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Motivation ":'i\”'\'ﬂ_

BERKELEY LAaB

* ldea is to use the correlation between BPMs to reduce the
statistical noise of individual BPM measurements.

< Originally developed for LINACs (single pass beamlines), makin
]yse r(])_f statistical averaging over many shots — Very good metho
or this case.

“ Also applicable to storage rings (averaging over many turns). Most
applications in that case are not model independent anymore
(comparison with model necessary). Compared to response matrix
analysis it requires better knowledge of BPM calibration/tilt. Phase
advance measurements are achieving the noise reduction by
analyzing with a fixed frequency (either known from the excitation
or measured using many BPMSs).

“ ldeally should make it possible to precisely measure nonlinearities
In transfer maps (not demonstrated, yet).

“ Will first talk about LINAC case and later show some examples
from storage rings (ATF, PEP-II, ALS).
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Components of MIA — |

% Courtesy of C.-X. Wang

Weral theory

9 Perturbative view of BPM readings
==> Physical base decomposition

noise reduction

9 Principal Components Analysis via SVD{

D.o.F. analysis

9 Physical base decomposition using temporal patterns

9 Kick analysis, Wronskian determinant evaluation, etc.
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Making use of BPM correlation > | ‘

BERKELEY LAB

% Courtesy of C.-X. Wang

s AIRBPIVIS are at the same location

e BPVMsare separated by drift spaces

» BPMs are separated by magnets etc.

* Known the exact transformation maps
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Singular Value Decomposition N

BERKELEY LAaB

s Any Matrix M can be decomposed (SVD)
M =UBNV =>GoV

< Where U and V are orthogonal matrices (lLe. U ' =1, VIV' =1 )
and S is diagonal and contains the (o,) singular values of M.
s Examples:
* M is the orbit response matrix
e U contains an orthonormal set of BPM vectors
« V contains an orthonormal set of corrector magnet vectors
M is a set of many (single turn/single pass) orbit measurements
« U contains an orthonormal set of spatial vectors
« V contains an orthonormal set of temporal vectors
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Singular Value Spectrum

“ Real physical modes
(sine/cosine,
nonlinearities)

“ Faulty BPMs
(individual)

“* Noise Floor
(of all BPMSs)

% Some BPM with
different noise

(SLC example,
C.-X. Wang)
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Normalized Singular Values (pm)
o3

10 > coherent signals

. ‘/ noisy BPMs :
“¥ noise floor. better/worse BPMs
2. .
. \ \
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Spatial Singular Vectors fm\m‘l

BERKELEY LAaB
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< Spatial vectors \
‘ ‘ betatron motion

e Combine first two Y

] : + mixing of others
to get betafunctions /

* |dentify faulty BPMs . I T .
 |dentify additional '

#2:9.017
o
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Degree of Freedom Analysis .. ||

< Watching the evolution Betatron modes
of singular values 140 1
along a beamline
allows to locate bad
BPMs and especially
to find the onset of
new physics
(wakefields, ...)

120

100

o New DOF |

oisy BPMs

y

60 |

(SLC example, C.-X.

Wang) .

Unnormalized Singular Values (um)
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Temporal Analysis
py—

*» If you know the
temporal pattern of
external quantities,
you can filter the

system response Consider an ensemble of BPM readings given by

to those guantities {fp = Azpfe + Aypfy, |p=1,--+, P}
o Examp|e: know Suppose we know the temporal patterns f, Az, and Ay.

measured To extract f, and f,, compute (Azf), and (Ayf),

bunchlength, find - B neAe)

wakefield kicks [ 7 f)] = [ el ] [ ]

s Energy,
displacement, ...

< Can be used by fa:] = [ (Az?)  (AzAy)]” [(Aszf)
dithering quantities -~ [(AyAz)  (AyP) (Ayf)

Inversing the matrix gives the solution:

s Courtesy of C.-X.
Wang
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Singular Value Spectrum P | |

Reducing the random noise
using Singular-Value
Decomposition (SVD): 12

10 > coherent signals
where to cut noige

|dentify the noise floor and
zero the corresponding
singular values

Re-multiply the matrices to
generate noise-cut

Random noise is reduced by
a factor of

Normalized Singular Values (pm)
o3

d 2t \ ¥
M D 1 ] 1 1 ] ] e
-?- 20 40 60 80 100 120
543343 singular value index

(SLC example, C.-X. Wang)
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Simulated application: SLC wakefield kicks

*» Kick analysis of
spatial data allows
location of wakefields
(in simulation) due to
bunchlength jitter

» Requires knowledge
of unperturbed
betatron trajectory
(can be measured
with MIA, e.g.
dithering corrector at
start of beamline)

(SLC example, C.-X.
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4} Twakefield kicks |

B-5E
BEIAE

Kick analyzis of bunch length vector

- ]
r r:}l illi‘

BERKELEY LAaB L

and of incoming beam phase vector

5

_E-

0 M inpflpfn i

20 40 B0
BFM index

10% bunch length jitter

0 20 40 G0
BFM index

0.5 phase jitter

Wang)

|
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Storage Rings: ATF example rz}l\'"}

BERKELEY LAaB

[ Figenvalus

< First tests, started
dispersion/coupling

40000 ¢

correction based on 30000 |

20000 ¢

MIA results

.

Mode number

50 100 150

(WOlSkI y ROSS, Figure 1: Eigenvalues from SVD of 7000 orbit vectors.
WOOd Iey’ N e Ison) 3.1 Betatron Modes

The modes corresponding to the first two eigenvalues are
Vert. Orbit (Arb. Units) shown in Figures 2 and 3.

EFH thaber M ULWB Mm ”'J“"A“u‘%rﬂ‘ﬁj

HKI 50 ‘IL( 1 ]TF'WWHJ&"‘

Figure 2: Mode corresponding to first eigenvalue.
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BPN Number Figure 3: Mode corresponding to second eigenvalue.
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Storage Rings: PEP-Il example ”,'}I\*q

BERKELEY LAaB

1 O | ———
s+ Has been used to o g!,h,l*41!'-Ngw,'ﬂhﬁ'lgﬁ.-,.-J'. f‘!-f'~*uf.Iafn,wfb~,rl,.~i.1-u-.,ﬂ,itu-!;|lf|; > O~y W
CorreCt beta beatlng 2 100 : 200 :-moI 400 - 100 200 a0 400
< Identify (SVD) four 5 i T
independent modes < 0 JMIWIAY 1l WMWY P ~"f '
(coupling) for I - y P S 4
horizontal excitation i s s ; zo o B B o
and four for vertical L0
excitation. "
’:’ Calculate phase 10 100 200 300 4no 1U 100 200 300 400
advance and local B TR e
Green'’s functionson ~ . | J gl (11010
those ‘Cleaned’ B~ 100 - 200 300 400 n 100 200 300 400
modes ] BPM Sequence number BPM Sequence number
& Ci - Figure |: Four independent orbits extracted from PEP-II
* ggtlaattlce model to LER BPM buffer data. The first two orbits (x1. y1) and

_ _ (x2, y2) are extracted from beam orbit excitation at the hor-
(Yan, Cal, |I'W|n) izontal tune while the other two orbits (x3. y3) and (x4. y4)

are from excitation at the vertical tune.
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Storage Rings: ALS example

MIA test for ALS
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* MIA not used routinely so far

R

» Beta function measurement

fast, but in turn-by-turn mode

200

BPM gain errors large — would

have to calibrate BPM gain
Independently
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s Coupling terms visible in spatial
vectors, could be used for coupling
correction

s With BPM types at ALS response
matrix analysis seems to be more
accurate.
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Summary ‘

“* MIA makes use of correlation between readings of multiple BPMs (or
for multiple measurements) to reduce noise

% Useable for LINACs/beamlines and storage rings (multiple single
turn measurements)

*» Applications at LINACs appear very useful, but has been used
successfully at storage rings as well (ATF, PEP-II).

* Those applications typically are not model independent anymore but
require comparison with machine model (to compute corrections).

*» In the storage ring cases a disadvantage over response matrix or
phase advanced based methods is that one has to rely more on the
correct absolute scaling and tilt of BPMs. Demonstrated level of
optics correction so far not as good as the other methods (though
MIA has only been around for a few years).
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