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. Corrections

Kicker Value: 2.20 A

—2400 —— ODR Fit
4 Inerpolated = o
4 BPM3 to
_26004 * BPMd:o
4000 +—© ® BPM3xo E —2800
For each ¢ BPMAxo g
steerlhg magnet — L
magnitude,
from the 100 - ? / ]
g 7200 p == adBPM + b
bunches taken, 2 0 ,
the data is % * ° ~1000 0 1000 2000 3000 4000
. £ Distance (mm)
cleaned with 2000 4 o .
criterion < 5o ® ° ° Kicker Value: 2.60 A
L4 —— ODR Fit
and then the ® ‘ . Py — 3500 - 4 Inerpolated = o
— - . +
mean value and ~ —40% ° J oomteg
standard ? ~3550
TR 0.0 0.5 1.0 15 2.0 2.5 3.0 ~
deviation is | ZV2P (A) 5 3600+
computed for < - 5
_ e BPM3o 3
BPMs 3 and 4 g 2 ¢ o °® o o BPMiG & -3650
(surrounding 3 o | ® °* ®le * oo
L [ ] [ ] - 1
the CBPM) g 20 :: ' [ ]
0.0 0.5 1.0 15 2.0 2.5 3.0 37501 , , | | | ‘
1_ZV2P (A) =1000 0 1000 2000 3000 4000

INSTITUT DE

pp=pp=
1 0 e CoRPUSCULAR

L. K. Pedraza - PhD26: Post-processing of ATF resolution measurements 2

Distance (mm)

11/02/2026




. Corrections =
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. Corrections
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. Corrections
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(Result that gave the best resolution)

None of the offsets give a result where all the extremums are the same than the extremums of the “original” interpolated data.
The oscilloscope is not performing a linear interpolation.
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. Corrections
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. Corrections
() Acquisition times distribution
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. Corrections
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. Corrections
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. Corrections
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. Corrections
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. Corrections
D) Evaluating the resolution as a function of the time window

Best results for Setup A: Lower IF

Evaluating the resolution as a function of the time window: (Before: 4.64 um)
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. Corrections

D) Evaluating the resolution as a function of the time window

Best results for Setup B: Phase shifter

Evaluating the resolution as a function of the time window:

(Before: 4.63 pm)
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. Corrections

D) Evaluating the resolution as a function of the time window

Evaluating the resolution as a function of the time window:

Best results for Setup C: double DC
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II. Qverall results

LO phase-unlocked

|_b (nC) &x (mm)  res (um)
(23/05)
~1 2282
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~15 178
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RESOLUTION RESULTS ON THE X PLANE
May - June 2025

LO phase-locked

8x (mm) res (um)
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2 45.4
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2 121
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1 37.9

1:1Q plot splitin two
2: external trigger
3: the beam is centred

December 2025

Lower IF freq (A)

I_b (nC) &x (mm) res (um)
(08/12)
0 12.4
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II. Qverall results

May - June 2025
LO phase-locked

I_b (nC) &X (mm) res (um)
(17/06)
02 19.2
0.32
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1:1Q plot splitin two
2:the beam is centred
3: the beam jumped in the middle of the meas.

RESOLUTION MEASUREMENTS ON THE Y PLANE
December 2025

Lower IF freq (A) Phase shifter (B) Double DC (C)

|_b (nC) &X (mm) res (um) I|_b (nC) &x (mm) res (um) I|_b (nC) & (mm) res (um)
(05/12) (08/12) (08/12)

0.35 ! 111 0.56 0.4 12.3 0.69 0.1 6.88

(08/12)

0.46 0.4 41.5 0.88 0 6.82 0.89 0 6.32

0.72 0.3 8.37 1.33 0.1 7.83 1.04 01 6.71
(15/12)

0.89 0 8.5 0.54 0.9 6.03

0.66 0.8 13.83

0.72 0.7 4.89

0.80 0.1 4.60

0.88 0.6 1241
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1. Overall results
B) Specific cases:
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1. Qverall results

Lower IF for Y, Ibeam = 0.46

Histogram with all BPM measures
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1. Qverall results

* Re-sampling:
removes interpolated points added by the oscilloscope

¢ Calibration:

fixing the statical offset — provides more accurate cBPM measurements

* Time-stamps comparison:

selecting only measurements that correspond to the same bunch for all BPMs
and correcting the systematic time error in the acquisition

(window =0.21 s)

* Fixed sampling point:

unifies the way the waveform is processed and avoids different

position result when there is a reflection of the waveform

* Removing frozen stripline BPMs
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II. Qverall results

LO phase-unlocked
|_b (nC) &x (mm)  res (um)
(23/05)

~1
0.68
~15
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RESOLUTION RESULTS ON THE X PLANE

May - June 2025

I_b (nC)

0.32

0.8

0.44

0.85

With window =0.21 s

Not all have the same # bunches!

LO phase-locked
&x (mm)
(17/06)

03

2

0

2

(23/06)
0

1.3

res (um)

I_b (nC)

0.96

1.36

1.49

1: the beam moved heavily

December 2025
Lower IF freq (A)
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208 8.78

22:910.9
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II. Qverall results

May - June 2025
LO phase-locked
I_b (nC) &X (um)
(17/06)
0
0.32

2500

0.8
2500

(23/06)

0
0.44
1000

0
0.85
2000
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res (um)

|_b (nC)

0.35

0.46

0.72

0.89

With window =0.21 s
Not all have the same # bunches!

Lower IF freq (A)

&x (um)
(05/12)
1000

(08/12)
30 41+57.08" 0.88

res (um)

0.56

80 837 4.63 1.33

110 85 4.07

I|_b (nC)

RESOLUTION MEASUREMENTS ON THE Y PLANE

December 2025
Phase shifter (B)
&x (um)
(08/12)

res (um)

115 1237.04"

180 6:824.31

390 +835.00

1: some BPMs were removed
2;1Q plot split
3: a set of measures was deleted

I|_b (nC)

0.69

0.89
1.04

0.54

0.66
0.72
0.80
0.88

Double DC (C)

&x (um)
(08/12)

300

330
380
(15/12)

100

80
55
50
20

res (um)

688 8.23

6324.38
671 14.82

6:03 8.84

13-810.53
489 3.81
460 3.29
124 2.81
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II. Qverall results
() With resolution algorithm improvement

Iteration 1

Position signal

Reference signal

Amplitude (V)

0.014
0.00
—0.014

0.02 1

0.00 1

Amplitude (a.u)
) -
o -
L s

Phase (rad)
IS o
i 1
o ~N
L h

Iteration
Position signal

Reference signal

Amplitude (V)
o
=
5]

] ,n\/\/\/\,v\/\

0.02 A

0.00 1

=
o
~

o
=

Amplitude (a.u)
) -
o -
. s

Phase (rad)
Lo
o N

L h

Measured position (um)

2DC for Y, Ibeam = 0.69

BPM Resolution on the Y axis for |_ZV2P=2.2, |_ZH2P=-0.2 and |_beam=0.688

-260

l

—280

—300

-320

100

200 300
Bunch number

400 50

# Events

-320

B 0=1.10e +01um

—-300 -280

—260
Measured position (um)

Estimated position (um)

=270

—280

—290 A

—300 -

-310

100 200 300

Bunch number

400 500

# Events

[ 0=7.43e 4+ 00um

-310
Estimated position (um)

—-300 -290 -280 -270

30

20

10

0 -

Residuals (um)

-10

-20

-30

100 200 300

Bunch number

400 500

40

# Events

-30

BN Ogys = 8.06e + 00um

-20

-10 0 10 20 30
Residual (um)

(Fic
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Iteration 1

“ OVETE]“ TESU|[S Position signal Reference signal

0.05 A 0.02
0.00 1
VM/W 0.004 ’/\/\/\/\N‘/‘\
—0.05

() Withresolution algorithm improvement

Amplitude (V)

2DC for Y, Ibeam = 1.04

Phase difference between position and reference

Amplitude (a.u)
o N S
. N I
(0]
7q
= N

for |_ZH2P=-0.2, |_ZV2P=2.2 and |_beam=1.04
1-Q plot 1251 — — — 0-
for |_ZH2P=-0.2, |_ZV2P=2.2 and |_beam=1.04 ' ® 0;=0.04n :0 °
-2.9
. ~1.30 ® 3 o0 27
o0 g0
— ~ 1 B
30 -1.35 - -1
— <
o o~ 04
=31 £ -140 s R —
[ 0 25 50 75 0 25 50 75
-3.2 g -1.45 t[ns] tIns]
£ .
T _150 Iteration 500
-3.3 & " . .
s Position signal Reference signal
Q —1.55 ~ 0.05 4
34 > 0.02 4
1.60 A 8
. 2 0.00
-35 o 0.00 1
-1.65 E
° < _005 L T T T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 0 100 200 300 400 500 te?

# of sample

Amplitude (a.u)
o N -
. N A
(0]
Fﬂ
L N

Phase (rad)
Lo
o N

t[ns] t [ns]
INSTITUT DE

pp=pp= . .
'r' [ ::lg:::uscuun L. K. Pedraza - PhD26: Post-processing of ATF resolution measurements 2 11/02/2026 25



II. Qverall results
2G6S/s 1GS/s

RESOLUTION MEASUREMENTS ON THE Y PLANE

December 2025
Lower IF freq (A) Phase shifter (B)
I_b (nC) &x (um) res (um) |_b (nC) &x (um) res (um)
(05/12) (08/12)
0.35 1000
0.56 115 704 11.2
(08/12)
0.46 30 768 10.7 0.88 180 431 6.00
0.72 80 4.63 6.45 1.33 390 5.066.20
0.89 110 467 5.71

There is a higher degradation of the resolution for worst resolutions.

== INSTITUT DE

pp=p
iri CORPUSCULAR

I_b (nC)

0.69

0.89
1.04

0.54

0.66
0.72
0.80
0.88

1: some BPMs were removed

2;1Q plot split

3: a set of measures was deleted

Double DC (C)
&x (um)
(08/12)

300

330
380
(15/12)

100

80
55
50
20

res (um)

823 8.39

438 4.99
448 15.6 2

884 9.12

1+0511.23
384 3.99
329 3.45
284 3.03



There seams to be an optimal beam intensity, around 0.8 nC/bunch to perform resolution measurements.

The closer the beam to the center of the cBPM the better the resolution measurement.

Not only the resolution is worth looking at. The linearity and dynamic range play an important role in the cBPM performance.

Lower IF (A)

Y calibration for |_ZH2P=-0.2 and |_beam=0.896

151
1.04
0.51

3 0.0
a.

[ P=(—8.81e — 04) *pos + (1.13e — 02), x = 3.66

'. 4 Pxo

Next: -

- DDC alternative: mean value on amplitude and phase over the whole waveform

(Fic

—1000 0 1000 2000 3000 4000
Corrected Estimated position (um)

—2000

SVD analysis
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P (a.u.)

Phase shifter for LO (B)

Y calibration for |_ZH2P=-0.2 and |_beam=0.88

0.8

0.6 1

0.4+

0.2+

0.0 1

-0.24

—0.4 4

—0.6

P =(—4.70e — 04) *pos + (3.67e — 03), 2 = 4.26
$ Pxo

—1500

—1000 -500 0 500 1000 1500
Corrected Estimated position (um)

P (a.u.)

30 -

20 A

104

~10 4

—20 4

2DC (C)

Y calibration for |_ZH2P=-0.05 and |_beam=0.656

®
L J
P=(-1.28e — 02) *pos + (—3.03e — 01), ¥ = 2.64
4 Pzxo
—3600 —2600 —1600 6 ldOO 20‘00 30b0

Corrected Estimated position (um)
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. Resolution measurement and calculation

Setup A - basic electronics changes

Filters in the LO

The bunch data (from

cBPM and from striplines)

is taken every time the
data from the previous

bunch has been properly

Change in the LO | — and IF sections act?wre: and.TIaved, an-d
frequency from 2.142 PLL | “%&; T had to be when the oscilloscope is
GHz to 1.428 to reduce fp = 714 MHz adapted to triggered (e.ach time a
IF frequency Amp properly filter the new bunch is detected)
new frequencies
Splitter 1:3
- Trigger from
RP- 172> oz LO =1.428 GHz IF = 297 MHz REF channel
E
180 AV, Y, .
Hybrid ] § I,> @ N\ Oscilloscope
Att BPF Amp Mixer LPF
ATF Clock
10 MHz

The LO frequency has to be adapted to match a harmonic of
the bunch repetition signal from ATF: 714 MHz

INSTITUT DE
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The oscilloscope was self-
triggered using the
reference channel
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. Resolution measurement and calculation

Setup B - Phase shifter

Phase shifter for LO to maximise sensitivity

The phase shifter allows to tune ¢, , so that the

PLL N S | eee amplitude of the IF signal is higher where the
fo =714 MHz L~ e / exponential envelope is higher.
Amp

nulation: examples before filtering

Lo~ 1428 Ki/ ‘r'~ ---- T ***** -

YLO(I) = sin(wLot + ¢L0) pl
Yep(t) = A sin(wgpt + dgp) - exp(—t/7) - ¥

T splitter 1:3 ({“ N‘l

RF = 1.725 GHz
)3 180 A X
~ | Hybrid % \ ,\ N Oscilloscope
it e L~ ’ IF = 297 MHz
Att BPF Amp Mixer LPF l
YIF = YRF X YLO =A Sin((l)R,:t + ¢RF)Sin(0)L0t + ¢L0) . eXp(—t/T)
TUNNEL

A
(... after LPF) = 2 cos((wy o — wgp)t + (Prr — dro)) - exp(—t/7)
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. Resolution measurement and calculation

Setup C - double down conversion

fo = 714 MHz
,\ Y
PLL AN
f = 714 MHz L~ o PLL
Amp BPF
LO = 357 MHz
LO = 1.428 GHz g
Splitter 1:2
Phase
shifter
Splitter 1:3 R
N e
RF = 1.725 GHz
Y l\ X XY l\ XY .
~ I v N, I/ N Oscillo.
Att BPF Amp Mixer LPF ‘ Mixer LPF Amp LPF
\ v
IFy = 297 MHz IF2= 60 MHz
TUNNEL
P = p P INSTITUT DE . '
iIfiL ORPUSCULAR L. K. Pedraza - PhD25: Post-processing of the ATF resolution measurements 23/01/26



. Resolution measurement and calculation

Taking a long set of data in a unique beam position:

M = 1000 is the number of measured waveforms
N =10 is the number of BPMs used
Resolution measurements: Model Independent Analysis

dm doo dm d:n e dh‘k.() o dyo Vg
dy dyy dyy dy o dizpy o dyy Uy

cBPM measured values — | dio | = | doo dio dyn 0 digyn v dyo || va <+—— correlation coefficients
diym doy diy doy - dizgm 0 dym Un

stripline BPM measured values

To find the correlation coefficients: v = Dkfldk. where the inverse of D, is calculated using the SVD method: SVD(D,) = USVT,

The residuals between measured position and estimated position are calculatedas Ry =dg — Dy - v.

K
And the resolution is estimated do be the rms of the residuals: zM %
g, = = A
M

BPMs taken: up-stream: ML10L, ML11L, ML12L, ML13L, ML14L, ML15L, ML1P, ML2P, ML3P; down-stream: ML4P
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. Resolution measurement and calculation

Iteration 1 1-Q plot
Position signal Reference signal for I_ZH2P=-0.2, |_ZV2P=2.2 and |_beam=0.896
S So.
S s Sos °
E £ —0.005 -
S 0.0 L
3 g 0.0
® -0.5 s -0.010 -
= =
6 le8 le8 —0.015 A
S 4+ 3 -0.020
s 827 o
Q J o
<2 < —0.025
T T T 0 b T T T
—0.030 -
. _3 1 _ 0.5 .
B 2 oo —0.035 -
-4 = .
Q ~
he ® -0.5 ~0.040 -
_5 4
0 20 40 0 20 40 0.090 0.095 0.100 0.105 0.110 0.115  0.120
t [ns] t [ns] |
P pmmp P INSTITUT DE . .
1 1 B3 scuiar L. K. Pedraza - PhD25: Post-processing of the ATF resolution measurements 23/01/26
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