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Transverse Feedback for Hybrid Filling

Hybrid Filling
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Typical Hybrid Filling Modes at SPring-8
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Single Front-end Feedback

Usual Feedback Processor with Single ADC and Single Front-end
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=> Digital Gain Switching for bunch current
for compensation of feedback gain




Single Front-end = Fixed Analog Gain
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Fixed Analog Gain + Digital Gain Switching

Analog Gain Switching



Analog Gain switching by Fast Variable Attenuator
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OO_.O--O---O 000 OO @ @ @ @ ... Q. ... @) O.QOQOQQ
Q0. Singlet Bunch train _—O_OO
ﬁ() O_O ‘———__.__O ..... ® OOOOO—A

A B

180deg Hybrid > NA J\, A~ ZA
A+B A-B Fast variable | [ oo
attenuator
Bunch Current x Position (x 1/Bunch Kick
Bunch Current 'y
FPGA Dici l, FPGA
igital
ADC #> Bunch Current Control ADC $ Position
- Y
Att ti
enuation {f‘> AC Kick :> DAC
Analog
Attenuator Controller (Feedback Processor) | Control Feedback Processor

K. Kobayashi, T. Nakamura, THBOO6, ICALEPCS’09. (T. Nakamura, K. Kobayashi, et al., THPC127, EPACO08. )



Analog Gain switching by Fast Variable Attenuator

Complex system
* Two Processors
* Fast Variable Attenuators

Less S/N ratio for high bunch current
b

New SPring-8 Feedback Processor*

Switching
{ Front-end (analog gain) + ADC } sets

for bunch current
Design : JASRI/SPring-8 with the advice of SOLEIL and PAL / PLS-II

Manufacturing and initial programing :
Tokyo Electron Device (TED, www.teldevice.co.jp )




New SPring-8 Feedback Processor (in operation 2016- )
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Front-end Horizontal
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Front-end Vertical
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For Hybrid Filling for PLS-Il : Hand V in one processor

Parameters are |New SPring-8 Processor
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Hardware Block Diagram
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http://www.design-gateway.com/SDLink.html Kazuo KOBAYASHI / SPring-8



New SPring-8 Signal Processor (upside down)

FPGA board
(red board)
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for parameter file

ADC overflow (not implemented)

indicators DAC on/off indicators  micro SD slot for configuration



Function Block Diagram
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Function Block Diagram
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Gadgets
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Selection of ADC with Bunch Current Controlled Selector
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Selector Control with anti-chattering
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Stretcher
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Stretcher

For Isolated bunch (high current singlets)
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500MHz FIR filter
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500MHz FIR filter
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Switch yard
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Switch yard
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Tune Measurement with One Bunch Excitation
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Tune Measurement with One Bunch Excitation

Just one bunch is excited, others are feedbacked => small effect to users
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Based on the tune measurement system for the previous version of the processor
developed by R. Sreedharan and R. Nagaoka (SOLEIL) Kazuo KOBAYASHI / SPring-8




Tune Measurement with One Bunch Excitation
Excitation Signal by Internal Signal Source (NCO)

Spectrum vs. turn Spectrum
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O Tune observation system with New Signal Processor
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Feedback with Multiple BPMs for Stability at High Gain
Kick <= Turn-by-turn Position with a single BPM

Loop ->

— . >

Turn-by-turn position Kick Unstable At High Gain
\ /

Kick <= Multiple Positions (BPMs) in a SINGLE TURN
NO LOOP -> Stable

One turn —

BPMs Kicker Just like
h motion Analog
in a ring feedback

~ v(n) 5 {y) =z(n) SPring-8

Average of y = offset

M
New

2 OnXm(1) =y (1) (y) = Z byy(n—k)/ Z bi Processor
k k

1 or 2 BPMs : enough if those have good phase relations each other and kicker
T. Nakamura, Proc. of14th Ann. Meet. Part. Accel. Soc. Japan, paper TUP090, Aug. 1-3, 2017
Proc. of IPAC18, . tuzgbd?2




Selector => Filter for Multiple BPMs

BPM Signal Selector  1-turn
R VAR ¢ +  508MHz FIR
= APC ‘| D1 H G/P Ix__o | D1 || 1-turn || D1 || 1—turn| o s o 3
— | Memory-1 |4+O - L [ 3 SW DACO
=>[ ADC |_l_(}__,,=J ol o1 g ol ot E2 s (] [o
=) ADC | 10 S S g Il e i DAC1
. 5| © L0 T . -
| A
= ADC [ D1 [{ G/P o0 | | & _ e o T g O o sw [ DAC2
i & > = EHoMsHEM & oAc
(9] L L) —
4{ <
= AbC H o1 H 6/p lO m:}%&& S
= ADC | [Memoys {0 || & & LB mEEAOMSe & Mg LA
—1 skl - >0 O S - - ['sw H DACs
= ADC 3 0 +0 5 v CHRE ~ % O O
={ Aoc Ho1 o fet=01|&| | btoy | & Slols]e LT LRASE
- SW DAC7
ADC A |
DAC8 >
clock FF;GA clock 0 T—! Memory-P —
Clock ——— 4100 . DAC12 > D1 | ~ans/step
E> Cleaner |f‘> Selector & || Selector & <:| Delavy
ADC Stretcher Stretcher DACO D2 y
Control Control | > ) ~ 10ps/step
Current clock O————=p1 Memory-C G/P . .
ADC D1 G/P l > Gain / Polarity
. DAC10 H>>
External-A Internal signal Offset
:> ; I source (NCO) <:
ADC D1 G/P —> Data
DAC11 H>>
Internal signal > .
ExteI:rr:;aI-B,, — 5] source (NCO) = 1-turn ‘ Logic
ADC —| H |

=> Analog input

=) Digital input

=) Ethernet contr

ol

= Digital input & Ethernet Cont.



Feedback with Multiple BPMs for Stability at High Gain

BPM Si | 1-turn
igna gt 8 @t 508MHz FIR FPGA program Type2
» AI.)C | D1 H 1—turn| | D1 ||1—turn| & oo G
o (o]
= APC = Loo--| D1 Loo--| D1 T E S| | — 1 DA
=>[ ADC 8l oot ol of Ly s
I (V]
=) ADC = I:%QQ o |[sw I pAC2
% = L -6 am g—‘— DAC3
=) ADC o5 L ~ AL R :‘C3
' AN o[l Y | & rEESHsHEH & g
->A||3c— el o — o1 e el B el I 2 O
= AbC SE S > O . O o 2 | sw [H DAC5
=] ADC & \ Tl TEEN S8 1§ LA
‘ — — [sw H bac7 K&
ADC -|>'>
clock | FPGA clock |\\ Lo 2 .
\
y(n) — (y) = z(n) |
a Avera/ e of y = offset SPring-8
g y= New
Processor
) =) beym—k)/ ) b
k k




Beam Size Feedback Control (SOLEIL)

PMsenal g g T st e t 508MHzFIR FPGA program Type2
=) ADC H D1 H G/P X RE | D1 || 1-turn | | D1 || 1—turn| g q
. 3 7
= ADC |- [Memory1 ] | 2l L@&M L)(} =8l [ % g sw_H DACO
={aclg g 378 oot ol o g il o sl DACL
=[ Abc H o1 H /P lo-|x 1| |5 ~ ' I:%QQ - |[sw 1 DAC2
R i
©A0c4gHG% xlk: Ig%&& f._-‘
= ADC | [Memory5 || . & % Vs E'&"E—E—E—%—TTDAC4
E.'>ADC—@ a Eﬁ'g' . HQQ@ [sw H DACS5
= ADC W o1 }{ /e ot ~| | & X z §E_%—5 —$— 1 DACS >
ADC [Memory-8 | A | : — . LswHDAC7 e
clock | FPGA clock . . -
S Pw . Noise Source :
To stabilize beam size Amplitude is
under coupling induced controlled by '
by IDs Beam Size Feedback
= | ngic

Replacing / adding to Beam Slze Control by Skew Q

= Analoginput =9 Digitalinput = Ethernet control > Digital input & Ethernet Cont.



Head-Tail Feedback
for Single Bunch Instability
with head-tail monitor and kicker

(just concept and simulation)

T. Nakamura, Proc. of the 15th Ann. Meet. of Part. Acc. Soc. of Japan, 2018
https://www.pasj.jp/web_publish/pasj2018/proceedings/PDF/THPO/THP089.pdf



Single-bunch Instability
Bunch Head produces Wake => Kicks Bunch Tail

Head and Tail : Phase Difference
Twomodes : head+tail Center of Mass (CM) feedback
head - tail Head-tail feedback
CM kick Wake Field ~ X044

——
-
»”~ S

Kick by
Wake \ .-

o

Q head-tail |
kick
CM kick — Q



Feedback For Single-bunch Instability

Center of Mass (CM) Feedback

DAC FPGA
(VAR e o
Singlet
. L Y G ]
CM kicker 0 OO O @---._ CMmonitor
&OO / . R
( Storage Ring =~
~ N d
\“~~~ 'OD
Head-tail \" --------------- o—--O--Q-"O"'O'O Head-tail
Monitor Singlet Train Kicker
or
CM monitor
DAC (Pulsed)
ADC FPGA power amp
DAC

Head-tail Feedback



Head-tail monitor

Detection of Angle of bunch distribution
(x(2)) = xcm + kz

Transverse Position vs Longitudinal * -
(x(2)) = Position Head
CM motion + Head-tail motion | 12! -

> Z
1
CM motion (position): (x(2))= xcuy
(x(2)) = Xcum TR e p——
Head-tail motion (angle) : + g
(x(2)) = kz N (x(2)) = kz

(x(2)) = xcm + kz -



Head-tail monitor

Position x Current  Position  Angle
2D Charge
pistribution | S (x,2) = (x(2))p(2) = xcm p(2) + kz p(z)

BPM electrode signal for 3.3ps (rms)

|BPM signal (A-B) | BPM fesponsefor/6(2’) -+ )
S(z=—ct)=| f(x,z2)G(z—z")dZ' T AR resut
’ o Timel[ns] h g
= Xcm f p(z)G(z—2')dz' + kj z'p(z)G(z — z")dz'
Position Angle
p(Z) : Gaussian Nﬁion\( M) | | Forthe case of
o,/c =24ps —_ \ ko, = xcy
—— A AB LPF-1 = © angle"/
B C zi:lfz ~ d(position)/dt
BPM g0 Hybrid o T o e



Head-tail Motion Monitor

DC component

ADC sampling

Position

Position
Angle '\/ Angle —
" dx/dtx Lroston et
4 ‘Time . I T tnsj - 2 - T.0 1 2 3
180 Hybrid > GHz . melns]
L A A-B |4 1pF-1 : Mlxer LPF-2 >
g il 2GHz éleferentlator 500MHz -
BPM Z | 1P z dZ/dt i
(A+B) TN T
/// - \\ Z | HPF ................................. \\ ‘/ o
— \\ /’__ _ L. Time [ns] !
N/ Position and 2 Angle and dX/dt
- .~ Same shape ~ Same shape

Time [ns]



Head-Tail Kicker : Angle kick => high dV;/dt

Resonant Kicker

Input HOM damper

B Beam —_\ /__

[

1/4
part

Beam

Based on SPring-8 longitudinal kicker*

Different kick for head ant tail

High dV,/dt M

N HOM dampers e

Kick Voltage [V]

Kick Voltage [V]

Single Pulse

Aot 118GHz ' .
4 0.8 o)
] g
= 7/3 fRF 06 <
* Transverse Kick | 2 E
U B S
0 5 10 15 20 25 30 35 407
Time [ns]
0 B
8 | 108
e~ 2L/c = 400ps 106
sl _ 0.4
2 Transverse Kick |,
0 ¢ 0
2l ‘ -0.2
0 1 2 3 4
Time [ns]

T. Nakamura, Proc. of The Physical Society of Japan, 2015 https://doi.org/10.11316/jpsgaiyo.70.1.0 547
* T. Nakamura, Proc. of IPAC11, MOPOO007, M. Masaki, et al., Proc of IBIC13, TUPC18
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Enhancement of Kick Voltage by Resonance

o~
=

Resonant Kicker
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©

c

—+
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,;. 1r | | _ 1r V Vi
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Simulation Results for Head-Tail Feedback

Feedback

CM feedback

6mA/bunch

0.01

0.001 Feedback

ON 5T

Log scale
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i —3T
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Stability limit ~ 2T (T=turns)

Oscillation Amplitude [a.u.]
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(just gain parameters)
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FIR phase is not optimized

Code : T. Nakamura, Workshop SAD2006, KEK (2006) ; http://acc-physics.kek.jp/sad/SAD2006/Doc/Slide/Nakamura.pdf




Summary

* New SPring-8 Feedback Processor
In operation at SPring-8 since 2016
Multiple ADCs with bunch current controlled selector
for hybrid filling
Kick pulse Stretcher, Switchyard, ~500MHz FIR
In-flight tune measurement
Multiple BPM feedback capability
for stable high gain operation
Testing in SOLEIL, Installation to PLS-Il in Feb. 2019

* Head-tail feedback for single-bunch instabilities
Bunch angle detection front-end with usual BPM and
Angle kicker cavity are proposed
Further increase of bunch current is observed in
simulation



