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FAQ’s on Feedback Control of SPS E-Cloud/TMC
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Progress November 2009 - April 201

rganization and Staffing, coordination

cloud/TMCI Modeling, dynamics estimation, feedback simulation e

D measurements, analysis techniques

ecent MD results (pickup and kicker studies)

ardware efforts (4 GS/sec. synchronized excitation)

ear-term plans (MD, models, lab) - Chamonix emphasis on SPS in

ti-lab effort - coordination on

on-linear Simulation codes (LBL - CERN - SLAC)

ynamics models/feedback models (SLAC - Stanford STAR lab)

achine measurements- SPS MD (CERN - SLAC - LBL)

ardware technology development (SLAC)

ent WEB meeting with links

.slac.stanford.edu/~jdfox/ecloudfeb10.pdf
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Organization and Staffing

est Change - step-up SLAC LARP Funding

ws 2 Stanford grad students

lex Bullitt (working on excitation system)

zhan Turgut (system identification, dynamics
odels)

P support 25% for J. Fox, C. Rivetta

reater activity, increased progress winter 2010

ent WEB meeting on Ecloud/TMCI feedback

.slac.stanford.edu/~jdfox/ecloudwebfeb10.pdf

ordinate efforts at SLAC, CERN, LBL,BNL

fforts on Simulations (Ecloud and TMCI)

eedback modelling and dynamics estimations from simulations an

alidation of models

evelopment of fast signal processing hardware, demonstration pro
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• tu le bunches in trains

• in
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Sim t included?

Mac hat beam conditions?
SPS Ecloud/

Analysis of Ecloud simulations and Ecloud M

e domain simulations, measurements

hatfrequencies are present in the bunch structure?

ow do they evolve over the time sequence? Does thedynamics of the sy

re there usefulcorrelations between parts of the bunch, other bunche

ow does the filling pattern, energy, machine parameters impact th

ervations

ne shifts within bunch due to Ecloud, bursting, positions of unstab

formation in SUM signal

equencies within bunch - estimated bandwidth of instability signal,

rowth rates of eigenmodes - initial fits and stability observations

ulations - have access to all the beam data, but what effects are no

hine measurements - what can we measure? with what resolution? W
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h 119
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servations from June 09 SPS
MD Studies

2 bunch trains, 1E11 P/bunch, 25 ns
aration. Data sampled 10 ps/point

ical Instability develops after injection of
ond batch, within 100 turns. Modes within
table bunch develop very rapidly at
ction- first 100 turns

e domain figures show bunch charge, and
sverse displacement, second figure is
ical displacement after removal of DC
sient. Data extracted to show bunch 47
 119 on turn 80

le (bunch 47 and earlier) bunches do not
w vertical motion

ch 119 - shows head and tail displacement

this technique to compare models, MD
- extract beam dynamics necessary to

ign feedback. Roughly 25 slices (250 ps)
een displacement maxima and minima
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 Progress November 2009 - April 2010

ntMachine Measurement (MD) results

efforts tocharacterize existing SPS pickups
 kickers

ups - very successful

e, transverse resolution well-quantified

icrons rms at 0.5E11 (vertical)

er and Beam Excitation MD efforts

efforts, mixed results

ifficult to excite measurable response

cus on exponential kicker frequency
sponse as kicker

hat power level is useful/necessary to do this
easurement?

hamonix implication->fab 2012 kicker?
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MD data -Interesting Issues to sort ou

rizontal injection transient feedthrough (movie)

e scale of injection transient vs. Time scale of instability growth

jection transient - 50 turns damping

stability growth - less than 100 turns

cern -will injection transients saturate the ecloud feedback?

ain partitioning in channel, noise floor in transverse receiver, powe

eeds study and straw man design

e 0.2 (5 turns/cycle), growth rate 50 turns - 10 cycles

hat gains are required? Stability? group delay limits?

amics change with energy ramp

nch length change, synchronous phase change etc. slow compar

nalysis suppresseslongitudinal motion - implications for actual channe

onential Stripline as Kicker

uency response falls as 1/f - is this useful for MD studies?
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The ced or TMCI instability for all
the 

Req

• u

•

• ncy, growth rates change

•  of the machine.

• udinal/horizontal signals,
 chamber

•  the beam.

Des dual functions

Rec

Wha wer?

New
SPS Ecloud/

Feedback System: General Considerat

feedback system has to stabilize the bunch due to the e-cloud indu
operation conditions of the machine (SPS or LHC).

uirements for the feedback design

nstable system - minimum gain required for stability

delay in the control action (limits gain & bandwidth achievable)

Ecloud -  Beam Dynamics is nonlinear. (tunes or resonant freque
intrinsically)

e-cloud - Beam Dynamics change due to the operation conditions

Beam signals -Vertical information must be separated from longit
spurious beam signals and external propagating modes in vacuum

design has to minimize noise injected by the feedback channel to

ign has trade-offs in partitioning - overall design must optimize indivi

eiversensitivity vs. bandwidth? Horizontal/Vertical isolation

t sorts ofPickups and Kickersare useful? Scale of requiredamplifier po

Wideband Kicker array? Design/development timescale?
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Identification of Internal Bunch Dynamics: Redu

aracterize the bunch dynamics

itical to design the feedback algorithms

pecify requirements for pickup, receiver, processing, power stages

ered by complexity,
reduced models

ld be

ear models with
ncertainty bounds
amily of models to
clude the GR/tune
riations)

near’ with variable
arameters (to
clude GR/tune
riations-different

p. cond.)

on-linear models



TMCI CM-14 April 2010

S

Rec

Use
(fini
corr

Exc
line

fit m
redu

This
inpu
freq
con
syst
or T

Our

Divi

Full

10
0

10
1

nd 1st Output
 

10
0

10
1

t and 2nd Output
 

SPS Ecloud/

ystem Identification via
excitation response

ent effort - Ozhan Turgut

a reduced coupled oscillator model
te # of “slices” of order 8 - 16
esponding to 4 Gs/sec. sampling)

ite model (or real machine, or non-
ar simulation) with shaped noise

odel parameters to response, use
ced model for feedback design.

model fits “all” parameters from
ts to outputs (e.g. oscillator center
uency, Q, complex coupling
stant), and it is a time-invariant
em. Doesn’t know physics of Ecloud
MCI

problem is time-varying - approach?

de time interval into sections?

 non-linear or parametric approach?
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Driven Beam Experiments

elop excitation technique using existing
onential striplines (requires power amps, hybrids,
)

 be frequency domain or time domain study

mate dynamics below instability threshold (pre-
otic motion, see tune shifts below threshold)

- use 4 GS/sec. DAC hardware todrive noise
uences onto selected bunch(es)

sureexcitation, responsewith two channel fast
pe

ids synchronization complexity)

e domain sequences - transform, average (transfer
tion estimator)

uency response of internal structure and modes

 be done as excitation in simulation, too.

able step in development of any possible feedback
troller (Back End)  Doublet Response 4 G
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Excitation system for SPS bunch MD
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Closed-Loop feedback around the Mo

the reduced model, with
istic feedback delays and design
mple FIR controller

h ‘slice” is an independent
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example 5 tap filter has broad
dwidth - little separation of
zontal and vertical tunes.
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m? How can we estimate
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t Locus - closed loop eigenvalues (vs. overall loop gain)

lytic study of stability - what gain is needed for damping?

n will the loop go unstable with too much gain?

 does the feedback change the natural frequencies of the closed-

mple - we start unstable, with gain bring to damping=growth rate, th
ds towards instability
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SPS Ecloud/

 Tune shifted from 0.185 to 0.21

study the stability for a range of tunes

 filter can control both systems

imum damping is similar in both cases

is realistic case to design? We need more data from simulations and M
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The controller model isnot very
diffe

Wha , kicker structures, plus
the rates may be comparable.
SPS Ecloud/

Feedback Channel - Complexity? Sca

uency spectrograms suggest:

pling rate of 2 - 4 GS/sec. (Nyquist limited sampling of the most u

le of the numeric complexity in the DSP processing filter

easured in Multiply/Accumulate operations (MACs)/sec.

 -5 GigaMacs/sec. (6*72*16*16*43kHz)

6 samples/bunch per turn, 72 bunches/stack, 6 stacks/turn, 43 kHz

6 tap filter (each slice)

B (existing iGp system) -8 GigaMacs/sec.

 sample/bunch per turn, 5120 bunches, 16 tap filters, 99 kHz revol

scaleof an FIR based control filter using the single-slice diagonal
rent than that achieved to date with the coupled-bunch systems.

t isdifferent is therequired sampling rateandbandwidthsof the pickup
need to havevery high instantaneous data rates, though the average data
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Technology development

we build a “small” prototype” style feedback
nnel? What fits in our limited LARP hardware
get? what to do in2010?2011?

 - build 4 GS/sec. channel around

aximMAX109EVkit A/D evaluation boards

/8 wide multiplexing, so 500 MHz sample rates?

C-developedVertex 5 FPGA parallel-processing

igital I/O, 8 way raw parallelism

xim19693 D/A evaluation board

harmonic multiplier -> sampling from SPS RF

 existing exponential striplines for pick and kicker

uirespower amps, power loads, hybrids, etc.)

tek 6 Gs/sec. A/D and D/A option with Synopsys
A development board is too expensive for our
ent budget, though is interesting for a more
plete prototype implementation MAXIM 109 2.2 GS/se
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Design study - 4 Gs/sec. 1 stack SPS feedb
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• Id plementation

• ex  2011 fab and MD use

Two
SPS Ecloud/

Progress FY2009/2010 LARP Ecloud/T

erstand Ecloud dynamicsvia simulations and machine measuremen

articipation in studies at the SPS (next opportunity summer 2010)

nalysis of SPS and LHC beam dynamics studies, comparisons wit

itial coordination with B. Salvant on TMCI models - expand dynam

elling, estimation of feedback options and feedback simulation

traction of system dynamics, development of reduced (linear) cou
edback design estimation

evelop analysis tools to quantify and compare system dynamics

itial study of feedforward/feedback techniques to control unstable
ynamics. Estimate limits of techniques, applicability to SPS and LH

 effort -develop 4 GS/sec. excitation system for SPS

odify existing system to synchronize with selected bunches - data

entify critical technology options, evaluate difficulty of technical im

plore 4 Gs/sec. “small prototype” functional feedback channel for

 IPAC papers on Simulation effort, MD data and analysis
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• A h Ecloud models
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Mod

• V ts

• co lidation of models, estimates
o conditions, dynamics

• ex pled-oscillator model for
fe

• d system dynamics

• ev stable beam motion, change
d C needs

• Id plementation

• E n window
SPS Ecloud/

Goals -FY2009/2010 LARP Ecloud eff

erstand Ecloud dynamics via simulations and machine measuremen

articipation in E-Cloud studies at the SPS (next opportunity spring

nalysis of SPS and LHC beam dynamics studies, comparisons wit

daptation of SLAC’s transient analysis codes to Ecloud simulation

elling, estimation of E-Cloud effects

alidation of Warp and Head-Tail models, comparisons to MD resul

mparisons with machine physics data (driven and free motion), va
f dynamics. Critical role of Ecloud simulations in estimating future 

traction of system dynamics, development of reduced (linear) cou
edback design estimation

evelop analysis tools, hardware systems to quantify and compare 

aluate feasibility of feedforward/feedback techniques to control un
ynamics. Estimate limits of techniques, applicability to SPS and LH

entify critical technology options, evaluate difficulty of technical im

valuate SPS Kicker options re: Chamonix planning, 2012 shutdow
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Dec formance

Sys

Tec al components

Tec ents

• S ired bandwidth?

• C iques?

• F ickups?

•  w

Dev easurements

Sys roject plan
SPS Ecloud/

ision Point - late 2010

e Ecloud dynamics feasible for feedback control? What technique

earchGoals - 2009 - 2011

odelling of closed-loop system dynamics, estimation of feedback 

valuation of possible control architectures, possible implementation

PS Machine Physics studies, development of “small prototype” an

ision point 2011 - Proof of principle design studies, estimates of per

tem developmentGoals 2012 and beyond

hnology R&D - Specification of wideband feedback system technic

hnical analysis of options, specification of control system requirem

ingle bunch control (wideband, within bunch Vertical plane)- Requ

ontrol algorithm - complexity? flexibility? Machine diagnostic techn

undamental technology R&D in support of requirements -Kickers and p

ideband RF instrumentation, high-speed digital signal processing

elop proof of principle processing system, evaluate with machine m

tem Design Proposal and technical implementation/construction p
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cloud Effort

Feed bashimiye, C. Rivetta, D.Van Winkle
(SLAC -PUB-13634, May 18, 2009. 4pp.
Prese

Simu Vay, John Byrd, Miguel Furman,
Marco icle Accelerator Conference (PAC 09),
Vanco

INITI -DRIVEN INSTABILI-
TIES ey, USA W. Hofle, G. Rumolo, CERN,

Gene -8 May 2009.

Perfo band Instability Analysis1 R.
de Ma an, G. Rumolo, B. Salvant, U. Wehrle
CERN

WEB  and Cornell)

Feed

E-clo hop 08

Obse loud Mitigation Workshop 08

Expe p 08

Prog kshop 08

Eclou A, CM13 meeting Port Jefferson L
SPS Ecloud/

Recent Publications and Talks from the LARP E

back Techniques and Ecloud Instabilities - Design Estimates. J.D. Fox, T. Mastorides, G. Nda
), J. Byrd, J-L Vay (LBL, Berkeley), W. Hofle, G. Rumolo (CERN), R.De Maria (Brookhaven). SLAC

nted at Particle Accelerator Conference (PAC 09), Vancouver, BC, Canada, 4-8 May 2009.

lation of a Feedback System for the Attenuation of E-Cloud Driven Instability Jean-Luc 
 Venturini (LBNL, Berkeley, California), John Fox (SLAC, Menlo Park, California) Presented at Part
uver, BC, Canada, 4-8 May 2009

AL RESULTS OF SIMULATION OF A DAMPING SYSTEM FOR ELECTRON CLOUD
IN THE CERN SPS J. R. Thompson?, Cornell University, Ithaca, USA, J. M. Byrd, LBNL, Berkel

va, Switzerland Presented at Particle Accelerator Conference (PAC 09), Vancouver, BC, Canada, 4

rmance of Exponential Coupler in the SPS with LHC Type Beam for Transverse Broad
ria BNL, Upton, Long Island, New York, J. D. Fox SLAC, Menlo Park, California, W. Hofle, G. Kotzi
, Geneva Presented at DIPAC 09 May 2009

EX Ecloud Feedback mini-workshop August 2009 (joint with SLAC, CERN, BNL, LBL

back Control of Ecloud Instabilities, J. Fox et al CERN Electron Cloud Mitigation Workshop 08

ud feedback activities for the SPS and LHC, W. Hofle CERN Electron Cloud Mitigation Works

rvations of SPS e-cloud instability with exponential pickup, R. De Maria, CERN Electron C

riments on SPS e-cloud instabilityGiovanni Rumolo, CERN Electron Cloud Mitigation Worksho

ress on WARP and code benchmarkingMarco Venturini, CERN Electron Cloud Mitigation Wor

d and Feedback - Progress and Ideas, J. Fox Et al LARP CM12 Collaboration meeting Napa C
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1E1 ata)

Inje ble)

Mov (stable)

Mov #119 e-clouds)

Mov al signal by slice

Mov

Mov ntroid

The f the system

We  feedback control
SPS Ecloud/

Movies of June 16, 2009 SPS MD

data at 1E11 P/bunch, with three chromaticity values (.1,.2 and -.1

-processing includes equalization (cable response), suppression o

(www.slac.stanford.edu/~rivetta/e-clouds/movies_Au

also inhttp://www.slac.stanford.edu/~dandvan/e-cloud

1 P/bunch, 25 ns separation, 72 bunches/batch ( June 2009 MD d

ction of batch 1 ( stable) followed by 2nd batch ( which goes unsta

ie 1-Vdspl_bunch_47.avi    Vdisplacement for bunch 47 1st batch  

ie 2 -Vdspl_bunch_119.avi Vdisplacement for bunch 47 2nd batch (

ie 3 - tune_s.avi    Sliding Window spectrogram of Bunch 117 vertic

ie 4 -centroid.avi Centroid tune shift along 620 turns

ie 5 -rms.avi        RMS of slice motion with respect to the bunch ce

se animations help show the complexity and non-linear behavior o

need to extract simpler model dynamics to use to design/estimate



TMCI CM-14 April 2010

Vide on of slices respect to the
cen ble. The RMS value is high,
inte scillation around the peak of
the 

Vide batch for run 51. Notice the
simi ons?

Vide e evolution and RMS of the
vert h is unstable. The RMS value
is h ent evolution pattern of this
bun  Video1).

Vide run 51. The bunch is stable.
The

Vide 7 of the 1st batch for run 51.
The ne shift

Mor

Criti h rates, tune shifts, internal
mod
SPS Ecloud/

Movies, Continued

o1: Tune evolution and RMS of the vertical displacement (moti
troid) of bunch 47 of the 2nd batch for run 51. The bunch is unsta
nse oscillations, and significant tune shift. Notice the bunch wide o
RMS value. (behavior similar to the RMS.avi movie)

o2:Comparison of tune evolutions of bunch 45 and 47 of the 2nd
larities of both evolutions. Similar Ecloud density and intial conditi

o3: (The data was taken at unknown time after the injection). Tun
ical displacement of bunch 47 of the 2nd batch for run 48. The bunc
igh, intense oscillations, and significant tune shift. Notice a differ
ch from those with  digitalization which began at injection (such as

o4: Tune evolution and vertical RMS of bunch 5 of the 2nd batch for
 RMS value is low, small oscillations, no tune shift.

o5: Tune evolution and RMS of the vertical displacement of bunch 4
 bunch is stable. The RMS value is low, little oscillations, and no tu
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cal data to estimate - required sampling rate (bandwidth), growt
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