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APS Beam Stability Team

Many Groups Working on Beam Stability and Diagnostics*

" ASD - Diagnostics:
— R. Blake, A Brill, H. Bui, P. Dombrowski, L. Erwin, R. Keane, B. Lill, N.
Sereno, X. Sun, B. X. Yang, P. Weghorn, R. Zabel

" AES — Controls:
— N. Arnold, T. Fors, **S. Kallakuri, D. Paskvan, A. Pietryla, S. Shoaf, S. Xu

" ASD - Power Supplies:
— B. Deriy, J. Wang

" APS Upgrade Vacuum:
— H. Cease, B. Stillwell, J. Lerch

" ASD — Accelerator Operations and Physics
— L. Emery, V. Sajaev, M. Sangroula, H. Shang, A. Xiao

" APS Upgrade Project:

— J. Carwardine, G. Decker, U. Wienands

" ANL Facilities:
— M. Kirchenbaum, S. Stewart, G. Kailus

* J. Carwardine, Invited Talk TUOCOZ2 IBIC 2018, Shanghai, China
** S. Kallakuri modelling and simulations

AAAAAAAAAAAAAAAAAA




Outline

" Diagnostics for the MBA Ring
" Beam Stability Requirements
" Orbit Feedback System Design

— Present Operations System

— System Architecture
— APS-U Feedback Controller (FBC) Hardware

" Orbit Feedback System R&D

— (Goals in terms of present orbit motion

— APS-U R&D in Sector 27 and 28 of APS SR

— Orbit feedback modelling and experimental results

— Simultaneous operation of longitudinal and orbit feedback
— Unified feedback Idea

— Unified feedback experimental results and movie

" Summary
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Diagnostic Systems For the MBA Ring

Diagnostic Quantity/Sector Total
Arc RF BPMs
12 480
ID RF BPMs (A:PO, B:P0) 2 80
Canted ID RF BPMs (C:P0) 1 10
Orbit Feedback System N/A 1
| Mechanical Motion Systems _ _ _ _ _ __ _ _ _ _ __ o ____.3%___
Current Monitors N/A 2
Bunch Current Monitor N/A 1
Beam Size Monitors N/A 3
Transverse and Longitudinal Multi-bunch N/A 1
Feedback
" X-Ray BPM ElectronicsGRD ([ 35




MBA Ring Design

80t 20|
= 601 E 15
E 401 >~ 10} Invited Talk: THXGBD1
& o0l & 5| Aimin Xiao
0 0
s LN -—A“"‘ S | ™
O 5 M 10 415 20 25
Reverse bendss (m)
Quantity APS Now APS MBA APS MBA Units
Timing Mode Brightness Mode
Beam Energy 7 6 GeV
Beam Current 100 200 mA
Number of bunches 24 48 324
Bunch Duration (rms) 34 104 88 ps
Energy Spread (rms) 0.095 0.156 0.130 %
Bunch Spacing 153 7 11 ns
Horizontal Emittance 3100 32 42 pm-rad
Emittance Ratio 0.013 0.1
Horizontal Beam Size (rms) 275 @ 4 pHm
Vertical Beam Size (rms) 11 T m
Betatron Tune 35.2, 19.27 95.1, 36.1
Natural Chromaticity -90,-43 -130, -122

" Diagnostics for the MBA Ring driven by small beam size
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Beam Stability Requirements

" Beam stability requirements are set at a fraction of the
particle beam phase space (x, X', y, y’) dimensions, typically
10% at the ID source points

AC rms Motion Long Term Drift
Plane (0.01-1000 Hz) (7 Days)

Horizontal 1.3 ym 0.25 yrad 1.0 gm 0.6 prad
Vertical 0.17 prad 1.0 pm 0.5 prad

Present APS has ~5 times these values with bandwidth up to ~100 Hz




PARAMETERS - PRESENT APS ORBIT FEEDBACK

SYSTEM (1995)

Parameter

Algorithm implementation

BPM sampling & processing rate
Corrector ps setpoint rate

Signal processors (20 nodes)

Num. rf bpms / plane

Fast correctors / plane
Slow correctors / plane
Fast corrector ps bandwidth
Fast corrector latency

Closed-loop bandwidth

Argonne National Laboratory is a
U.S. Department of Energy laboratory

‘Datapool’ RTFB

Separate DC and AC systems for
slow and fast correctors

10 Hz 1.6 kHz
10 Hz 1.6 kHz
EPICSIOC  DSP (40 MFLOPS)

360 160 (4 per sector)
- 38 (1 per sector)
282 -

- 1 kHz

- ~250 usec

DC-1Hz 1 Hz - 80 Hz

QZEENERGY US Beparmanter Ercry Hborair J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne o 7

nnnnnnnnnnnnnnnnnn



Orbit Feedback System Architecture

/\/'«:-) B c}\f_
: (B R
APS-U Orbit Feedback Controller (FBC) . 4 ‘ﬂw\
Preliminary Design Architecture (April 2016) & 5%
backplane .‘f} &
/ot ‘ ‘ ‘ ‘ ‘ ‘ AN _, | Storage Ring 7
subnet _ Gig-E g @ 20 Feedback Controllers &
2w = ", ! {
0AG 5 89 | MMuiicore 23 \ 1 Master Controller
= DSP 8= — Enet—7— G (GH
subnet gu 2 FPGA e 2 / 1 s
L2OF Multicore = \a =t
Feedback i DSP ‘ L%’ % Mechanical 4 ) Yl
Clock O | SFPs | = motion sensors 4 w\@, .@;/E
1 l. \E’\._\@?I = (= -
H == _':L_HE-, =
Upstream feedback - . Downstream
controller feedback controller i
P i Master
l X-BPM | - X-BPM
Fast corrector electronics electronics
. Upstream <1 power supply Downstream
correctors interface fanout correctors Photon bpms
to mis-steering interlock )y to mis-steering interlock
A 4 A A
rfBPM | . [BPM fBPM | | rf BPM
electronics electronics electronics electronics
Upstream rf bpms Downstream rf bpms .
4 units x 4 bpms/unit 4 units x 4 bpms/unit .~ .
*N. Sereno etal. IPAC 2015, Richmond, Va. 2015

N. Sereno etal. IBIC 2016, Barcelona, Spain. 2016
P. Kallakuri etal. IBIC 2017, Grand Rapids, MI 2017
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PROTOTYPE FAST ORBIT FEEDBACK PROCESSOR

DATAFLOW

Commagility uTCA card
DSP 1/Core 0
7 === AXl master =-----1
Supervisory
Supervisory Monitor & Control
Event Feedback Event > Monitor &
L ven
MRF Event Link in ——> 8P | ="°" @ 22.6 kHz Control | Cache mem.
| Interrupt: | I
THESED o | Timestamp | New bpm data : BSZACS)?_ta ~=| Execute orbit
P 7| (64-bits) feedback
» - Setpoint | 4] algorithm
i — - vector
BPM data from Liberas Aurora Block Place-holder BPM Data BPM Data
em——f>| SFP | (BPM Dat y = = -bi
(271 kHz) O R & [ for fitter block — @271 kHz | | (8/32 x 32t Update DAQ /
values) o
| | monitor in DDR3
Setpoints to correctors Fabric-based c S S P°§V er Supply
A orrector PS Setpoints etpoints < f Notify()
<}t SFP GigE <  /
(22.6 kHz) i S @ 22.6 kHz (8/16 x 16-bit _ (coretocore  TMS320 DSP
values) Interrupt: ‘ Interrupts)
New setpoints
Microblaze DIDIRE
SDRAM
Debug utilities Supervisory
Virtex-7 FPGA Monitor & Control

DAQ Task
L | |
e On-board Ethernet Network
Ethernet Switen ek DSP 1/ Core 1
Communication
:| uTCA Ethernet backplane : ” ﬁ
[CR=Y
*  FPGA manages bpm and corrector data-streams
* DSPs perform orbit feedback computations
@ENERG BE et B oy J. Carwardine, et., al.  International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne S 9



PARAMETERS - COMPARISON OF PRESENT AND NEW

Parameter

Algorithm implementation

BPM sampling & processing rate
Corrector ps setpoint rate

Signal processors (20 nodes)

Num. rf bpms / plane

Fast correctors / plane
Slow correctors / plane
Fast corrector ps bandwidth
Fast corrector latency

Closed-loop bandwidth

APS-U design*

‘Unified feedback’
algorithm

271 kHz (TBT)
22.6 kHz

DSP (320 GFLOPS)
+ FPGA (Virtex-7)

570 (14 per sector)
160 (4 per sector)
320 (8 per sector)
10 kHz

<10 us

DC to 1 kHz

Present system (circ. 1995)
RTFB

Separate DC and AC systems for
slow and fast correctors

‘Datapool’

10 Hz 1.6 kHz

10 Hz 1.6 kHz
EPICSIOC  DSP (40 MFLOPS)
360 160 (4 per sector)
- 38 (1 per sector)
282 -

- 1 kHz

- ~250 usec
DC-1Hz 1 Hz - 80 Hz

* Goal of R&D was to demonstrate key parameters in beam studies at APS

Argonne National Laboratory is a
U.S. Department of Energy laboratory

éi‘% U.5. DEPARTMENT OF y
Q\Zj ENERGY managed by UChicago Argonne. LLLC

J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai
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TARGETS FOR APS-U ORBIT FEEDBACK R&D
IN TERMS OF ORBIT MOTION SPECTRA

Open- vs closed-loop PSDs with present RTFB (x-plane)

N

; L 4 Open-Loop

‘c 100k *  Power supply stability |

3 T R e *  Mechanical vibration 1 Closed-Loop

= 10k :)f br;)m readbgcks Ell Go after the underlying 4

% ¥ [lowirequiencies sources of orbit motion ]

A I

© [ 1 Widen the

O I > | correction

g 0.1& ' “ 1 bandwidth

N il 3

o f *  Higher sampling rates
% 0.01 £ * Lower processing latencies
o T * Faster correctors

& 0 001k Reduce the residual ]

B ' b3 uncorrectable motion | V E

_E 1 O-4g | * Increase numbers of bpms and fast correctors 4

g i to get access to additional spatial modes ]

0.01 0.1 1 10 100 1000
Frequency (Hz)

QZEENERGY BE et B oy J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne o 11
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Integrated Beam Stability R&D in APS Sector 27

Major systems tested: BPM Electronics, Fast Corrector PS, Feedback Controller

—] RTFB Feedback Controller
+22kHz DAQ RTFB node-to-node data-link

VLN £

Feedback Controller node-to-node communications evaluation

Toop o (S |

Bevkiey BME-T Bariley M BT Beriiey EME-T Epddey BMET

—— UDPoverfiber T ara: T T
— Auwrora overfiber
— Node-to-node link {protocol TBD) i [l EER A [ [ER ]
—— Heliax 7T T '[ ‘|‘ '[ T = EA
—— DG power B I R el IR “ h

i
|:| In-scope forlnte grated beam stability WBS

——— 4 1.5kHz DAQ J

i

Corrector power supplies (8 new fast, 8 existing slow)

— —

= EuisThG % <
s
o
o
L

Libera Libera
b-;ﬂ‘— Eoiin

Libera Photon

AP2 AP3  AP4

. ) / /4 / it : e lar0 - \ B:PD
/ Libera Brilliance+ BPM electronics (4 units, 16 bpms total) l\\
i S ——
- S =]

M Disgnostics Rack

Arg_...._ _
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ORBIT FEEDBACK SYSTEM MODEL

Orbit feedback controller

BPM DC set points Vector Parallel signal paths
dot (one per corrector)
Regulator

. | proauc

x - BPM N I N N
' /1:\ B 2N c " — o gl Corrector =

oA > orrector Deita orrector,
= Eqor, L ol Loop Open/Close Drive
Corrector DC set points I
BPM vector
HM or HUM H or Hu
BPM Accelerator
Hardware RG(SF\E)&?SG Vacuum Chamber Corrector Magnet Power Supply

Accelerator model

J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne o 13
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BUILT-IN DYNAMIC-SYSTEM ANALYZER

" Need a means of evaluating effects of latency and regulator tuning
— Method of dividing open-loop and closed-loop PSDs is noisy and imprecise
— Dynamic-system analyzer approach: measure response to known excitation

| BPM DC set points || AFG 2 Applied
Regulator _ W perturbation
Y I
x5 - BPM ol . — - >o .
" e | Eror IRM - - e || lEic) Corrector . g
+ > Corrector LPF HPE Delta + Com_actor
Ees S— Loop Open/Close brve || Residual
BPM Corrector DC set points i
Readbacks | ' pertu rbation
H orH HorH
M um u

BPM Accelerator
Hardware Re($£|%\$8 Vacuum Chamber Corrector Magnet Power Supply

: * Multiple simultaneous measurement
Compute ratio of PSDs Measure response to channels

(Noisy, imprecise) applied perturbation

*  Beam-based measurement of

0 * ot [ | ] frequency- and time-domain
g | | | ’ responses
e 10 - 2 10 - b . .
: B /\““*\‘WH * Resolve differences in transfer-
o o s , function to <10Hz
i i * Closed-loop Response Matrix
- | - | measurements

Argon ne o J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai
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MEASURING ORBIT FEEDBACK EFFECTIVENESS

Plots show the attenuation response (fraction of motion remaining with feedback enabled)
* Atlow frequencies, there is more than 40dB attenuation.
* Amplification at higher frequencies corresponds to overshoot in the step response.

Measurement of orbit motion attenuation: 4Hz — 5kHz
10 .
Unity gain
O l======%HQ=================
m .10 Measuredresponse
=) at nomi i
= inal gain =~~~
S -20r
=
>
E 30
< 4ot Details near unity-gain cross-over frequency
Simulated response m 10— N S B S R A ] I
=0 r at higher gain =
S OFr———— — " — — — — —
-60 | A | H R | | =
3 10 100 1000 8 -10 -
Frequency (Hz) S f
..":.' _20 1 N N i 1 N N N L 1 N 1
< 200 500 1000 2000 4000
Frequency (Hz)

Argonne
U.S. Department of Energy laboratory

@ENERGY aaaaaaa LUC;L:A;LLC J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Arggg‘ngmme 15




BEAM-BASED MEASUREMENT OF CLOSED-LOOP PERFORMANCE
VS PROCESSING LATENCY

Attenuation responses with/without added latency

6 ! ' I ! I ! ! ' I 1 T
i o " (2)
4 b i
2 r i
S O~ X
S 2f :
§ Integral gain (Ki)
S -4 r Added latency (usec) - - 44
=z ol B/W (Hz) measured 440 510 400
B/W (Hz) simulated 430 500 390
8t Peak (dB) measured 3.8 5.1 5.0
Peak (db) simulated 3.9 5.1 5.0
10 200 400 600 1000 2000 3000

Frequency (Hz)

44 usec (1 tick) of added processing
latency costs ~100Hz in bandwidth

J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne o 16




MEASURED PERFORMANCE: RMS beam stability

REDUCTION IN CUMULATIVE RMS MOTION g°a's for APS-U have
een demonstrated

on APS
’_\8 _' LR | T T T TTTTI] T T T TTTTTg T T T TTTTT] '.' LELBLILERY | T "'i LA | ]
% Open loop Horizontal |
Closed loop with Ki = 0.3 | i
oy Closed oo with hPID | Plot_s show cumulative RMS
o motion up to 11 kHz:
o4 S27B:POX 11 * Open-loop
D * Kiregulator
[ .
= 20 11 ¢ Ki+Kp+Kd regulator
o | 1.7 pm
0.01 0.1 1 10 100 1000 10000
Frequency (Hz)
E R | H rorrrrrr ¥ rrrrrrg 4 R | R ] l M|
- |~ Open loop Vertical | :
2 2| Glosed loop Ki = 0.3 |
— Closed loop vPID2 |
D 1-5 I~ | —
w |
o 1 | |
E S28A:POY 0.58 um |
f 05 r . Large source of orbit
g— | 0.37 um motion at 1.8kHz is due
Ot el i to synchrotron motion
0.01 0.1 1 10 100 1000 10000
Frequency (Hz)
@ J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne° 17




PARAMETERS - COMPARISON OF PRESENT AND NEW

Parameter

Algorithm implementation

BPM sampling & processing rate
Corrector ps setpoint rate

Signal processors (20 nodes)

Num. rf bpms / plane

Fast correctors / plane

APS-U design

‘Unified feedback’
algorithm

v
271 kHz (TBT) ¢
22.6 kHz v

DSP (320 GFLOPS)
+ FPGA (Virtex-7) +”

570 (14 per sector)
160 (4 per sector) o”

Slow correctors / plane 320 (8 per sector) v

Fast corrector ps bandwidth 10 kHz v

Fast corrector latency <10 us v’

Closed-loop bandwidth DC to 1 kHz v’
+” Demonstrated

Present system (circ. 1995)
RTFB

Separate DC and AC systems for
slow and fast correctors

‘Datapool’

10 Hz 1.6 kHz

10 Hz 1.6 kHz
EPICSIOC  DSP (40 MFLOPS)
360 160 (4 per sector)
- 38 (1 per sector)
282 -

- 1 kHz

- ~250 usec
DC-1Hz 1 Hz - 80 Hz

f Demonstrated in a double-sector

Argonne National Laboratory is a
U.S. Department of Energy laboratory

éa'% U.5. DEPARTMENT OF y
%;‘Z’h;ff ENERGY managed by UChicago Argonne. LLLC

J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai
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Simultaneous Operation of Longitudinal and Orbit
Feedback for APS-U

The problem: Frequency overlap of Orbit Feedback and
Longitudinal Feedback systems for the MBA ring

— Orbit feedback bandwidth: 0.01 to 1000 Hz
— *Synchrotron frequency (2 kHz in present APS):
* 560 Hz with Higher-Harmonic Cavity (HHC) off
* 100 Hz +/- 100 Hz with HHC on
" Orbit feedback fast correctors have a bandwidth >~ 1 kHz
— Could very quickly add to the net dipole field around the ring

— For a fixed rf frequency this will change the beam energy quickly

Orbit feedback correctors should never attempt to correct a
dispersive orbit or equivalently add to the net ring dipole field

Y APS Upgrade Project Preliminary Design Report table 4.36
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BPM Signals in the Present APS Storage Ring
" BPMs (Libera Brilliance+) average orbit position of bunches over a
single turn

— Time domain: ADC sampling/rms over one turn for each button signal

— 1/Q DDC: For each button signal (ITECH recommended operations
mode)

— Both modes have been tested in the APS storage ring*

BPMs are not sensitive to position of individual bunches in
operations modes (48 and 324 bunch)

Dispersion orbits due to longitudinal motion of all bunches together
(common mode) are most easily measured in the horizontal plane

Sources of longitudinal motion:
— RF Frequency error (DC drift due to earth tides, temperature drifts)
— RF phase errors (AC mostly harmonics of 60 Hz)
— Coupled bunch mode 0 (AC at the synchrotron tune)

Implies two fundamental RF actuators to correct common mode

Ion, |tUd|na| motion Libera Brilliance+ Noise Measurements in Sector 27, DIAG-TN-2016-001
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BPM Signals in the Present APS Storage Ring
e BPM Averoge PSD cmd RMS

000 —™3 PSD
0.025| —~ i ]

N

W T

N 1074 3 RM S
— N p: :
£ 0.020L ™~ I ]
E | Eooy (i
') - T ]
= 00150 ~r T
o ~ 108k :
© 2 i :
on
2 ootol & ) 60 Hz
O 10-7¢ E
g |8’ -
" o J 360 Hz
0 o005, £ 10-8F E

I ¥

To)

o

-9
o.000  107%

0.1 1 100 1000 104

(1 / S)
® High dispersion “P5” BPM PSD and RMS Using BSP-100 BPMs in 12 turn
average mode
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Response Matrix with RF Actuators

One can combine correctors and rf actuators in the response matrix

RAc=Ap
R=(r,ry...t,_,1f,)
R=USV'

— Column vectors r.are normal fast corrector response columns

— Column vector rfn has the shape of the dispersion orbit

= The (normalized) column vector rfn is also one of the eigen-orbits in
the U matrix

The rf actuator response is selected by the inverse response matrix
(U") from the dispersive part of the orbit

Ultimately implement by sending a phase signal from the orbit FBCs
to the rf phase actuator

Did an rf phase step response experiment to demonstrate the
concept using the operations RTFB and sector 27, 28 FBC DAQ
systems

AAAAAAAAAAAAAAAAAA




RF Phase Step Response Measurement

srrfSyncAcquire. 201 804161 71522001 .sdds

MA/ 360Hz | ,

N

N

5 Degrees

-

|
N

|
N

1.8 kHz

ADC4. SRMuxSsig:Phase

|
)

0.195 0.200 0.2050.210 0.215

~elative lime
SRRF Beam to Master Oscillator Phase

Phase Step Response: Phase detector output measured using a
bpm sum signal and master oscillator as the phase reference (rf
DAQ has 271 kHz sampling rate)
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RF Phase Step Response Measurement cont.
Orbit Response to 5 degree phase step

T T U:E274:POX:DAD:Position
i 2x1 05| J U:S274PBDAR:Position

A U:S274P 30 AD:Posttlon
U:E27A:P4X:DAD:Position
U:E27H:PAXDAD:Posttion
U:5278:P3X:DAD:Position

1 x1 05 i / | G\ | U:E27H:P2X:DAD:Posttion
| f U:5278:PDX:DAD:Position

\ U:E2BAPOX:DAD:Position

U:E2B&:P 2D AD:Position
U:S2BA:P 0D AD:Posttlon

/\ (‘\ ,;\ U:52BAP4K:DAR:Posttion
[ | \ _q'/\ ) ) y" W, .@;’{_{_‘ ] uisszpuﬂmipzdﬂm
VA'AA A S sl

' \"d \t L:5268:POXDAQ:Posttion

—1x 08| ;;’ :l 5- }.: \U - 5 Degree
| \Y Phase Step
'; 360 Hz

~2410%| 1.8 kHz Barely seen

400 microns
-3

O.BIOO O.8IO1 0.802 0.803 0.804 0.805 0.806
RelativeTime (s)
DSF data file

“ Beam Response: Sector 27 and 28 Libera Brilliance+ response using
the FBC DAQ (22.6 kHz sampling rate)
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OVERLAP IN COVERAGE OF SLOW AND FAST ORBIT
FEEDBACK SYSTEMS

0 * Either system can operate
% s N stably without the other, but
g * Both systems go unstable if
T Slow operating simultaneously
2 Correctors
S | |(Datapool)
(0p)
-
Both systems Fast Correctors
have access to (RTFB)
this vector space \_ )
>

\—'—’ Frequency domain

Both systems can
respond over this
frequency range

Argonne National Laboratory is a
U.S. Department of Energy laboratory

E?ENERGY U Beparincatof Enciy oo J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argﬂﬂnﬁﬁ 25




UNIFIED FEEDBACK ALGORITHM CONCEPT:
SPATIAL- VS FREQUENCY-DOMAIN ORTHOGONALIZATION

A
S | vodes Issue: combination of slow + fast systems is unstable
g Correctable Vector subspace ) )
o |[Reisw accessible to both Present scheme: separate into high- and low-
o) orrectors
= / frequency systems (‘woofer/tweeter’ concept)
=] S
S | F * Unified scheme: orthogonalize vector spaces
(75) Modes correctable
By Fast Correctors
& Z
>
Frequency domain
Present scheme Unified algorithm
A A .
cl | C IRM is re-formulated to
‘T RTFB response is ‘T remove the common vector
£ || Slow rolled off below ~1Hz £ || Slow sub-space
O || Correctors O || Correctors{ _~
g / T V&
“© ©
= v Bl ) .~ RTFB corrects
& Sr down to DC and
Fast Correctors Fast Correctors uses all spatial
o L S 9 >modes
Freguency domain Frequency domain

J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne °_ 26




Unified Feedback Illlustration

" Problem is to utilize both fast and slow correctors down to DC
without the system becoming unstable
" How to modify the response matrix to achieve correction down to

DC: First, took an experimental approach

* Run the fast corrector system (RTFB) using standard inverse response matrix but
down to DC

* Measure the response matrix for the slow system (DP)

* Invert and run the measured slow system using this measured response matrix

- 1 S
Fast Slow Fast

Fast correctors can't correct DC perturbations inside the 3-bump

AAAAAAAAAAAAAAAAAA
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Unified Feedback Illlustration

" The slow corrector response matrix exactly calculable from the
standard machine response matrix

" Imagine a very simple orbit feedback system consisting of two
bpms and two correctors: one fast and the other slow

" The standard response matrix is:

Ap,
R/R|Ac=Ap A
_|Ap R
AP—.Apl e Orbit
Ac= ACf / R
Ac, >Ap

Standard orbit feedback

AAAAAAAAAAAAAAAAAA
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Unified Feedback Illlustration

" The unified response matrix for slow correctors is orthogonal to
that for the fast correctors (assuming the response matrix is full
rank):

" Orin general the unified response matrix is that part of the slow
corrector magnet response matrix column space orthogonal to
that for the fast correctors

A
[RfRusA.c:Ap Ap2
A p= Ap, R
Ap, ui e Orbit
' R
Ac=|AC \ )
Ac, \
- » Ap,
Unified orbit feedback

AAAAAAAAAAAAAAAAAA




Improvements in orbit feedback settling times from the
Unified Feedback Algorithm for Orbit Step Changes

Present APS Present APS APSU R&D in Sector-27
User ops at 1.6kHz+10Hz Unified studies at 1.6kHz+10Hz Unified studies at 22.6kHz
505
L
® 0.0 i
2 ket 1A TN ik
§—o.5 L wﬂw wm e g T
S
-1.0
i
5_1 . =» %= 50 msec
S o | Ao —
5 AN I
(8} \
e _1 w ‘
o - _
HE \
7 \ ]
— -
0 10 20 30 0 10 20 30 0 100 200 300 400
Time (sec) Time (sec) Time (millisec)
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Unified Feedback Orbit Movie of Sector 28 ID Bump
Step Response

Step Height 50 microns
4 1D BPM and 4 fast correctors for the square “fast” response matrix
16 BPMs and 4 slow correctors for the “slow” system
Each movie frame is 44 microseconds of time (22.6 kHz)
Repeated for:
— Angle Bumps
— Vertical plane

— 16x4 “fast and slow” response matrices

AAAAAAAAAAAAAAAAAA 31




SUMMARY
Small APS-U beam sizes lead to very challenging orbit stability goals

" MBA orbit feedback system must deliver unprecedented beam stability

— Integration and R&D in sector 27 and 28 has informed diagnostics design

— R&D has have given the team confidence MBA requirements can be met

" APS-U fast orbit feedback system uses the same architecture and functionality
as the 20-yr old APS RTFB, but is implemented using ‘modern’ components

— 4000-fold increase in performance vs 1995-era processors

— Hybrid DSP-FPGA processor chosen over FPGA-only implementation (DAQ, AFG,
DSP code)

— Use TBT data to minimize latency
— Have to properly handle simultaneous operation of longitudinal and orbit feedback

" APS-U fast orbit feedback controller has been prototyped on the present APS

— Unified feedback algorithm combines fast and slow correctors without compromising
spatial or dynamical performance (replaces present ‘woofer/tweeter’ scheme).

— 22.6 kHz orbit correction rate with 16 bpms and 4 fast correctors per sector per plane.
— Unique diagnostic and measurement capabilities are built into the controller
— Developed a model of the system and plan on testing ‘optimal’ control techniques.

— All key parameters for APS-U fast orbit feedback system design have been
demonstrated during beam studies, including 1kHz closed-loop bandwidth

aaaaaaaaaaaaaaaaaaaaaaaaaaa

U Deparment of Energy laboratory J. Carwardine, et., al. International Beam Instrumentation Conference, 9-14 Sept. 2018, Shanghai Argonne o 32
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Extra Slides

" RF and Xray bpm systems
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RF BPMs* Libera Brilliance

Plus electronics

" Baseline design uses Libera Brilliance+ by

ITech
* <60 nm rms AC noise 0.01 to 1000 Hz
* <50 nm pk-pk drift over 7 days
* < 30 um single shot rms noise for 1 nC typical
commissioning charge levels

" 40 Shielded EMI enclosures for BPMs and

feedback system electronics. -
" BPM pickup electrode assembly has integrated =~ - ke |
shielded bellows designed in coordination with BPM with integrated

vacuum design group. shielded bellows

TR

el
Cabinet

==  shijelded EMI
Cabinets

MBA 48 bunches/200mA
70ps/21mm/15.34nC
Gaussian

eeeeeee

* R. Lill etal. IBIC 2016, Barcelona, Spain 2016
X. Sun etal. IBIC 2017, Grand Rapids, Ml, 2017

all metals 0.7638W
1 SST316L shell 500hm load 0.1617W
0.0337W

Argonne & N
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GRID-XBPM Prototype Design*

XBPM
target
absorber

Detector mount Pre-mask (Cu)
assembly w/

. Slit (Ta)
water cooling  Shielding
Detector \ Spacer (Cu) \

module

Detector
Chamber

‘/

Ag thin-film X-ray

@ [-*] o
+4a01d ’—7 T .‘ ‘:KIOI(W
I |

|

|

|

|

|

DAY |
—

|

1UN0S

<

Principle of Pinhole camera Diodes Aperture & Source

" 27-ID GRID installed for R&D and User Operations since Summer 2015

" Based on interception of hard X-rays and fluorescence by Cu (GlidCop)
Vertical position obtained from pinhole imaging by each detector assembly
Horizontal position obtained from difference over sum between upstream and
downstream detectors

Final engineering of system underway due to higher energy/flux bend

magnet/quad backgrounds in 42 pm emittance MBA ring

*B. X. Yang etal. IPAC 2015, Richmond, Va. 2015
Argonne o B. X. Yang etal. IBIC 2016, Barcelona, Spain, 2016
G. Decker, PAC 2007, Albuquerque, NM, 2007 35
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