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Web Interfaces for Accelerator Control

* Overview of Sirepo

* Front end and back-end

* Examples

Bringing models to the machine

Virtual experiments with Bluesky

The Sirepo Controls application
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Sirepo: an ecosystem for particle accelerator design and computation

RadiaSoft Simulation Support Libraries /
ML libraries / visualization libraries
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Sirepo Job-System Architecture Overview

RadiaSoft Data Center

RadiaSoft Primary Node

Docker
Driver

Docker Container Docker Container
job_agent job_agent

Job Supervisor Docker

Driver
d Tornado Docker

Driver

Docker Container Docker Container
Sbatch Sbatch Docker job_agent job_agent

Driver Driver Driver

Sbatch (NERSC)

Unix Process Unix Process Unix Process Unix Process
job_agent job_agent job_agent job_agent
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Sirepo provides a machine learning toolbox for accelerator studies

* Sirepo Activait is a web-based toolbox that
support generic machine learning and data
analysis workflows

* Initial support for training classification and
regression models

* Export code to Python scripts leveraging
TensorFlow and scikit-learn

* In-development workflows include image
data, worked examples, and new model
types

https://www.sirepo.com/en/apps/machine-learning/

7

Analysis Toolbox — curve fitting, clustering, frequency analysis
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Input 4 & A

«««««

\.

\

KNN Error Rate

-

\

Classifier Tools

‘‘‘‘‘‘ AT
i‘WﬂW\AWfWJ

il

MJA\

— o oaise

NNNNNNNNNNNNNNN

/A\ radiasoft

Accelerator Middle Layer Workshop 2024

5/23


https://www.sirepo.com/en/apps/machine-learning/

Sirepo provides a workflow for modeling particle accelerators

e Codes

* Elegant — position based tracking including collective effects such

as CSR

¢ OPAL — time-based tracking with space-charge

¢ Mad-X — position based tracking for linacs and storage rings

e Zgoubi -
including spin tracking

e  Workflow

e Beam initialization — lattice definitions — simulation control -

visualizations

integration of particle tracks through field maps

https://www.sirepo.com/en/apps/particle-accelerators/

-
Simulation Control

Commands twiss_output

drag and drop commands or use arrows to reorder the list Al
500+

for = input_x_106.sdds, lattice = Lattice, p_central_mev = 66.3, sigma = run_setup.sigma.sdds, use_beamline = INJ....

= VOLT, multiplicative = 1, name = CAV?, value = 0.25

J 0

alpha_x = -0.3165065997845755, alpha_y = -0.3409077393850276, beta_x = 7.689218982798661, beta_y = 7.48713869274...

output.SDDS_output.sdds, SDDS_output_order = 2, output_at_each_step = 1

e
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Simulation Output
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sely = 1, input = input_x_106.sdds, reverse_t_sign = 1
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Lattice Definition

Lattice - INJ_BC1_PCM S A Beamlines
Name Description
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Twiss Parameters Beamline Elements

Beamline Editor - INJ_BC1_PCM 4
Name Description
drag and drop elements here to define the beamline A DRIF
oD EE D Bl XD @D
(=]
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Elements Start-End  Length

45

3

4

4

63.25m

0.758m
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0.757m
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0.957m
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0.079m

0.079m

Bend
0.0°
0.0°
0.0°

0.0°

6/23


https://www.sirepo.com/en/apps/particle-accelerators/

Sirepo supports comprehensive modeling of X-ray beamlines

*  SRW and Shadow for x-ray optics
"O. Chubar et al.“Simulation of experiments with partially coherent x-rays using Synchrotron
Radiation Workshop”. In: Proc. SPIE.Vol.10288. Aug.2017

L. Wiegart et al.“Towards the simulation of partially coherent x-ray scattering experiments”. AIP
Conf. Proc. 2054, 060079 (2019).

*M. S. Rakitin et al.“Introduction of the Sirepo-Bluesky interface and its application to the
optimization problems”. In: Proc. SPIE.Vol. | 1493. Aug. 2020.

*  SRW is a physical optics code that simulates partially coherent and
fully coherent radiation

*  Shadow is a ray-tracing code

*  Beam initialization interface provides initial diagnostics on
undulator characteristics

e Beamline definition utilizes a drag and drop interface https://www.sirepo.com/en/apps/x-ray-beamlines/
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https://www.sirepo.com/en/apps/x-ray-beamlines/

Common lattice editor across simulation codes

* Code agnostic lattice designer

* Long term: abstraction of lattice elements

* Seamless integration of different computation engines
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Beamlines
+ New Beamiine.

Name Description Elements Start-End  Length Bend

| AL_Line | (obmpc,phSQA2L, 10 3.041m 3.041m 00°
| AR_Line | (testTrimXY,bpmA 12 3.040m 3.040m 00°
m (0B8,phSQB2L,0B 12 4.451m 4.451m 00°
Beamline Elements
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4 Source

Beamlines

~Latice @ Control G@Visualization % ~

Description Elements Start-End

(obmpe,phSQA2L, 10 3.041m
(testTrimXY,bpmA1 12 3.040m
(0B8,phSQB2L,0B 12 4.451m

dslack - P9~

+ New Beamine.
Length Bend
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Sirepo Omega: A workflow for end-to-end simulations

Switchyard implements the necessary coordinate
transformations and file format interpretations. Open
PMD is utilized as a common format for describing
particle distributions.

OPAL Elegant

(Photocathode RF Switchyard e - Switchyard Genes!s
Gun) and LINAC) (FEL Interaction)
Time based particle tracking for Position based particle tracking for the medium Time dependent and time
the low energy regime (handles and “high” energy regimes (handles CSR and independent FEL
space-charge) longitudinal space-charge) simulations
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End-to-End Simulations and ML infrastructure for Light Sources

 LUME and Sirepo provide complementary integration tools

e Creating interoperability between these tools will improve the end-to-end simulation infrastructure
* Integrate machine-learning model infrastructure into Sirepo

*  Demonstrate model deployment utilizing photon beamline test bench

*  Provide integration with optimization workflows and controls

Photon beamline

(SRW, Shadow)
Linac simulation (OPAL, Photon generation

elegant, Mad-X, (Genesis, SRW,
IMPACT) Shadow)

E-Gun simulation
(OPAL, IMPACT)

Electron dump
(elegant, mad-x,
etc)

ML Surrogate Model

Integration
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Connecting online models to experiments

[‘Elueskg]

EPICS Ophyd-Epics- E a { ophgd ] E a Sirepo-
% Bluesky

Devices W bluesky

Operations
Experimentalists

Model result can be used to make choices on the beamline!
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SRW
SHADOW
MAD-X
Reduced models
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Sirepo-Bluesky: Linking Simulated Devices with Operations

(_dom 1 im L1 d23m 1 25m L _2sm L 2657m [ satézm L satezm [ se71sm L sesrom [ 57.142m J

- I . )
Toroid ~ SSA~ W8~ KBH ~ KBV~ W9~
Toroid Mirror Q
0p hyd Device Name & Position Geometry Orientation Height Profile
Representation Grazing Angle (mrac) "
B Auto-compute Vectors Vertical v {
Ophyd 0 b]' ect/ compone nt Value Coordinates of Central  Coordinates of Central
Normal Vector Tangential Vector
toroid_apertureShape r rionta . 0
toroid_autocomputeVectors vertical
toroid_grazingAngle 7 Vertical 0.9999755001000415 0.006999942833473391
tOl’Old_helghtAmpllf ication a1 Longitudinal -0.006999942833473391
toroid_heightProfileFile
toroid_horizontalPosition 0
toroid_1id 6
toroid_normalVectorX 0
toroid_normalVectorY 0.9999755001000415
toroild normalVectorZ -0.006999942833473391
toroid_orientation y
toroid_sagittalRadius 0.186
toroid_sagittalSize 0.08
toroid_tangentialRadius 24500
toroid_tangentialSize 0.96
toroid_tangentialVectorX 0
toroid_tangentialVectorY 0.006999942833473391
toroid_title Toroid
toroid_type toroidalMirror
toroid_verticalPosition 0
toroid_element_position 26.57
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Sirepo JSON

"apertureShape":
"autocomputeVectors": "vertical",
"grazingAngle": 7,
"heightAmplification": 1,

"en p

"heightProfileFile": "",
"horizontalPosition": 0,
uidn : 6,

"normalVectorX": 0,

"normalVectorY": 0.9999755001000415,
-0.006999942833473391,
"orientation": "y",

"position": 26.57,

"sagittalRadius": 0.186,
"sagittalSize": 0.08,
"tangentialRadius": 24500,
"tangentialSize": 0.96,

"normalVectorzZ":

"tangentialVectorX": 0,
"tangentialVectorY": 0.006999942833473391,
"title": "Toroid",

"type": "toroidalMirror",
"verticalPosition": @
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Sirepo-Bluesky

https://github.com/NSLS-Il/sirepo-bluesky —
https://nsls-ii.github.io/sirepo-bluesky RO ©) Tests [passing Sxloblieiis :
https://doi.org/10.1117/12.2569000

* Available on conda-forge and PyPI
° S u p po rt Of th e SRW Shadow3 an d MAD_X a p p | icatio ns Below is a list of custom/predefined simulations available when one starts Sirepo following the
’ ’

Sirepo startup instructions, that are currently used for tests and demos.

List of predefined simulations in Sirepo

in Sirepo
« Simulations are performed on a Sirepo server (a VM, 25k
Docker container, or HPC resources) SRW simulations used for testing
 Communication is done over HTTP(s) with Sirepo REST srmaatarin | Descrotion
API 00000000 Young's Double Slit Experiment
* Watchpoints or other Sirepo “reports” are wrapped into basic
dedicated “detector” Ophyd objects e
 All other optical elements are wrapped into Ophyd’s EZ:::: jzzz(:'yi)wv -
Devices with Signals corresponding to individual D ARLARPES 15061 JulyReviewVerson o
parameters in Sire po 00000006 PD ARI-ARPES 2506V JulyReviewVersion oc
* The exchange format is JSON SXN_PD_lowE_2506¥
* List of predefined simulations in Sirepo: emse] | LMo TOR
00000009 SXN_PD_highE_2000eV

https://nsls-ii.github.io/sirepo-bluesky/simulations.html
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https://github.com/NSLS-II/sirepo-bluesky
https://nsls-ii.github.io/sirepo-bluesky
https://doi.org/10.1117/12.2569000
https://nsls-ii.github.io/sirepo-bluesky/simulations.html

NSLS-Il ARI virtual beamline

# Initial Wavefront beamline definition area & # Propagation

drag and drop optical elements here to define the beamline

{_sersm L zrem 1 zrem 1 _2rem I 2rem L _stem L _a2im 1 32m I s2m 1 ssem 1 sem L dsem 1 ssem I 4sem L asem 1 esoterm [ esoterm [ esoterm L 7izem L 7i77em L 7i77em L 71mem L 7imem L 720tm L 720tm 1 7207m L 72017m I 7207m L 72017m [ 721m ]

L, W@ i @ @ iifii-]'---- ®» ® Tl o @ o ® @ i @ ® i @ wi ® 2@

Fixed Mask ~ AtM1~ Ap. M1~ M1~ M2~ Before Grating~  Grating~  After Grating~ Before H-Slit~ H-Slit~ After H-Slit~ Before V-Slit~ V-Slit+ After V-Slitv Before M4~ M4~ After M4~  Before KBV~ KBV~ After KBV~ Before Ap. KBH+ Ap.KBH~  After Ap. KBH~ KBH~ After KBH~ Sample~

RE(bp.scan([samplel, epu.energy, 100, 800, 8))
A€ QN -

lel6

[ ] Figure 2

1 — A€ PQEVE

-~
Il

sample_mean
w
1

N
!

100 200 300 400 500 600 700 800
epu_energy
\ ¥ \ J
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Applications

* Sirepo-bluesky supports three simulators: shadow, SRW, and MAD-X

* The Sirepo-Bluesky library is used in the following projects:

* https://github.com/NSLS-II/bloptools: beamline optimization tools

* https://github.com/BNL-ATF/profile _atf: BNL ATF facility uses it for MAD-X
simulations

* https://github.com/NSLS-II-ARI|/profile_sirepo_ari: used to prototype data acquisition
plans for the future NSLS-ll ARl beamline (currently under construction)
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https://github.com/NSLS-II/bloptools
https://github.com/BNL-ATF/profile_atf
https://github.com/NSLS-II-ARI/profile_sirepo_ari

Sirepo as a toolbox for accelerator controls

e The controls toolbox combines the

. o . . Beamline DN
simulation workflow of Sirepo with o o -
displays that provide visualizations for S @ oD of
e 2%, 2 N
operators ® oo o @ -

* Middleware can allow the users to o ~ @
examine the simulation output, machine S
settings, or logger data. o . B

* Machine settings can be loaded into the @ @ e
simulations for optimization '

Kicker Current [A] Quadrupole Current [A]  Monitor [m] Twiss Parameters rd
M M uth2 0.000000 uqgt 0.009615  ub1 0.001022 0.001058 1
o U S e r I nte rfaC e I S ge n e rate d uth2p1 0.000000 ug2 -0.009398  ub2 -0.000461 0.000497 104
utv2p2 0.000000 ug3 0.002222  ub3 -0.002287 -0.000759 ’
. . . . . uth3 0.000000 ug4 -0.005050  ub4 -0.002843 -0.000734 T
automatically from existing simulations s om0 ws  oomiser ws cwior  owore
uthé 0.000000 ugé 0.000000  ubhé 0.001074 E
utv? -0.000000 uq7 0.004068  ubv? 0.002182 £ 051
wp1_trim 0.000000 ug8 -0.005547  ub8 -0.001513 -0.001936 2
wth1 0.000000 ug9 0.003419  wb0 0.002403 0.001408
. wiv2 0.000000  uq10 -0.002595  wbv1 0.002221
S | re p O C O n t rO I S wth3 0.000000 ugt1 0.004954  wb2 0.000616 0.000835 0
wth4 0.000000 uqi2 -0.004015  whb3 -0.000635 -0.000249 50 100 150 200 250 300 350
. I . I wths -0.000000 uqi13 0.003664 wbha -0.003021 sm]
S | m u at | O n TO O b OX wive -0.000000  waql -0.003990  wbh5 0.003333 & @ beix
wq2 0.003687 wbvé 0.002173 & @bety
waq3 -0.004475  wb7 -0.001726 -0.000010
wa4 0.004107
wqs -0.003832
wqé 0.004516

Machine
Interface
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Sirepo as a toolbox for accelerator controls

e Conversion between current and
magnet strength handled on back-
end

» Simplifies integration of online models
with operations

* Magnet excitation curves can be loaded
for different magnet types

* Optimization routines for beam
tuning are readily available

Sirepo Controls
Simulation Toolbox

Machine
Interface

/A\ radiasoft

Beamline

Kicker Current [A]

CORR1
CORRX1
CORRY1
CORRX2
CORRY2
CORR2

-0.000127
0.000001

0.000167

0.000042

0.000174

-0.000136

-0.000085
0.000097

Monitor [m]
BPM1
BPMX1
BPMY1
BPMX2
BPMY2
BPM2
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 QUADS )

Quadrupole Current [A]

QUAD1
QUAD2
QUAD3
QUAD4

0.001176
0.000602

-0.000082

-0.000035

1.216968
-1.216968
1.216968
-1.216968

-0.001274

0.000052

0.000180
-0.000021

QUAD4 }—{ 1im

Twiss Parameters e
1 -

E
E
g ©
)

1

0 1 2 3 4 5
s [m]
© @x0
© @y
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Sirepo as a toolbox for accelerator controls

* Optimization targets for a given
beamline are specified along with

o o e P Optimization A Beam Settings A
initial conditions P e
. . . Targets Inputs Main Distribution Position
* Optimization methods can be accessed
Via Python or rsopt Optimization Method Nelder-Mead v Horizontal Vertical
. Tolerance © 0.001 Centroid [m] 0.001 Centroid [m] -0.001
* Currently Nelder_Mead and Llnear Monitor Name X [m] Y [m] Weight Canonical 0 Canonical 0
Response Matrix methods implemented i i Momentum of Momentum o
for demonstration purposes 0
BPMX2 0 0.1
BPM2 0 0 1

Optimization Completed
Elapsed time: 00:00:36

Start New Optimization
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Sirepo as a toolbox for accelerator controls

* Optimization targets for a given
beamline are specified along with
initial conditions

* Optimization methods can be accessed
via Python or rsopt

* Currently Nelder-Mead and Linear
Response Matrix methods implemented
for demonstration purposes

* Optimization inputs are selectable

* Tunable parameters are automatically
populated by the application

Optimization

Targets

Optimization Methigd Nelder-Mead

Tolerance @ 0.001

Monitor Name

BPM1

BPMX1

BPMY1

BPMX2

BPMY2

BPM2

Optimization Completed
Elapsed time: 00:00:36

X Imil Y Iml

Optimization

Targets

Kickers
CORR1

CORR2

CORRX1
CORRX2
CORRY1
CORRY2

Optimization

Inputs

Quads
[J QuAD1

[J QUAD2
[JQUAD3
[J QuAD4

Completed

Elapsed time: 00:00:36

Weiaht

A Beam Settings

Main Distribution

Horizontal

Centroid [m]

Start New Optimization
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Position

0.001

A
Vertical
Centroid [m] -0.001
Canonical 0
Momentum of
Py



Sirepo as a toolbox for accelerator controls

Visualizations update when
simulation data (or machine data)

Monitors
become available BPM1 BPMX1 BPMY1
Monitor Horizontal Monitor Vertical Monitor
* Data is colored based on timestamp £ . £ o o o ¢
* More recent data is darker o ¢ 1 N I

Most recent datapoint is outlined in
orange

X [mm]

BPMY2 BPM2

Vertical Monitor Monitor

13

Diagnostics are populated
automatically based on the lattice

y [mm]
o
—_——e
y [mm]
o
1
e

L , L P
Customization is possible
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BPMX2
Horizontal Monitor

13

o

y [mm]
o

X [mm]
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Conclusions

* Why do we want browser-based interfaces!?

* Platform agnostic — Can run on different operating systems or hardware (tablets and phones for example)

* Ease of access — interfaces are shared via a web-link

* Sirepo framework supports accelerator simulations and controls

* Accelerator design — end to end modeling and optimization
* Online modeling — virtual experiments with Sirepo Bluesky

* Controls — direct link between simulations and controls for machine optimization
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Contact Information

Jonathan Edelen, President
RadiaSoft LLC

jedelen@radiasoft.net
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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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