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* Analysis of BPM data taken in December 2017.

« BPM resolution calculation along the beamline.

» Using SVD technics to extrapolate charge-related
physical effects along the beamline.
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BPM resolution calculation

dlk dll d12 di;tk,l d1N V4
d2k — d21 d22 di;«ék,z dzN V2
de dMl sz di;tk,l dMN VN

d, D, V

d. = measured displacement in BPM £ for machine pulse i

M = number of machine pulses

N = number of BPMs
v = correlation coefficients between all BPMs and the one of interest
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Cavity beam position monitor system for the Accelerator Test Facility 2
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BPM resolution calculation

SVD(D,)=USV"'
- D, =VS'U
dk:Dk'V - V:Dzl'dk

Position residuals vector: R = dk —D,-v

SR}
M
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BPM resolution calculation

Resolution of all of the BPMs along the beam line using data from December 2017

==

Resolution, q=0.15e10
Resolution, q=0.21el0
Resolution, q=0.27e10
Resolution, q=0.39¢e10
Resolution, q=0.45e10
Resolution, q=0.48e10
Resolution, q=0.51el10

S

AN\

10 20

January 23rd 2018

30 40

s (m)

Runl

Vertical resolution (um)

102

10!

100

101+

1072

60 70

Resolution of all of the BPMs along the beam line using data from December 2017

80

Resolution of all of the BPMs along the beam line using data from December 2017

102

10!

100

Vertical resolution (um)

Resolution, q=0.038e10
Resolution, q=0.043e10
Resolution, g=0.092e10
Resolution, q=0.16e10
Resolution, q=0.28e10
Resolution, q=0.40e10
Resolution, q=0.48e10

N

1072

10 20

30 40 50 60 70
s (m)

Run2

|

Resolution, q=0.098e10
Resolution, q=0.15e10
Resolution, q=0.262e10
Resolution, q=0.30e10
Resolution, q=0.37el10
Resolution, q=0.43e10
Resolution, q=0.47e10

10 20

30

40
s (m)

Run3

50 60 70

80

80




BPM resolution along the beam line - vertical plane

Average resolution of BPMs along the beam I|ne comparlson between june and December 2017
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Improvement of the average BPM resolution.
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BPM resolution dependence with charge — vertical plane

. Vertical resolution for BPM MQD10BFF (s = 60.92m)
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Singular Value Decomposition

d, d, - dy q
D= d,, d,, -+ d,y q

dy, dy, = dyy Qqy

d. = measured displacement in BPM £ for machine pulse i

M = number of machine pulses
N = number of BPMs
g. = charge of pulse 1
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SVD - Adding charge information

D=| "2 Adding charge
: : Information

d. = measured displacement in BPM £ for machine pulse i

M = number of machine pulses
N = number of BPMs
g. = charge of pulse 1
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Charge evolution - different charge state every 100 pulses (clean)
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SVD - Detalls
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Charge evolution - different charge state every 100 pulses (clean)
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SVD - Singular value spectrum

561 0 ) diag(S) represents how strong the correlations
) :
2 : are between parameters.
S= 0
. SN+1N+1 Vertical orbit singular value spectrum for ATF2 for run 1
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SVD - Spatial vector

January 23rd 2018

V is called “spatial vector”
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SVD - Spatial vector

V( end, : ) represents the amplitude of the
singular values (correlation with the charge).

‘@’ Singular values amplitude for charge correlation - vertical plane
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SVD - Spatial vector

V( end, : ) represents the amplitude of the
singular values (correlation with the charge).

‘@’ Singular values amplitude for charge correlation - vertical plane

Amplitude

Vertical plane
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SVD - Spatial vector

V( :, 6 ) represents the amplitude of

Vi Vin+1
v=| Va Voner | the charge correlation along the
: : beam line.
VN+11 VN+1N+1

Spatial vector corresponding to the 6th singular value - vertical plane
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SVD - Spatial vectors

Spatial vector corresponding to the 6th singular value - vertical plane
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SVD - Spatial vectors

Spatial vector corresponding to the 6th singular value - vertical plane Spatial vector corresponding to the 6th singular value - vertical plane
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Reconstructed matrix

Reconstructed matrix Dq keeping only 6" singular value
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Surface plot Runl

Vertical orbit (um)
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Surface plot Run3
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Vertical orbit distortion

MQF4X 14.490 46.86 41.48

BPM name s(m) dq (umI/nC) dq (um/nC)
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Vertical orbit distortion

MQF4X 14.490 46.86 41.48

“ Let’s introduce: dqthe orbit
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e Knowing the charge-linked physical effects, assess incoming
beam jitter from experimental data.

e Implement a Dispersion Free Steering (and Wakefield Free
Steering) correction in ATF2.

e Pursue the studies using the SVD calculation technics using
these correction schemes.

e Reproduce in simulation the observed phenomena.
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Backup slides - Surface plot Runl

.Reconstructed matrix D, keeping only 6" singular value

401 i

Vertical orbit (um)

10 20 30 40 50

BPM number

January 23rd 2018 CLIC Workshop 2018 30



Backup slides - Surface plot Run3

Reconstructed matrix D_keeping only 6" singular value
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Twiss parameters for the nominal ATF2 lattice (Version ATF2 v5.2-MadX.tcl)
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