac.uk/events/ICPA/
https://journals.aps.org/physics-next/2018/
https://indico.psi.ch/event/6698/
https://cdn.journals.aps.org//cf3bab2e-015c-4eac-813a-570bc512c5e9/KyleCranmer.pdf
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“What we really need in Al

1s someone who has super powers.”
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ystem
-specific integrated
s, etc.

®* We neec technologies.

® From our experience, ools cannot be mounted onto systems not

architected to handle such data science applications!

%

If we want to have data science as a priority, the facets of data science
must be architected into our system or sub-system.
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rdware — if we

2" the better and

ds will be important here.

y to address the underlying physics in

an accelerator and periphera

®* We have some of the most interesting data sets in the world generated on our machines and by our users. Just in

the acquired data thus far, we can be exploring accelerator-specific data science techniques.

® ~We need to be aware that controls using traditional techniques and /or more intelligent techniques could be

improved through better use of data science.
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taking
control.)

cientific systems.

A SCIENCE (and
spection /test data, etc.

ver the systems engineering
arch rol starts from day 1.]

® Architect in from day e and eventually computing will be some
convergence of neurons, bits, an ve some of these changes and that your system could be
architect to “accept” these. S '

Don’t forget about the end user — their systems need to be part of your model and their systems can also be better automated.

Lots of work yet to do.

/ The only working model of a universe is a universe.



ELEI\/IENT AERO

ieste, and










9

Socio-political Awareness

Legislative actions

)

Regulative Actions/ Codes

Engagement of civil

:a society

Open Standardization
(IEEE,BSI)
Code building (EAD IEEE)

External Boards Consortia (Partnership
(SAP) on Al)

Internal Boards

(Google)

Industry self-regulation



o Ehicql Al"




sposed to do?

How to n .
The 3 principles on Slic s Doaa fall under this category.

r



uman-centric

Other adjacent IEE

Global Council on Extended Intelligence
Open Community for Ethics in Autonomous and Intelligent Systems (OCEANIS)
@



http://globalcxi.org/
http://ethicsstandards.org/

ETHICALLY
ALIGNED DESIGN

Aision for Pricritizing Human Well-being
with Autonomous and Intelligent Systems

co

* Education materic
Establishment of EAD University Consortium (in 2019).




® |EEE-SA and the MIT Media Lab announced the launch of the global Council on Extended
Intelligence (CXI) on 22 June 2018

®* The goals of CXI are to build a new narrative for autonomous and intelligent technologies
inspired by principles of systems dynamics and design.

* CXI will promote the deals of responsible participant design, data agency and metrics of
economic wellbeing prioritizing people and planet over exponential growth, including these
projects:

¢ Extended Intelligence - Awareness and Action — will focus on creating an introduction to Extended
Intelligence and Participatory Design

Digital Identity - Democracy by Design — will focus on creation of Data Policy template for governments and
organizations to utilize in helping individuals and society reclaim their digital identity in the algorithmic age

* Enlightened Indicators - Measuring What’s Good Versus Simply Growth —=  will focus on creating a
Wellbeing Indicator template, a metric governments and organizations can utilize in genuinely measuring
prosperity in terms of benefit to all

52




|IEEE-SA jointly launched and became a founding member on 25 July 2018

=  OCEANIS is a high level global forum for discussion, debate and collaboration among
organizations interested in the development and use and development of standards in
autonomous and intelligent systems.

= Community will address needs for coordination and collaboration related to the unprecedented
challenges faced by those working in ICT standards and related spaces.

=  OCEANIS is open to all interested organizations.

In addition to IEEE-SA, Founding Members include the:

-African Regional Organization for Standardisation (ARSO)
-Austrian Electrotechnical Association (OVE)
-Austrian Standards International (A.S.l.)

-British Standards Institution (BSI)

-China Electronic Standardizations Institute (CESI)
-ClO Strategy Council (Canada)

-International Electrotechnical Commission (IEC)
-Ecuadorian Service for Standardization (INEN)
-National Standards Authority of Ireland (NSAI)
-Turkish Standards Institute (TSE)

-Verband und Deutsche Kommission Elektrotechnik Elektronik Informationstechnik

53




IEEE 7000 Series Standards: Industry Connection Group:

e 7000 - Model Process for Addressing Ethical Concerns During System Design * The IEEE Global Initiative on Ethics of

Autonomous and Intelligent Systems
e 7001 - Transparency of Autonomous Systems v v - /

» Launch of the NeuroTech Industry

3 2 - Data Pri P i
700 ata Privacy Process Connections Group

e 7003 - Algorithmic Bias Considerations . L
IEEE Brain Initiative Workshop

e 7004 - Standard for Child and Student Data Governance on Advanced NeuroTechnoIogies

7005 - Standard for Transparent Employer Data Governance
7006 - Standard for Personal Data Artificial Intelligence (Al) Agent
7007 - Ontological Standard for Ethically Driven Robotics and Automation Systems

7008 - Standard for Ethically Driven Nudging for Robotic, Intelligent and Autonomous Systems

7009 - Standard for Fail-Safe Design of Autonomous and Semi-Autonomous Systems

IEEE Brain Sensors Workshop

7010 - Wellbeing Metrics Standard for Ethical Artificial Intelligence and Autonomous Systems
7011 - Standard for the Process of Identifying and Rating the Trustworthiness of News Sources
7012 - Standard for Machine Readable Personal Privacy Terms

7013 - Inclusion and Application Standards for Automated Facial Analysis Technology



* |EEE Transactions on Neural Networks and Learning Systems
* |EEE Intelligent Systems

* |EEE Transactions on Fuzzy Systems

* |EEE Transactions on Nuclear Science

IEEE Transactions on Human-Machine Systems
IEEE Transactions on Cybernetics
EEE Transactions on Control Systems Technology
IEEE Transactions on Automation Science and Engineering
IEEE Transactions on Industrial Informatics
IEEE Transactions on Systems, Man, and Cybernetics: Systems
IEEE Transactions on Circuits and Systems
IEEE Transactions on Pattern Analysis and Machine Intelligence
IEEE Transactions on Cognitive and Developmental Systems
IEEE Transactions on Image Processing
IEEE Robotics and Automation Letters

IEEE Transactions on Emerging Topics in Computational Intelligence



* Computer — Sept 2018 — The future of Al

* |EEE JSAC (Journal on Special areas in Communications) Special Issue on Artificial Intelligence and

Machine Learning for Networking and Communications

IEEE Transactions on Engineering Management - Special Issue: Services Computing Management for

Artificial Intelligence and Machine Learning

IEEE Transactions on Network Science and Engineering-Special Issue on Big Data and Artificial

Intelligence for Network Technologies

Journal of Biomedical and Health Informatics — Special issue -Pervasive Sensing and Machine Learning

for Mental Health

IEEE Internet of Things Journal - RRCPS: Reliable and Resilient Cyber-Physical Systems





https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44013
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44013
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43132
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43132
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43957
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43957
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43562
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43562
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44003
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44003
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=39742
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=39742
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43710
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43710
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43910
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43910
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42793
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42793
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43893
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43893
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=40594
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=40594
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43450
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43450
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42138
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42138
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43747
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43747
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44233
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=44233
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43897
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43897
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=41920
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=41920
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43588
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43588
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42692
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=42692
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43088
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43088



https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43476
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43476
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43477
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43477
https://www.ieee.org/conferences_events/conferences/conferencedetails/index.html?Conf_ID=43420
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) enough data.
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- Removes redu

.

- Reductions helps in visualizing data (as reducing to 2D or 3D may permit plotting and
/ observing patterns more clearly.
O
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orest, Single
ter, Backward

sis, Factor Analysis,

ojection (UMAP), t-
Distributec o reduce the dimensionality.

® Again, such reduction wi : ts of, for instance, classification with a neural network.
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® Clustering-based

(f ®* Hypothesis Testing
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Neural network Random Forest Simplified
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Test model

Evaluation
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Simulations and HPC are central to the APS Upgrade (M. Borland)

. Massively parallel multi-objective genetic optimizer to develop physics design

« Design of complex multi-function magnets using 3D codes

« Simulation of collective behavior of high-charge, multi-bunch electron beams

. Simulation of vacuum system performance in response to synchrotron radiation
. Simulation of commissioning and operational performance

. Understanding and pushing intensity limits in the injector complex

« Prediction of radiation levels and shielding requirements
Curved FODO (BM Source) ID Beam
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HPC saves money in the end, but often underutilized

« T0 reduce design costs, HPC is essential

- Provide high-fidelity models with fewer compromises, leading to fewer {often no)
iterations with hardware prototypes

- Make best use of expensive engineering and physics staff
- Provide robust statistical data on expected performance

« Common reasons HPC is underutilized
- Staff not trained to use HPC systems and software
- Software chosen for familiarity and convenience, not HPC capabilities
- Management undervalues computation, fails to provide access to HPC systems
and support
« Example: APS upgrade beam physics effort provided with ~60M core hours per year
on ANL internal computing clusters, excellent support
- In early years, also given access to ALCF resources (not needed now)
- Similar resources being devoted to ALS Upgrade




Extreme computing enables detailed beam & accelerator science

Parallel Luminosity Optimization in Study of pulse front tilt in laser-plasma .
conventional accelerator accelerators
Code: BeamBeam3D + optimizer Code: WarpX

Time-to-solution: Time-to-solution (largest run):
« serial code & optimizer: ~35 years « serial code in lab frame: ~500 years

« Parallel code & optimizer: ~1 day « Parallel code in boosted frame: ~4 h

L il Computer: Cori at NERSC - 9,688 nodes, 658,784 cores. ECP =
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ACCELERATION PROCESS REGULATION

Control algorithm

feed
forward
~M~ Y (k4 1)
dc(k+1)

—P,M™ Yda(k)

i
—IgM_l Z dx(1)

I=k—F+1

. The Neural Network (NNET) receives lagged values of the
perturbed klystron phase and voltage. It gives a prediction of the next pulse position deviation
dx(k+1) used to compute the feed forward correction.

. The algorithm is composed of a feed forward ( )
augmented by Pl control terms | ) to compute the correction to apply

dC(k+1) .
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e ACC1 and ACC2 provide 100 MeV beam @ 1-10Hz.
e BPM resolution ~50um , white noise level ~0.11 mm rms

e Jitter are induced in klystron 1 phase and voltage and corrected using
klystron 2 voltage

e Slow actuator response limits the experiment to max. ~0.075 Hz




K REAL TIME ENERGY CONTROL

0.05
t (s) f (H2)

HTN control HTN control

o
[N

£
E
€
=

002 004 0068 008 0.1 012 0.14
f (H2)

RBFN control

[Y(f)[ (mm)

L.—-‘H-‘A_-—-L“ =
a0 002 004 006 008 01 0412 014

f (H2)

Both the hyperbolic tangent network (HTN) and radial basis function network (RBFN)
received 7 lagged values of V, and 5 lagged values of ¢,. The HTN and RBFN had 7
and 76 hidden neurons, respectively.
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Real Time energy feed-forward feedback control.
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* The PI controller was tuned for a 0.4 Hz perturbation.
* The NNet was trained to correct the same 0.4 Hz perturbation .

* A shift in frequency to 0.6 Hz shows that the NNet operates better than the Pl, and
that the combined controlled provides further decrease of the perturbation
amplitude.

E. Meier, M. Morgan, S.G. Biedron, G. LeBlanc, J. Wu, 2009, “Development of a Combined Feed Forward- Feedback System
for an Electron Linac,” Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment 609, 79-88.




