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‘, RESO'UUO” EStlmaUDn rESU‘tS Taking a long set of data in a single beam position:

P = 1000 is the number of pulses
M = 20 is the number of BPMs used

d=D-v
Model Independent Analysis:
di doo dio -+ digo -+ dyo) (v,
d dy, div ... d .o d Vi
cBPM measured values —— {d = ?1 .11 l%k’l ]E/H 3 «<— correlation coefficients
Vv
dip dop dip .. digp .- dyp M

T

stripline BPM measured values

To find the correlation coefficients: v =D7'-d where the inverse of D is calculated using the SVD method:  SVD(D) = USVT

l

D—l — VTTs—lUT

And the resolution is estimated with the rms of the residuals: /0 \

P R? -V

The residuals between measured position and estimated position are calculated as R=d-D: v

O —

BPMs taken: up-stream: ML1L .... ML15L, ML1P, ML2P, ML3P; down-stream: ML4P
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. Resolution estimation results
B) Selecting a specific part of the data cirst 400 bunches
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. Resolution estimation results
B) Selecting a specific part of the data

Last 600 bunches
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Correlation with cBPM
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Resolution estimation results
() Removing BPMs from the study
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Correlation with cBPM

Based on correlation coefficients
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Calculated with

np.corrcoef (matrix)
from the Covariance matrix
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() Removing BPMs from the study
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Resolution estimation results
() Removing BPMs from the study

Based on correlation coefficients

MIA resolution for S5 res 006_IFIC_Y 1DC
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Resolution estimation results Based on the BPMs resolution

Histogram with all BPM residuals
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. Resolution estimation results

Measured position (um)

() Removing BPMs from the study

—40

—60

_80 -

—100

Ul
o
1

IS
o

# Events

J

.Wi

l "

|
I

it

I

0 200 400

600

Bunch number

800

1000

W
o
1

—100 —380

INSTITUT DE

pp=pp=—
167 1 b Corruscuiar

—60
Measured position (um)

s 0=1.03e+01um
—== Mean =-68.07 um

—40

Estimated position (um)

Based on the BPMs resolution

After removing BPMs
ML2P and ML4P

MIA resolution for S5 res 006 IFIC_Y 1DC

~40

—50

—60

_70 -

_80 -

—90

—100

# Events
= N w D un (@)
o o o o o o
| | |

o

| 10
511 | I '!'p
| BRI Ly RN
= |
N 0 -+ L ; N —
O L
T _g u“l L 11y lll“ ll
4 |
I Q
d
| —10 |
0 200 400 600 800 1000 0 200 400 600 800 1000
Bunch number Bunch number
7 0=9.82e+00um B ogms = 3.00e + 00um
60 -
2
S 40
>
LLl
H
20 -
O_

o0 -90 -80 -70 -60 -50 -40

Estimated position (um)

—-10 -5 0 5 10
Residual (um)

L. K. Pedraza - PhD34: resolution analysis

with similar errors

10



Introduction

|.  Resolution estimation results
A) Resolution calculation with Pseudo-inverse
B) Selecting a specific set of data

PhD34 - RESD'UUDH II. Pseudo-inverse method limitations

Aﬂa‘ySiS A) Pseudo-experiments
B) Resolution as a function of beam position

C) Resolution as a function of bunch charge

I1l. Calibration corrections
A) Compensating for stripline electronics amplitude difference
B) Inclusion of the profile monitors
C)

Conclusion




60 A

40 A

20 A

0

40

N
o

0

Numer of events
()]
o

H
o

N
o

0

60 A

40 4

20 A

0

. Pseudo-inverse method limitations

Contribution of the resolution of other BPMs:

The previous method is employed for all BPMs:

[ 0=11.05 60 - [ 0=11.39 [ 0=8.07 [ 0=9.58 60 - [ 0=7.70
20 - 40 40 401
20 - 20 20 20 1
T T T 0 — T T T T 0 T T T O a T T T o T T T
-20 0 20 -20 0 20 40 -20 0 20 -20 0 20 -20 0 20
ML1L ML2L ML3L ML4L ML5L
60
1 0=6.78 60 ~ 1 0=11.35 [ 0=1047 CJ o=11.58 1 0=9.40
b i 40 H 40 +
40 1 40
1 20 20 20 - 20 -
T T T T T" = 0 T T T T o T 0 S T T T 0 o nm T T T o O T T T
-20 -10 0 10 20 -40 -20 0 20 40 -20 0 20 -20 0 20 -20 0 20
ML6L ML7L ML8L MLOL ML10L
60 A 60 A
. [ o=11.81 I 0=10.56 3 0=11.09 — 0=10.07 1 0=9.89
1 40 A 40 - 40 A 40
| 20 1 20 - 20 1 20 1
T T T T nrr|_| 0 — T T T [ 0 m T T T — O =0 T T T 0 O f=0 T T T
—-40 -20 0 20 40 -20 0 20 -20 0 20 -20 0 20 -20 0 20
ML11L ML12L ML13L ML14L ML15L
1 0=975 1 0=26.60 | 601 1 0=1591 | gQ- = o=501 | 007 1 0=24.52
40 H |
40 ~ 40 - 40
20 20 4 20 4 20 -
T T T 0 T T T o 0 T T T T T 0 T T T T o =0 T T T m
-20 0 20 -50 0 50 -50 =25 0 25 50 -20 -10 0 10 -50 0 50
ML1P ML2P ML3P Saclay ML4P

Residuals (um)

Stripline BPMs showed resolutions between 7 um and 25 um, while
the CEA-Saclay cBPM has shown to have a resolution of 3 um under
these beam conditions.
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Uncertainties on the correlation coefficients from MIA:

* Analytically:
from the square root of the diagonal elements of the covariance
matrix Cov(v), where H ” 2

Cov(v) = o2 [D'D] -1

T —1
- ID'D]

assuming measurement noise in the cBPM is uncorrelated across
pulses.

* Via Bootstrap method:
resampling pulses from d and D with replacement and
recalculatingv=D""!.d

Comparison of Correlation Coefficients

o
o

1 W v (analytical) i
¢ v (SVD+bootstrap)

> 0.5
5 0.4
T 0.3
O
502
@)
x x x &
01 g ® % x x = * ¥ * 2 2 . *
Y MY Y Y Y Y PO PPYY YN Y S



|. Pseudo-inverse method limitations

Estimated lower limit resolution:

Influence of BPMs resolution and correlation coefficient errors on the resolution

estimation: Table 2: Resolution error contributions breakdown from
d=D-v pseudo-experiments method (in um).
dio doo dro -+ digeo -+ Ayo Vo Meas. res Resolution error
dkl B dOl dll S di;ék,l 5o o dMl V1 o Oerr,BPMs Oerr,v Oerr
I ' 5 S“éflllmes 4.17 3.30 078  3.44
dp) \dyp dip ... dyp ... dyp] \"M o Sgday
“BPM 2.98 2.34 0.59 2.46
To find the correlation coefficients: v=D"1.d _ done for all events

= For a given bunch i and a simulation I: We simulate the noise with ¢,,,;,; and ¢, in E;; which is added to D; and v;:

trip,i

Vv where D

The simulated estimation positionis: D Py

=D, +E,,;; and vy, ;=V,+E

sim,l,i sim,l,i

The simulated residuals between measured position and estimated position are calculated as: Ry, ;; =d; = Dy i Vi

We observe the standard deviation of the residuals for a given bunch i across all L simulations:

Cresiduals,iRiim,1,i) Performing simulations over several bunches, determines the expected resolution error.
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|. Pseudo-inverse method limitations

Runs no. 1 to 9 on shift 5
consisted on resolution
measurements at different
beam positions for both BPMs
simultaneously.

The estimated resolution + the
uncertainty on the resolution is
plotted here.

To be studied: why Saclay 1DC
and Saclay 2DC yield different
positions for a similar run?
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Runs no. 1 to 9 on shift 5
consisted on resolution
measurements at different
beam positions for both BPMs
simultaneously.

The estimated resolution + the
lower limit on the resolution
estimation is plotted here.

We are also investigating the
effect of the beam angle of
attack on the resolution
measurements.
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|. Pseudo-inverse method limitations
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|. Pseudo-inverse method limitations

Runs no. 10 to 14 on shift 5
consisted on resolution
measurements at different
bunch charges for both BPMs
simultaneously.

The estimated resolution + the
uncertainty on the resolution is
plotted here.
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|. Pseudo-inverse method limitations

Runs no. 10 to 14 on shift 5
consisted on resolution
measurements at different
bunch charges for both BPMs
simultaneously.

The estimated resolution + the
lower limit on the resolution
estimation is plotted here.

Differences between 1DC and
2DC are still under
investigation via simulations.
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|. Pseudo-inverse method limitations

(i

S5 res 006 _IFIC Y 1DC
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|. Pseudo-inverse method limitations
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|. Pseudo-inverse method limitations

The component T is plotted against the position, and angle of attack:

Y calibration for S5 calY 001 IFIC Y 1DC Y calibration for S5 calY 001 IFIC Y 1DC
P ® T=xo
0.20 A 0.20 A
2 .
Q 0.15 A 0.15 A
0.10 A 0.10 -
1 - ®
- - >
8 ® s ? L} ?
0 - 0.00 A 0.00 A
a = ® + ® = [ ) + *
O ® ® <>
& —0.05 | —0.05 -
] 0.10 0.10
. —0.1 —VU.
P=(—3.22e — 03)*pos + (—6.12e + 00), x2 = 2.27 _0.15 _0.15 -
—21 4 Pzxo )
—2600 —2400 —2200 —2000 —1800 —1600 —1400 —1200 —2600 —2400 —2200 —2000 —1800 —1600 —1400 —1200 —0.8 —0.6 —-0.4 —-0.2
Estimated position from screens (um) Estimated position from screens (um) Angle of attack (rad)
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|. Pseudo-inverse method limitations

9 - @
o
Runs no. 1 to 9 on shift 5
consisted on resolution 8
measurements at different
beam positions for both 7 -
BPMs simultaneously. These 3 e
can be used for evaluating 5. i
the angle of attack S
dependency as well. g 3 .
The estimated resolution +
the lower limit on the .- -
resolution estimation is o
plotted here. ..
- == Lower limit for resolution
. ® IFIC-1DC-Y —0—
—OI.65 —OI.60 —OI.55 —OI.50 —OI.45 —OI.4O

Beam angle of attak [rad]
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1. Calib

ration corrections
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Y2
Xy 2
Y1
The beam position is reconstructed as follows:
X~ X Y1—M2

x=3 y=23
X+ x4y + s "X+ X+ Y+,

Having the ADC raw data (and pedestals) and the measured position,
the Scaling factor can be determined.

X T X T YT Y X]TXH TV TW

X1 — X Y1— WM

L. K. Pedraza - PhD34: resolution analysis
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|]. Calibration corrections

Procedure to compute the scaling factor for a given BPM.:

* The measured position from the BPMs is extracted: x — is the “x_pos" registered in EPICS
y — is the "y_pos” registered in EPICS

* The ADC values are cleaned with the pedestals (the pedestals are constants per ADC channel):

X = chy — ped, X, = chy — ped, y1 = chy — ped, Y, = chy — ped,

X1+ X+ Yy + X +x+ v +
» An array containing the Scaling Factor per pulse is computed as: S.=x 1 THRTA TR S, =y 1 TR TN T
A1~ X2 Y1 =02

» The mean value (S, ,) and standard deviation o(S, ,) of the Scaling Factors are computed.

> The standard deviation v(S, ) shouldn't be zero? Why the relationship between the ADC counts and the measured positions

varies along the pulses?
> The following slides show how the Scaling Factor changes as a function of the pulse number.
This is particularly noticeable for S, of ML2P.
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[I1. Calibration corrections
A) Compensating for stripline electronics amplitude difference

How is the Scaling factor? ML2P s ciar

3600 - adc4
—— adc4 _clean

3000 A

— adcl
3600 - 2dc2 3400 -
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8 3000
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c 400 - x — - oo
O
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2 200 - y_pos i
% 8
Q £ -10000
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|]. Calibration corrections

A) Compensating for stripline electronics amplitude difference

How is the Scaling factor? ML3P

20004 adcl

T iz A A g
18004 —— adc3

— adc4

ADC counts
=
(@)}
o
(@)

1400 -
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2000 -
1500 A
\g 1000 -
C
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—~1000 -
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0 200
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[I1. Calibration corrections
A) Compensating for stripline electronics amplitude difference

How is the Scaling factor? ML4P oo ] — i ctean
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|]. Calibration corrections

How are the BPMs connected?
Different connection configurations are evaluated to see how the channels are connected to the BPM.
The relative error (in %) of the scaling factor can be evaluated ( o(S, )/v(S,,) * 100 ) for the different connection configurations

X: ch1 and ch2 X: ch1 and ch3 X: ch1 and ch4 X: ch2 and ch3 X: ch2 and ch4 X: ch3 and ch4

ADC configuration Y: ch3 and ch4 Y: ch2 and ch4 Y: ch2 and ch3 Y: ch1 and ch4 Y: ch1 and ch3 Y: ch1 and ch2

BPM MLZP 204.4 202.7 220.9 209.7 351.9 241.6
o(Sx) In %
BPM MLZP 14.1 21.4 14.7 7.1 1.3 5.4
o(Sy) In %
BPM ML3P

2.4 2. v/ 1.7 v/ 4.3
o(Sx) in % > 3 0
BPM MLBP 2.2 3.5 1.7 5.3 1.4 4.1
o(Sy) In %
BPM ML4P

1.7 2. : 10. : 2.0
o(Sx) in % 5 9.3 0.8 0.8
BPM ML4P 0.7 1.8 3.8 7.4 0.3 1.1
o(Sy) In %
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|]. Calibration corrections

Correcting the electronics gain:

The stripline electronics have slightly
different gains for the 4 channels.

So for same RF input voltage, the ADC
readout gives different magnitudes.

This can be compensated on post
processing by applying the correction
factors CF to each ADC channel,
compared to the channel that gives the
highest gain.

From the example of ML2P:
Chy corr = €y

Chy orr = Chy10.783547

Chs orr = Ch3/0.655341

Chy porr = Chy/0.889269
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ADC Readout of ML2P

20000 A

17500 A

15000 A

12500 A

10000 A

7500 +

5000 A

2500 A

RF Voltage Sweep vs ADC Channels of ML2P ML2P_900MHz_0dB_att

/home/atfopr/python_tools/data_hittite_power_ramp/2026 06 11 13 58 37 ML2P 900MHz_0dB_att
Fit: y = yO + A*x | Channel | yO +£ Ay0 | A = AA | AvgSTD | Norm
ML2P:adc:chl | y0=-3335.62+221.86 | A=56268.70+£1022.17 | AvgSTD= 6.743 | Norm=1.000000
ML2P:adc:ch2 | y0=-2796.26+196.42 | A=44089.17+904.93 | AvgSTD= 5.113 | Norm=0.783547
ML2P:adc:ch3 | y0=-2576.24+166.75 | A=36875.21+738.21 | AvgSTD= 5.258 | Norm=0.655341
ML2P:adc:ch4 | y0=-3008.54+208.98 | A=50038.01+962.84 | AvgSTD= 5.161 | Norm=0.889269
i
®
&
L 4
A J
)
<
&
0.125 0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325

RF Voltage [V RMS]
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|]. Calibration corrections

Correcting the electronics gain:

The stripline electronics have slightly
different gains for the 4 channels.

So for same RF input voltage, the ADC
readout gives different magnitudes.

This can be compensated on post
processing by applying the correction
factors CF to each ADC channel,
compared to the channel that gives the
highest gain.

From the example of ML3P:
Chy corr = €11/0.991049

Chy corr = Chy

Chs cory = Ch3/0.784026

Chy porr = Chy10.855764
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20000 -

17500 -

15000 -

ADC Readout of ML3P

7500 A

5000 -

2500 A

yl — Chl

RF Voltage Sweep vs ADC Channels of ML3P ML3P 900MHz_0dB _att

12500 -

10000 A

/home/atfopr/python_tools/data_hittite_power_ramp/2026_06_11 13 42 32 ML3P_900MHz_0dB_att
Fit: y = yO + A*x | Channel | yO + Ay0 | A £ AA | AvgSTD | Norm
ML3P:adc:chl | y0=-2023.59+161.36 | A=25295.04+418.05 | AvgSTD= 4.970 | Norm=0.991049
ML3P:adc:ch2 | y0=-2092.26+171.73 | A=25523.51+444.91 | AvgSTD= 4.576 | Norm=1.000000
ML3P:adc:ch3 | y0=-1674.32+130.95 | A=20011.10+339.26 | AvgSTD= 4.598 | Norm=0.784026
ML3P:adc:ch4 | y0=-1683.38+134.39 | A=21842.10+348.19 | AvgSTD= 3.430 | Norm=0.855764
O.|25 0.|30 0.'35 0.210 0.:15 0.'50 0.:'35

RF Voltage [V RMS]

L. K. Pedraza - PhD34: resolution analysis

50



|]. Calibration corrections

Correcting the electronics gain:

The stripline electronics have slightly
different gains for the 4 channels.

So for same RF input voltage, the ADC
readout gives different magnitudes.

This can be compensated on post
processing by applying the correction
factors CF to each ADC channel,
compared to the channel that gives the
highest gain.

From the example of ML2P:
chy cory = ¢hy10.815460
Chz,COI’I’ — Ch2/0716157

Ch3,6'01”7' — Ch3/0855236
Ch4,c0rr — Ch4
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X, = ch,

RF Voltage Sweep vs ADC Channels of ML4P ML4P 900MHz 0dB_att

/home/atfopr/python_tools/data_hittite_power ramp/2026 06 11 13 48 06 ML4P 900MHz_0dB_att
20000 A Fit: y = yO + A*x | Channel | yO = AyO | A = AA | AvgSTD | Norm
ML4P:adc:chl | y0=-1378.43+155.63 | A=20329.10+403.21 | AvgSTD=33.181 | Norm=0.815460
ML4P:adc:ch2 | y0=-1312.96+138.59 | A=17853.50+359.06 | AvgSTD=31.156 | Norm=0.716157
ML4P:adc:ch3 | y0=-1470.29+163.69 | A=21320.69+424.08 | AvgSTD=35.913 | Norm=0.855236
17500 ~ ML4P:adc:ch4 | y0=-1684.62+193.62 | A=24929.60+501.63 | AvgSTD=42.002 | Norm=1.000000
15000 -
& 12500 o
-
s
Yo
(@]
3 3
(o]
2 10000 -
@
o
Q
()]
<L
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0 1 | | | | 1 1
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|]. Calibration corrections

Corrected beam positions:

Procedure:

* The pedestals are removed from each channel:
X; = ch; — ped, Y; = ch; — ped,

» The scaling factor is calculated with the “clean” ADC channels:

Xp+X+Y+0 Xp+X+y+»
=X Sy =Yy
X1 — X2 Y1— 07"
* The correction factors are applied to each channel:
xi,corr = xi/CFi yi,corr — yl/CFl

» The corrected position is calculated from the “corrected” ADC channels and using the mean value of the Scaling Factors:

xl,corr _ x2,c0rr _ (S ) yl,COrr _ y2,corr
X1 corr + X2 com + Yeorr = ¥Ry + + +
1,corr 2,corr yl,corr yZ,corr xl,corr x2,corr yl,corr y2,corr

=v(S,)

'xCOI"I”
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|]. Calibration corrections

ADC counts

Beam position (um)

Y, = chy

X axis
X, = ch, X, = chy
° ° yl _> Chl
Corrected beam positions:
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|]. Calibration corrections

ADC counts

Beam position (um)

Corrected beam positions:
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= yi,corr — yl/CFl = ycorr — V(Sy)

Beam position (um)

Y axis
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ADC counts
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|]. Calibration corrections

Calibration results without correction:
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Measured position (um)

|]. Calibration corrections
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A) Compensating for stripline electronics amplitude difference
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|]. Calibration corrections

Calibration

results without correction:
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Calibration results without correction:
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|]. Calibration corrections

A) Compensating for stripline electronics amplitude difference

Resolution results without correction:
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korean cavity BPMs
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V. Lista de pendientes Analisis de datos ATF

< Calibracion:
- Mejorar calibracion con informacion de los ADC (striplines)
v Hacer calibracién con desplazamiento en pantallas
v Hacer calibracion quitando puntos de los extremos (res. pasa de 2.97 a 2.96)
v Sacar la informacion de T = f(a)
- Comprobar valores de f_DDC (comparar con resultados de codigo de JC)

< Verificar medidas 2DC:
- Verificar: calibracion (rango dinamico y errores), medidas a baja carga, comparar medidas 1DCy 2DC

<+ Pseudo-inverse resolution:
v Evaluar coeficientes de correlacion y eliminar BPMs con coeficientes bajos.
v Comprobar la estabilidad de la resolucion de los striplines para varios runs.
v Hacer plots de resolucion en funcion de: posicion, carga, angle of attack, time window
- Seleccionar distintas time windows (desplazadas) y ver efecto

< SVD mode analisis:
- Incluir informacion de la carga como una nueva columna
- Observar el lag puntual de cada BPM y corregirlo para ver si el analisis mejora (casi todos los lags son = 0)

“ Medir la carga con el BPM:
- Usar medidas de g_bunch (EPICS) y comparar con senal del monopolo
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V. Lista de pendientes

Simulaciones con datos “artificiales”

<+ Que resolucion se puede medir con 3 0 4 cBPMs de 1 um de resolucion?

RF track
Datos sintéticos

<+ Datos sintéticos: SVD mode analisis

X R

(i

Crear matriz artificial con medidas de BPM (con resoluciones de cada monitor) — reconstruir resoluciones con SVD
Insertar un drift o jitter — reconstruir resoluciones con SVD

Simulaciones con 2 0 3 BPMs muy ruidosos — reconstruir resoluciones con SVD

Simulaciones con 1 BPM muy bueno — reconstruir resoluciones con SVD

Comparar resultados con pseudo-inversa

F Track:

Coger el codigo de RF track del Linac de ATF

Hacer analisis de Pseudo-inversa con y sin jitter del 10%

Hacer analisis de SVD modes con y sin jitter del 10%

Ver efecto de datos de datos desicronizados

Hacer plot de correlacion = f (lag) entre dos BPMs con efecto del jitter y comparar con medidas ATF
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. Resolution estimation results
A) Resolution calculation with Pseudo-inverse
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