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Beam-Based Feedback introduction
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e Fast feedback loop with FESA class
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o Orbit Feedback (OFB)
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System overview

Evian 10th - Bl feedbacks

BBQ

BPMs

FGCs

RF

A. Calia

RDA

ubP

ubP

ubP

BFC
(FESA)

|

NXCALS

JAPC

OP API
(Java)

AN

LSA

LumiServer

YASP

Dashboard /
Expert App

DB Config
App

HW Config
App

LHC Seaq.




W & FESA API renovation

e Significantly faster HW

Old architecture

LHC Control System

o 64-core CPU & 200 GB RAM ‘ v Acmw (zero MQ)

Feedback
Service Unit (FESA3)

Control 3 A Private - AROOT object
_c;ré;o * + * + objects

o QOperational + spare (testbed) machines

. . . Ethernet
e Major architecture refactoring, of note [ Feedback e
‘ Controller (C++/Root
o Eradicated initial Root obj. initialization /H AAAAA Py |
| o 1088 Beam 529 Orbit
o Removed internal Ethernet link = ;”‘“”M"“‘ , [pefiectionDipoke
5 6 BBQ (Tune) - -,:;Ijune Correction
o Merged Service Unit & Controller [ O VY
. e ‘ O Ve :
e New architecture based on FESA3 (/(f ~
Plant I/O \
. . . \ ) V ] 5 A
v Simpler and more maintainable \"'LHC"_"’OT%:S%“’Z'
NS 7 M

[1] TESTING FRAMEWORK FOR THE LHC BEAM-BASED FEEDBACK SYSTEM (S. Jackson et al.)
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W & FESA API renovation

e New features

o Function-driven behavior
o Reimplemented optics (twiss) handling
o Faster and parallelized Response Matrices calculations

o Better integration with LHC control system
e Studies and prototypes (L. Grech et al.)

o “Feasibility of Hardware Acceleration in the LHC Orbit Feedback Controller”
o “An Alternative Processing Algorithm for the Tune Measurement System in the LHC”

o “A Machine Learning Approach for the Tune Estimation in the LHC”

Evian 10th - Bl feedbacks A. Calia 5




Operational-side improvements

LSA Applications Suite (v 15.13.9)
ile Applications Search

s Help
@ [@wc [-][0er  [+] [#]3s][®] [@] c[acalia v |

Settings Management x |

Source

e Settings were a bit spread out ...

Beam Process

Paramef ter Group - Parameter Type __ Parame ter
LHC-S1S-REF-INJ-3.5TeV-Beam-Test_V1 [~] [MATCHING QUADRUPOLE < [BFcLHC i PlayerS | [BFC.LHC yerSettingsE «
PRECYCLE-3.5TeV-RAMP-UP-ONLY-2021 IMOMENTUM | BFCLHC/Tu i Player._ BFC.LHC/ y ttingsk~
R R PRECYCLE-3.5TeV-STANDARD-2021 ot usep |Z| |[BFCLHC/TuneRefFuncPlayers = |« i Il
PRECYCLE-3.5TeV_2021@0_[START] H lora | |BFCLHC/TuneRefFuncPlayers ~| Select All
e equences an init values e A
RAMP-3.5TeV-11m_BeamTest_V1@0_[START] =
) AMD._2 STalL11m } '\n@ 01 rEmnl = Select All i SelectAll ‘ )
1) MD, OPERATIONAL

o Confusion & inconsistencies i '

Setting Part: | ® Value O Target O Correction Time Base: Trim History
: =

BFC.LHC/Ty

e Consolidation and simplification Y e

v LSA as source of truth ‘ﬁzu 1 , S T
EEIRIEE

|_Graph | Table
m Make Rules & Value Generators —

v References from operational settings | eEm e
_ « ENSURE FEEDBACK FUNCTION PLAYER IS IDLE
m Orbit ref. from BPM ref. « RESET FEEDBACK FUNCTION PLAYER

« ENSURE MASTER SWITCH IS ON
m Tune ref. from new TUNE_TARGET knob } [ RESET FEEDBACKS

. . . w LOAD FEEDBACK NON MULTIPLEXED SETTINGS
e Nominal operations via LHC Sequencer

w CLEAR LOADED OPTICS

w UPLOAD FEEDBACK OPTICS FOR ACTIVE HYPERCYCLE [IGN
» (- DRIVE INJECTION SETTINGS FOR OFB

» (] SELECT QFB DEVICE FOR PILOT
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Operational-side improvements
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o Requirements evolved with experience
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e Simplified YASP-OFB integration el i
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OP API renovation

YASP LHC Seq.
e Java APl on top of BFC FESA class I 1 I

o Integration with CCC ecosystem Jova AP I :

o Ensure correct usage of FESA API Orbit Service i Optics Service i

o Move complexity away from apps __“——._“_““_""._"_"_"."'

E.g9. LHC Seq. agent from 3k+ loc to ~600 D D o

o Flexible abstraction layer for OP o
e Extends BFC API

o E.g. “load LSA orbit as reference” _“_h__TF,;O;;;/;QJ;;;;ST _______
e Opens the door to testing ’ I I I : I

o New specific testing framework FESA API

BFC
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Automatic testing

Goals

=*» Peace of mind when refactoring

=* Reduce commissioning time

-» Requirement validation

-» Encourage “good programming practices” L

Reproducible environment

o Gitlab ClI

o Testbed machine in simulation
Closed loop simulation tests

o Behavior verification
(“Does it converge?”)
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2 Beam Feedbacks Mission Control
Device control | Optics | Tune | Orbit | Radial Loop | Element selection | Simulation | Debug |

[T

53

Machine Simulation Controls OFC Testing Controls

Beam 2 Presence [ ] Timer delay (ms) 40

Beam 1 Presence [ | Manual orbit trigger Stop

]

Energy (GeV) |

[ Manual orbit trigger mode

[ Manual + timer orbit trigger mode

R2018-ATSFlat-Squeeze-Orbit
R2018-Flat-Easterboot-Orbit
R2018-Flat-Reference
R2018-HighBeta-Commissioning
|R2018-HighBeta-Physics-Orbit
R2018-lon-Physics-Orbit
R2018-lon-Ramp-Orbit

“orbit | Tune |
Orbit simulation
Constant orbit sinusoidal orbit LSA Ref orbit
Amplitude (mm) 1 |  Amplitude(mm) 1 |  Noise (mm) [0.5 ]
Noise (mm) o5 ]  Noise (mm) los | |R2018-ATSFlat-Physics-Orbit

i[>

R2018+%
) Constant orbit ) Sinusoidal orbit ) From LSA
single send | \ | continuous send | \ Stop ‘

Actual loop frequency (Hz): ...

[ Start ‘ [ Stop

Will send manual orbit triggers! Make sure no one else is sending them

@Test
public void whenRunning_sendingPauseAndResume_shouldPauseAndResume ()
ensureRunningFor (Duration.ofSeconds(15), () -> {
sendFunctionPlayerEvent (PAUSE) ;
awaitState(functionPlayerState(), PAUSED);
sendFunctionPlayerEvent (RESUME) ;

awaitState(functionPlayerState(), RUNNING);
1




Orbit closed loop simulation

@) Evian 10th - Bl feedbacks

New orbit as BPM UDP Packets

Testing
framework

APosition = RM - AK

OP API
(Java)

RefOrbit

BFC

Optic (FESA)
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Tune closed loop simulation

New Tune reading RDA publication

BBQ Simulation
Closs

(Java RDA Server)

RefTune
Q-=4Q
- BFC
(FESA)
Tune gain
OP API >
(Java)

Tune Trims (AQ)
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Continuous integration

_ _ _ OP API + test code Container FESA code
e Automatic full-stack validation
lhc-orbitfeedback Fesgxébzose BFC
o Run on commit and daily B
o Based on Gitlab Cl Pipelines _ J . | |
Container Container
o Currently ~100 unit tests
Java Testing Container BFC Container
o Report in case of errors

e Detailed history of issues
o “This happened before... ”

e Better development cycle

Custom CIl Runner

o “It worked on my machine... ”
OFB Tests Runner

Evian 10th - Bl feedbacks A. Calia 12




€O - P 450.120 GeV/c - Fill # 7523 INJPROB - 30/10/21 11-51-44 “a

z
an = -0.074 / RMS = 5 ¥ # £
T 1
Bea teSt reS ItS % . i.lllll“ L"lJlll-‘*.llL nlidu".
I I l u g SN LA R AR “'LT"‘”H‘”T”"T
-1
1 o] o -5
8 CO - P 450.000 GeV/c - Fill # 7523 INJPROB - 30/10/21 11-52-54 o
Pr—————————————————— ? Mean = -0.083 / RMS = 0.183 / RMS-dp = 0.181 / Dp = -0.058¢
€O - P 450.120 GeV/c - Fill # 7523 INJF _ a
2 1 E
. . S S b te Bl et nsg it rvhd
e Successfully commissioned ! o rrieEp ey Pt et
] g Jrln S L'I a‘J Ilj‘l‘h‘ =
= T [ N Oy 5 TEZ
e ] 100 200 _— " 300

- onitor
/ N eW B F‘ F ESA C | aSS o €O - P 450.000 GeV/c - Fill # 7523 INJPROB - 30/10/21 11-52-54 o i
" 2

Mean = -0.083 / RMS = 0.657 / Dp = -0.0586

5

E . M RN | “. My | T
2 o

>

v/ OP API + applications 5 DL A VL AR
ATLA: [auc [RF_82] [cms] [pumP-82] B- -

v LSA settings + sequencer tasks

v Trim orchestration (e.g. lumi levelling) i il 0.60¢+09
10.99 m ESERNER 1100  [ESERIGEH 1000 m RN 1000 m

FBCT Intensity and Beam Energy Updated: 12:08:43

e Some issues ironed out on the way

o Mostly only discoverable with beam ...

e Excellent behavior during ramp @ 3.5 TeV

e Invaluable feedback and experience omments (30-Oct-2021 115435) g

. i Global Beam Permit
Ramp with pilot Setup Beam

=» Smooth start of Run3

Moveable Devices Allowed In
Stable Beams

AFS: Single_10b_2_2_2_7ncoll PM Status B1 \ i IPM Status B2
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Beam test results
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Beam test results

Tune error evolution during ramp
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Conclusions

e Beam test was very important !
o Minor issues fixed
o Invaluable feedback
o Significant head-start for 2022
e Success recipe
o Collaborations & synergies are paramount
o Testing & simulation are a MUST

o Embrace change & best-practices

e No impact of 1-year extension of Run3

Evian 10th - Bl feedbacks



Extra
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Tune evolution during ramp
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Tune trims evolution during ramp
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0.06 Coupling abs evolution during ramp
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—— Coupling B2
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Orbit RMS evolution during first pilot and nominal
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Container ??

e |[solated environment

o Apps have their own OS* and environment

o No dependency on host OS

e Reproducible

Container Engine
o Work on any OCl-compliant** container engine (Bt blale ety Gl e )

e Resource optimization Host OS

o Many heterogeneous app can share HW

aE

e Many more features...

o ... orchestration, scaling, blue/green updates, ...

* Host OS kernel is shared — low performance impact vs full VM

o ...notinthe Scope of this prOjeCt ** Open Container Initiative — makes containers portable

“RN LBOC 26/05/2020 Andrea Calia
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Another test example

@)

Evian 10th - Bl feedbacks

@Test

public void arm_validRefOrbitTimeEvolution_shouldPlay() {
RefOrbitTimeEvolution refOrbitTimeEvolution = ...
sendRefOrbitTimeEvolution(refOrbitTimeEvolution);

sendFunctionPlayerEvent (ARM) ;
awaitState(functionPlayerState(), ARMED);

runWhileSendingOrbitTriggersEvery(Duration.ofMillis(80),
sendFunctionPlayerEvent (TRIGGER) ;
awaitState(functionPlayerState(), RUNNING);
awaitState(functionPlayerState(), IDLE);

b

assertThat(referenceOrbit().get()).isEqualTo(refOrbitT2);

0O —>{

A. Calia

23



References

e Testing Framework for the LHC Beam-based Feedback System

Jackson, Stephen (CERN) ; Alves, Diogo (CERN) ; Di Giulio, Letizia (CERN) ; Fuchsberger, Kajetan (CERN) ; Kolad,
Blazej (CERN) ; Pedersen, Jens (CERN)

e Feasibility of Hardware Acceleration in the LHC Orbit Feedback Controller

Grech, Leander (CERN) ; Alves, Diogo (CERN) ; Jackson, Stephen (CERN) ; Valentino, Gianluca (Malta U.) ;
Wenninger, Jorg (CERN)

e An Alternative Processing Algorithm for the Tune Measurement System in the
LHC

Grech, Leander (Malta U.) ; Alves, Diogo (CERN) ; Gasior, Marek (CERN) ; Jackson, Stephen (CERN) ; Jones, Owain
Rhodri (CERN) ; Levens, Thomas (CERN) ; Valentino, Gianluca (Malta U.) ; Wenninger, Jorg (CERN)

e A Machine Learning Approach for the Tune Estimation in the LHC
Grech, Leander (U. Malta ; CERN) ; Valentino, Gianluca (U. Malta) ; Alves, Diogo (CERN)

Evian 10th - Bl feedbacks A. Calia

24



