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Cavity RF detune
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Energy
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Road grade(disturbance)

Controller l
Desired Control variable . Engine ® ol Actual Epeed
Speed Gas pedal angle |(actuator)
Measured Speedometer
Speed (sensor)

T_ SENSOr Noise, error

*Open-Loop( )

*Closed-Loop( )



100km/h &W

lunit

speed 10km/h :
R—i- Controller AU@—D 10 Y

1%
10km/h ——— 1.0 -—

R=reference speed, km per hour (km/h)
U=gas pedal angle, degrees
Y=actual speed, km per hour

W=road grade, percent



Open-loop —_—
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Y, =10(U-W)
= 10((R/10)-W)
=R-10W

If W=0, R=100(km/h) Y_ =100km/h
when W=1 (1% grad.) Y_=90km/h (10% loss)



Closed-loop (negative feedback)

.

Y. =10(U-W) && U=R-0.9Y,--> Y.=10R-9Y,-10W
Y =R-W

Again W=1, Y =99%m/h (1% error!!!)
Error reduced by a factor of 10.
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trapped mode ( )

Glass sealing (er~4) type electrode
(diameter = 6 mm)
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KEKB feedthrough for FB
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Frequency Mixer

(double balanced mixer)

RF IF RFx LO =1IF
REXxIF=LO
o LO X IF = RF

Electrical Schematic

A
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(Downstream)
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Comb filter

Keysighe Infiniium : Wednesday, Hovember 02, 2018 4142105 FH

SR (RSN SER A

160 s 403 403 203 s 30ps 197 v 397 ns

10 m =120 =100 ns B0 ms
9 O I=A @@ o

" Measurement |  Cument | Mean | Min | Mar | Range (Max-Min) | StdDev | Count | Meas Window |
V p-pld) 24340 mV 241403 mV 23?.5-1 my 251LE mV 1583 mV 2I839 mV 3574 Main
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_ 180 hybrid

Double balanced mixer
- LO dynamic range
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SuperKEKB BxB FB

Ring RF (~509MHz)

External SRAM/DRAM

FPGA

12bit ADC
Vertex5 or ZYNC

12bit DAC

EPICS embedded server




FPGA

Field Programmable Gate Array

— PLD(Programmable Logic Device) 1970 logic
— CPLD(Complex Programmable Logic Device) 1980
Logic
— FPGA
SRAM
20 600 100
1/150



N-tap FIR(Finite impulse response)
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0 o o2 :7 o3 c4 o5 Cn—1
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® y(nT) = Z c(kT)x(nT — kT)

k=0

Group delay



SuperKEKB BxB FB

X iGp12: Coefficient Generator@pctobiyama-28 — O >

| HELP | [ EXIT |
L)

Helelelel

0.1 0.2 02

DC 0



IGp12 digital feedback filter

Successor of iGp digital

filters developed under
US-Japan collaboration with
SLAC.

— 12bit ADC/DAC

— 18 tap FIR filter (Max.)

— 12MB memory to analyze
instabilities

12 iGpl2s are used

— With larger FPGA
(VSX95T)

— (2 with normal FPGA

(VSX50T) for DR)
Single bunch excitation
using PLL
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Commissioning of TFB

Even at tiny beam current (<50 mA), we have strong CBI
In both ring.
— Transverse FB system is MUST for SuperKEKB rings.

Adjustment items

— Bunch position detector (BPM timing, beam phase, DC
cancellation, gain balance)

— iGpl12 ADC, DAC, one-turn delay
— iGpl2 feedback phase
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— tune
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8tap

FPGA DSP
— DSP FIFO
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SuperKEKB

— 10kHz-254MHz Psat=500W 16 (LER 8 HER 8)

— 800MHz-2GHz Psat=500W 8
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Panofsky-Wenzel
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excite
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— PEP-II/ALS( )/BEPC-II series drift tube
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Impedance fit

B FB

ReZ(JF14Q)

350 I I I I I 1 ]
y = m1/(1+m2* 2*(m3/x-x/m3)"... O | —©— Rez(JF14Q)
300 Value Error || O 7 : :
m1 288.15 1372 O |
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250 L m3 11078 o0.0050271 (¢ | i % |
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Value Error
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m3 1.1082 0.0032672 || fri
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Commissioning of LFB

nerKEKB BxB FB
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nerKEKB BxB FB

Transvers feedback systems
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Longitudinal Feedback system
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SuperKEKB Longitudinal Bunch Feedback System
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Glass sealing (er~4) type electrode
(diameter = 6 mm)

24 x 2 / Ring
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Glass-sealed FT
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Present feedthrough for FB
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— global betatron tune
— pilot bunch tune
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Betatron Tune

Global tune measurement for multi-bunch, small beam
current

Gated tune measurement for pilot bunch only

PLL excitation of the pilot bunch using iGp12 or Lock-in
amplifiers

L BEAM -
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IGpl2 Grow-damp

2 IGpl2 FB OFF 5ms 15ms FB ON
— 2ms FB OFF 10ms ON

IGpl2 (2400 turn)

— 5120x128 ( )

— Base 5 FFT

— FFT (amplitude)

_ 64 (64 )
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