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Dithering system

Beam-beam parameter

QY 0.0881 0.0807 Beam-beam deflection
EX 0.0028 0.0012 Dithering feedback

Dithering feedback system was used at SLAC for PEP-II

By dithering LER beam,
luminosity is modulated at dithering frequency

Input Output
Reference signal

AB
Acos(wt) — - * cos(Ca) + cos(2wt + a)
_>
Bcos(wt + @) — -Magnitude (Voltage)
_ proportional to B
Modulated Lock-in Amp -Phase difference (a)
luminosity signal reference and luminosity

- LER beam dithered around center

Luminosity L

LER beam dithered around
off-center

\ L(x)=1L exp

Orbital offset x between LER and HER

=

Horizontal offset

Luminosity peak

AX

Output of Lock-In

Horizontal offset



Hardware of dithering system
|

- 8 sets of Helmholtz coils designed and fabricated at SLAC as dithering coll
 The coils were installed in LER beam line

D1 ZDS1LP| ZDS1RP ZDS1LP, ZDS2LP, ZDS1RP, ZDS2RP
. S{ZLP % i Horizontal and Vertical dither coils
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Vertical dither coils
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Other hardware

TsukubaB4 control room PLC (Yokogawa), ADC, DAC

-------

....... i

Power supplies for - Power suppliesforﬁif;
iBump (HER) I dlther(LER) | o

12ch Phase adjuster
Lock-In Amplifier 12ch Programable amplifier

Signal Recovery Model 7230 DSP

@Belle 2 Electronics Hut .



Luminosity scan in the Horizontal direction

- We checked the response of the lock-in amplifier

- Using local bump system at HER,

horizontal offset was changed from -120 to 100 um
- measuring magnitude, phase and luminosity
during horizontal scan
Condition
By* 2 mm
luminosity 2.8x10%3 cm-=2st
Dither Amp 20 um
Freq 79 Hz
Scan range -120 um — 100 um

Luminosity peaked at the point of
magnitude minimum and phase inversion
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Luminosity degradation by hourglass effect

Luminosity degradation due to horizontal offset through hourglass effect
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Normalized Luminosity
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— Calculation

| |
By = 2mm

¢

-

Ax = 100um
! 20 % (meas)
! 15 % (calc)

50 100 150

Horizontal offset [um]

Vertical beta function [mm]

Shifted collision point
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Coupling In the vertical direction
|
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-Horizontal dither is coupling vertically
*In rough estimation, vertical dither amplitude
due to coupling is ~ 0.02 um
- Possible cause is x-y coupling at IP
- when vertical offset of two beams is small,
vertical dither does not affect horizontal feedback
- if vertical offset large, minimum point of the lock-in amp
magnitude does not coincide with luminosity peak
It would be possible to cancel coupling component
applying additional vertical dither intentionally or adjusting x-y
coupling parameter (R1)

-Vertical dither feedback may be useful for beam tuning



Feedback test - parameter optimization -

Dithering feedback algorism is based on PI control
— To need optimize the feedback gain
We did 3 feedback tests changing the integral gain
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- As a result of adjusting the integral gain,
Horizontal offset approached to target position without large overshoot.



Feedback Test - stability of feedback -

Converged to the optimal orbit

11—
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-The cause is not understood yet
-We are checking algorism of system
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Luminosity degradation due to offset at each beta y*
|

- R —
LR By~ 2 ol | By = 2mm (Phase3 spring commissioning)
1E .0——3 & By* = 0.3 mm g Ax = +20 um

[t ]t el T ffﬁ:jﬁiféiﬁf ______ degradation is small
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Simulation of luminosity degradation
by Ohmi-san
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Summary
oA

- All components of dithering system were prepared before Phase-2 commissioning

-We checked lock-in amplifier response and did dithering feedback test

Luminosity scan
-We successful found Luminosity peak from magnitude and phase of Lock-in Amp
- Horizontal dither is coupling vertically

Feedback test

- by adjustment of integral gain, horizontal orbit converged to the optimal orbit

- Dithering feedback system does not operate now.
-When beta is squeezed and luminosity degradation due to horizontal offset become remarkable,

dithering system will be needed in order to keep high luminosity
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Trend graph of current and luminosity
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Feedback algorism

- Beam-beam deflection (SLC, KEKB vertical) SIS

#FE (gy) 0.0881 0.0807

Ay at IP= BPM AKFE (Ex)  0.0028  0.0012

~5nm ~1/10c," Ay at BPM=~1.3um

- -

IP

BPM

* Luminosity feedback (dithering)(PEP-II)

When we shake the beam at around the peak of the

luminosity (dithering), the dithering frequency in the

luminosity is minimized and there appears twice of the
y the dithering frequency.

Luminosity
~N



Horizontal bump
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Luminosity scan in the horizontal direction (LumiBelle2)

Condition

By* 2 mm

luminosity 2.8x10%3 cm=2st
Dither Amp 20 um

Freq 79 Hz

Scan range -120 um — 80 um

Luminosity peaked at the point of
magnitude minimum and phase inversion
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Luminosity scan to Horizontal direction

0.0008

0.0006

0.0004

Magnitude [mV]

0.0002

0.8

Normalized Luminosity

0.6
-150 -100 -50

Input ZDLM

Magnitude minimum
Phase inversion

b
i

7

'ﬂ
“L'

Luminosity

peak

- ZDLM
» Lumibelle2

¢

¢

180

90

-90

-180

0O 50 100 150

Horizontal offset [um]

Input LumiBelle2

180 Magnitude minimum

0.008 ) :
< / Phase inversion
E o006 08 0
)
: I e
= 0.004 ,/ 0
o

@ /'
= 0.002 1Y W ! -90

i
0 -180

> 1.2 _ Luminosity
‘D ] peak

o

£ 1

= I‘

3

5 0.8

3}

N '-

© |

= 0.6 - ZDLM

o) - Lumibelle2

< 0.4 L— : : A N

-150 -100 -50 O 50 100 150

Horizontal offset [um]



Lockin-output

Lock-In output with vertical offset

Vertical offset of LER and HER beam

— The point of magnitude minimum and phase inversion shift from luminosity peak
— Horizontal feedback dose not work properly

w7 -It's important to maintain good vertical collision point
- | for accurate horizontal feedback
05/

Vertical offset  -High frequency fluctuation can be not collected,

I ; - Slow drift during long time can be collected
P ety using vertical dither

ted zero cross point

-6 -4 -2 0 2 “ 6
Hori. offset

20



Luminosity scan to Vertical direction
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Feedback test
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Luminosity degradation by horizontal offset
oA

Continuous Injection mode sz

HER 250 mA (-1% Auto injection) L(x)/Ly= exp(— ﬁ)

LER 250 mA (-1.5% Auto injection)
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Magnitude [mV]

Normalized Luminosity
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Luminosity scan to Horizontal direction (LumiBelle2)

Magnitude [mV]

Normalized Luminosity
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L(x) = 1—-b(x —20)?
L(=75)=08 - b=22x%x10"°
L = 4.4 x 107>(x — 20)

i I (x) = —4. by

_ — -5

- (50) = —1.3 x 10

MagDitherx(x) = % (x) X Ax

MagDithery(50) = —1.3 X 1073 X Ax
MagDithery(11.7) = —1.0 X Ay
MagDithery(50) = MagDithery(11.7)
—1.0 X Ay=1.3 x 1073 x 20um —> Ay=0.026 um



