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Signal at each button depends on bunch current (k) and position (x,y)

B, :k'f(CC,y)
2 2 2
By %k(f(0,0)—i— %aéa:—l— %y—l— %%éa?—l— %%‘éﬁ—f— 3%5%:1:3/4-...)

B1 =~ k(co + c1x + coy + c32? + cay? + c5zy)

Signals on the four buttons are related by symmetry

By = kf(_way)
BB — kf(xa _y)
B4 - k:f(_w)/y)

Combining sums and differences we find the following relationship, good to
second order

Bl—Bz—B3+B4=%( cs )(Bl—Bz+Bg—B4)(Bl+BQ—B3—B4)

Cci1C2

B(+——+)=B(+—+-)B(++——)
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Simulation

B(+——+)={B(+—+-)B(++——)

Using a map that reproduces the
“exact” dependence of the button

) o Button data generated with nonlin BPM on 9mm x 5mm grid
signals on the bunch positions we

9

I T

generate B|,B,,B;,B, for each of

45 points on a 9mm x Smm grid L5
l -

In first order c=0, and therefore : 05

B(+--+) = 0. Evidently the first ‘%

order approximation is not very 7 0

good enough this range. é 0.5

The small deviations from

the straight line at large d

amplitudes is a measure of -2 L . . 1 1
the higher than second order 06 0.4 -0.2 0 0.2 0.4
contributions. B(+--+)
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Simulation with gain errors

B(+——+)={B(+—+-)B(++——)

Introduce gain errors

Zero offset, nonlinearity, and
multi - valued relationship 1 n
is a measure of gain errors.

{B=+=){(B+--)

Button data generated with nonlin BPH on 5nn x 5nn grid

all gains unitg
button 4 gain = 8.9
button 4 gain- 8,95

1 1 1
-8.1 ) 0.1 8.2 8.3 0.4
B--+
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Orbit data collected on a grid
To fit for gains

Fix g,=1, and minimize with respect to g,,2,,2,,C
> [(91Bt — g2 By — g3 B + g4 Bi)—
c i i i i i i i i\]2
(g1B% — g2B% + g3B% — gaB}) (g1 BY + goB% — g3 B — g4 BY)]

Data with unity gains and fitted gains

T | T T T

80000 o

BPM 76, X
70000 - BPM 76, fitted gains .
| BPM 76, X
60000 BPM 76, fitted gains Fitted gains =
50000 | BEM 765

BPM 76; fitted gains ) | 1,0.95,0.96,0.97
40000 | .

30000 |
20000 e |
10000 F z, . |

[B(+-+-) B(++--)]

-10000 | " :

-20000 : ' ' ' ' ' '
40 20 0 20 40 60 80 100 120

B(+--+)
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Orbit data collected on a grid

Data with unity gains and fitted gains

Data with unity gains and fitted gains

15000 T T T T , . 40000 T T T |
BEM T
. BPM 77, fitted gains
oo <
1tted gains 4
= - 20000 | gpyp 77 - ’ *
4;_ 5000 r 4:_ L0000 | BPM 775 fitted gains \
+ + A
A 0 e @ ol »
'|:' ! X -I:- "
é soo0 b ¥ xEw , o f.B%M 75, é -10000 | 5 X
l "]gepﬁa;g; 20000 |
-10000 r > BPM 75, fitted gains -
BPM 75, -30000 | |
BPM 755 fitted gains
_15000 1 1 1 1 1 1 1 1 _40000 L 1 | 1 1 1 1 L 1 1
25 20 -15 -10 -5 0 5 10 15 20 -60 -50 40 -30 20 -10 O 10 20 30 40 50
B(+--+) B(+--+)
BPM 75 - BPM 77 -
fitted gain = 1,1.02,0.96,0.91 fitted gain = 1,0.92,0.96,0.9
Fit typically reduces %2 by two orders of magnitude
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(B,-B,+B;-B,)(B,+B,-B;-B,)

Turn by turn data

BPM 33E turn by turn data

2500 : —
Unity gains .
2000 | Fitted gains
1500 r
1000 |

500 |

500 |-
1000 |
1500 [ *

-2000

Fitted gains g(1:4) = 1.00,1.008, 1.015, 0.963

15 -10 5 0
B,-B,-B5+B,

5

10
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1.2

1.18 -
1.16 |-
.14
1.12 -
1.1 |-

1.08 - -

1.06 -
1.04 -
1.02

gain
T

098 |-+
x*
0.96 |-

0.94
092 -
09 -
0.88 -
0.86 -
0.84 -
0.82

T T T T T T T T
button 2 H—+—

button 3
button 4 ---%--!

1 1 1 1 1 1 1 1

0.8
10

20 30 40 50 60 70 30 20
BPM

Average gains computed for 5 turn by turn data sets
Normalized to unity gain on button 1

Error bar 1s the standard deviation of the 5

100
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