Status of SPring-8 Feedback
and related topics
another topic on ERL

T. Nakamura
SPring-8



SPring-8 Bunch-by-bunch Feedback
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FPGA Based Digital Bunch-by-bunch Transverse Feedback (EPAC ‘04)
2003 Sep. first operation, 508.58MS/s
2004, Jan. for user operation
prototype 7 FPGA ( <= 24 DSP) with 7 boards => simple and low-cost
World First FPGA based bunch-by-bunch feedback above 350MS/s?

* New FPGA based Digital Feedback Processor (ICALEPCS ‘05)
1 FPGA with 1 board, 2x 20-tap FIR, 50-tap FIR
* Single-Loop Two-Dimensional (H,V) Feedback ( EPAC ‘06)
_— one Signal from BPM to Kicker, One Processor
Photon Factory ( 2005, Sep.)

Taiwan Light Source ( 2005, Nov.)
SOLEIL (2006, Dec.)

* RF direct sampling ( KASOKUKI ‘071 (JapanLIL]), EPAC
‘08 )
ADC samples BPM signal without Down Conversion Circuit
Less tuning points, less cost
2007, Feb. ~ for user operation
* Automatic Attenuator (Bunch Current Sensitive)

Hybrid Filling with High Contrast Bunch Current (EPAC ‘08)
In Progress : SSRF(China), Hefei Light Source (China), NIRS(Japan, lon ring)
Tested . S-LSR(Japan, proton)[]



SPring-8 Feedback Processor

Analog Devices AD9433
12-bit, 125MS/s (max.)

Analog Bandwidth 750MHz
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Single-Loop Two-Dimensional Transverse Feedback
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RF Direct Sampling Feedback
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RF Direct Sampling

SPring-8 2007 ~

250MHz - 750 MHz
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Damping Time Measurement (Vertical)

RF Direct
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Frequency Response of Feedback Signal Processor
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Residual Signal and Effect of Sampling Jitter

BPM Signal
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Residual Motion by Noise
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Single-Bunch
Single-Bunch currentat ¢ ~ 0
limited by mode-coupling instability (horizontal, vertical)

4 mA / bunch at ¢ ~ 0 without feedback

@ beam lost at injection => 1~2mA
4 mA / bunch at ¢ ~ 0 with feedback
@ beam lost at injection => 1~2mA

12 mA / bunch at ¢ ~ 0 with feedback
with Higher Horizontal Feedback Strength
l ( amplifier power, # of kickers 2 -> 4)

short Damping Time against Instability

wide Dynamic Range against saturation at
Injection perturbation
or noise



Hybrid Filling

singlet u train

‘ High Contrast

Too high gain ‘

Saturation

High Bunch current Low Bunch current

low position
resolution
(noise, ADC hits)

Automatic Attenuator (Bunch current sensitive)

user mode 2.8 mA/bunch + 0.25 mA/bunch

Jl increase Horizontal Feedback Strength
achieved 10 mA/bunch + 0.5 mA/bunch (study)

target 10 mA/bunch + 0.05 mA/bunch

T; Improve Automatic Attenuator

BIG Horizontal Motion by Bump orbit
=> More Feedback Strength
<= New High Efficiency
Horizontal Kicker (in 2008)

target

achieved



Horizontal Motion excited by Bump
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System for Multiturn Circulation
of ERL beam in Storage Ring

Two-turn -~"--~_ Storage Ring

" lerL = IRing / 2 ‘*/ .
k N
Four-turn : / Two-turns '

" lerL = IRing/ 4

(Four-turns)

Cascading : /12/2 /2 ...

- ~ ERL \
Low lgr. . Two-pass |
=> Less Beam Break Up T '
Low I 50mA
Low bunch charge o N\ (25mA) A
=> Better emittance
Shorter bunch 4&// ~ g
Multi-Pass ERL 100mA e
9 => Less Cost, Length ) Multiturn System

T. Nakamura, Phys. Rev. ST Accel. Beams 11, 032803 (2008)



Two-turn System with RF deflection Cavity
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Four-turn System
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Cancellation of Crab Motion
by ( 3f; ) cavities

6
H? /éﬂ Timing Shift T

between fy and 3f; => kick A©
d‘9<o dog d_‘9<0 1<30fs

dt E>O dt in high coherent mode

for SPring-8 case




Example: SPring-8 30m straight section

ERL
3GeV
Injection extraction
septum
8GeV \\ —10m —
storage — angle _ —
ring 10m 1 mrad 10m

Two-turn system

Kick Voltage by f, Cavity =8 GeV x 1mrad /2 = 4MV

KEKB Crab Cavity 2MV
APS short pulse X-ray ~ 4MV)
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