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he model of the main linac

1.) Perfect aligned beam line a.) 2times x; ->2 times amplitude
-> 2 times
b.) x; and x; are independent
i Laser-straight — Linear system without ‘memory
beam
QP, BPM, Vi h o Xy
Yo || 5 (R Xy
2.) One misaligned QP :
—> y=Rx
........ >
Betatron- y ... vector of BPM readings
_ oscillation X ... vector of the QP displacements
X; Vi X{(=0) y; (given by the beta R ... response matrix
function of the
lattice)
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The matrix R

* N’s Columns correspond to the measured

beam motion in the linac, created by the £ 7 A R Nih”l
N’s QP \é 1.5- ‘

«  Motion is characterized by = | ‘ "‘” “‘ il
P(s) and % 1

« Ris ‘nearly’ triangular and the elemets °3

close to the diagonal are most important.
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columns of R [1] rows of R []_]

[ ]
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Robustness study and properties of the
sysiem

Robustness study [1]:

» Feedback with nominal R applied to
not-nominal accelerator

« Simulations of the feedback
performance in PLACET [2]

« Feedback was the dead-beat
controller (see next slide)

Results:

« QOutcome was a table of still valid
accelerator parameters

 Message:

by itself
against imperfect system
knowledge

System properties summarized:

* Main linac is a discrete memoryless
FIFO system (simple), but MIMO

A, — 7 LB 112y L on,
JI. ) J.Lk.l"‘_-l. 1 Lr"I.J 1 JL-I.

« The system in in principal easy to
control, since there is no inner
dynamic (dynamic just by feedback).

Character of the control problem:

» Classical feedback design objectives
as stability and set point following are
not important issues,

, due to
noise and disturbances and very good
e matters.

* Focus is more on precision and not
on robustness
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State controller

 |dea: Calculate the QP

positions of the last step n,
and correct them [3]. ul U s
. Corresponds to a state il [ R —
controller [4], that puts all ; ¢ /l\ it X | A
poles to zero (deadbeat J\? ARy =G (D 2! R o)
contr.) Z 'l
. 1 | Ji
S for function: Alternative state controller:
el Ea;'s 20 Ll . * Apply not full correction
R(z) = y( y = =R(R")™! (A —RE)D corr; = —(R*)™'(r; — ¥1)

 Deadbeat controller [5]:

- Very fast ground motion rejection and
set point following

- but introduces a lot of noise from the
BPMs in the system

but
gcorr; with0<g<1

« Factor g balances between
speed and noise, by moving to
poles further away from zero
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Emittance based controller [6]

« Idea: Emittance as a function of  Problem: Controller design uses
normalized beam macro particle macro particle coordinates that
coordinates at the end of the linac cannot be measured in reality.

N~y y=3yYy - Controller has to rely on

simulated data.

» Optimizing feedback for min.

emittance growth and min. BPM * Practical usefulness is

offset (quadratic sense) questionable and has to be
verified, by robust performance
evaluation.

e Resultis a
growth rate.

» Design uses SVD decomposition
but is not a SVD controller (no
diagonalization).
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ldea of an adaptive controller

«  Previous designs do not take into - 3 adaptive control schema [7]:
account system changes. - Model-Reference Adapt. Sys. (MRAS)
» Idea: Tackle problem of system - Dual Control
changes by an
STR
R; & gm,
» Lear about the system by: :
SE0 Bl y y Controller _ System -
- Input data design | identification |
- Output data
Param.
- Guess about the system structure "
% ui+
_| Controller > Accel':rator —Yi
+ Usage: -
- For system diagnostics and input for
different feedbacks (keep R as it was)
- Input for an online controller design Adaptive Controller (STR) System
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System identification

« Real system: M « QGoal:

Vi =gl \
Fit the model system

In some sense to the

« Model system: #
Vi = ﬁiui + ﬁigmi + n, % real system,

M=~M

u; ... Input data

¥i ... Output data

gm; ... Ground motion

n; ... white and gaussian noise (always here)

using u; and y;
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RLS algorithm and derivative

LS calculation can be modified

e M =~ M cane.g.be
for recursive calculation ( )

formalized as

min{(y; — ﬁi)T(yi - ¥} 0, =0, 1+ Ky —"f’):ﬂgr}
- Offline solution to this P = (1= k-obipit
by Ay rJ

pseudo inverse (Gauss): .« is a forgetting factor for time
G =(@"Dd)1oTY varying systems
- . » Derivatives (easier to calculate)
¢ ... Estimated parameter ProjectionialgoriinTENE
@ ... Input data J _ 9 _ _

- Stochastic approximation (= )

Y ... Output data
- Least Mean Square ( )
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Computational effort

* Normally the computational For the linac system ¢: and

effort for RLS is very high. g; have a simple diagonal
form.
« For most general form of linac
problem size: »  The computational effort can
- Matrix inversion (1005x1005) be reduced strongly
- Storage of matrix P (1 TByte) - Matrix inversion becomes

scalar inversion

« Therefore often just
simplifications as PA, SA and
LMS are used.

 Full RLS can be calculated
easily
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Modeling of the system change

* Noise/Drift generation

Random J Kk ,( > . =d>_, >1 |
number
white and gaussian  white noise 1/f noise 1/f2"noise
g=1 a =k g o kt CJ'D'th‘\{E

« Parameter of noise (for similar emittance growth; AT = 5s):
- BPM noise: white noise (k = 5x10-8)
- RF disturbance: 1/f2 drift (k = 7x10-4) + white noise (k = 1.5x10?)
- QP gradient errors: 1/f2 drift (k = 4x10-6) + white noise (k = 3x104)
- Ground motion: According to Model A of A. Sery [8]

« RF drift much more visible in parameter changes than QP errors
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First simulation results

[—r0:() | e AT =5s

| ——"710,1(¢) (estimated)

« A=0.85

R changes
according to

last slide
PR S N N s S s S S » Ground
50 100 150 200 250 300 350 400 450 500 motion as by
t sl A. Seri
- Identification of one line of R and the gm-vector d (model A [8])

« Simulation data from PLACET
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Forgetting factor A

0.0% | | | | |
0.04 1r | ——do00 ()
003l 0.8 1 ——digpo, (t) (estimated) | -
0.02q — Ej: R V B V
= o.01] - 0.2k
—0.01f S -0.2r
—0.02 e gy (8) _2:
~0.03} | i) (estimated) | ol
o 100 200 00 400 500 ! 160 200 300 150 500
tls t Is]
o d,o: A to big (overreacting)
0.2r- . .
0.1F- d500- A fItS
= o dyg00: A is to smalll
S -0.2r-
"‘?—0.3——
| R
D T | => Different positions in the linac
-0.6f w01 (f) (estimated) | R )
should use a different A (work)

t [s]
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Problems with the basic approach

Problem 1: Excitation

 Particles with different
energies move differently

« |If beam is excited, these
different movements lead
to filamentation in the
phase space (Landau
Damping)

« This

=> Excitation cannot be
arbitrary

Problem 2: Nature of changes

T
0.25- —ra15,1 (t)
a 2- —— 3151 (t) (estimated)

0.15
0.1
0.05

r315,1 [1]

-0. 05"
-0.1f
-0.15}
T
-0.25- e

« No systematic in system change
« Adding up of many indep. Changes
« QOccurs after long excitation
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Semi-analytic identification scheme

Excitation Strategy: Practical system identification:
* Necessary excitation cannot -« Just parts of R can be identified

be arbitrary, due to emittance 3
increase

« Strategy: beam is just excited I O
over short distance and caught I
again.

-1

« Rest has to be interpolated

-  Beam Bump with min. 3 kickers - Transient
Is necessary - Algorithm to calculate

from BPM/R data

&

. Jurgen Pfingstner Status of the Beam-Based Feedback for the CLIC main linac ‘




@ CERN, BE-ABP (Accelerators and Beam Physics group)

Model of the transient Landau Damping

. Approach [9] Result: (Kick at 390 and 6350m)

< x(t) >= f x(t,8) pdf(8) dé _sz;: |
B ::g:z g
« Limitation: Works just for e
time independent energy o (=]
distribution gij |
pdf(8,t) = pdf(t) T | | ‘W’W“W’W“W“ """ "H"HWWWHW“
v e
- Not the case at injection
into linac => fit to data ; s : ;

s [m] x 10*
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Open questions

« Strategy of (' in an way, that the knowledge about the
disturbance signals is best possible used.

« Gaining knowledge of the of the beam
without loosing to much beam quality.

» (Getting more detailed the nature of many

to tailor the algorithm accordingly (not only RLS is
possible).
Resume
« The approach of an adaptive controller is in , but

« There are many accumulating inaccuracies as:
- Landau Model
- Phase advance reconstruction
- Remaining Jitter in the estimated model
- Undeterministic propagation of disturbances
« Hopefully these inaccuracies do not destroy the practical usability!!!
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Thank you for your attention!
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