2047-09-06 FC2WG Meeting #30
2020-04-27 BPM Workshop FAR E=mn

Common Specification F-CS-B-0005e:

Integration of the Beam Position Monitoring System

Into the Controls & Operation Environment
https://edms.cern.ch/document/1823368/

prim. authors: O. Chorniy (Bl), J. Fitzek (ACO), K. Lang (Bl), R. Singh (BI), R. Steinhagen (FC2-PL)

checked-by: FAIR-C2WG-ALL (e-group), F. Gressier (QA), D. Ondreka (SYS), S. Reimann (Head OP), P. Schitt (OP), M. Schwickert (BI)

approved by: P. Gerhard (UNILAC), F. Hagenbuck (HEBT), F. Herfurth (CRYRING / HITRAP), R. Hollinger (lon Sources),
K. Knie (p-Linac & p-bar Separator), |. Koop (CR), D. Prasuhn (HESR), H. Reich-Sprenger (CS), H. Simon (Super-FRS), P. Spiller (SIS-18/SIS-100),
M. Steck (ESR), R. Bér (Head ACO), M. Schwickert (Head BI), S. Reimann (OP), R. Steinhagen (FC2-PL)
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Scope FAR z=x

 BPMs are ‘bread-and-butter’ instruments for acc. operation
and used in parallel in a variety of use cases

* Primary goals:

- improve use of beam-based optimisation techniques
— petter qualitative and quantitative beam/machine performance

* Dbetter reproducibility of beam parameters
* faster/more reliable setup of new BPCs

- simplification and deployment of same optimisation, tools,

OP paradigm for all FAIR (and existing) accelerators
— N0 resources to support for “isolated island” solutions

* abstraction of vendor specific HW & SW interfaces
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List of known Users/Use-Cases
...ie. those directly depending on BPMs

A

Cycle-to-Cycle Feedbacks

1. Injection Steering

2. Extraction Steering

3. Cycle-to-Cycle Orbit-Feedback (& Radial-Loop)
Archiving System

1. Regular/OP Archiving

2. Post-Mortem System

Machine-Protection

1. Software Interlock System / MASP
Optics Measurement

1. LOCO-based

2. Optics via phase-advance

Machine Specific Clients

Muilti-Turn Injection Optimisation (SIS18, CRYRING)
Collimator/Cleaning set-up (SIS100)

MPS validation (SIS100)

ENIE U N

. Luminosity Steering (HESR)
Machine-Development

1. bunch-by-bunch expert diagnostics

2. machine development specific applications
Tune (Q) and Chromaticity (Q’) Diagnostics
1. Q/Q’control after injection/ramp/pre-extraction

2. Q/Q’control during injection (MTI)

3. Q/Q’ control for slow-extraction

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

<orbit & trajectory>
<orbit & trajectory>

<orbit interface only>

<orbit & trajectory>

<trajectory interface>

<orbit & trajectory>

<orbit & trajectory>

<trajectory interface>

<orbit & trajectory>
<orbit interface>
<orbit & trajectory>

<orbit & trajectory>

<bunch-by-bunch>
<orbit & trajectory>

<trajectory & bunch-by-bunch>
<trajectory & bunch-by-bunch>

FAR =

ﬁ mportant constraint:\

use-cases have to be
served and data has to
> | be provided in parallel
for all beam production
chains (BPCs)

\H multi-user || optimisation/

specific use-cases being
implemented as self-contained
beam-based micro-services

- expect ~14 services/machine
<~ 1 dev/acc. expert per BMS paradigm

Ralph J. Steinhagen R.Steinhagen@GSI.de, 2020-04-27



BPM Aggregate Definitions

Data Acquisition, Client API Interfaces & Synchronisation

https://edms.cern.ch/document/1823368/

* trajectory acquisition

FAR =

beam rigidit’

Q]
o
=
>
7] S | R HERT rigidity
c
3}
2
£
e
(]
T N.B. being discussed/proposed: o . .
o] bunched beam (2100 MHz) indiv. HEBT-out trajectories
% during slow extraction published per extraction
i}
e *
indiv. HEBT-in trajectories TS
published per injection
T' cquisit ﬁ r l( 0 , l
Tt STy,
1 an 3rd 4th batCth: t|me (not to scale)
' £ Py I o a —
vo|25]5|5 |8 + |& £ 8 =
S EE = | : : S
' (&) :_', Q d_). a_'), =] E xe] 2 =
FAIR B E A k= e e g |5 & g s 3
c e S o |o - 5 ¢ 5 SHE ¢
Timing: R HE 25 gz g4 |28 25
:E Ef,g: = = éB = © £2 £20
1
\ J\_ _ \ )
Y ' Y

transfer line 1
e.g. SIS18 -~ HEBT - SIS100
or: SIS18 - HEBT - ESR
or: ESR - HEBT - CRYRING

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Circular Machine Cycle
e.g. SIS100, CR, HESR, CRYRING, SIS18, ESR

transfer line 2
e.g. SIS100 - HEBT - p-target/CR
or. SIS100 ~ HEBT - CBM
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https://edms.cern.ch/document/1823368/

BPM Aggregate Definitions
https://edms.cern.ch/document/1823368/ F-\lR iI=5= 1L

low-level acquisition scheme is flexible enough to handle GSI & FAIR
requirements regardless of fast-ramping or storage mode — ?!complete!?

FESA server tasks

e.g. instant orbit,
closed orbit@ < 1 kHz,

post-processed

data user-defined

fast (70 MS/s)
acquisition

-~

post-
processing

post-
processing

aggregated data

BPs

low-level BPM
digitizer data

sk/BPM FPGA

N.B. ~250 MS/s

cle gl gl =
imi s |z 9|z Qe
tlmlng system/ 3z o s|2 g|@ ol5
receiver g z g i g E j ;
Ela Ela Ela E|2

time
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Top-Level Abstraction: Beam-Based Services F_\|R =P

(N.B. operator needs to deal with 4-5 accelerators and more systems in parallel)

* “The best hardware is only as good as its software integration”

* Limited bandwidth of expert knowledge & most operators need to keep a
wide focus to tackle many different tasks: KISS — Keep it Simple and Safe
— hierarchy of views with increasing/decreasing complexity

* Some reference examples (older but still valid and in active use):

service

performance metric:
max trim strengths,
latencies,

simple user Ul failure
mitigation actions,

[ Bi-QP Fixed-Display e E I
BI-QP Fixed Display  Fill-Number: 1009 Energy:  3566.64 [GeV] RAMPDOWN 2010-03-31 09:40:55
Coninuous FT systen: A memm  swemaow. || SIMPlE beam-based service status
On-Demand FFT System: II II d d d
-~ e and dependent systems ,
Tune.£B: p— e ON’-OFF’-’PARTIAL-'FAILURE
Chroma-FB: OFF oFF RT-Trims
I RT-Tri
Coupling-FB: OFF OFF
|RT-'n-ims vs. Time Q' Display ‘ ’T‘
\ 2

7 RT-Trims. )
Orbit FB: OFF

R
Radial-Loop: OFF :::
Radial Modulation: OFF R4
User-RF-Trims: e :::

R7

ATTrims .

Total RF-Trims:

service status history (ie. when was it switched on/off),
failure indicators, ...
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Top-Level Abstraction: Beam-Based Services
— Tracking Service performance FAR ==

 Example
“what the beam parameter does” “what the beam-based service does”

ie. summary of the achieved parameter stability w.r.t. reference ie. summary of required trim corrections/time evolution with the BPC

Bei- play RT-Trims Evolution g @

LHC - Fill#1574

2011-03-03 19:00:51 ﬁ =
Q1= .308714  Qx= .310523 S o3 i Orbit-FB &
Q2= .318568 Qy= .318758 # o2e] e .

|C-| = .005410 E= 3500.0GeV ‘i smuwetsssmpumememn o Radial-Loop
Q'x= +16.2 + .1 1845 18:50 18:55 10:00 10:05 %z TrimS (U rad)
Q'y= +14.0+ .3 20 1

energy [Tev]
chromaticity [dQ/ (dp/p)]

T
=
H

*+ Tune-FB trims

03:30 03:40 0350 0400 0410 04:20

left pane is :

machine/use-case injection ramp flat_topl I

specific: R 't Q'(t)-FB trims
“fast-ramping” vs.  _, 1 I Energy (TeV)
“storage mode” s ng

 most Ul visualisation features are now out-of-the box Chart-fx core features

and require little- to no-customisation, e.g.
@ OP/Expert use-case within the same Ul and separated via a tab-style configurations
- @see DataViewer and related sample ...

@ generic CMW - JavaFX/ChartFX bindings (A. Krimm, prototype)

@ under development: long-term maintainable boiler-plate-code-free service framework (REST, CMW, ... integration)
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Missing Ul Functionality?
new Chart-fx Options for the Control Room

FAR =

* ‘Parameter Measurements’: add expert/rarely used/missing or experimental features on-the-fly

y-axis

0.0

-50.0

-100.0

-150.0

-200.0

-250.0

-300.0

JERSy Y S PN B

ErrorDataSetRendererSample

JVM: Openl]DK 64-Bit Server VM 11.0.6 JawvaFX: 64.4 FPS, Process-CPU: 124.9 %

JavaFx: 13.0.1+1 Actual: 2.@ FPS, System -CPU: 157.2 %
o - Xe-l@RB
{____| Indicators v | N NN I N N I
| Vertical Measurements w i i i i i i i i i
i i i i i | | | | |
E _____ Horizontal Measurements  » Edge-Detect '"E _____ E _____ E"_"?""_E _____
' Acceleratar Misc. * | 10%-90% Rise-/Fall-Time —' ————— ' ————— L--#' —————
i Math - Basic v | (simple) i i i i i
i Math - Functions v | 20%-80% Rise-/Fall-Time |~ | | T T T
(simple) | | | | |
-—-- -| DataSet Filtering » t=4----- b b -
FWHM | | | | |
Spectral Transforms » ! ! ! ! !
. FWHM (interp.) e
Trending » | | | | |
A Loc. Maximum | 1 1 1 i
i i Loc. Maximum i i i i i
A4 Lo L____| (Gauss-interp.) J L
i | i | i
i | i Duty Cycle i |
:r—— : 'r (10% hysteresis) 1' 'r
i { Period i
f Frequency {
TN B 1 4 'k B 17 it
| F i
1 L¥]
| y

300.0 400.0 500.0 600.0 700.0 800.0 900.0
tirme [ks]

éé' TestData -éé' TestDataNoErrors

* Importance — puts the operator & machine experts “in the driver seat”:
- evaluate/prioritise features during operation that may eventually enter default implementation
- benefits: loose-coupling beam-based service provider can focus on acc. numerics/error handling

- long-term goals: end-users can construct their own WYSIWYG Ul w/o requiring string Java/C++ knowledge and also
perform simple trims based on these parameter measurements (N.B. we are not too far off from this goal)
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Missing Ul Functionality?

new Chart-fx Options for the Control Room — Para.-Measurements

FAR =

X
~ [c S @EE nise DsinSed. | tin 291 DpanInK: #4 85 Servy 3
s JavaFK: 138,141
1247:00 1219:00 12:21100 &ae - - | BB n
1.0 le Xt I E:' B <TesiDoln>
ms on 1000 000 3000 400.0 0.0 G000 700.0 OO0 0 8000
— g il R ey : = | 104.565
FET R 7000 Ty ! e : t au,
<LowPass(Maximum)= Sy 1k { r' 0.0
A Y | | ' ! rFFT within range [dB]—
0.0 i . it ([
BOG0 1 | : <Tesllnia>
ms i o
i y 5| L [ B0.0
ol 9 1617 e ; 35.0
00 Sh oo gk 360 ms|
12 A | 1 i ; :
4500 (e | ===t f t 500 IUJ,II nding flocal]
i - 4 : 2
4000 L | § | o , R
L] 3 I i H =
oA 58 o ' SIS w0 1 0
| i i |
L3000 | 1= et i 360 5 ms
(I} i i
2500 ! b | i 008 Datas
2000 -4 i r : 25:'.95 TestData>
I d v i | 502
15040 -+ ] ! 1
: = i [ M : I | 200 171.0
T L U N V. i, OGN ~Rafi - : _dnlo i ms
| A | | 5.
S0.0 | A Pl e t |
b L ol ! A 10.0
2L ] i i T Aoy
; — i " 50
-E00  EFFT within range [dBj#1] -+ [Maxs | : R
NP A T BSOS Vs SSNE PR e | oo
14:19:00 2 L] 100.0 2000 300.0 400.0 500.0 6000 000 600D S00.0
Hirme [ks]
daomum <= LowPass{daximum) 4= TestDeta == TesiDataMoErmors — DataSetTesiData)
Medig—————————————
w-As [ma <FFT [dE}iLowPass{Madmum|F
- 000 1500 2000 2600 3000 300 4000 4500 =
: 30 [k
£ z i H
E L m=| s
£ £ S
E
= = =
F =
L
: ¢ g
B
: 2 E
32 08
E" I~
B
] &

[1X1) 250 B00 TRO 1000 13D

tedian(FF T {dB]iLewFass{Maximum)))

180 1750 2000 2250 2500 2750 G000 3250 3500 ITHO 4000 4250 4500 4750
frequancy [mHz]

=& FFT within range [dBRTestData

None of the shown functionality (DataSet generation/DAQ aside) needs to (but may) be hard-coded
and can be “tried out” before adding this as an official functionality to the OP-approved application.
* nota bene: working on a simple Chart-fx parameter — LSA interface (using REST)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Ralph J. Steinhagen R.Steinhagen@GSI.de, 2020-04-27




Top-Level Abstraction: Beam-Based Services
— Expert Operations/Debug Tracking

“Overview of BPM statuses”

ie. if you have an accelerator with more than 12 BPMs

] Orbit Feedback - tHe

Eile Run Configure

¥ REA: rstein Tinterlink

Optics - 0/’ | Energy | RF Mole |

Settings
Settings

BPM Optics - Orbit

BPM Status | COD Status | Orbitviewer |

FAR =

2
g
£
OrbinsE Server ‘
Averaging: ;
OrbitFB State: OFF %\
Radial Loop State: | OFF E
RadiaiMod State; | OFF el
Reset OrbitFB: Engage E
TuneFE State: OFF w |OFF o
Chroma-FE State: | OFF ~|[oFF H . . . . .
o “Individual Orbit/Trajectory view”
Reset O/ Q/-FE: Engage 5
Sensitivity: Manual 5 . .
e needs to be adapted to FAIR use cases (fast-cycling machines)
BCT System: NONE 5 4] H H
L N
Spawn: Single Orbitviewer B See Bernd SChIeI S app“catlon
Paired Orbitviewear 2
» OpenYASP DV LHCRING / Beam 1/ PHYSICS-1.38TeV-2013_V1@60_[END] [=)e])x]
) @views | & [m] 55 ]~ B8 more |
LHC Orbit Feedback CO - P 1380.120 Gevyc - Fill # 3549 ADJUST - 1070213 21-51-44 o’
S )
Mean = -0.004 / RMS = 0.157i/ RMS-dp = 0.157 /iDp = -0.0071
GOTTEnTE, B-ox - waring [l cat mode [l]- deserectea - vor
d Legend: Plane: T 2
- vovaa [ll-evor - e moce - ver E | E
- 0 il par TR ] . | 2 | . 1n
2 N i LI i i 1 T T
co® =
[ATLAS| (INJ- B1] [M-CLEAN| [RF-B1 CMS] [DUMP-B1| |B- CLEAN] LHCb|
-4 —— T T T
0 100 200 300 400 500
Monitor H
CO - P 1380.120 GeVyc - Fill # 3549 ADJUST - 10/02/13 21-51-44 S o i
4
* Mean = -0.003 / RMS = 0.104!/ Dp = -0.0071
Bvews | SR
CO - P1380.120 GeY E I
L o - e : .= #
Mean = 0.( =
>
- 24 -2
E
E L0 4 [ATLAS] fing-B1] M-CLEAN] [RF-B1] Cmg] [B-CLEAN] LHC]
A - —— T T T
g T L 0 100 200 300 400 500
T Monitor V
-2 B B B B B
. BN BucH s [T _
- — T v T
0 100 200 300 400 500
Monitor H
C0 P 1380.120 CeVc - FIll# 3548 ADILST - 10/02/13 215050 i i o
Mean - 0,014 / RMS = 0,139 / Dp - 0.0101
i
£ RPN N ¥ il n e B
8 il | [ L [
> _2-
a [aTag [Auc [M-cLEAN] RF-52) [cms] [B-CLEAN] INI-E2]
- — T T T
o 100 200 200 400 500
Monitor V
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position [mm]

2016-06-12: Orbit-FB Proof-of-Concept MD FAR ==

B. Schlei, H. Liebermann, R. Steinhagen

Trending Trending
| select BPM... | Averaging O Bin Size [bunches): 1000 =3 [ Select BPM... | Averaging [ Bin Size [bunches]: 1000 =
== Orbit-FB "off 4 =g Orbit-FB ‘on'
— e Orbit-FB ‘o ==mmas Orbit-FB 'on
e i —— G502DX
——'6503DX © —— G503DX
— L53040X —— G504DX
== Eg:égi 3| = GS05DX
— —— G506DX
—— L507DX = —=— GSOFDX
GS0BDX £ GS08DX
—— LS09DX ;‘ —=— L509DX
et =100 — GS10DX | (deselected faulty BPM:
= G511DX o G511DX
—+ G512DX —— gs120x,| GS07DX)
™
T s amadn t
A Pt . s
T T T T T T T T T T
600 800 1000 1200 il z00 400 500 800 1000 1200
Time [ms] Time [ms]
> < >
I I — T —Tegena
—— GS010X —— G501DX
ESO2DX —— G502DX
[ GEOTFOX —— G503DX
G5040X G5.040X
— —— G505DX = —— G305DX
£ —— GROGDX E | —— GSOBDX
E e GSOZ0X E 1 —— GSO7DX
- GSO8DX = (ESDOTES
—— G509DX -2+ — E;ﬂzgi
e Egi'l’gi —— G511DX
e Y -3 —+ GS12DX
_a —ad
T T T T T T ! ! ! ! ! !
o - P i I B - ] 200 400 500 800 1000 1200
Time [ms]

Time [ms]

>

time
* some workarounds needed, but overall success and results look promising

- need to follow-up: reliability, performance issues related to CO & Bl
+ detailed integration before being put into regular operation

- N.B. remaining horizontal oscillation due to uncorrected Ap/p mismatch -~ Radial-Loop/Energy-FB
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Top-Level Abstraction: Beam-Based Services

Example Q/Q’ Expert Control

here: BBQ-based but API abstraction equally allows BPM data

TuneViewer

|Cuup|inngce|v||Milg|'|| H ” 11 |

Eigenmode, Abs. Coupling |C-| [frev]
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FAR ==

Help

Acquisition Settings

Machine cycle:

Acquisition Length [turns]:

Measurement Rate (Period):

Start [ms]:

Stop [ms]:

Type of Excitation:

*
‘1024 |v|
‘2nn Hz 5 ms) |v|
\ o=
‘ 5001
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[an [ =a ]@

e
i

' '
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= o

| |

' | ' |
=R T V- ]
2 =2 = o

| | | |

-100

o
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ul |9
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0.01
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=

= 4
I L

'
=
=
=}
a
L

-0.01

-0.0151

-0.024
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o 200 400

T
600

T
800
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1000
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Tune Fitter Setting
Enabled:

Special Alt Exc Treatment:

Select Type:

-S'btio [dBL:
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TSpectrum:

‘TSpectrum
10 |

® <05 =05

‘ Expert Settings |
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01} E max | 0.49E||E

[ -] B ] 0|
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List of known Users/Use-Cases - cont
..le. those directly depending on BPMs

A

Cycle-to-Cycle Feedbacks

1. Injection Steering

2. Extraction Steering

3. Cycle-to-Cycle Orbit-Feedback (& Radial-Loop)
Archiving System

1. Regular/OP Archiving

2. Post-Mortem System

Machine-Protection

1. Software Interlock System / MASP
Optics Measurement

1. LOCO-based

2. Optics via phase-advance

Machine Specific Clients

Multi-Turn Injection Optimisation (SIS18, CRYRING)
Collimator/Cleaning set-up (SIS100)

MPS validation (SIS100)

ENIE U N

Luminosity Steering (HESR)
Mach/ne -Development

1. bunch-by-bunch expert diagnostics

2. machine development specific applications
Tune (Q) and Chromaticity (Q’) Diagnostics
1. Q/Q’control after injection/ramp/pre-extraction

2. Q/Q’control during injection (MTI)

3.  Q/Q’control for (pre-)slow-extraction

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

<orbit & trajectory>

<orbit & trajectory>

<orbit interface only> B. Schlei

<orbit & trajectory>

<trajectory interface>
<orbit & trajectory>

existing proto.
<orbit & trajectory> 0. Kovalenko
<trajectory interface> (HESR dev.)
<orbit & trajectory> A. Krimm
<orbit interface>
<orbit & trajectory>
<orbit & trajectory>
<bunch-by-bunch>  B|: O. Chorniy
<orbit & trajectory> ~ H- Brauning

<trajectory & bunch-by-bunch>
<trajectory & bunch-by-bunch>

A. Krimm
R. Steinhagen

(macro-spill)

FAR =

machine-exp. interface/target steering:
rstein+tHades (proto. only) & FRS

/ what we have:

SVD-based orbit/trajectory
control algorithms and most
related numeric tools

Ul tools w/ less-boiler-plate
optics management/interface
to LSA — see OpticsViewer
spec. BPM API (since ‘19/°20)
proto. microservice framework

J

o

/~what remains:

(medium-term, strategic)

\

ref. management system

full microservice framework
scalling LSA trim performance
containerisation & farm
contributions from acc.
experts with the required
domain knowledge

/

Ralph J. Steinhagen R.Steinhagen@GSI.de, 2020-04-27
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Some Open Points w.r.t. BPM integration FAR ==x

 BPM interfaces/aggregates are defined:
https://edms.cern.ch/document/1823368/

- Q: status of the implementation — are ESR integration tests/QA completed?

* To be addressed if the services should scale beyond 1-2 machines:

- reference management of orbit/trajectory/target position
N.B. control/optics-retrieval algorithms themselves are already solved — see e.g. OpticsViewer, Coat, ...

* API needs to be consistent across GSI/FAIR

* issue: many different “golden standards” and criteria depending on what needs to be
achieved, e.g.

— aperture optimisation, feed-down effect minimisations, ...
— optics/injection/extraction/other beam physics constraints,

- <enter your specific machine goal here>
- When to use which ‘golden standard’ when setting-up a new experiment/beam?

-  LSA trim interface: both references & corrections

» strategic decision to scaling alternative to existing ACID+2PC concept needed,
e.g. SAGA (choreography) + Event Sourcing (as one of the options)
< which type/product to use? Definition of appropriate Events and Domain Objects?!?

GSI Helmholtzzentrum fur Schwerionenforschung GmbH Ralph J. Steinhagen R.Steinhagen@GSI.de, 2020-04-27
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