e,
&
FRIB

HiGH-LEVEL PHYsIcs CONTROLS APPLICATIONS DEVELOPMENT FOR FRIB

Tong Zhang
Controls Physicist
Accelerator Physics Department
Facility for Rare Isotope Beams, Michigan State University
E-mail: zhangt@frib.msu.edu

0CALBP@©2019

Presented at 17" International Conference on Accelerator and Large Experimental Physics Control System
5-11 October 2019, New York, NY, USA

MICHIGAN STATE , U.S. DEPARTMENT OF Office of
UNIVERSITY 'ENERGY  science

This material is based upon work supported by the U.S. Department of Energy Office of Science under Cooperative Agreement DE-SC0000661, the State of Michigan and Michigan
State University. Michigan State University designs and establishes FRIB as a DOE Office of Science National User Facility in support of the mission of the Office of Nuclear Physics.



mailto:zhangt@frib.msu.edu

ARCHITECTURE

APPLICATION DEVELOPMENT

B CONCLUSIONS

F:'le E; ﬁu“hyhrnaulﬂmbpeﬂoams
MW State \M\N.W

1/14



ARCHITECTURE
m Introductions
m PHANTASY Project
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INTRODUCTIONS TO HIGH-LEVEL PHYSICS APPLICATIONS

ACCELERATOR SYSTEM

m particle source, beam transport, experimental end stations, ...
m devices: optics, diagnostics, ...

m distributed controls units (Channel Access): EPICS input & output controllers (I0Cs)

v

HIGH-LEVEL PHYSICS APPLICATIONS

m Final goal: operating accelerator facility

m Purpose: have robust and functional beam tuning algorithms

m Solution: software environment for high-level physics controls

F R I B 0‘ Facility for Rare Isotope Beams
d 9 nergy Office of Science
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SOFTWARE SOLUTION UPON PYTHON PROGRAMMING LANGUAGE
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%Numl’y Sysciey

% matplotlib

FUNDAMENTAL REQUIREMENTS

m Quick prototyping: dynamic programming language, powerful&friendly development environment

m Features: plenty of third-party packages

m End-users: good UlI/UX with proven physics algorithms

m Agile development: develop — build — test — deploy

FRIBE,

Facility for Rare Isotope Beams
U Office of Science
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SOFTWARE SOLUTION UPON PYTHON PROGRAMMING LANGUAGE

PHANTASY
Physics High-level Applications aNd Toolkit for Accelerator SYstem

FEATURES HIGHLIGHT

m Device configuration management: maintainability, portability

m Device abstraction: object-oriented

m Online modeling: physics model-depends machine representation

m Python interactive scripting environment for high-level controls: development and control
m Virtual accelerator based on EPICS and physics model: test physics algorithms

m Web service integration (channelfinder, scanserver, UNICORN ...): extendability

v
DEPLOYMENT

m Target OS: Debian 8, 9, 10 @
m Meta package: phantasy (~20 packages) debian
m Physics model engines: FLAME, IMPACT, TRACK

%) Jenkins puppet

F R I B Faclllty for Rare Isotope Beams
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)[ Machine Configurations ]

i 7
i phantasy-machine: '\\

requires
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T ——— > MachinePortal Python 2 and 3, Debian OS

m phantasy (core) ~19k LOC

requires

python3-phantasy-apps m Ul widgets: ~11k LOC (incl. dataviz, excl. ui)

m Apps: ~26k LOC (excl. ui)

fe‘iuigm widget m Device — Python object
W m m List of devices — Lattice
m Lattice manipulation
m Scripting/GUI apps (facility-agnostic)

m Package — deployment

app

F R I B " Facility for Rare Isotope Beams
US. Department of Energy Office of Science
b Michigan State University
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m Standardize device description data file ® Manage physics and engineering units by dedicated web app
m Handle EPICS Channel Access (CA) in OO level m REST APIs for units interpretation
m Benefits: WORA, facility-agnostic script/apps m Benefits: availability and extendability

name

length
sb
[ se get attribute (B) © elem.B
Static Properties < family [ setattribute (B) © elem.B = <new-value>

element-wise

get attribute (1) © elem.I

phy_type i
index - setattribute () © elem.I = <new-value> |

| tags | getattribute © fld.get (' readback')
| setattribute © fld.set(<new-value>, 'setpoint') !

field-wise
fld = elem.get_field('B")

Dynamic Properties © <fields>
€5 Home Functions  Help

UNICORN

Interpret the unit between physics and engineering

> WORA: Write Once, Run Anywhere.

F R I B " Facility for Rare Isotope Beams
US. Department of Energy Office of Science
b Michigan State University
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https://en.wikipedia.org/wiki/Write_once,_run_anywhere

In (1]: from phantasy isport Machineportal ™ Fe LesTrc o7 e sressczsrs a0
fro phantasy import disable warning
disable varnings() " FELEsTOC 0TS veen s o
= e LegToct oo eon s a0
In (215 wp = MachinePortal (*FRIS", "LEBT")
n Fe LeaTsoLn oo s smaior oo
In (31w " e LesTPI o099 ™ snezso0s a0
0Ut(3]: (FRIB) MachinePortal | Valid segment: *LEGT, WEBT, LEBTZFSIA, LEBT2FSIS, MEBT2FSIA, MEBT2FSIE, LINAC 3 e LesTonr o7 o sazss o0
In [4]: lat = mp.work lattice cont B (I = S ®
” e Leanoov posee veon s o0
In (515 layout = lat.layout
& e LeaTocH ooz eon 10005 a0
In (6]: figh, axl = layout.draw(span=(1.65, 1.1), fig_opt={'figsize's (20, 8), 'dpi': 120, ax opt={'aspect': 6}) n Fe LeaTsoLn oows o maan aame
o " e LewTrc posss e sasszsn a0
R ey B o e o s “

In [8]: sol = mp.get_elements(type='SOL") (0]

In (7): lat
TR In (915 sol
e il peston Lenatt 0ut(9]: FE_SCS1iSOLR 00704 [SOL] @ sb=70.206995
o Fe_scs1s0un_ooros s o zmeomnes )
' e scs100v. oo voor s o In 128]: |sobiT
2 Fe_scsvoen oomn Hoon Tossmones o urtier o
s e sca1on oon7 o0 Trrmssnes 0 In (11): sol.B
. e scso0v.ourzs = rsuroumes o 0Ut[11]: 0.000289900000009003
s e scs1001 Doz Hoon Tsurss o In (12): s0L1 / solB
g Fe_scavore oos oo et o2 0ut(12]: -346.02076124567475
i e sca1ove oo w0 T2 outzsar399 oame
In (17]; soL.B = 0.5
. e scavore_oorm oo 72 102m0met oms2
. e snsen o e P— n In (18): sol.
In (8]: sol = mp.get_elements(types'SOL) (0] 0ut(18]: 173,01038062283735
In 9] sol I i)

Continue with more complex work...)

Out[9]: FE_SCS1:SOLR DO704 (SOL] @ sb=70.206995

Build Lattice Object —~ Get Element Object ——  Get Feld Object
 Manipulate Lattice <—= Manipulate Element <= Manipulate Field  Tuning Algorithms
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APPLICATION DEVELOPMENT
m Ul Widgets
m Showcases
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GUI App DEVELOPMENT WITH PYTHON AND QT5

T e e v T I =rel tong@zhangt-mint makeBasePyQtApp
B6B =3 OO0 "z an e: makeBasePyQtApp [-h] [--app APP] [--template TEMPLATE]
ot By = [-1 [LIST_TEMPLATES]]
e ae || nitialize PyQt5 app project based on app template (--template), pass --app
Wwith the name of application to generate files in the current working

"
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m FRIB Collection: lattice, element, etc.
m DataViz Widgets: curve, curve w/ errorbar, image, etc. Package: -

= Commands: - - _
I B & Facility for Rare Isotope Beams
F R US. Department of Energy Office of Science
Michigan State University

i e optional arguments:
o Lattice Loader | m Element Probe S, iy il (i (3
= p APP path of app to ci
o

ldirectory, or with the full path to generate to any other directory

name of app templat

[LIST_TEMPLATES] 1list all available app templates

Standardized Ul style (package: -)

Standradized app development workflow
Publish-ready quality figure

High productivity

Facility-agnostic apps

Streamline deployment (package: -)

7/ Toolbar system
v Configuration system
7/ Qt-designer widgets

> mpldqt: Data visualization widgets implmeneted with matplotlib for Qt5.
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https://phantasy-project.github.io/mpl4qt/

APP LAUNCHER: MANAGE ALL APPS IN ONE PLACE

@~ FRIB Physics Applications (Version: 3.2)

(&

1
2
3
4
5
6
7
8
9
10
11
12
13

Name
A Alison Scanner App
Cavity Scan App
A Cavity View
I Correlation Visualizer
B3 Device Viewer
A Energy Gain Calculator
wc ISAAC
2 Lattice Viewer
& MHB-Tuner
A Online Model
A PM Viewer
= Quad Scan App
13 Trajectory Correction

142 Trajectory Viewer

Unicorn App

FRIB High-level Physics Controls Applications

Description
Operating allison-scanner device and processing the acquired data

The phase scan application for cavities

Display field levels for LS1 cavities

Visualize the parameter correlation, general-purposed parameter scan analysis
Visualize/capture device readings from EPICS controls network

Calculate the icon energy gain within a cavity

Generic sing pv scan, y

Showlinvestigate the lattices/elements information

Plots the RFQ longitudinal acceptance and beam phase-space

Simulate accelerator behaviors by online-modeling

Inspect and control a bunch of wire-scanner devices

Calculate transverse emittance based on single quad scan approach
Steering trajectory with optics response matrix

Visualize/Manipulate beam central trajectory

Manage/visualize the scaling laws between engineering and phyiscs units

©00000000000000

16 V4 Virtual Accelerator Launcher @ Launch FRIB virtual accelerators

17

Wire Scanner App

@ Operating wire-scanner device and processing the acquired data

&£

R

Versior
23

0.1
14
34
31
13
12
28

2019-08-12 15:33:05 EDT

= Global entrypoint: right-clicking context menu — ‘Phyapps Apps’

m Configuration file (.ini) controlled for easy maintaining

® Run app by double-clicking, w/ or w/o console, keep logs or not

FRIBE,

Facility for Rare Isotope Beams
US. Department of Energy Office of Scienc
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APP LAUNCHER: MANAGE ALL APPS IN ONE PLACE

a& FRIB High-level Physics Controls Applications 'E_:
Name - Description Versior

1 A Alison Scanner App @ Operating allison-scanner device and processing the acquired data 23

2 "\ Cavity Scan App @ The phase scan application for cavities 0

3 A Cavity View @ Display field levels for LS1 cavities 0

4 Correlation Visualizer @ Visualize the parameter correlation, general-purposed parameter scan analysis 5.1

5 ED Device Viewer @ Visualize/capture device readings from EPICS controls network 21

6 A Energy Gain Calculator @ Calculate the icon energy gain within a cavity 0

7 e ISAAC @ Generic singl pv scan, y 0

8 A Lattice Viewer @ Showlinvestigate the lattices/elements information 11

9 & MHB-Tuner @ Plots the RFQ longitudinal acceptance and beam phase-space 0

10 A Online Model @ Simulate accelerator behaviors by online-modeling 0

11 A PM Viewer @ Inspect and control a bunch of wire-scanner devices 01

12 = Quad Scan App @ Calculate transverse emittance based on single quad scan approach 14

13 I3 Trajectory Correction @ Steering trajectory with optics response matrix 34

14 2« Trajectory Viewer @ Visualize/Manipulate beam central trajectory 31

15 % Unicorn App @ ManageNvisualize the scaling laws between engineering and phyiscs units 1.3

16 V4 Virtual Accelerator Launcher @) Launch FRIB virtual accelerators 12

17 == Wire Scanner App @ Operating wire-scanner device and processing the acquired data 28

@ FRIB Physics Applications (Version: 3.2) 2019-08-12 15:33:05 EDT

= Global entrypoint: right-clicking context menu — ‘Phyapps Apps’

m Configuration file (.ini) controlled for easy maintaining

® Run app by double-clicking, w/ or w/o console, keep logs or not

F R I B "‘ Facility for Rare Isotope Beams
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ACCELERATOR ONLINE SIMULATION: PREDICT LIVE PHYSICS PERFORMANCE

Flle Tools Help

ot Boam Troctory Deves to Show Eldocee
« FE_LEBT:PH_D0783 SYNC2 |- B
« FE_LEBT:PU_DOB0B SYNC2 |- B
« FE_LEBT:PM_D0824 SYNC2 |~ B
« FE_LEBT:PU_DOBS6 SYNC2 |- B
FE_LEBT:PM_DOBES SYNC2 |+ B
FE_LEBT:PM_D0912 SYNC2 a
FE_LEBT:PM_D0945 SYNC2 |- B
FE_LEBT:PM_D0361 SYNC2 |+ B
5 ps r ¢ FE_LEBT:PM_D0972 SYNC2 |- O
| 1 " —
T
£
H \ 1 \'% M K F‘
i \/ M)AW\P\W w \W\
4
01 =
o AP
semin[69 [ emax| 101 yemin ]y
Losded Configurations B Machine [FRIB [ Segment [LEBT | Export

@ Online Model (Version: 0.2)

2019-09-25 12:01:30 EDT

Machine
Configurations

LINAC
CONTROL

A
|

1| 2 U closeloop
|

online optimization

CLI
FILE 4

0|

Data Viz

e o o .
+.;online simulation

1 Retrieve live settings

sync_settings(data_source="control*)

> Apply as live settings

sync_settings(data_source="model")

> FLAME: Fast Linear Accelerator Model Engine, envelope simulation code (C++/Python) developed at FRIB.

FRIB.,

Facility for Rare Isotope Beams
US Dopartment o Enegy Ofice ofScience
Michigan State Universit
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https://github.com/frib-high-level-controls/FLAME
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m Load lattice, Tools — Load Lattice
m Select BPMs and Correctors
m Visualize trajectory

FRIB{, °

Faclllty for Rare Isotope Beams
Department of Energy Office of Science
Vichioun tats Univery

m Set up correctors alter ranges
= Measure optics response matrix, save/load

m Correct trajectory with optics response matrix

20150930 162316 E0T
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m Gradually suppress trajectory

m Secure tuning range of correctors

m Visual confirmation for each solution

m Stop button

FRIB{,

Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University

m Keep all the history settings of correctors
m Go back and forth at any history settings

m Save/load settings, matrix

a0 16a10EDT
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Trajectory Correction with ORM from MEBT to FS1A

2019-09-24

R
o

Before Correction

BPM Readings [mm]

— — S bayso

After Correction

BPM Readings (mm]

sim)

F: I:! IIE; “::;‘ Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University

T SRRERRlERRIRRRRR R
" e\‘&%&%\%\?&:&\%@\%sk%&%@&@é&%\\\\\\\s RREEEES m@%\;\;‘%m*

Pm

e —
P

.- = Measured Response Matrix for LS-1
L5

10/14



- e B o
Fle scan Tools telp X X N
&7 Element single/multi selection
Alterlement_ LS1_cAoLiCAVI_D1127 (rA] B - a74.2,0.5957) [0) T ]
Alrhange o 260 X 0 )
ot [ cmer s Curve w/ errorbar widget
tra fonitors @ -
o enfers(4) e SCAN Duration: 200.88 s 3
KK & om0 7
01143 Tters 23/14gA done at vatuer - P 0.0000
101000 tter 15 dme ot vin ~ % 0.2000
19 = Elements Selected as Ex T - e 0 X / 0.0000
i ! 0.0
LstofElements Selected s Extra Monitors | G " X T B o
Feld N 4 LS1 CRoLiCAvs DL CAY 1. 0.2000
\[iwsancos] « @ [w ] oo oM 25 0. 5 o
sy connsen o os [ @ | || % # LSLCADLISOL2 DILG SOL  2.1606  0.2000 0 oo
- - * g Y LS1 CAG1:DCV D1146 VCOR  2.2606  ©0.6000 i 02 620
i susicorsnons vos 8 | B | . 2. \ i i NN st coniocn o1 W 22600 o.oo0  [E Joz o
15 4 Ls1_caorspu_o11es prASE @ | B | 3 LS Golicava OISO CAY 25350 0.2400 A -les oz
- — N 5 i b i | LSLWA01:0PMD1ISS BPHM  3.0965  0.0000 X Tos o7 9
02:38) Tters 34/14) is done at value el 5 # cance | vataae||_ oK
e s s o et o \ ;
02:53) Iter: 37/140) s done at value: o \ / .
02:58] Iter: 38/[40) is done at value: B ow \ T Al TOOIS 9 Load Laﬂlce Work
03:03] Tter: 39/(40) is done at volue: \ with different lattice
03:08) tter: 40/14) is done at vatae /

. : : ~ i - e
i1 MPS signal interlock L 8 pi Select Lattice to Load @
i .4 = i 1 FRIB Lattices

1 Machine |FRIBLVA | [ FRIB Virtual Accelerator )
=] e karion - . Segment |LS1 ~| [ First LINAC Section )
> second LS1_CA01:CAV1_D1127 [PHA] X =
= PV Prefix \None VI (Srrmaneﬁxed to All PVs ]
tHz

— - Loaded FRIB_VA/LSL.
B Dree [ QB S ® @ & L s (1 caomcat oz (ol ] vads 151 chou:omm o11ss (enG) -

Multion  Load

@ ~ Correlation Visualizer(Version:5.1)

o Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University

11/14



Multi-charge states study

Completed at 2019-04-12 18:04:32
SCAN Duration: 304.73 s
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CONCLUSIONS

m Developed Python-based software framework (PHANTAsY) for high-level physics controls at FRIB

PyQt5 based modularized generic GUI apps are developed for FRIB

m Efficient machine tuning is achieved with the developed apps for FRIB LINAC commmissioning

Apps based on PHANTASY also work with other EPICS-based facilities, no phyiscs model dependency

Development of physics model progresses as the commissioning advances

FUTURE DEVELOPMENT PLAN

pATA Unify and standardize data interface of all physics apps, streamline the data post-processing
cul Develop GUI toolkit for high-level physics apps development by any developer
MODEL Based on the data flow from PHANTASY framework, refine physics model by machine-learning

COLLABORATION https://github.com/phantasy-project/
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