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Overview

* Working principle & hardware location
* High-level parameter model
* Tools & procedures

* Future plans & final remarks



Working principle & hardware location



Working principle

Overview

The transverse damper is a feedback system to reduce horizontal and vertical bunch oscillations

1. At every turn, measure bunch-by-bunch transverse oscillations with a pick-up / BPM
2. Based on position data, calculate correction signal, accounting a. o. for phase advance BPM <-> kicker
3. Kickers apply amplified correction signal to individual bunches to reduce their oscillation amplitudes
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Working principle

Damping process

Feedback action

1. Measure bunch position x,,

2. Calculate and apply kick y,, to
reduce oscillation amplitude
taking into account phase advance

Repeat at every turn

Bunch oscillation amplitudes are
reduced over time (exponential decay)

Assumptions: one-turn delay, pickup & kicker at same

location in the ring, linear machine. Typically not the case.
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Working principle

Damping process

SPS injection oscillation damping

* Bunch oscillation amplitude under influence of TFB
is described by exponential decay

= List of Froperties:

a(t) = ayge” /"

* Dampingtime Tis

e time it takes for amplitude to drop by 1/e

* inversely proportional to loop gain

e SPS TFB can achieve damping times of about 20
turns (~0.5 ms)

6 * N.B.: amplitude decay is also partially due to
fime /[ ms decoherence




Working principle
SPS TFB use case

* Take care of injection errors and its consequences
* Injection damping (up to several mm)

* Reduce emittance blow-up induced by non-
linearities thanks to fast enough damping times.
Note that the TFB does not create blow-up

e Cure coupled-bunch instabilities (CBI)

* In particular resistive-wall-induced CBI
Threshold 5 x 10*? p beam intensity

e Suppress all CBI at 25 ns bunch spacing, i.e. up to
20 MHz (highest-order coupled-bunch mode)

* SPS operational TFB not designed to suppress intra-
bunch motion [ single-bunch instabilities
(bandwidth not sufficient = “wideband feedback”)

Injection error leading to emittance blow-up
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https://indico.cern.ch/event/509762/contributions/2451000/attachments/1517519/2368929/feedback_HS_handouts.pdf

SPS TFB

Hardware
""_;\;_'é;{t‘?{ih"'""""'"""""""";"
Per plane v W Covienve Sigmal
e Selector

4 signal processing systems
e pLHC: LHC beams (25 ns)
« pFT: SFTPRO

* lons
+—Serub+doubletbeam
Pickups
* PpFT: 2 electro-static, processing SRR g = N === e Tt e
: { Stripline pickup '
in tunnel e
* PpLHC, lons, Scrub: 2 striplines, e e
. _ SURFACEBAZ /N PN
processing on surface TUNNEL LSS2

Electrostatic PU
processing
BW ~100MHz

Power system with 2 kicker
modules
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SPS TFB

Pickup and kicker locations

* pFT
BPH.202, BPH.204
BPV.205, BPV.207

* LHC-type beams (p, ions, scrub)

RF Faraday cage

¢ BDV.221.76

BPCR.214.59 ) < BPCR.214.59 (H/V)
BDV.214'55 ()F- Cf\ 41.1. ][ . )
' \ . : BPCR.221.72 (H/V)
BDH.214518\\ ¥ _/pa2 | |
'BDH.214.37"/ SPS TFB
7.2 7 Kickers

_-BPV.207

e Horizontal
BDH.214.37: module H1
BDH.214.51: module H2

e Vertical
- BDV.214.55: module V1
BDV.221.76: module V2

BPH.204 — £ ~gpy 205
BPH.202 ~



SPS TFB

Take away

* SPS TFB reduces oscillation amplitudes on bunch-by-bunch level

 Amplitude damping follows exponential decay with time constant typically
~20 turns (0.5 ms)

* Main purpose: take care of injection errors to limit emittance blow-up, and mitigate
coupled-bunch instabilities
* Hardware
* Located in/ near BA2
* 4 processing systems optimized for different beams (e.g. SFTPRO vs LHC-type beams)
» Different pairs of pick-ups for SFTPRO and LHC-type beams
e 2 kicker modules per plane

10



High-level parameter model



High-level parameter model
Motivation

Goal: simplify TFB commissioning and operation,
expose relevant features

1. Cycle generation: automatically provide correct / reasonable settings

2. Provide clear interface to change settings
* Feedback modes: Hilbert, VectorSum, Komppula, bandwidth, active time in cycle, etc.

* Phase calculation: based on phase advances between pickups and kickers from optics along
cycle, programmed tune functions, and HLP phase for fine tuning or MDs

* Front-end gain calculation: injected intensity, bunch length, oscillation amplitude, calibration

* Adjust loop gain throughout cycle

3. Monitoring / control: Python GUI for main settings, status overview, and diagnostics



High-level parameter model
Status

=

// " Python TFB GUI (PyQt) h

HLP control & data/analysis viewer

- not required to be running -

(DIsplay & wa!n\ Glsplay & conm'm
\ o !

\ weis)

[ sumstats | || [ FitResuns
[ Aams | || [HP Setings
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(Matplotlib / [Acquire & ‘l'rim\
PyQtGraph) (PILSA ! PyJAPC)
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s ) o \
m SPSOP - a Acquire N Process \ ( Publish
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PSBOP ToF >Lup jup j« ZIa [ sum status |—{-+>
T > HLP Settings |« o heck | sum Alarm >
ADEnD > Status / Alarms =§(mus ! Alavm§ \ Fit Results | >
\ ~ / > Data - N
e 4
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* LSA: value generators & makerules
 Python GUI

First implemented and used in 2021 -
still partially under development, but
LSA model & GUI mostly “stable”

H. Pahl (BE-OP-PS) working on this
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High-level parameter model
LSA model: overview

Logics: 2 Makerules for discrete and function
parameters, respectively

Value generators: CONST_VG & SPS_TFBHLP VG
Default values for all HLP settings

SPSTFBFUNCTIONSMR

Rather wide tree of parameter relations:
4 different systems, 2 planes, many LL switches, ...

Goal is not to have to deal with LL settings during OP

SA.TFBHLP,H/Damp

er#Systemselector

___HpamperSigSel/switchPPMControl#SwitchM1 )
~—

DamperLoop_H_pLHC/LoopsControl# TTUAnalogSwitchl

[__HpamperSigSel/SwitchPPMControl#SwitchM2 |

DamperLoop H_Scrub/LoopsControl#TTUAnalogSwitchl )

( DamperLoop_H_lons/LoopsControl#TTUAnalogSwitchl )
7

T e a— — e SPS TFBHLP VG
o == —

( DamperLoop H_pFT/LoopsControl# TTUAnalogSwitch2 )]
S PR A ) ((_SX.DAMPH1-1-2/0utEnable#outEnabled )
AN §
(__SX.DAMPH1-1-1/OutEnable#outEnabled |
.y

SX.DAMPH2-1-2/0utEnable#outEnabled )

((_pamperiLoop_H_Scrub/LoopsControl#TTUAnalogSwitch2 ) C ‘;‘"‘Pe’l op_H_lons/FGCPpmControl#Fgc ActiveModule

DamperLoop_H_Scrub/FGCPpmControl#Fgc ActiveModule

( DamperLoop_H_pLHC/LoopsControl# TTUAnalogSwitch2 )
=

(___Dampertoop H_lons/LoopsControl#TTUAnalogSwitch2 ) [ Damperloop H_pLHC/FGCPpmControl#Fgc ActiveModule
T

((_SA.TFBHLP.H/Damper#LoopSwitche

\( SX.DAMPH2-1-1/0utEnable#outEnabled )
N
((_SX.DAMPHI-1-6/0utEnable#outEnabled )
((__pamperioop H_pLHC/LoopsControl#M2Lo: opEnahle DamperL ooy p H_lons/LoopsControl#M1LoopEnable ) ( X )

SX.DAMPH1-1-5/0utEnable # outEnabled

V4
(___pampertoop_H_lons/LoopsContro le)LoopEn bl (C Damperloop H_Scrub/LoopsControl#M1LoopEnable ) A N
— ((_Sx.DAMPH2-1.5/0utEnable#outEnabled )
(__pampertoop_H_pFT/LoopsControl#M2LoopEnable | (_pamperl loop H_pFT/LoopsControl#MlLoopEnable £y

((_SX.DAMPH2-1-6/0utEnable#outEnabled )

uampeuoop,u,plHc/mopsconnalamlaopEnable )]

((__pamperioop H Scrub/LoopsControl#M2L )] (
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] - All these parameters are accessible and
[ISL\g,I:, OIC?;IIE Olvg,?/lreavzn eter mOdeI editable from the Python GUI (see later on)

LSA TFB HLP

/\

Discrete Functions

/\ ‘

per plane

15



High-level parameter model

LSA model: overview

LSA TFB HLP

/\

Discrete
Acquisition settings

= PU1CalibSum
= PU2CalibSum
= PUlCalibDelta
= PU2CalibDelta

16

Functions

Damper settings

CentralTune
LoopGain
FeedbackPhase

per plane



High-level parameter model
LSA model: discrete damper parameters

|

File Applications Search

LSA Applications Suite (v

16.0.11)

Help
| ® SPS v ®c v > *3 '.5) E > | spsop ¥
Settings Management x
Source _ - -
Particle Transfer \ Parameter Group v | Property v} Device/Property v |
SPSRING = *RF LTIM « | |ALLSpsDamperLoop/Loops|+ | [SA.TFBHLP.H/Damper
EastExtraction < IRF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
LUCR1 Tcanefar = |RF SYNCHRO ALLTFBHLP/PUAcquisition
Select All
RF TIMINGS ALLVTU/Mode
Beam Process RF TRANSVERSE DAMPER  |— |ALLVTU/MgRatio
BP (0->27600) \*||SERVO SPILL I~ |ALLVTU/NormalMode
STCY_13.5_25.92 Q20_202~ |skEw QUADRUPOLES ~ IALLVTU/PDCSYnc -
5INJ25.92_L14700_Q20 207 | ¢] > < 1 >
(1/52) 7 o’ T‘ e Select All Select All Select All Hierarchy
OPERATIONAL Function Discrete pal (1/36) /-, (127) |/, (1/2)
v/ Show Sub Contexts Parameter filters: none v
4
P Setting Part: | @® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
SA. TFBHLP.H/Damper#FeedbackMode Hilbert
|ISA.TFBHLP.H/Damper#injectionBunchLengthNs |3.0
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0
||[SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl |2.5E-4
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2  |2.5E-4
SA.TFBHLP.H/Damper#LoopSwitches v
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm [10.0
|ISA. TFBHLP.H/Damper#StartTime |-5.0
SA.TFBHLP.H/Damper#StopTime |24844.0
A TFBHLP.H/Damper# temSelect pLHC

of Trim
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SystemSelector: OFF, pLHC, pFT, IONS, SCRUB
> Depending on beam type, pick suitable

system

> Nearly all LL parameters depend on it ...

SPS_TFBHLP_VG

> LHC-type beams: pLHC
> SFTPRO: pFT
> lons: IONS



High-level parameter model
LSA model: discrete damper parameters

& LSA Applications Suite (v 16.0.11) ;
File Applications Search Help
9sps |v |OcC vl |#|3%|@® B c|spsop ~
Settings Management x
Source
Particle Transfer Parameter Group v | Property - Device/Property - . .
SPSRING S “Tlllal | SpsDampart o v e St tT St T . 1 1 1 I
N— RF LTIM ALLSpsDamperLoop/Loops| | [SA.TFBHLP.H/Damper ar 1me’ op ime: active time In CyC e
s < IRF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
' ransiter - . _sae
IAWAKE1 AWAKE 1Inj FB6 Select All ng; ?IYMNI;’:}ZO :tt;ﬁﬁmpfu‘“q“‘s‘“"" )
A orr = Sets del RF TIMINGS LTIM/Delay and
30 2 Seam Process RF TRANSVERSE DAMPER  |— |ALLVTU/MqRatio > Ets e ays In e ay an
BP (0->27600) |*||SERVO SPILL ALLVTU/NormalMode
STCY_13.5_25.92 Q20_202!"||SKEw QUADRUPOLES ~ IALLVTU/PDCSync = d : ﬂ :
5INJ25.92_114700_Q20_207 _ | ¢ ymit > COFFESpOn |ng eve nt agS tr'gge r's
(1/52) :rr SLOME S "—; Select All Select All Select All Hierarchy
OPERATIONAL

Function Discrete s (1/36) -, (1/27) |/,

= proe—— s = > Measured with injection time reference

-

¥

Setting Part: | @® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP VG S
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
SA.TFBHLP.H/Damper#FeedbackMode Hilbert

o
SA.TFBHLP.H/Damper#InjectionBunchLengthNs |3.0 > S't r‘tTlm o _5 m (CONST VG)
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0 a e * S —_—
SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl 2.5E-4
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2 2.5E-4

SA.TFBHLP.H/Damper#LoopSwitches ' v > StopTime: 5 ms after beamOUt

SA. TFBHLP.H/Damper#PeakOscillationAmplitudeMm [10.0

S = (SPS_TFBHLP_VG)

A, TFBHLP.H/Damper#StopTime 24844.0
SA.TFBHLP.H/Damper#SystemSelector pLHC

i of Trim



High-level parameter model
LSA model: discrete damper parameters

|

LSA Applications Suite (v 16.0.11)
File Applications Search

Help
9sps |v| [®cC vl || %@ B c|spsop v
Settings Management x
Source N o
Particle Transfer \ Parameter Group v | Property v | Device/Property v |
SPSRING 2 |rRF LTIM +| |ALLSpsDamperLoop/Loops|+ | [SA.TFBHLP.H/Damper
lEf;t:lx;ra(tI;)n < |RFOLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
ransiter | Py
Select All RF SYNCHRO ALLTFBHLP/PUAcquisition L S - t h
RF TIMINGS ALLVTU/Mode ‘ OOp wltcnes
Beam Process RF TRANSVERSE DAMPER  |— |ALLVTU/MgRatio
BP (0->27600) *||ISERVO SPILL I~ |ALLVTU/NormalMode

SToviss =92 2. 20 lskew quaonweotes el ALviupocsyne s > Sets M{1,2}LoopEnable switches in

(1/52) 7 o’ T‘ e Select All Select All Select All Hierarchy

S— e Tl s - LoopsControl based on SystemSelector
v/ Show Sub Contexts Parameter filters: none X
i > N.B.: cannot disable individual module with
P Setting Part: | @® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History
HLP. To be done on LL (see later)
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
SA. TFBHLP.H/Damper#FeedbackMode Hilbert
|ISA.TFBHLP.H/Damper#injectionBunchLengthNs |3.0
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0
||[SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl  |2.5E-4 CONST VG
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2  |2.5E-4 —
A.TFBHLP.H/Damper#LoopSwitche v o, . .
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm [10.0 > In Itla I |Zed to False (!)
|ISA. TFBHLP.H/Damper#StartTime |-5.0
SA.TFBHLP.H/Damper#StopTime |24844.0
||SA.TFBHLP.H/Damper#SystemSelector pLHC
i v of Trim
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High-level parameter model
LSA model: discrete damper parameters

& LSA Applications Suite (v 16.0.11) G
File Applications Search Help
9sps |v [OcC v @ [ ¢ spsop v
Settings Management x
Source
Particle Transfer ~ Parameter Group [+ _ Property A Device/Property L=
j+ | [SPSRING " = |RF LTIM | |ALLSpsDamperLoop/Loops + | [SA.TFBHLP.H/Damper
IEZ;‘:"‘;’“";’" < IRF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
' ransiter —_— _tas
IAWAKE1 AWAKE_1Inj FB6 select All RF SYNCHRO ALLTFBHLP/PUAcquisition
HIRADMT1 HIRADMAT _PIL B P RF TIMINGS ALLVTU/Mode
) L RF TRANSVERSE DAMPER ALLVTU/MqgRatio
BP (0->27600) |*||SERVO SPILL ALLVTU/NormalMode
STCY_13.5_25.92 Q20_202" |sKEw QUADRUPOLES ~ IALLVTU/PDCSYnc -
5INJ25.92 L14700_Q20 20z || ¢ » P >
(1/52) :rr SLOME S 1.—; Select All Select All Select All Hierarchy
OPERATIONAL Function Discrete L, (1/36) /-, (27) |/, (1/2)
v/ Show Sub Contexts Parameter filters: none \/
q
P Setting Part: | @® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
A.TFBHLP.H/Damper#Bandwidtf 20 MHz
SA. TFBHLP.H/Damper#FeedbackMode Hilbert
SA. TFBHLP.H/Damper#InjectionBunchLengthNs 3.0
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0
SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl 2.5E-4
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2  |2.5E-4
SA.TFBHLP.H/Damper#LoopSwitches v
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm (10.0
SA. TFBHLP.H/Damper#StartTime |-5.0
SA. TFBHLP.H/Damper#StopTime 24844.0
SA.TFBHLP.H/Damper#SystemSelector pLHC

of Trim

Bandwidth: ZERO, FLAT, 3 MHz, ..., 24 MHz
> 32 FIR Gain eq. coeffs. in DSPU{1,2}

> 32 FIR Phase eq. coeffs. In DSPU{1,2}
(fixed to 6.5 MHz for now)

SPS_TFBHLP_VG
> LHC-type single bunch: 3 MHz
> LHC 25 ns multi-bunch: 20 MHz
> SFTPRO: 14 MHz

N.B.: lower bandwidth means larger kick strength,
but TFB can potentially no longer act bunch-by-bunch



High-level parameter model
LSA model: discrete damper parameters

i LSA Applications Suite (v 16.0.11)
File Applications Search Help
9sPs |v| |®cC v 3 @ [ ¢ spsop ~
Settings Management x
Source
Particle Transfer Parameter Group [~] Property |~ Device/Property |~
SPSRING = IRF LTIM | |ALLSpsDamperLoop/Loops | [SA.TFBHLP.H/Damper
; fz;‘:}*;’a“';’" < IRF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
"y ransiter —_— T
IAWAKE1 AWAKE 1inj_FB6 select All RF SYNCHRO ALLTFBHLP/PUAcquisition
HIRADMT1 HIRADMAT PIL — RF TIMINGS ALLVTU/Mode )
LHC25NS LHC25ns Q20 2 RF TRANSVERSE DAMPER ALLVTU/MqgRatio
BP (0->27600) */|SERVO SPILL ALLVTU/NormalMode
STCY_13.5_25.92 Q20_202~ |skEw QUADRUPOLES ~ IALLVTU/PDCSYnc -
5INJ25.92 L14700_Q20_20Z - | ¢ » P >
[’ . /52 :rr SLOME S ":. Select All Select All Select All Hierarchy
OPERATIONAL Function Discrete L, (1/36) /-, (1/27) /-, (1/2)
v/ Show Sub Contexts Parameter filters: none \/
q
P Setting Part: | @® Value Target Correction Time Base: ® Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
TFBHLP.H/Damper#F ibackModse Hilbert
SA. TFBHLP.H/Damper#InjectionBunchLengthNs 3.0
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0
SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl 2.5E-4
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2 2.5E-4
SA.TFBHLP.H/Damper#LoopSwitches v
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm (10.0
SA. TFBHLP.H/Damper#StartTime -5.0
SA. TFBHLP.H/Damper#StopTime 24844.0
SA. TFBHLP.H/Damper#SystemSelector pLHC

of Trim

FeedbackMode: Hilbert, VectorSum, Komppula

> Sets switches in DSPU{1,2}, FGC, and
LoopsControl depending on mode

> Triggers calculation of LL PHASE functions
based on CentralTune, SystemSelector,
FeedbackPhase, and optics throughout
cycle

SPS_TFBHLP_VG
> LHC-type beam, ions: Hilbert
> SFTPRO: VectorSum



High-level parameter model

LSA model: discrete damper parameters InjectionBunchLengthNs,
InjectionIntensitylE10,
PeakOscillationAmplitudeMm

> Calculate and set front-end (FE) gains for sum
LA Applications Sulte v 16,0,11 | & delta signals to best use dynamic range

File Applications Search Help

Ders _(Oc I | #I%|®| @] c]spuop - > Depends on SystemSelector (RF or BB FE)

Settings Management x

and calibration factors for PU

o

Particle Transfer Parameter Group - Property - Device/Property o
SFTPRO1 SFT_PRO_MTE | EEELE] : = |RF LTIM ~| /ALLSpsDamperLoop/Loops ~ | |SA.TFBHLP.H/Damper
R EastExtraction < |RF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
L “r“””‘s"e“fe"('t - RF SYNCHRO ALLTFBHLP/PUAcquisition
RF TIMINGS ALLVTU/Mode

LHC25NS LHC25ns Q20 2 ESAIE CIOCARS RF TRANSVERSE DAMPER ALLVTU/MqRatio VG S
LHC1 LHC BCMS Q20 208Ul Cai il *!|SERVO SPILL ALLVTU/NormalMode
m' STCY_13.5_25.92 Q20_202|~ |SKEw QUADRUPOLES ~| |[ALLVTU/PDCSync - B o

5INJ25.92_L14700_Q20_203 .
, s o002 2o ZEIE > ‘ _ > InjectionBunchLengthNs: 3 ns

< » Select All Select All Select All Hierarchy

OPERATIONAL

Function Discrete L, (1/36) ., (27 /., (1/2) CONST VG
v/ Show Sub Contexts Parameter filters: none v —

-

: Setting Part: ® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History > Pe a kos C i 1 1 at i o nAm p 1 it u d eMm: 10 m m
Transpose table (CONST_VG)

PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
SA.TFBHLP.H/Damper#FeedbackMode Hilbert

SA.TFBHLP.H/Damper#LoopGa ;\:l::f::w‘!:v::f 2.5E-4 N.B.: I nj eCt ion I nte n S ityl E 1@

2.5E-4

v

> Controlled by SPSGAINMR (Y. Le Borgne)

-5.0

24844.0

pLHC > Hence, please change on even higher level:
— SpsGainCalculation/IntensityPerBun
chE10 (parameter group: INSTRUMENTATION)



High-level parameter model
LSA model: discrete damper parameters

i LSA Applications Suite (v 16.0.11)
File Applications Search Help
9sps |v [OcC v @ [ ¢ spsop v
Settings Management x
Source
Particle Transfer Parameter Group [~] Property |~ Device/Property |~
SPSRING = [RF LTIM ~ | [ALLSpsDamperLoop/Loops | [SA.TFBHLP.H/Damper
fz;‘:"‘;’a“';’" < IRF OLD ALLTFBHLP/Damper SA.TFBHLP.V/Damper
ransiter —_— . _sae
IAWAKE1 AWAKE 1inj_FB6 select All RF SYNCHRO ALLTFBHLP/PUAcquisition
HIRADMT1 HIRADMAT _PIL N eEm PIOCEsE RF TIMINGS ALLVTU/Mode )
i RF TRANSVERSE DAMPER ALLVTU/MqgRatio
BP (0->27600) |*||SERVO SPILL ALLVTU/NormalMode
STCY_13.5_25.92 Q20_202~ |skEw QUADRUPOLES ~ IALLVTU/PDCSYnc -
5INJ25.92 L14700_Q20 20z || ¢ » P >
[’ . /52 :rr SLOME S ":. Select All Select All Select All Hierarchy
OPERATIONAL Function Discrete L, (1/36) /-, (27) |/, (1/2)
v/ Show Sub Contexts Parameter filters: none \/
q
P Setting Part: | @® Value Target Correction Time Base: ® Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP
SA. TFBHLP.H/Damper#Bandwidth 20 MHz
SA.TFBHLP.H/Damper#FeedbackMode Hilbert
SA. TFBHLP.H/Damper#InjectionBunchLengthNs 3.0
SA. TFBHLP.H/Damper#Injectionintensityl E1 0 15.0
A TFBHLP.H/Damper# pGair ationk 2.5E-4
FBHLP.H/Damper# pGainCa _/A"[Al
SA.TFBHLP.H/Damper#LoopSwitches v
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm (10.0
SA. TFBHLP.H/Damper#StartTime |-5.0
SA. TFBHLP.H/Damper#StopTime 24844.0
SA.TFBHLP.H/Damper#SystemSelector pLHC

of Trim

LoopGainCalibrationKicker{1,2}

> Multiplication factor to LoopGain function
for the two kicker modules (see next)

> Could be calibrated for LoopGain to
correspond to specific damping time
(this has not been done)

CONST_VG
> Initialized to 2.5E-4



High-level parameter model
LSA model: overview

LSA TFB HLP

/\

Discrete Functions

Acquisition settings

= PU1CalibSum
= PU2CalibSum
= PUlCalibDelta
= PU2CalibDelta

per plane



High-level parameter model
LSA model: discrete acquisition parameters

2
File Applications Search

9sps |v [OcC vl | #3%® B
Settings Management x
Source

Particle Transfer
SPSRING
EastExtraction

Select All

IAWAKE1 AWAKE_1Inj_FB6

HIRADMT1 HIRADMAT PI Beam Process
LHC25NS LHC25ns Q20 2
Q " |BP (0->27600)

STCY_13.5_25.92_Q20_202]

-

5INJ25.92 1L14700_Q20_20% =

LSA Applications Suite (v 16.0.11)

~  spsop ¥

Parameter Group

RF LTIM
RF OLD

= |RF SYNCHRO

RF TIMINGS

RF TRANSVERSE DAMPER
SERVO SPILL

SKEW QUADRUPOLES

4

ALLTFBHLP/Damper

Property -

ALLSpsDamperLoop/Loops « |SA.TFBHLP.H/PUAcquisition
SA.TFBHLP.V/PUAcquisition

Device/Property v

Acquisition#PU{1,2}Calib{Delta,Sum}
elp > PU calibration factors

PU-, and hence beam-type dependent

ALLTFBHLP/PUAcquisition
ALLVTU/Mode
ALLVTU/MqRatio
ALLVTU/NormalMode

~| |[ALLVTU/PDCSync -

» 4

»

>
> Enter FE gain calculations
> Defined in 2021 when setting up with beam()

Transpose table

PARAMETER

Anl )WANCED OPTI( er\zA

LHC _BCMS_Q20_2023 V1 $SPSRING_BP

of Trim

(1/52) ':rr SLOW-SA-03 482 "; Select All Select All Select All Hierarchy
OPERATIONAL Function Discrete (1/36) |-, (127 -, (1/2)
v/ Show Sub Contexts Parameter filters: none X SPS T F BH L P VG
4 — —
’ Setting Part: | ® Value Target Correction Time Base: @ Cycle Beamprocess Injection Trim History

> LHC-type

> PU{1,2}CalibSum: 0.15

> PU{1,2}CalibDelta: 7E-4
> SFTPRO

> PU{1,2}CalibSum: 0.25

> PU{1,2}CalibDelta: 2E-3

()https://logbook.cern.ch/elogbook-server/GET/showEventinLogbook/3284228



https://logbook.cern.ch/elogbook-server/GET/showEventInLogbook/3284228

High-level parameter model
LSA model: overview

LSA TFB HLP
Discrete Functions
Damper settings
= SystemSelector = PU1CalibSum
= StartTime = PU2CalibSum
= StopTime = PUlCalibDelta
= LoopSwitches = PU2CalibDelta

= Bandwidth

= FeedbackMode

= InjectionBunchLengthNs
= InjectionIntensitylE10

= PeakOscillationAmplitudeMm
per plane

26



High-level parameter model
LSA model: functions

-ﬁ- LSA Applications Suite (v 16.0.11)
File Applications Search Help
) SPS v |©OcC v ® @ ¢ | spsop
Settings Management x
Source
Cycle Particle Transfer Parameter Group v Property - Device/Property -~
SFTPRO1 SFT_PRO_MTE | i * |RF TRANSVERSE DAMPER - |ALLTFBHLP/Damper [SA.TFBHLP.H/Damper 1
MD1 MD_26_L60_Q20_20 EastExtraction SERVO SPILL AllSpsDamperDelay/Dynamicl SA.TFBHLP.V/Damper
HIRADMT2 Hiradmat_din| SRS R rTar 7 ys bt / i
AWAKE1 AWAKE_linj_FB6} select All SKEW QUADRUPOLES ALLRfFuncGen/Functions
HIRADMT1 HIRADMAT PIL SPECIAL ECLOUD MAGNETS
LHC25NS LHC25ns Q20 Heam Urocess SPECIAL MAGNETS
LHCL LHC BCMS Q20 202 SCI g o) “/|TunE
H ND SIOPN - [STCY_13.5 25.92 Q20 202~ | _nonE 5
< »| | 5INJ25.92 L14700_Q20_207 |, NI ~
A (1/52) A‘l‘f‘ CSLAW 95 00 AR 1S =  — e VT L0 | V——— v— ] Yo T~ T W—— We— Y AL e e
OPERATIONAL A Particle Transf
v]Show Sub Contexts astxtraction PHASE 1 pU2Fun
ay fect All PHASE_H2 PU;
e o T PHASE_H2_PUZFunctions
1 PHASE V1 _PUl/Functions
¥ i : - [BP (0->12000) S
Setting Part: ® Value ,  STCY_13.5 25.92 Q202020 (0->1015) NONE Hlp v — lect All —
1INJ25.92 1L 300_Q20_2020 (10l5‘>13151 i select All select All (573
SA.TFBHLP.H/Dam |
rameter fil
25+
Setting Part: ® Value Target Correction Time Base: ® Cycle Beamprocess Injection Trim History
204
yval #yval yval
154 = MAX: 180,0m= == == == o= o = = o= - g - - I e - - — g - - e e |
1504 > & =" N ~
10+ 1004 f T —— S
e 1S W N
5 =) s Z [ s L Tagend >
. b ,, | \ - BHIASE WL U2 FunctionsyVals| |
. PHASE_H2_PU2/Functions#y Vals.
0- 50 h % PHASE_H2_PUL/Functions#yVals
T T A A \ PHASE_H1_PUL/Functions#yVals
0 5000 -1004 A 7~ } N\
o 7 | \\
] fag ) —'ﬁn:.}aoo———————A—————————————————————‘ —————— o e S o o o e o o % e
0 2000 4000 6000 8000 10000 12000
Graph | Table SPSBEAM/GQH
20.8 —— = :
20.6 e
20.4 — prer
o For testing / debugging
20
y 0 Uﬂrﬂﬂ 1 ‘UU lZ[IlW

2000 4000 GO0 00t

> CentralTune: should correspond to machine

tune to ensure proper calculation of feedback phase

> FeedbackPhase: additional phase offset that is
added on top of the one calculated from optics
model. Used for fine-tuning / MDs.

> LoopGain: damper gain setting in arbitrary units.

Check LL parameter to verify if in saturation

VGs

> CentralTune: SPSBEAM/Q{H,V} (target)

> FeedbackPhase: 0 deg (")

> LoopGain: 0O (!)

(*) If optics model is accurate and tunes are properly set,
FeedbackPhase zero is ideal setting. Runs in 21 & 22

have shown this is mostly the case except for multi-
bunch, high-intensity beams where we expect an offset.



High-level parameter model
Take away

* Typically, HLP settings do not need to be changed during operation

* Notable exceptions

* Intensity steps
InjectionIntensitylE10 via SpsGainCalculation/IntensityPerBunchE10
in parameter group INSTRUMENTATION.

* In case of instabilities, e.g. after intensity steps, you can try to adjust
SA.TFBHLP.{H,V}/Damper#LoopGain
N.B.: check also LL if not in saturation already: GAIN {H,V}{1,2} OUTA/Functions#yVals.

* Once injection trajectory corrected: reduce PeakOscillationAmplitudeMm to improve resolution
* MDs

* When generating HLP settings: LoopSwitches and LoopGain function are initialized to False and zero,
resp., i.e. damper OFF



Tools & procedures



Tools & procedures
Overview

File

SPS Beam Control

B CCM_2 - Version: 10.0.3 @ CWE-513-VOL788 TN CC7
Control Favorites LSA Applications Timing General

»

SPS Beam Measurements »

General Services

SPS Equipment Control

»

& Equip State

CO Diag

Operational Configuration: SPSOP

UWERSOEEE TN IS Stream LINIMM Active Tasks

SPS Beam Interlocks » & Machine Mode Manager

SPS Fixed Displays » SPS Power Supplies/Converters »

SPS Quality Check »  SPSRF » & RF APP ALL

SPS Experiments » SPS BT » & RF Control POWER

SPS Logging » SPS Beam Obstacles » ©# RF Mega Drive (Beam Control)
Alarms » SPS Beam Instrumentation » # RF SNES (Cavity Control)

Autotrim

S white Rabbit LLRF Monitoring

© sosop & - B EDo

SPS 20230224 13:36.07

Super Proton Damper
1

MD1 | MD 26 L60 Q20 2022 V1

Super Proton Damper v0.17.1
TGM User LSA Context
R

Hiradmat 4in| FB11100

LSA Hiradmat_4inj_F811100_FT500_Q
JAPC SPS.USER HIRADMT2

@Backend Status

o

Settings / Status | Diagnostics
SA.TFBHLP.H SA.TFBHLP.V
Damper Damper
Loop switches. = ON B V. Loop switches. o ~on D v
System selector PLHC e, System selector pLHC -le.
Feedback mode Hibert v. | | Fecdback mode Hilbert -]
Bandwidih 20 Mz v. | | sandwigen 20 Mhz ]
Start time 50ms 2 v. | | starttime Soms:| v
Stop time 212780ms [2| v | | stoptime 212780 ms 2| v.
Feedback phase e Function v. | | Feedback phase e Function o
Centraltune e Function <. | | centraitune e Function -
Loop gain e Function v. | | oopgain 2 Function .
Peak oscilltion amplitude 100mm 2| v. | | peak oscilation ampltude 100mm |
Injection bunch length 30ns 2/ . | | injection bunch length 30ns |2
Injection intensity 160€10p /@, | | injection intensity 160£10p 2 ©.
Loop gain calbration kicker 1 0000250 | @. | [ Loop gain calibration kicker 1 0000250 2| @.
Loop gain calibration kicker 2 0000250 2| @, | | Loop gain calibration kicker 2 0000250 | @,
. > B >
GET  SET (edited) GET  SET (edited)
Pickup acquisition Pickup acquisition
PU1 Calibration Sum 0150000 2| @, | | Pyt calibration Sum 0150000 2| @,
PU1 Calibration Delta 0.000700 3| @. PU1 Calibration Delta 0.000700 || @,
PU2 Calibration Sum 0.150000 | @, PU2 Calibration Sum 0.150000 |3
PU2 Calibration Delta 0000700 2| @, | | Pu2 caibration Detta 0000700 2| @,
. > B >
GET  SET (edited) GET  SET (edited)

Python GUI “Super
Proton Damper”
Day-to-day operation

Module status
Module 1

Module status
Module 1

Log Console

Jamping_times - WARNING

Obtained invalid data from ('ObsBoxB.SPS.ADT.V.PU. Injosc/Acquisition#data

, '0bsBOXB. SPS. ADT. V. Signa. InjOsc/Acquisition#data’ )

Radiation Services

} & Vacuum Control
i SPS Sequencer

8 Micro TCA LLRF Monitoring
SPS RF Fixed Display

Damper Launcher

& SPS Sequence Editor \ Damper # Super Proton Damper
“ Generic Optimization RF LL Expert » @ Super Proton Damper Dev
Shelve » CRAB » . SPS Damper Noise Excitation

@ SPS Damper ADT ScopeMux
@ SPS Damper ADT Filters

Inspector 3.5.49 - Damper Launcher

-~

ACQ Trig Scarub

1Q pLHC

“ msmm

OBS pLHC

GAIN Cul pLHC

30

GAIN Cul pFT

OBS lons

GAIN Cul lons

GAIN Cul

OBS Saub

Scaub

Inspector panel “Damper
Launcher”
Commissioning, TFB
diagnostics, e.g. to validate
phase & delay settings



Tools & procedures
Python GUI

2023-02-24 14:36:07

Super Proton Damper

© wov 8- #E)- —r— ®
is | Diagnost
I Super Proton Damper v0.17.1
= T SA.TFBHLP.H SA.TFBHLP.V
HIRADMT2 Hiradmat 4inj FB11100 ... Damper Damper
::Ylpnm ; ON v Loop switches ON v
AWAKE1 AWAKE 1inj FB60 FT8S LH v O LHC O
HIRADMT1 HIRADMAT PILOT L8400
LHC25NS LHC2Sns Q20 2023 V1 v v.
LHC1 LHC BCMS Q20 2023 V1 Bandwidtt AH v Bandwidtt AHz v
LHC4 LHC INDIV 1linj Q20 202
H LHCINDIV LHC_INDIV_4inj Q20 202 ta Start time 5.0
Settl ngs LHCPILOT LHC PILOT Qzlo 2023 V1 . [ v- i v.
MD4 SFT PRO MD_aperture Stop time 1 0 v Stop time 1278.0 v
. .. . ZERO SPS_TIMING 2021 V1
MULTIF ) Feedback phase kF v Feedback phase K F v
» All HLP settings visible & trimmable . 5 '
Central tune 'l v Central tune A v
. . Loop gair kF r v, Loop gair kF v,
* They are subscriptions and hence update
r v, Peak oscillation amplitude 10.0 mmv v,
automatically when changed elsewhere s 2| . ons 2|
jectior 6.0E10p |3/ ©. 6.0E10p |+| ©.
Ll . .
* Parameters can be set individually or as a group 0000250 | @ o
Loop gain calibration kicker 2 0.000250 = @, 0.000250 Q.
* Some parameters are protected to prevent T S
GET  SET (e GET  SET (edited
accidental changes (e.g. calibration factors)
PU1 Calibration Sum + 9 PU1 Sum 0.150000 |+ | @,
PU1 Calibration Delta | 9 PU Delta 0.000700 || @,
PU2 Calibration Sum | @ PU2 Calibration Sum 0.150000 |2 | @,
PU2 Calibration Delta 0.000700 |+ | ©. PU2 Calibration Delta 0.000700 |2 | ©.
LSA sdmat GET  SET ’1 ed GET SET‘:-'ht»:ﬂi‘ :
JAPC SPS.USER T
— Module status Module status
Es = Module 1 Module 1
Log Cor
jam WARNING 0bsBoxB. SPS.ADT. V. PU1 Acq n#data', '0bsBoxB.SPS.ADT.V.Sigma.Inj0sc/Ac S



Tools & procedures

Python GUI

© spsop & - 18I >

SPS

Super Proton Damper

[ Super Proton Damper v0.17.1

TGM User
HIRADMT2
LHCPILOT
MD1
SFTPRO1
AWAKE1

LSA Context
Hiradmat 4inj FB11100 ..

AWAKE 1linj FB60 FT85
HIRADMT1 HIRADMAT PILOT L8400
LHC25NS LHC25ns Q20 2023 V1

LHC1 LHC BCMS Q20 2023 V1
LHC4 LHC INDIV_1linj Q20 202
LHCINDIV LHC INDIV_4inj Q20 202

MD4 SFT_PRO_MD_aperture
SPS TIMING 2021 V1

ZERO

F

LSA Hiradmat_4inj_FB11100_FT500_Q
JAPC SPS.USER.HIRADMT2

@ Backend Status

Log Console

1
LHC PILOT Q20 202

2023-02-27 18:12:48 LHCPILOT 3 V1
| LEW
Settings / Status Diagnostics
Feeapack pnase & Funcrion v. Feeapack pnase & Function v.
Central tune k2 Function v, Central tune k2 Function v,
Loop gain ez Functior v, Loop gain k2 Function v,
Peak oscillation amplitude 10.0mm |3 | ¥, Peak oscillation amplitude 10.0 mm e
Injection bunch length 3.0ns v, Injection bunch length 30ns 3| ¥,
Injection intensity 16.0E10p |+ ©. Injection intensity 16.0 E10 p Q.
Loop gain calibration kicker 1 0.000250 |+ @, Loop gain calibration kicker 1 0.000250 = @,
Loop gain calibration kicker 2 0.000250 |+ | @, Loop gain calibration kicker 2 0.000250 |+ @,
L2 > s >
GET SET (edited) GET SET (edited)

Pickup acquisition Pickup acquisition
PU1 Calibration Sum 0.150000 Q. PU1 Calibration Sum 0.150000 |+ ©.
PU1 Calibration Delta 0.000700 |+ ©. PU1 Calibration Delta 0.000700 +| @,
PU2 Calibration Sum 0.150000 |+ | ©, PU2 Calibration Sum 0.150000 '+ | @,
PU2 Calibration Delta 0.000700 '+ | ©, PU2 Calibration Delta 0.000700 '+ | @,

L > s >
GET SET (edited) GET SET (edited)

Module status Module status

Module 1 Module 1
Loop closed ® Loop closed o
External excitation o External excitation o
Start trigger -1000 ms () Start trigger -1000 ms ()
Stop trigger -1000 ms () Stop trigger -1000 ms ()

Module 2 Module 2
Loop closed o Loop closed o
External excitation o External excitation o
Start trigger -1000 ms () Start trigger -1000 ms ()
Stop trigger -1000 ms () Stop trigger -1000 ms ()

C 2

Status

* Loops and trigger status per module & plane
Updates at end of cycle

* Power system not integrated as there is a
separate app and display

SR Fawer ool 1
Al | Cavities 200 MHz | Cavities 0O Mz 200 MHz Valtage | 200 MMz Phase | 200 Mz Powe
ADT H1 ADT H2 ADT V1 ADT V2
on on on o
R LEVEL2 LEVEL LEVEL2
R R R R
E E 3 E
E s 5 S 5
E E E E
S T T T T
Level LeveL eveLL
o6 of off oF

Power systems display




Tools & procedures
Python GUI

I
= SPS  2022-03-18 17:57:39 MD5 | MD SCRUB 26 L27600 Q20 2022 V1
© = &- B =D, Er——
Configuration and status | Function settings | Diagnostics
[ Super Proton Damper v0.10.0 |
® Tunes | Damping times | Pickups raw
Q (e3
Tune analysis
TG Unar. LA contaxt Last update: 18/03/2022 17:57:36 Horizontal
MD_SCRUB. 26 127600 0.20 Cutfist [19 ] tuns
Batch 1: 0.127
AWAKE 1inj FEG0_FT 15 Range  [32 2] tumns
HIRADMAT PILOT L8400...
il 0.18 4
Hiradmat _4Inj FB11100 .. Vertical
LHC25ns Q20 2022 V1 104
LHC BCMS Q20 2022 V1 0.16 Cut first 19 | turns
> 22 V!
LHC PILOT Q20 2022 V1 Range 2 =] tums
MD_25.92_55_270_Q20_2... s |
MD_26 L60 Q20 2022 V1 v 0.14 4
MD_26 L7200 Q26 North... 3 ° -~
SFT_ION_dinj L901. Q < e
SET_PRO_MD_aperture . 5 Y £ 0121
SFT_PRO_MTE L4780 2
SPS_TIMING_2021 V1
N IPLEXED 0.10 4 .
Laslett correction
0.08 | Nominal fractional tunes
-10 4 Horizontal 013 a
0.06 | Vertical 018 a
-15 - T T T T T Calculate
0 10 20 30 40
Bunch
posed trims
Batch 1: 0.179
0.24 1 Horizontal [0.028, 0.000, 0.000, 0.000, 0.000, 0.0000]
Vertical  [0.030, 0.000, 0.000, 0.000, 0.000, 0.0000]
0.22 4
Appl
05 PPly
0.20 4
£ .
5 o
§ ooq U 0187 Ceggy, Se%Setuastetyse *%tem0ea"o "0, v~
= 2
8
2 0.16 4
054
0.14 4
LSA MD_SCRUB_26_L27600_Q20_202 109 .
JAPC SPS.USER.MDS :
(EIParam. Service Status
=15 T T T U u T 0.10 T T u u
0 5 10 15 20 25 30 0 10 20 30 40
Status Indicator Legend Turn Bunch
[Jox
I Value update pending = |2
= *x=7.5 y=0.1769
[ value edited (not sent) & € .I' Q =~ Y
I Value expired [ invalid
Log Console
2022-83-18 17:55:51,976 - root - INFO - No beam detected
[PS] OK.

Old version

Diagnostics tab

Bunch-by-bunch tunes and damping times as
measured using old TFB ObsBox injection
oscillation buffer

Results not always reliable (H/V coupling, S/N)

To measure bunch-by-bunch tunes accurately, can
also use Laslett application (LHC BPMs & MKQ)



Tools & procedures
ObsBox buffer

1. SPS Damper ADT Acquisition

a Inspector 3.5.49 - Damper Launcher anonshes

1Q pLHC 1Q pFT

Launch OBSERVATION display panel

OBS pLHC OBS pFT

Open GAIN control tab

GAIN Curl pLHC GAIN Cul pFT GAIN Cul lons GAIN Cul Scrub

2. ACQ TRIG *damper module*

X Acq_Trig_pLHC X

Observation Trigger Horizontal Observation Trigger Vertical Acquisition Settings

IYYVVYY IYYVVYY
Delay 1012 ms Delayv 1012 ms
\AAAAL \AAAAL

Configure

Acquisition Horizontal Acquisition Vertical

Objective: validate injection damping

3. OBS *damper module*

1. Set ”Buffer Size” to 500k

Size Rdbk.  500e3 EOSER | Size Rabk.  500e3

or less if it freezes, adapt

v Buffer V2 Pos2

trigger time
Use “Position” preset

Signals should be within
[-32k, 32k] and show
damping times ~1 ms

4. If no signal or if
saturated: likely wrong
front-end gain setting.
Check HLP bunch

intensity, bunch length,
max. oscillation
amplitude.

Delay is with F1IKFO: forewarning 1000 ms, first occurrence
Marks when buffer is frozen

To see 1%t inj., 1012 ms is a good setting if buffer has length 500k
Press “Configure” button



Tools & procedures

1Q display

1. SPS Damper ADT Acquisition

2. IQ

Objective: clock sync / adjustment

*damper module*®

a Inspector 3.5.49 - Damper Launcher

Damper Launcher X

Open ACQUISITION config tab

ACQ Trig pLHC

ACQ Trig pFT

Launch IQ DISPLAY panel (ADC data)

1Q pLHC

Launch OBSERVATION display

OBS pLHC

Open GAIN control tab

GAIN Cul pLHC

1Q pFT

panel

GAIN Cul pFT

ACQ Trig lons

1Q lons

OBS lons

GAIN Cul lons

aonshes

ACQ Trig Scrub

1Q Scrub

OBS Scrub

GAIN Cul Scrub

Frontend Horizontal

-30000 I

-30000 -2

Quadrature

Frontend Vertical

30000 ExmE—
o SYNT

Quadrature

Inspector 3.5.42 - 1Q display pLHC - SPS.USER.LHCPILOT

Frontend Horizontal

ISt of Propert
= SYNTHETIC_VALUE/DamperLoop_H_pLHCI01
= SYNTHETIC_VALUE/DamperLoop_H_pLHC 102

1.

Quadrature

-30000 -20000 -10000 o 10000 20000 30000 -2 2 .
Inphase

Frontend Vertical

10 20
Samples (120 MHz)

15000
[~ Puav
10000
5000
0 Sty
-3000
-10000

-30000 -20000 -10000 o 10000 20000 30000 10 20
Inphase CTIVI Samples (120 MHz)

35

Shows PUs1 &2, H&V
Here: single bunch, resp. 12 b.

Sampling at 120 MHz, i.e. 3
samples per 25 ns slot
Signal from first bunch
should be aligned with
sample O

If not, adjust LSA clock
parameters (LL)



Tools & procedures
1Q display

Objective: clock sync / adjustment

1. Identify PU signal that is “misaligned” (here PU2H) s

Frontend Horizontal

Inspector 3.5.42 - 1Q display pLHC - SPS.USER.LHCPILOT

pLHC

2. Find clock parameter for PU, plane, and module in Trim Editor
3. Change ClkTagDelta & C1lkTagSum consistently

1 tick corresponds to 1/120 MHz = 8.333 ns

ALUE/Damper Looj

LUE/ Damper Looj - PULH - Quadrature

STCY_13.5_25.92_Q20_202]

~| ALLSpsDamperLoop/FGCPpmControl

DamperLoop_V_pFT/CLOCKPpmControl

@ ero Settings v

of Trim Car

P » | 1INJ25.92 L300_Q20_2021 = _S‘ERVO aElL I} » ALLSpsDamperLoop/FrontEndExtControl | ~| DamperLoop_V_pLHC/CLOCKPpmControl
o7 LG PR O (1/2) ’:'[T SLOW 5.A2-45115 Select All Select All Select All I Hierarchy
| OPERATIONAL Function Discrete |- (1/36) -, azn ., (1/8)
v/ Show Sub Contexts Parameter filters: none v
4
¥ Setting Part: = ® Value O Target Correction Time Base: @® Cycle _ Beamprocess Injection Trim History
Transpose table Add delta abl n
PARAMETER ] LHC PILOT_Q20_2022 V1 $SPSRING_BP
DamperLoop_H_pLHC/CLOCKPpmControl#ClkDelayModulus 833 833
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagBeamFreeldx lo 0
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagDeltalldx  |1842 | 1842
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagDelta2idx  [1770 1769
|DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagGP1Idx 0 0
DamperLoop H_pLHC/CLOCKPpmControl#ClkTagGP 2ldx o lo
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagOutlldx |2182 |2184
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagOut2idx :2182 2182
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagSumlidx 1842 1842
DamperLoop_H_pLHC/CLOCKPpmControl#ClkTagSum2Idx 1770 | | [1769
f)amperLoEp‘l{p'LHC’}VCVLOC’KP’pm’Cont}é}atlkTa§SSncqu 910 | 910

Apply Trim

i 11:57:33 Settings generation completed.

o
= 20
5 Samples (120 MHzZ)
]
&
> LSA Applications Suite (v 16.0.11) S
le Applications Search
T T =
9sps |~ Oc || |#|% @ [ ¢ spsop~
|| Settings Management x
| Source
T Cycle L VPartide Transfer - Parameter Group Vv[ Propeﬁy Vv] Device/Property
/SPSRING o p s e~ [ALLSpsDamperLoop/BeamPos1PpmControl |+ | D Loop_H_lons/CLOCKPpmControl
A 1|RF Function Genera p P p/BeamPos1PpmContr, amperLoop_H_lons, pmContro! _ ., _
EastExtraction ~ |RF L:IM 9 enucey ALLSpsDamperLoop/BeamPos2PpmControl DamperLoop_H_Scrub/CLOCKPpmControl JOCI0LSI000L 20000 0 d0D 2D S ~
'”r“""g‘é:’c" Al = IrF OLD ALLSpsDamperLoop/CLOCKPpmControl \— DamperLoop_H_pFT/CLOCKPpmControl (e i S (5
ALLSpsDamperLoop/DSPU1PpmControl DamperLoop_H_pLHC/CLOCKPpmControl |
e RF SYNCHRO
LR  |RF TIMINGS ALLSpsDamperLoop/DSPU2PpmControl " DamperLoop_V_lons/CLOCKPpmControl
'BP (0->13200) o | RE TRANSVERSE DAM | |ALLSpsDamperLoop/FEPpmControl DamperLoop_V_Scrub/CLOCKPpmControl

Inspector 3.5.42 - 1Q display pLHC -

Frontend Horizontal

=
"
]
5
=4

ALUE/ Damper Looj
LUE/ Damper Looj

-30000 -20000 -10000 0 10000 20000 30000
Inphase

SPS.USER.LHCPILOT

—— PU1H - Quadrature

20
Samples (120 MHz)

B ~crve

= PU2H - Quadrature

10 20
Samples (120 MHz)

N.B. these parameters should be identical for all LHC-type beams (pFT beams resp.), and typically not change during a run




Tools & procedures e"" T

___________________________________

Beam transfer function (BTF) =
* BTF with Vector Network Analyzer (VNA) Py S )
. . . . . Position |=| Processing SUM
* Excite transverse resonances with sinusoidal signal (TX) Module Uk o
* Measure narrowband beam response and display as

0 ase /\/ Ve::or
polar plots (RX) /\ s | nayer /\J

,_,/’ L@“‘K\i Q

* Two settings issues can be identified with BTF
* Feedback phase: should be OK thanks to HLP Makerule (for single bunch)
* Fine delay: may need to be adjusted during commissioning (during run for thermal effects)

Target: aligned
NB: arg(G) + wT + ¢px = —180°




Tools & procedures Objective: delay and phase validation
Vector Network Analyzer (VNA)

1. SPS Damper ADT Acquisition 2. VNAH/ V
1. Frequency Band: start low, e.g. at 1

MHz and move up in steps, but stay
within HLP Bandwidth
Low freq.: phase adjustments
High freq.: fine delay adjustments
2. RF Power between -30 dBm to -10 dBm.
If too high can trip power system.

3. Trigger Start: 1100 ms
4. Enabled: True

5. Switch configuration: here e.g.
open-loop measurement for module 1,
with module 2 actively damping

] Inspector 3.5.42 - VNAH

a Inspector 3.5.49 - Damper Launcher acdElls

Open ACQUISITION config tab

ACQ Trig pLHC ACQ Trig pFT ACQ Trig lons ACQ Trig Scrub

Launch 1Q DISPLAY panel (ADC data)

nnnnnnnn
1Q pLHC 1Q pFT

Launch OBSERVATION display panel

OBS pLHC OBS pFT

MODULEL v

Open GAIN control tab M1pLHC v

GAIN Cul pLHC GAIN Cul pFT GAIN Curl lons

Launch VNA panel

2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

6. HLP LoopSwitches must be set to True

7. Revert settings when done

VINA chirp visible in MultiQ
N.B.: the VNAs crash / freeze occasionally. G. Kotzian and M. Schenk have

accounts to reset and restart them.
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Tools & procedures oot " Taretallgned

NB: arg(G) + wT + ¢ppx = —180°

VNA: phase adjustment PHASE e "
+Ag / m
Re Re
. —Ap \ C v Note: schematic is
* In case you observe phase error, verify N N miroredon s
f| rst that measurements

* HLP CentralTune corresponds to
machine tune

e HLP FeedbackPhase is set to zero

Phase well set

* |f these settings are correct and phase
error persists, use HLP FeedbackPhase
parameter to adjust

* Move e.g. in steps of +20 deg

* N.B.: if phase is badly set, TFB can cause
tune shift or worse, drive beam unstable
(anti-damping)
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Tools & procedures
VNA: fine delay adjustment

Consider LSA parameter
DamperDelayFunc/FineDelayValues#fi
neDelayOUT{1,2}{H,V} for the concerned
plane and module

Move in small steps. Can be tricky.
“Sensitivity” to delay mismatch depends also
on Frequency Band chosen for BTF

Delay should ideally not change during run.
Inform damper expert if you suspect this
kind of problem.

KNOB 2

Target: aligned
— 1800 T

NB: arg(G) + wT + ¢py

+3m

(1

40

wT

Effect of
DELAY T

+3m

......

........

Phase & delay well set

Note: schematic is
mirrored on y-axis
wrt. SPS VNA
measurements

nnnnnnnnnnnnnnnnnn



Tools & procedures Objective: disable individual kicker modules
Disabling modules

* E.g. when suspicion that one module is not doing its job

* This can neither be done from the GUI nor the HLP settings
The HLP loop switch will always enable / disable both kicker modules

* To disable individual kicker module: go to DamperLoop {H,V} {pLHC,pFT,Ions}/LoopsControl
and untick either of the M{1,2}LoopEnable switches

* N.B.: if you trim entire HLP Property (incl. HLP LoopSwitches), both M1 and M2 will be re-enabled.

Settings Management x [

Source
Particle Transfer Parameter Group v Property v| Device/Property v |
4| |SPSRING " *||RF CAVITY CONTROL 800 EXPERT | |ALLSpsDamperLoop/DSPU2PpmContrca| [pamperLoop H_lons/LoopsControl |
A ‘ -| [EastExtraction ~ | |RF Function Generators ALLSpsDamperLoop/FEPpmControl DamperLoop_H_Scrub/LoopsControl ‘
S —_— k = ALLSpsDamperLoop/FGCPpmControl
IAWAKE1 AWAKE 1Inj FB60 FT Select All RF LTIM ALLSp ~ P 3 p/F t‘; sl DamperLoop_H_pFT/LoopsControl
SMAT " RF OLD psDamperLoop/rronten ont{= pamperLoop_H_pLHC/LoopsControl
HIRADMT1 HIRADMAT PILOT L Beam Process L] A i
LHC25NS LHC25ns Q20 2023 BP (0->27600) . |RF SYNCHRO : | ALLSpsDamperLoop/LoopsContro DamperLoop_V_lons/LoopsControl
H HC BCM BISToy 155 259 Q20 3 RF TIMINGS ALLTFBHLP/Damper ~ DamperLoop_V_Scrub/LoopsControl
. ’ = 0= 2e M 1 |RF TRANSVERSE DAMPER Sl e ' D Loop_V_pFT/L Control -
(1/52) 5IN125.92 114700 Q20 ~ bed (K [__Lb ampertoop._V.pEl/t oopstontro . =
L > ] ] > Select All Select All Select All Hierarchy
OPERATIONAL Func... Discr... | |.°, (1/36) |-, (27 |-, (1/8)
v/ Show Sub Contexts Parameter filters: none v
]
¥ Setting Part: ® Value Target Correction Time Base: ® Cycle Beamprocess Injection Trim History
Transpose table
PARAMETER LHC_BCMS_Q20_2023 V1 $SPSRING_BP

|
»

DamperLoop_H_pLHC/LoopsControl#DSPU2SwitchCh2
DamperLoop_H_pLHC/LoopsControl#DSPU2SwitchLoopA
DamperLoop_H_pLHC/LoopsControl#DSPU2SwitchLoopB
‘H h)ampen.oop_H |_pLHC/LoopsControl#M1LoopEnable
DamperLoop_H_pLHC/LoopsControl#M2LoopEnable
DamperLoop_H_pLHC/LoopsControl#TTUAnalogSwitchl
DamperlLoop_H_pLHC/LoopsControl#TTUANnalogSwitch2
DamperlLoop_H_pLHC/LoopsControl#TTUDisNormalization

|8 ==
|

Ledl
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Future plans & final remarks



Future plans

e Use “pLHC” module for all beam types: reduce from 4 systems to 1
* Requires White Rabbit to RF
* Greatly simplify LSA HLP Makerules, parameter relations, and maintenance thereof
* First parasitic tests done by G. Kotzian in 2022 (pLHC for SFT). To be continued this year (MD)
* Challenge: with pLHC module, cannot "see” SFTPRO beam < 2E13 p (amps needed for PUs?)

* Fine delay adjustments
* Should eventually become obsolete thanks to White Rabbit (temperature drift compensating)
* To be tested this year

* New ObsBox installed: running in parallel, to be tested
e Data analysis on UCAP: WIP

* Bunch-by-bunch tune corrections using TFB? -> MD



Final remarks

Thanks to HLP model & VGs

* Most of setting up is straightforward, incl. feedback phase & mode, FE gains, LL switches, etc.
» Significantly fewer expert interventions needed, now handled by OP

Main knobs to tweak during OP, e.g. after intensity changes: bunch parameters (intensity), and
potentially loopGain

Main commissioning work: phase and delay validations.

Let us know about issues / improvements that would be helpful for OP

Questions?



Backup



Working settings 2022
25 ns LHC-type multi-bunch beams

Horizontal Vertical
A, TFBHLP.H/Damper#Bandwidth 20 MHz A. TFBHLP.V/Damper#Bandwidth 20 MHz

SA.TFBHLP.H/Damper#FeedbackMode Hilbert SA.TFBHLP.V/Damper#FeedbackMode Hilbert
SA.TFBHLP.H/Damper#InjectionBunchLengthNs 3.0 SA.TFBHLP.V/Damper#InjectionBunchLengthNs 3.0
SA.TFBHLP.H/Damper#InjectionintensitylE10 15.0 SA. TFBHLP.V/Damper#InjectionintensitylE10 15.0
SA,TFBHLP.H/Damper#LoopGainCalibrationKickerl 2.5E-4 SA. TFBHLP.V/Damper#LoopGainCalibrationKickerl 2.5E-4
SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2 2.5E-4 SA.TFBHLP.V/Damper#LoopGainCalibrationKicker2 2.5E-4
SA.TFBHLP.H/Damper#LoopSwitches SA.TFBHLP.V/Damper#LoopSwitches
SA.TFBHLP.H/Damper#PeakOscillationAmplitudeMm |10.0 SA.TFBHLP.V/Damper#PeakOscillationAmplitudeMm [10.0
SA. TFBHLP.H/Damper#StartTime -5.0 SA.TFBHLP.V/Damper#StartTime -5.0
SA.TFBHLP.H/Damper#StopTime 24844.0 SA. TFBHLP.V/Damper#StopTime 24844.0
SA.TFBHLP.H/Damper#SystemSelector pLHC SA.TFBHLP.V/Damper#SystemSelector pLHC
SA. TFBHLP.H/PUAcquisition#PUlCalibDelta |7.0E-4 SA.TFBHLP.V/PUAcquisition#PU1CalibDelta |7.0E-4
SA.TFBHLP.H/PUAcquisition#PUlCalibSum  [0.15 SA.TFBHLP.V/PUAcquisition#PUlCalibSum  |0.15
SA.TFBHLP.H/PUAcquisition#PU2CalibDelta |7.0E-4 SA.TFBHLP.V/PUAcquisition#PU2CalibDelta |7.0E-4
SA.TFBHLP.H/PUAcquisition#PU2CalibSum  |0.15 SA.TFBHLP.V/PUAcquisition#PU2CalibSum  |0.15

SA.TFBHLP.H/Damper#CentralTune SA.TFBHLP.H/Damper#LoopGain SA.TFBHLP.H/Damper#FeedbackPhase SA.TFBHLP.V/Damper#CentralTune SA.TFBHLP.V/Damper#FeedbackPhase SA.TFBHLP.V/Damper#LoopGain

25+ 25+

CentralTune: 20.13 CentralTune: 20.18
20 20
L S S FeedbackPhase: 20 de
15 i il 15
FeedbackPhase: 10 deg
10 10
51 ~ 54 )
LoopGain: 0.8 LoopGain: 0.25
0 0
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
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Working settings 2022

SFTPRO

Horizontal
SA.TFBHLP.H/Damper#Bandwidth 14 MHz
SA.TFBHLP.H/Damper#FeedbackMode VectorSum
SA.TFBHLP.H/Damper#InjectionBunchLengthNs 3.5
SA.TFBHLP.H/Damper#InjectionintensitylE10 5.0

SA.TFBHLP.H/Damper#LoopGainCalibrationKickerl

2.4998188E-4

SA.TFBHLP.H/Damper#LoopGainCalibrationKicker2

2.4998188E-4

SA.TFBHLP.H/Damper#LoopSwitches v

SA. TFBHLP.H/Damper#PeakOscillationAmplitudeMm |7.0

SA. TFBHLP.H/Damper#StartTime -5.0
SA.TFBHLP.H/Damper#StopTime 9045.0
SA.TFBHLP.H/Damper#SystemSelector pFT

SA.TFBHLP.H/PUAcquisition#PU1 CalibDelta

0.0019999743

SA.TFBHLP.H/PUAcquisition#PU1 CalibSum

0.25

SA.TFBHLP.H/PUAcquisition#PU2CalibDelta |0.0019999743
SA.TFBHLP.H/PUAcquisition#PU2CalibSum  |0.25

SA.TFBHLP.H/Damper#CentralTune SA.TFBHLP.H/Damper#LoopGain SA.TFBHLP.H/Damper#FeedbackPhase

25

20

15+

10+

CentralTune: 26.62

FeedbackPhase: 10 deg

LoopGain: 1.4 (up to 1700 ms),
then down to 0.8 (from 4460 ms)

T T T ¥ T

2000 4000 6000 8000 10000

-
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Vertical
SA.TFBHLP.V/Damper#Bandwidth 14 MHz
SA. TFBHLP.V/Damper#FeedbackMode VectorSum
SA. TFBHLP.V/Damper#InjectionBunchLengthNs 3.5
SA.TFBHLP.V/Damper#InjectionintensitylE10 5.0

SA.TFBHLP.V/Damper#LoopGainCalibrationKickerl

2.4998188E-4

SA. TFBHLP.V/Damper#LoopGainCalibrationKicker2

2.4998188E-4

SA.TFBHLP.V/Damper#LoopSwitches
SA.TFBHLP.V/Damper#PeakOscillationAmplitudeMm 7.0

SA. TFBHLP.V/Damper#StartTime -5.0
SA.TFBHLP.V/Damper#StopTime 9045.0
SA.TFBHLP.V/Damper#SystemSelector pFT

SA. TFBHLP.V/PUAcquisition#PU1 CalibDelta

0.0019999743

SA. TFBHLP.V/PUAcquisition#PU1 CalibSum 0.25
SA. TFBHLP.V/PUAcquisition#PU2CalibDelta |0.0019999743
SA.TFBHLP.V/PUAcquisition#PU2CalibSum  |0.25

SA.TFBHLP.V/Damper#CentralTune SA.TFBHLP.V/Damper#FeedbackPhase SA.TFBHLP.V/Damper#LoopGain

25

20

154

10

CentralTune: 26.58

FeedbackPhase: O deg
LoopGain: 0.25

o

T T T

2000 4000 6000

10000




