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Motivation

Improve current workflow for frequency and optics measurement

Add TbT data processing, anomaly detection and noise estimation

]
]

m Accurate frequency measurement

B Amplitude and phase measurement with error propagation
]

Optics measurement from amplitude and phase
Ay
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VEPP-4M BPM System

Bekhtenev, E. A., Karpov, G. V. & Piminov, P. A.

A beam-position monitor system at the VEPP-4M electron-positron

(2017)

collider. Instrum Exp Tech 60, 679-685
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TbT Analysis Workflow

Anomaly
Input —_— .
Detection
Noise — Flagged —_—
N
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TbT
Filtering

|

Frequency

Amplitude

— Synchronization
Phase

Optics
Inference
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TbT Processing

TbT cleaning with SVD
M = UXVT — keep selected number of singular values

Signal representation in the matrix form (Hankel-Prony)
S1 S S3 S
S2 S3 S4 S5
S=1[s15 5351555 S7 58] > Ms=|s3 sa s5 sp
S4 S5 S St
S5 S¢ St Sg

Individual signals filtering
S Msg=UxVT - Mg — S

Optimal SVD truncation

Matan Gavish and David L. Donoho, The Optimal Hard Threshold
for Singular Values is 4/\/§ 2014
VEPP-4M
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Imation

BPM Noise Est
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Anomaly Example e

What is an anomaly?
Something that deviates from what is standard, normal, or expected.
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How to take anomalies into account?
Remeasure, flag and exclude, use robust estimators. g
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Frequency Measurement Example
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Signal Decomposition & Parameter Estimation

Quasiperiodic decomposition

Y
x(n) = (cmcos(2mvmn) + smsin(2rvmn)) =

m=1
M

Z am cos(2mvmn + ¢pm)

m=1

Estimation of parameters

N N
2 2 )
e = gy D x(n)cos2nvam). sm = ;3 x(n) (2o
n=

n=1

VEPP-4M )



11/18

Amplitude Measurement
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Phase Measurement
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Optics Measurement e
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m (32 and 8¢ ~ 20% deviation from model

m 32 and 3¢ ratio ~ 15%

VEPP-4M )



Conclusion e

m Data processing and noise estimation

m Accurate and robust frequency measurement o, ~ 107°

m Amplitude (< 5%) and phase (=~ 5%) measument with error
propagation

m Robust action estimation

m 32 accuracy ~ 5% @ ~ 20% deviation from model

B (3% accuracy =~ 10% @ = 20% deviation from model

m 32 vs 8% ratio =~ 15%

o)

VEPP-4M
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Signal Processing Example
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Spike Anomalies
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Systematic Anomalies
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BPM Synchronization
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Synchronization Example
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Frequency Estimation

log 10 [DTFT||

log 10 |DTFT||
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Action Estimation
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