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Multibunch Feedback Systems
at ELSA

ELSA operating mode & beam current upgrade
Setup of multibunch feedback systems (FB)

Commissioning of longitudinal FB

Status & outlook -
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ELSA booster mode

4 GeV/s fast energy ramp: E _ _

0.3 (0.5) s for 1.2 GeV to 2.4 (3.2) GeV \_// \_/ \
Beam accqmulation in |- : :
stretcher ring: ELSA
up to (15 - 20) mA
without filling gap

At experiments: eXt"

Sldw extraction within 4s

External duty cycle: <80 % g
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Multibunch instabilities

mm) Limitation of storable beam current and beam quality

» Many harmful HOMs of 2 installed — g
five-cell 500 MHz PETRA cavities: y
longit. coupled-bunch mode 252

observed above 15 mA

> Instabilities (transversal) driven by:
- vacuum chamber: resistive wall, discontinuities
- residual gas: ions

mm) Counteractions:

- Temperature stabilization system for cooling circuit of PETRA cavities
- Active damping of instabilities: bunch-by-bunch feedback system
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Bunch-by-bunch feedback systems
analog bandwidth: f _/2 =250 MHz

DSP

stripline kicker /
kicker cavity

RF

1. Detection of displacement of each bunch via Z- & A-BPM signals

2. Front-end: Phase (longitudinal) & amplitude (transversal)
demodulation via mixing with 3rd RF harmonic

3. Digital signal processing at 500 MHz:
Bunch-by-bunch digital bandpass filter at fsyn, fB

4. Longitudinal back-end: upconversion to 1 GHz

5. Powerful damping via broadband amplifiers & kickers,
longitudinal: kicker cavity, transversal: stripline kicker
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System layout at ELSA

RF frequency revolution clock

499.67 MHz 1.8236 MHz kicker cavity

2nd kicker cavity (cross—sectional view,
{ 4 of 8 ports shown)

» RF clock fid. clock
horiz. iGp12-274F longitudinal
e > ADC DAC
T
L vert.
P2
y
1 RF clock fid. clock
1Gp12-274F horizontal
L Y . DAC
[
FBE-500LT
longitudinal & transverse Y
RF clocks
»1 RF clock fid. clock
| iGp12-274F vertical
> ADC DAC

Electronics is commercially available: DIMTEL
- front-/back-end: 3 wideband RF channels

- 3 DSP units: FPGA platform, 12-bit ADC, FIR filter (< 32 taps), 14-bit DAC,;
timing, phase adjustment, filter generation & data acquisition via EPICS
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RF frequency
499.67 MHz

System layout at ELSA

revolution clock
1.8236 MHz

|

Y

\

RF clock fid. clock
1Gp12-274F longitudinal
ADC DAC

A J

y

RF clock fid. clock

1Gp12-274F horizontal

vy v

FBE-500LT
longitudinal & transverse

ADC

DAC

/

RF clocks

Electronics is commercially available: DIMTEL
- front-/back-end: 3 wideband RF channels

| RF clock

fid. clock

iGp12-274F vertical

ADC

DAC

- 3 DSP units: FPGA platform, 12-bit ADC, FIR filter (< 32 taps), 14-bit DAC,;
timing, phase adjustment, filter generation & data acquisition via EPICS

[e.:3
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System layout at ELSA

Broadband amplifiers

ADC

DAC

RF frequency revolution clock
499.67 MHz 1.8236 MHz kicker cavity
2nd kicker cavity (cross—sectional view,
4 of 8 ports shown)
{ 50 Q
> RF clock fid. clock ”
. . S — _
horiz. iGp12-274F longitudinal -~
— [~
= ADC DAC
|
L. / monit.
y
1 RF clock fid. clock monit. o
1Gp12-274F horizontal M stripline kicker
LA | Y > ADC DAC 100 W 180°
[
FBE-500LT -—
longitudinal & transverse A 4 ‘
RF clocks _ / monit
| RF clock fid. clock ’
| iGp12-274F vertical it

- longitudinal: (1 — 2) GHz, 200 W, Milmega
- transversal: 10 kHz — 250 MHz, 100 W, Amplifier Research
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Broadband Kickers - longitudinal

kicker cavity 2 kicker cavities:

2nd kicker cavity (cross—sectional view,
s shown)

* 4 input & 4 output ports

| _ ” - choice of f = 1.125 GHz
—M__ _ consider ELSA bunch length: 2 — 6 cm!
200 W —_ m Aeont

5 6 cm > accelerating gap of the cavity
1
/ monit.

If in the future necessary: . bandwidth at least: 250 MHz: QL =45
one amplifier for each cavity

% )

Simulation with CST Microwave
Studio & In-house fabrication
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Kicker Cavities: Measurements

1.0 e . .
"""" i —
Reflection measurement with 0 [\ e
0.8 W, e
network analyzer: \, operation 7

0.7 -
0.5 B i
0.4 \K jf /
0.3 \§ if
02 \ //
" W/

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
f/ GHz

Electric field & shunt impedance via resonant bead pull measurement:

f o 1.125 GHz, simulated: 1.100 GHz

cent

bandwidth: 302 MHz, Q = 3.73

reflection coefficient Sy

T T T T
1.0 measurement

simulation - 1 RS = (374 +/-16) Q
0.8
= / \ Not very large, because:
R 06 "'.‘ . .
E ' * beam pipe diameter of 10 cm
Z 04t 3
g - f __ has to be lower than usual
0.2 /4
0 ﬂ”’y//!
-150 -100 -50 0 5IO 100 150

position z / mm “
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Kicker - transversal

monit.

0°
,}_,[%_,lj stripline kicker
100 W 180°

monit. —y

00
,’_.%_.l: / monit.
100 W 180°

Existing kicker with
horizontal & vertical striplines,
driven by a 0° / 180° splitter

43 cm

Currently fabrication of a new transverse kicker with larger bandwidth:
stripline length of 30 cm
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Timing & closing of longitudinal feedback loop

~_ iGp12: Timing <@elsapci?> £l

ELSA storage mode, constant energy:

ID=IGFF : FBL
> Adjust front-end phase for phase demodulation - E:YDBM TI";“G
> ADC delay (1 - 2000 ps) for maximum input signal DAC DELAY 200 7=
> Via internal frequency generator (DC - 250 MHz): N —

excitation of one bunch with fsyn
> Observe response of the same bunch & optimize " iGp12: Coefficient Generator <@elsapcB2>
output delay (1-274 buckets), "
GATN [0- 0.70 Fractional
DAC delay (1 - 2000 ps) & back-end phase o o
PHASE, DEGREES A5 00 D_04700
for maximum kick and isolation between bunches ot
FREQUENCY [0-1] |D.04700 {dB) 17_4
1 Phase 1
» FIR-bandpass filter at fsyn , ’ —
11/2 phase shift required for resistive feedback, u
(phase energy relation in longit. phase space) j:
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*

Bunch-by-bunch beam diagnostic & data acquisition

< 25 ms record length

for later ADC data analysis

Synchrotron oscillations:
MEAN=0,

RMS indicates oscillations

Spectrum:
averaged over bunch
pattern

Example:
Oscillations because of
injections (each 20 ms)

in the stretcher ring

" _ iGp12: Waveforms <{@elsapc2> =

ID=IGPF: FBL | |
200 Mean 150 Max RM3 channel (filtered)
100
100
a0
C T —— C
N 0 N D
T T _sp
-100
-100
_2["]|IIII|IIII|IIII|IIII|IIII|IIII|IIII| _15['|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
-a0 0 a0 100 150 200 250 300 -3 0 2 10 13 20 23 30
Bunch number Time {ms}
10- RM3 60 Averaged specthum
93
83 al
73
c E 40
N B3 d
T 53 B 30
PE
E 20
2—: 10 U LI LU N I T L L L L L L
-al 0 a0 1000 150 200 250 300 0 a0 100 150 200 2a0
Bunch number Frequency {kHz})
ACQUISITION CONTROL MEAN 22.6 AME P-B 7.7 MARKER SPAN (kHz) MARKER FREQ
BUMNCH PATTERN | i1-274 VG o 2 | Bo0.o0 350.00 m‘ 22.0dB | 330.13 kHz
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Drive-damp measurement at 2.35 GeV

10 mA stored in stretcher ring,

beam is stable,

longitudinal turn-by-turn ADC data of
bunch with largest oscillation amplitude

0 — 1 ms: filter phase shifted by 180°,
excitation of syn. oscillations
at 1 ms: filter coeff. set back,

FB is clearly working

Fourier spectrum of ADC data averaged

over all filled buckets:
excited & damped: fsyn= 86 kHz

ADC counts

60

N
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n
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|
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I I I I I I I I I I I il
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time / ms

FB damping
—— FB excitation

i i i i i i 1 i i i
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frequency / kHz
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Fast energy ramp & booster mode

Longitudinal FB operating range:

stretcher ring beam injection energy: 1.2 GeV & typical extraction energy: 2.35 GeV

 Linear ramp of cavity voltage: 0.98 MV — 1.89 MV time /s
0 0.05 0.1 0.15 0.2 0.25 0.3
. Shift of bunches' synchr. phase P, 8 1 93
7 5 1 91
: A~ ro
in acceptable range: 6.6 6 | g9
. f should be nearly constant for ~ 3 e P
s & 4 : 85
bandpass filtering: (87.0 +/- 1.5) kHz e s e e { 83
2 e synchrotron frequency f; e 1 g1
\\\\\\\\\\\\\\\\\ synchronous phase Pgyp o
1 fast tune measurement f, . 1 79

12 13 14 15 16 1.7 1.8 19 2 21 22 23 24

energy / GeV
* LFB works sucessfully during ELSA booster mode:

- better injection efficiency at 1.2 GeV

- significant lower beam loss during ramp

- damped long. CBI, until now tested with | __ < 30 mA
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Status of horizontal FB

First test in storage ring mode at 2.35 GeV, /| __ up to 100 mA

- LFB is active: beam becomes transverse instable 18 Spectrum HFB

« HFB loop closed: betatron oscillations B

of bunches damped sucessfully f, = 732 kHz

F20 730 740 a0 760
Frequency {kHz)

Max RMS channel (filtered)

Horizontal drive-damp measurements at 50 mA '®

* FB shows good damping performance E 0
- Beam becomes also instable vertical, >
but at that time, vertical FB was not - Tl;{mé) soww
ready for operation ; Averaged spectrum
d 30 f,,= 756 kHz

[t ]
I

Bllil] | ?llll] I ?le] | ?AIII] | ?Ilal] | ?ilil] |
Frequency (kHz) "‘
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Conclusion & outlook

> Setup of multibunch feedback systems for all 3 planes is
completed at ELSA

> LFB loop successfully closed & FB is working well during

booster mode
> HFB & VFB is ready for detailed tests with beam in the future

> FB operation for booster mode: limit for beam current /

more FB gain necessary?

> Detailed studies at the stretcher ring:
- instabilities thresholds, grow-damp transients,

coupled-bunch modes, source of instabilities

universitétbonnl

- bunch cleaning: single bunch possible?




Thanks to my colleagues:

R. Zimmermann & N. Heurich (Kicker Cavity),
M. Schedler (Stripline Kicker),
W. Hillert, F. Frommberger

Thank you
for your attention!
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New elliptical cross pieces
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Main source of long range wake fields and
multibunch instabilities at ELSA

Higher Order Modes §
of 500 MHz
PETRA cavities

Numerical
simulations

with CST microwave
and particle studio
(eigenmode &
wakefield solver)
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Impedances of HOMs are well above multibunch
stability thresholds due to radiation damping!

- 800m Wakei‘eldsolv'er, 3 cmbunch —— |

Ei%enmodensolver Monopol HOM < -

o ; 100 mA bei 1.2 GeV, fg =63 kHz - ]
1000 | o TMe T

[ X ¥ ]
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100 |

L e w5
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Teraaa, : : ] : :
: : bl CLETT | ] | | : :
. - : | : : : EE T,
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Frequenz / GHz
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Frontend signal demodulation

low pass
filter

- RF-phase

A

- @il

sin (Bwrpt + @(t)) -sin (Bwrrt + 7/2) x @(t)

+ 3 channel demodulation at 1.5 GHz

+ Longitudinal: phase demodulation

+ Transverse: amplitude demodulation

A(t) sin(Bwrpt) -sin (B3wrrpt) o< A(t)
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Transverse Stripline Kickers:
shuntimpedance vs. frequency

45 Lo " 'CST-Simulation

general behaviour: ~ sin(x)/x ) \
I

3.5
Simulation ‘
1} : :
05 \
distance of striplines: 4.5 cm 0 I o m—

geometry factor: 1 0 100 200 300 400 500 600 700 800 900 1000

3

25\
2L\

Shunt impedance / kOhm

10 T T T T T T T Frequency / MHz
length: 43 cm ——
9 \ | length: 30 cm -+ |
8 L
7 - H H ; i
6 L ; ; H ; H i
g ° N | | ¢ 30cm
@ 4l \\ ' - zero @ 500 Mhz
3¢ NG - larger BW
2k
1t
0

0 50 100 150 200 250 300 350 400 450 500 550

frequency / MHz
universitétbonnl




	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23

