Tune scan Of Vertical beam SiZG Amplitude Vertical 20100128—1

250

30 F A, A AA

28 | A
26 | Q,=0.541

>

A

>
ddddldad g dld

A Al
A -

vertical tune {(single beam)

beam size [microns]

1 1 1 1 1 IA A IA
057 058 059 06 061 062 063 064 065 0.66

vertical tune

34
32t
30 |
28 |
26 | Q,=0628
24
22

s " 24Q

beam size [microns]
L[ ]
|
|

4 055 056 057 058 059

horizontal tune

052 053 0.

wn

230

X-ray beam size monitor
Gives turn by turn beam size

2140 220 230

2/17/10



Smallest measured beam s

B

[e]

Q

0

Q

o=

o

£

o D
1ze S 250

5

kY

]

>
240

Largest measured beam §

Omin = 234
€y = 32pm

Amplitude Vertical

20100128-1

220

2/17/10




Cta 2085mev_20090516 Q,=0.066=25.7kHz

. nominal  Zero dispersion in RF
Amplitude Vertical Amplitude Vertical
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Amplitude Vertical
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Q,<0.5

vertical tune (single beam)
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Gain mapping
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Signal at each button depends on bunch current (k) and position (x,y)

B, = kf(:c,y)

2 2
B, zk(f(0,0)—F —ia:—l- —iy+ %%éa?—k %g—yéy2+ %my—l—...)
B1 =~ k(co + c1z + coy + c32? + cay? + c5zy)

Signals on the four buttons are related by symmetry

By = kf(_way)
B3 = k:f(x7 _y)
By = kf(_xay)

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

B, — By — By + B, :%(c )(31 By + Bs — By)(By + By — By — By)

Cci1C2

B(+—-—+)=¢B(+—+-)B(++—-)

?r‘ln
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Simulation

B(+—-—+)={B(+—+-)B(++——)

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

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

9

generate B,,B,,B;,B, for each of | | | |
45 points on a 9mm x Smm grid L5t
l L

In first order ¢=0, and therefore | o5 |
B(+--+) = 0. Evidently the first & o
order approximation is not very
good enough this range. é 0.5

-1 F
The small deviations from sl
the straight line at large
amplitudes 1s a measure of -2_0 . _0‘ . _0' 0 ;) 0‘? 0‘4
the higher than second order ' ' - B—) - '
contributions.
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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 e 8.1 8.2 8.3 8.4

B--+
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To fit for gains

Fix g,=1, and minimize with respect to g,,2;,2,,¢

Orbit data collected on a grid

> [(ngf — goB% — g3B% + g4 BS)—
c i i i i i i i i\]2
¢(91B} — 92BS + g3sB% — g4 BY) (91 B} + 92BS — g3 BS — g4 BY)|

Data with unity gains and fitted gains

80000 , . . . . ,
BPM 76, y
70000 - BPM 76, fitted gains .
BPM 76, X
60000 |- BpMm 76, fitted gains | Fitted gains =
= 50000 [ BPM 765 . %
: BPM 76; fitted gains 1,0.95,0.96,0.97
T 40000 1
a v
2 30000 | X |
f ¥
+ 20000 f SR ]
£ 10000 | N o -
-10000 | |
_20000 1 | | 1 | | 1
40 20 0O 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 T T 40000 T T T T T T T
BeNTT
| BPM 77, fitted gains vl
10000 f . . 30000 1 gpn 77, d° X
BPM 77, fitted gains ,
= so00 o _ 20000 Fppy77y T ’ ! 1
i: § i 10000 | BPM 775 fitted gains 5{
E 0 %: o { =& 0f o
1 i+ Sl X 1 "
+ i i
é 5000 [ X B _BEM 75, 1 & 10000 * W
BPM 75, fitted gains . K
, BPM 75, ¥ -20000 ' I
-10000 X BPM 75, fitted gains . X
BPM 75, -30000 |- ]
BPM 755 fitted gains
_15000 1 1 1 1 Il 1 1 1 _40000 1 L 1 1 1 L 1 L 1
25 20 15 -0 5 0 5 10 15 20 60 50 40 -30 20 -10 0 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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Turn by turn data, December 10, 2009
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Unity gains = . 3
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1500 f* ]
Fitted gains g(1:4) = 1.00,1.008, 1.015, 0.963
-2000 = L . .
-15 -10 -5 0 5

BPM 33E turn by turn data

B,-B,-B5+B,

10
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: Turn by turn data sets i :
RD-000652 .dat
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- RD-000656.dat E
| RD—O(X)GS7d@t | | | 1
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BPM

Average gains computed for 6 turn by turn data sets

Error bar 1s the standard deviation of the 6

100
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Distribution of fitted BPM gains

[r—
EN
T

6=43% 4

Frequency

9
T

o ULttt ., o | I “ o T
0 0.10.20.3040.50.60.70809 1 1.11.21.31.41.51.61.71.819 2

Fitted gain

Fitted gains from 6 turn by turn data sets, RD-000652, 653, 654, 655, 656, 657
Normalized so that average at each BPM of 4 gains 1s unity
Standard deviation, eliminating all points with gain errors greater than 50% is 0 =4.3%
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Data from December 19, 2009

Turn by turn data RD-000908.dat, RD-000909.dat
Immediately followed by
measurement of phase.8607

and ac_eta.165

1. Use turn by turn data to determine gains

2. Use fitted gains to correct coupling and eta measurements
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Examples of fits for various BPMs

(B,-B,+B;-B,)(B,+B,-B5-B,)

(B,-B,+B;-B,)(B,+B,-B5-B,)
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BPM 24E
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Summary of fitted gains
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Coupling without

gain correction

Coupling with
gain correction

RMS = 0.023
Average = —0.003

RMS = 0.00&
Average = 0,000

RMS = 0078
Average = —-0.011

RM3S = 0.021
Average = —0.004
RMS = 0.008

Average = 0,000

RM3 = 0.058
Average = —0.004
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Dispersion without
gain correction

Dispersion with
gain correction

0.2

AC_Eta_y

-0.2

Yertical
Ll I 1

AC_FEta (m) [Data — Design]
1 I 1 l 1 l 1 I 1 I 1

Vertical AC_Eta (m) [Data — Design]
1 ' 1 ' 1 I 1 I | I I I 1 I 1
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RMS = 0030
Average = 0,001
130
RMS = 0.029
Average = 0,004
100
19



