Bunch-by-bunch Feedback Systems

KEKB Accelerator Review 10/Feb/2000
M.Tobiyama, E.Kikutani, J.Flanagan and
Y.Ohnishi

1.0utline of KEKB Bunch Feedback
Systems.

2.Experience with the transverse
feedback systems.

3.Transient-domain analysis of the
instabilities.

4.Summary.

(Tune measurement system and bunch current
monitor system will be shown in the beam

instrumentation talk.)



1.0utline of KEKB Bunch Feedback
Systems.»

Fuji 'f

?

CAll me f@edm«  systems are installed

&&&&& = ‘{u’ y‘-:,‘ S \:—TJ 2 i ~ > ,,;“‘ 12'“\.
aroun @i the F uji area.
f:; i “' r
Aj
— . .
1 h: {f/ - IRlle Il | MY |



Feedback systems consist of:

1)Position detection systems compati-
ble with the minimum bunch spacing
of 2ns. ,

2)High-speed digital signal processing
systems which work with the system
clock of 509MHz.

3)Wide-band kickers fed by wide-band,
high-power amplifiers.

Applications of digital signal processing
systems.
A)Bunch current monitors.
B)Bunch oscillation recorder with 20MB
of memory.
>> Transient-domain analysis
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Detectors
Number of monitors 2 2
Number of electrodes 20x2 20x2

Power amplifiers
Transverse low freq.(5kHz~1MHz)

Number of amplifiers 4 4

Max. power 300W/amp. 300W/amp
Transverse wideband (1 OkHz~255MHz)

Number of amplifiers

Max. power 50W/amp 250W/amp
Longitudinal amplifiers(1 150MHzi250MHz)

Number of amplifiers - 8

Max. power ‘ 140W/amp

Kickers

Transverse low freq.(1.2m)

Number of kickers 1 1

Shunt impedance 120k Q 120k Q
Transverse wideband(40cm)

Number of kickers

Shunt impedance
Longitudinal kickers

Number of kickers 2

Shunt impedance 750 Q) /kicker

Quality factor ~5

o
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Transverse Feedback Systems
Detector

5

Front-end system  Digital filters
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Two-tap FIR filter
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Two-Tap FIR filter
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Transverse Amps/Kickers
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| LOngitudinaI-v Amps/Kickers

Feedback signal
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Temperature monitoring system
X ~ 200 POl oints monitol (kick

{RICK

3PMS, du nn 1va oads... etc) with

Summary of Temperature Monitor
BMHWCM FBLLK2

ustT  Z3s5 |l Fm 234 || EB1 A || Fm 247 || a 238 || M 287
oT 38 | Fl2 235 | E2 NA || FT2 246 |l 282 || F2 - 249
CORE 236 | FT3 234 | B3 NiA || FT3 244 | 24z || FT3 24.4
CERA 234 | FT4 235 | E4 N/A || FT4 242 || ¢4 242 || FT4 248
|| FT5 23.8 FBHMOND | FTS 247 || 5 241 J FT5 248
| FT& z:.az{mp S d | FT8 z::z-‘__cs 242 || FTe 243
7 234 H Sy e M2 o 240 || FI7 250
UsT 25 || FIB 238 LN e | FT8 77 | 8 241 || FT8 248
oT 242 || BDYS 233 00| BDYUS 256 DMI 238 | BOVUP 255
CORE 243 || BOVUP 236 | ... .. || BDVUP 254 | DMz 241 || BDYS 251
CERA 235 | DM1 241 | o o, | BDYS 255 | DM3 247 | DM1 -1000
DST 235 || DM2 242 : || BDYDS 253 | DM4 243 || DM2 -100.0
DM3 239 [FBLLKI MD1 263 | DM5 245 | DM3 275
BMLWCM .| DMa 238 | FTI 246 || MDz 261 | DME 242 || DM4 265
et WA L SR R T 4 24.4 DM7 248
= wa || FEHMONU T3 243 - FBLWDM2 obe e
= NiA FTUP 233 | FT4 2486 DM1 24.5 El WA |
o wa | FTON 230 || FTS 245 || oMz 240 | g2 NA
& wa || FTOT 232 || FIE 242 || DM3 242 || 3 wa | FBLTKL
FTIN 234 || FT7 245 || DM4 243 | Ea Wwa || FT 248
FBHTIW FITUP 230 | FIB 256 DMS 24.3 F12 248
FITDN 233 | BDYUS 252 | DM6 244 I3 248
AL 23T L apvuP 254 || DMz 244 j FT4a 248
FI2 237 | BMHCT BDYS 252 | DM8 241 -~ FBLMONU FIs 245
FI3. &8 || yst 236 | BDOYDS. 253 BDYUP 240 | FT6 248
Fla. 281 1 oy 248 | MD1 260 | FBLMOND BDYDN 238 | FI7 237
FIS 237 || cORE 245 | MD2 261 | BDYUP 240 | BDVIN 241 | FTB 248
R 284 e BDYDN 240 | BDYOT 245  BDYUP 259
Fl7z. @36 psy 2an | BOVIN 245 | FTUP 264 | BDYS 255
e 726l || o 245

|| BDYOT 248 | FTDN 264 || DM1 254
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3 || oM3 248 [l
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| DM2 245

DML = 265 1) or 251 || M P4 oy s || U 267 || DMa 254
DM2 242 | cope 251 | OM8 24 o 268 | FriON 268

DM3 238 || r 245 || DME 247 1 P 286
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2.Experience with the transverse feed-
back systems. |

ikDuring the commissioning, we have
encountered strong coupled-bunch
instabilities in the transverse planes
for both rings.

HER

% Horizontal instabilities during injection

% Vertical instabilities around lower
modes.

LER

* Horizontal instabilities during injection

* Vertical instabilities.

% Longitudinal instabilities (strongly
depends on the MASK positions)

Successfully suppressed with the

transverse bunch-by-bunch feedback

systems (and high chromaticities) .
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Phase relations between Kicker and
BPMS |

LER Horizontal LER Vertical

| Kicker
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Digital filter:
w2(Horiz. and Vert.) for HER
3(H, V and Longitudinal) for LER
wSimple delay mode(transverse)
Delay:: HER 9.03us
| LER 9.29us
¢ Two-tap mode for transverse system?
©Reduction of DC components
X Very touchy response on the
selection of betatron tunes.
% Detailed machine studies are
necessary.

Large-scale memory boards

v Two bunch current monitors
(HER and LER)

Y¢6 Bunch oscillation recorders
(HER 3, LER 3)



.

Feedback damping behavior
% Damping time
toe< 1/(bunclh current)
Design < 1ms (100 turns) /0.5mA

* Measured ~0.5ms/0.4mA
LER Horizontal oscillation(injection)

-

2.5 e

Damping Rate(1/ms)
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Troubles/remaining problems
A) Breakdown of transverse wideband
amplifiers: .
% 7/8 amplifiers have broken.
w FETs of final amplifier units are
destroyed.
yMax. power and gain reduced.
300W—<50W
* Possible causes:
vrBeam power from kickers
But: 300MHz low pass filters
No reflected power from
directional couplers.
3¢ Output power too high
But: No forward power interlock
trips.
% Investigation continues in cooperation
with the manufacturer/agent.



B)Vacuum pressure around transverse
kickers at high-stored current.
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Pressure (CCG-L00)
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% Vacuum pressure increases gradually
<1x10®%a =>1x10"pa
when keeping high beam current
*Possible causes..
< Cu-coated structures
Porous surface?? Impurities??
wHeating
Wall loss per stripline
<1.1W(2.6A with 2000 bunches)
HOM heating???
Thermal conductivity
Not so good but thermal radiation
Is effective.
% Replace the stripline-electrodes with
copper ones if necessary.



C)Front-end electronics response

% Main response width <2ns

Some channels have not very
clean responses.

% Offset changes with the bunch
current and loaded RF-phase at
high bunch current. |

% There exist weak patterns.

Ex. Few bunches with large gap.
¢ Continue the tuning of the front-end
components.

yeIncrease the detection freq. to
2.5GHz.



D)Equalization of low frequency feed-
back kickers and wideband kickers.
% Tried on HER but not working well.

- % Power on wideband amplifiers

reduced but lose gain margin.

y7 Tuning of low pass/high pass filter
will be necessary.

¢ Adjusting the group delay of both
amplifiers is also necessary.

E) Longitudinal system.

e Survey of the performance of the
system is necessary.

F)Too few components/monitors con-
trollable from the central control room.
¢ Prepare monitors and tuning

components.



3.Transient-domain analysis of the
instabilies. =~
Y¢Bunch Oscillation Recorder
Memory 20MB
=4096 turns X 5120 bunches
=41 ms

FB ‘ 41ms

ianal ~ Memory Sto
SNl RF Switch - ] =
i

-

Gate
Generator VME BUS

General 1/0
STOP
| |

Revolution | SYNC
_—_._—_._’"*‘
RF | cLOCK

| VME EXT

Bunch | Signal IN !

e e |
Position ™™ Memory |
| Board ;

D PC/Workstation




;Bunch Oscillation Recorder
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4.Summary
w Transverse bunch-by-bunch feedback sys-
tems have been working very well, contri-
buting to both the commissioning of the
rings and the operation of the collidi'ng
experiment. Feedback damping time of
about 0.5ms has been achieved.
< Feedback related tools such as the bunch
oscillation recorder and the bunch current
monitor are working very well.
e Several problems need to be solved.
* Amplifier breakdown.
% Vacuum pressure around kickers.
% Detector offset.
|  Equalization system for low freq. system
and wideband system.
% Survey of longitudinal systems.
% Control systems.
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