First pass analysis of March 2008 FONT4 feedback da ta

The following results are for the first machine configuration of 2 configurations used. The
beam was quite large and the kicker strips quite far apart in configuration 1 to prevent
radiation tripping. This was improved in configuration 2, though fewer data points were
collected.

Average bunch positions after thresholding versus gain setting, delay loop OFF. Average bunch positions after thresholding versus gain setting, delay loop ON.
Machine configuration 1. Machine configuration 1.
Logarithmic x-axis. Standard errors are shown. Logarithmic x-axis. Standard errors are shown.
Zero gain indicates feedback off. Zero gain indicates feedback off
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Both plots above show normalised position (digitised difference over digitised sum, no
baseline subtraction or calibration), and the apparent disturbance of bunch 1 by the
feedback is clear. The sense of the kick appears to be in the same direction for both
positive and negative gains, and the possibility that this is due to an unintentional feature in
the way the lookup table software handles negative numbers is being investigated. For
reference, the magnitude of the sum and difference signals suggest the ADC should
saturate at a gain of around 6400, or 3.8 on the log scale.

Each data point is determined from a sample of 1000 triggers (333 trains since 2/3 of
triggers are empty). Thresholds are applied to the digitised sum and difference signals
bunch by bunch to reject badly sampled trains. Fliers are removed from the resulting data
set at the 2-sigma level. The various steps in the data cleaning process, along with some
diagnostic plots and distributions, are presented for each data point in the following pages.

As the gain is increased, the number of trains surviving the thresholds falls significantly by
as much as a factor of 5.

During some data runs, e.g. feedback off or gain 100 delay on, the position of the bunches
in the data window is seen to jJump once by 15 samples before remaining in this new
location (15 samples is the number taken per trigger).

‘Banding’ is visible reminiscent of the single bunch sampling errors from December 2007.
On some sets more than others, even those trains that are well sampled (that is, in which all
bunches are visible) sometimes appear to be being sampled at two or more distinct ts's with
respect to the bunch peaks.

Spurious pulses on the sum channel are also commonly visible.
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Peak difference vs. peak sum for 170 pulses after thresholding. Gain off. Delay loop off
-750 T T T T

Peak sum (ADC counts)

-1

El

Position (uncalibrated)

Position (uncalibrated)

Bunch 1 normalised position over 166 pulses Bunch 2 normalised position over 165 pulses

after thresholding
(4 fliers removed at 2 sigma)
Gain off. Delay loop off

3

after thresholding
(5 fliers removed at 2 sigma).
Gain off. Delay loop off

10

Frequency
o

0
0.9 1 1.1 1.2 1.3 1.4

Normalised position (uncalibrated)

3

=)

5

Frequency

0
1.05 1.1 1.15 1.2 125
Normalised position (uncalibrated)

Bunch 3 normalised position over 163 pulses

after thresholding
(7 fliers removed at 2 sigma).
Gain off. Delay loop off

N}
S

Frequency
s o

o

0
1 1.05 1.1
Normalised position (uncalibrated)

115 12

Normalised position for 154 pulses after thresholding

Position (uncalibrated)

(flier trains removed at 2 sigma). Gain off. Delay loop off

2
Bunch #

Summary for Feedback OFF

Threshold information

T T T T
+  Bunch1
. +  Bunch2
N © Bunch3
-800 N -
-850 B
-900 - B
-950 |- B
000 B
050 I I I I | I I I
1150 -1100  -1050  -1000  -950 -900 -850 -800 -750 -700
Peak difference (ADC counts)
Normalised position over 154 pulses after thresholding
(flier trains removed at 2 sigma). Gain off. Delay loop off
15 T T T T T T T
Bunch 1
Bunch 2
Bunch 3
141 B
130 4
12 B
114 .
\
1L i
09 | | | | | | L
0 20 40 60 80 100 120 140 160
Pulse #
Normalised position averaged over 154 pulses after thresholding
(flier trains removed at 2 sigma).
Gain off. Delay loop off
14 T
12 \ .
1 / / \ / \ }
/ \ /
[\
081 / B
' \ / /
o | N/ |
\ /
0.4f / \ / 1
02t / \
\
\
\ / \
0 s \ ‘ s

3

Bunch 1

Bunch 2

Bunch 3

Difference

< -600

< -600

< -600

Sum

< -400

< -400

<-400

Final average information

N =154

Bunch 1

Bunch 2

Bunch 3

Mean

1.1851

1.1404

1.1136

Sigma

0.0873

0.0415

0.0329
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ADC counts

ADC counts
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Normalised position over 217 pulses (flier trains removed at 2 sigma).
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Peak difference vs. peak sum for 61 pulses after thresholding. Gain 100. Delay loop off
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March 2008 — Position 1 — Gain 100 — Delay loop on

Digitised difference signals from nominally 333 pulses. Gain 100. Delay loop on
T T T

400

200

-200

-400

-600

-800

-1000

-1200
0

-200

-400

-600

-800

-1000

-1200
0

Normalised position over 3
15

05 pulses (infinities

removed). Gain 100
T

350

. . .
15 20 25 30 40 45
ADC sample #
Peak difference signal over 333 pulses. Gain 100. Delay loop on
- — = e nrerrr=
Bunch 1
Bunch 2
Bunch 3
1 . .
150 200 250
Pulse #

. Delay loop on

T

350

Bunch 1
Bunch 2
Bunch 3
10 q
T 5 -
2
©
=
2
g
c 0 4
3 ! i
= il
2 U
.g s
o -
-10 i
-15 L L L
0 150 200 250
Pulse #

ADC counts

ADC counts

(ADC counts)

Peak sum

Digitised sum signals from nominally 333 pulses. Gain 100. Delay loop on
400

200

-200

-400

-600

-800

-1000

-1200
0

400

200

-200

-400

-600

-800

-1000

-1200

400

200

-200

-400

-600

-800

-1000

-1200,

I L I I I
0 50 100 150 200 250 300 350

I I I
-1200 -1000 -800 -600 -400 -200 0

T T T T T T T T

\ ,
5 10 15 20 25 30 35 40 45
ADC sample #

Peak sum signal over 333 pulses. Gain 100. Delay loop on

Bunch 1
Bunch 2
Bunch 3 |

Pulse #

Peak difference vs. peak sum for 333 pulses. Gain 100. Delay loop on
T

T T T

Bunch 1
Bunch 2
L + Bunch3l

Ly A

Peak difference (ADC counts)



ADC counts

Bunch 1 normalised position over 278 pulses Bunch 2 normalised position over 276 pulses

(27 fliers removed at 2 sigma).
Gain 100. Delay loop on

(29 fliers removed at 2 sigma).
Gain 100. Delay loop on

150 150
& 100 & 100
2 2
0] [0}
=] =]
g g
2 s0 2 s0
0
%0 5 0 10 -5 0 5 10

Normalised position uncallbrated) Normalised position (uncalibrated)

Bunch 3 normalised position over 277 pulses
(28 fliers removed at 2 sigma).
Gain 100. Delay loop on
150

Frequency
g

2]
=]

10 -5 0 10
Normalised position uncallbrated)

Normalised position for 233 pulses (flier trains removed at 2 sigma).

Gain 100. Delay loop on
10 T T T

Position (uncalibrated)

Bunch #

Peak sum signal over 113 pulses after thresholding.
750

Gain 100. Delay loop on

Bunch 1
Bunch 2
Bunch 3
-800 -
i
/
\ \
-850 ﬁ y \\\ i

-900

’/, \v LY / /
k Ay \/\
1000} v

-1050 L L v v
Pulse #

ADC counts

Normalised position over 233 pulses (flier trains removed at 2 sigma).

Gain 100. Delay Ioop on

éz,; MM PR ILM -
e T |
S ‘ |

Peak difference signal over 113 pulses after thresholding. Gain 100. Delay loop on

-750

-800

-850

-900

-950

-1000

-1050

-1100

-1150

Bunch 1
Bunch 2
Bunch 3 [

Pulse #

L
100

120

Normalised position over 113 pulses after thresholding (infinities removed).

Gain 100. Delay loop on

ADC counts

0.9

Bunch 1
Bunch 2
Bunch 3

0.8
0

20

40 60 80
Pulse #

100

120



Peak difference vs. peak sum for 113 pulses after thresholding. Gain 100. Delay loop on
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March 2008 — Position 1 — Gain 1000 — Delay loop on
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Peak difference vs. peak sum for 48 pulses after thresholding. Gain 1000. Delay loop on
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March 2008 — Position 1 — Gain 10000 — Delay loop o  ff

Digitised difference signals from nominally 333 pulses. Gain 10000. Delay loop off Digitised sum signals from nominally 333 pulses. Gain 10000. Delay loop off
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Bunch 1 normalised position over 282 pulses Bunch 2 normalised position over 301 pulses
(21 fliers removed at 2 sigma).
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Peak difference vs. peak sum for 39 pulses after thresholding. Gain 10000. Delay loop off
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March 2008 — Position 1 — Gain 10000 — Delay loop o n

Digitised difference signals from nominally 333 pulses. Gain 10000.
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Bunch 1 normalised position over 278 pulses Bunch 2 normalised position over 276 pulses
(17 fliers removed at 2 sigma). (19 fliers removed at 2 sigma).
Gain 10000. Delay loop on Gain 10000. Delay loop on

100 80
80
z 3‘60
g o0 5
S > 40
g 40 g
[y [
20 20
0 0
-10 -5 0 5 10 -10 -5 0 5 10

Normalised position (uncalibrated) Normalised position (uncalibrated)

Bunch 3 normalised position over 293 pulses
(2 fliers removed at 2 sigma).
Gain 10000. Delay loop on

o o
S o

Frequency
5

20

0
-20 -10 0 10 20
Normalised position (uncalibrated)

Normalised position for 247 pulses (flier trains removed at 2 sigma).
Gain 10000. Delay loop on

Position (uncalibrated)

Bunch #

Peak sum signal over 41 pulses after thresholding. Gain 10000. Delay loop on
-500 T . : T T

Bunch 1
Bunch 2
Bunch 3

ADC counts

P

ADC counts

ADC counts

12 T T T
Bunch 1
Bunch 2|
Bunch 3
= \ i
8 |
© I \ -
5 | dani
® i | ‘
o |
c ’ | / B
= | |
5 | 1 |
S i
= | ‘
¢ /
o \ | i
\
8 I I ! I
0 50 100 150 200 250

Normalised position over 247 pulses (flier trains removed at 2 sigma).
Gain 10000. Delay loop on

Pulse #

eak difference signal over 41 pulses after thresholding. Gain 10000. Delay loop on
-650 T T . . T T

Bunch 1
Bunch 2
Bunch 3

1000 I I 1 I I I I
0 5 10 15 20 25 30 35 40

Pulse #

Normalised position over 41 pulses after thresholding (infinities removed).
Gain 10000. Delay loop on

16 T T
Bunch 1
Bunch 2
185 Bunch 3 ||

40

18



Peak difference vs. peak sum for 41 pulses after thresholding. Gain 10000. Delay loop on
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March 2008 — Position 1 — Gain -100 — Delay loop of f

Digitised difference signals from nominally 333 pulses. Gain -100. Delay loop off
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ADC counts
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Peak difference vs. peak sum for 103 pulses after thresholding. Gain -100. Delay loop off
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March 2008 — Position 1 — Gain -100 — Delay loop on

ADC counts

ADC counts

Digitised difference signals from nominally 333 pulses. Gain -100. Delay loop on
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ADC counts
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Peak difference vs. peak sum for 170 pulses after thresholding. Gain -100. Delay loop on
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March 2008 — Position 1 — Gain -1000 — Delay loop o ff

Digitised difference signals from nominally 333 pulses. Gain -1000. Delay loop off
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Bunch 1 normalised position over 273 pulses Bunch 2 normalised position over 288 pulses
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Peak difference vs. peak sum for 46 pulses after thresholding. Gain -1000. Delay loop off
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March 2008 — Position 1 — Gain -1000 — Delay loopo n

Digitised difference signals from nominally 333 pulses. Gain -1000. Delay loop on
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Bunch 1 normalised position over 272 pulses Bunch 2 normalised position over 276 pulses

(29 fliers removed at 2 sigma). (25 fliers removed at 2 sigma).
Gain -1000. Delay loop on Gain -1000. Delay loop on
100 80
80

z 5 60
< 60 =4

g ER
g 40 g
w w

20 20

0 0

-10 -5 0 5 10 -5 0 5 10
Normalised position (uncalibrated) Normalised position (uncalibrated)

Bunch 3 normalised position over 281 pulses
(20 fliers removed at 2 sigma).
Gain -1000. Delay loop on

80

Frequency
a2 o
5 3

N
=]

Lo
=)

-5 0 5 10
Normalised position (uncalibrated)

Normalised position for 236 pulses (flier trains removed at 2 sigma).
Gain -1000. Delay loop on

Position (uncalibrated)

Peak sum signal over 39 pulses after thresholding. Gain -1000. Delay loop on
-600 T T T T T T T

Bunch 1
Bunch 2
Bunch 3

ADC counts

-850 I I 1 I I I I
0 5 10 15 20 25 30 35 40

Pulse #

Normalised position over 236 pulses (flier trains removed at 2 sigma).

Gain -1000. Delay loop on

Position (uncalibrated)
o N -
s

Bunch 1
Bunch 2
Bunch 3 |{

0 50

Peak difference signal
-750 .

. . .
100 150 200 250
Pulse #

over 39 pulses after thresholding. Gain -1000. Delay loop on

T T
Bunch 1
Bunch 2
Bunch 3
L J
c
=1
<]
o
Q
[a] i
<
-1000 -
-1050 g
1100 L . . . . . .
0 5 10 15 20 25 30 35 40
Pulse #
Normalised position over 39 pulses after thresholding (infinities removed).
Gain -1000. Delay loop on
155 T T T ;
Bunch 1
Bunch 2
15 Bunch 3 ||
145 4
14 4
» 1.35 \ 4
i
<
g I d | /
5 13 WA A T T E
o \
g A IS
<C 125 4
\/ /
12 V v
145} 4
11F 1
1.05 . L . . . . L
0 5 10 15 20 25 30 35 40
Pulse #

30



Peak difference vs. peak sum for 39 pulses after thresholding. Gain -1000. Delay loop on Bunch 1 normalised position over 37 pulses ~ Bunch 2 normalised position over 38 pulses
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March 2008 — Position 1 — Gain -10000 — Delay loop

Digitised difference signals from nominally 333
6

pulses. Gain -10000. Delay loop off
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Bunch 1 normalised position over 283 pulses Bunch 2 normalised position over 288 pulses
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Peak difference vs. peak sum for 40 pulses after thresholding. Gain -10000. Delay loop of
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March 2008 — Position 1 — Gain -10000 — Delay loop

Digitised difference signals from nominally 333 pulses. Gain -10000. Delay loop on
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Peak difference vs. peak sum for 34 pulses after thresholding. Gain -10000. Delay loop or
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