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System Installation

Work Summary

@ Two baseband processors and the front/back-end are
installed in the rack and connected to:

o RF reference;
e BPM hybrid outputs;
e Power amplifiers.
@ Set up vertical kicker with 4 striplines driven by two power
amplifiers and two splitters;
@ Set up horizontal kicker with 2 striplines (B, D), driven by
two power amplifiers;
@ Configured a prototype longitudinal kicker with an
upconverter to RF frequency, 100 W amplifier driving one

tripline. :
stripline @@Q
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System Installation

Remaining Issues

@ Fiducial signal has too much jitter and slow transitions, not
stable within one RF bucket;

@ Ran out of time while trying to set up longitudinal feedback;

@ Need to work on Matlab interface for reading out diagnostic
data for off-line analysis;

@ Calibrations.
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Vertical Plane

Single Bunch Measurements

iGp12: SRAM waveforms

@ Started on Monday from
configuring the vertical
plane;
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Vertical Plane

Single Bunch Measurements

iGp12: SRAM waveforms

@ Started on Monday from
configuring the vertical
plane;

—— @ By 14:45 closed the loop

50 0 50 100 150 200 250 300 5 0 5 10 15 22 2 30

-
N A — drive/damp
s B

: ® ‘ measurement;
. = = ..
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Vertical Plane

Single Bunch Measurements

iGp12: 5B waveforms

@ Started on Monday from

a% W - A configuring the vertical

2 plane;

frrm A R T s TR S e
40 0 1 20 3 40 s 60 zis 20 22 24 2 28 230
Tme (ms) Froquency (kHz)

. @ By 14:45 closed the loop
%‘ A — drive/damp
o ot w1 AV

o e || measurement;

218 220 222 224 225 28 23

MARKER MODE SPAN | ©.00 ‘ﬁm‘m ) .
— e @ Beam transfer function —

open loop;
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Vertical Plane

Single Bunch Measurements

iGp12: 5B waveforms

@ Started on Monday from

c% W 5 S configuring the vertical
e - -

2 plane;

frrm A R T s TR S e
40 0 1 20 3 40 s 60 zis 20 22 24 2 28 230
Tme (ms) Froquency (kHz)

= . = @ By 14:45 closed the loop
e o s e e, ] — drive/damp

o umanarm s |5 ~__

o e o] measurement;

2o o 22 24 26 2 2k
YRR o N o
e | Frequency (kiz)

— —— @ Beam transfer function —
open loop;

soguee| [CNTIUOUS | oy MARKER 225.3KiHz | 49008 | 1950 deg
@ BTF — closed loop.
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Vertical Plane

Parasitic Tune Measurement Method

@ Beam response is resonant
at the tune frequency;

Detection noise Disturbances

Feedback | Beam
Transverse position —‘
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Vertical Plane

Parasitic Tune Measurement Method

@ Beam response is resonant
at the tune frequency;

@ Attenuation of detection

Detection noise Disturbances noise by the feedback iS
Feedback »| Beam pr(?porhonal to the loop
W gain;
Transverse position
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Vertical Plane

Parasitic Tune Measurement Method

Detection noise

Feedback

Disturbances

»| Beam

Transverse position

@ Beam response is resonant
at the tune frequency;

@ Attenuation of detection
noise by the feedback is
proportional to the loop
gain;

@ Transfer gain from noise to
the feedback input is ﬁ(w)
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Parasitic Tune Measurement Method

Detection noise

Feedback

Disturbances

»| Beam

Transverse position

@ Beam response is resonant
at the tune frequency;

@ Attenuation of detection
noise by the feedback is
proportional to the loop
gain;

@ Transfer gain from noise to
the feedback input is ﬁ(w)

@ Maximum attenuation at the
resonance, thus a notch.
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Vertical Plane

An Example from DA®NE: Bunch-by-bunch Tunes

DAFNE e” bunch 30 horizontal spectrum, 600 mA, 4-apr-2008

@ Start from computing bunch
spectrum;

o 100 200 300 400 500 600 700 800 900
Frequency (kHz)
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Vertical Plane

An Example from DA®NE: Bunch-by-bunch Tunes

DAFNE e” bunch 30 horizontal spectrum, 600 mA, 4-apr-2008

@ Start from computing bunch
spectrum;

@ Fit model beam/feedback
response to the spectrum;

— Data
——Fit
o 100 200 300 400 500 600 700 800 900
Frequency (kHz)
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Vertical Plane

An Example from DA®NE: Bunch-by-bunch Tunes

DAFNE e” bunch-by-bunch horizontal frequency, 600 mA, 4-apr-2008

@ Start from computing bunch
spectrum;

@ Fit model beam/feedback
response to the spectrum;

@ Repeat for all filled bunches;

(
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Vertical Plane

An Example from DA®NE: Bunch-by-bunch Tunes

@ Start from computing bunch
spectrum;

@ Fit model beam/feedback
response to the spectrum;

@ Repeat for all filled bunches;
@ Convert to fractional tune.

40 60
Bunch number

(
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Vertical Plane

Single Bunch Parasitic Tune Measurement

- iGp12: SRAM waveforms - ox
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Vertical Plane

Single Bunch Parasitic Tune Measurement

- iGp12: SRAM waveforms - ox
ID=1GPF:V: SRAM

Max RMS channel (filtered)

m @ Feedback loop closed at
= ' 550 MeV,

Bunch number

@ Averaging 5 sweeps for
% 8 = ‘ bunch 129;
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Vertical Plane

Single Bunch Parasitic Tune Measurement

- iGp12: SRAM waveforms - ox
ID=1GPF:V: SRAM

Max RMS channel (filtered)

m @ Feedback loop closed at
= ' 550 MeV,

Bunch number

@ Averaging 5 sweeps for
% 8 = ‘ bunch 129;

e ] @ See a clear notch;

200 210 220 230 240 250
Froquency (kHz)
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Vertical Plane

Single Bunch Parasitic Tune Measurement

- iGp12: SRAM waveforms - ox
ID=1GPF:V: SRAM

Max RMS channel (filtered)

m @ Feedback loop closed at
= ' 550 MeV,

Bunch numt

) ‘ @ Averaging 5 sweeps for

§ - i ‘ bunch 129;

; o L[ ] @ See a clear notch;

50 0 50 KO 150 200 250 300 00zl 220 230 240 250
— @ Minimum marker extracts
P o — ) [ o

the tune.

BUNCH PATTERN (129 v [5 2 [ss0.00 | [w0.00 | Gy -26.5 dB| 427.59 Kbz
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Vertical Plane

Long Train Filling

Estimated beam phase during ramping

1401

1201

] @ Filled 180 bunches to
1 140 mA;

1001

Phase (deg)

“1100 -1000 -900 -800 -700 -600 -500 ~-400 -300 -200 -100 O
Time (s)

Vertical tune

o1 . ; ; ; ; ; ; ; ; ;
1100 -1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 O
Time (5)
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Vertical Plane

Long Train Filling

Estimated beam phase during ramping

] @ Filled 180 bunches to
1 140 mA;

] @ Stable at 550 MeV;

Phase (deg)

“1100 -1000 -900 -800 -700 -600 -500 ~-400 -300 -200 -100 O
Time (s)

Vertical tune

0135 .
ofinnits
o1 . ; ; ; ; ; ; ; ; ;
1100 -1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 O (
Time (5)
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Vertical Plane

Long Train Filling

Estimated beam phase during ramping

il @ Filled 180 bunches to
£l 140 mA;
= @ Stable at 550 MeV;
il ] @ Second iGp12 connected
oo o o o o0 o s w0 w0 20 o o to the longitudinal (sum)
signal, serves as beam
o Vewawe phase monitor;

0161,
0155
0.15F
0.1451
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01351

1t 7a
OJﬂﬂJ—JJ/
-1100 1000 -900 800 700 600 -500 400 -300 -200 -100 0 (
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Vertical Plane

Long Train Filling

Estimated beam phase during ramping

il @ Filled 180 bunches to
£l 140 mA;
= @ Stable at 550 MeV;
i ] @ Second iGp12 connected
oo o o o o0 o s w0 w0 20 o o to the longitudinal (sum)
signal, serves as beam
o Vewawe phase monitor;
@ Successfully ramped to
o 2.5 GeV;

0.1451

0.14F

01351

olinn —'|3J/
o1 1 1 1 1 1 1 1 1 1 1
-1100 1000 -900 800 700 600 -500 400 -300 -200 -100 0 (
Time (5)
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Vertical Plane

Long Train Filling

Estimated beam phase during ramping

@ Filled 180 bunches to
140 mA;

@ Stable at 550 MeV;
@ Second iGp12 connected

2400 “1os0 1ow0 -1070 1060 i?féfs) om0 1030 1020 1010 1000 to th e I on g|tU dinal (Sum)
signal, serves as beam

m phase monitor;

ol o @ Successfully ramped to
2.5 GeV,

>70.1591F

@ See 4 x 10~* tune
variation (stored beam,

R e e e 550 MeV). {roI (ing gﬁ/
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Vertical Plane

Vertical Grow/Damp: 20 mA @ 550 MeV

a) Osc. Envelopes in Time Domain b) Evolution of Modes

@ With uniform filling the beam
is bursting vertically at 20 mA;

(



Feedback Operation and Beam Studies
000000e000

Vertical Plane

Vertical Grow/Damp: 20 mA @ 550 MeV

a) Osc. Envelopes in Time Domain b) Evolution of Modes
40 ’ ‘ ”JI\ | 10
S0 “ [ 35
DBV"‘ ‘ 0 0 . . .
zsaoq % i o @ With uniform filling the beam
R is bursting vertically at 20 mA;
) Exp. Fit to Modes {pre-brkpt) 0 d) Growth Rates (pre-brkpt) ’
y __acrnas o)

/i B @ Feedback suppresses the
L motion;

Rate (1/ms)
2

5

100 =
ModeNo. 0 0 Time (ms) 289 2895 200 2905 291
Mode No.

&) Exp. Fit to Modes (post-brkpt] ) Growth Rates (post-brkpt)

Rate (t/ms)

100
-1
Mode No. 012 Hine (ms) 289 2805 290 2905 291 L
Mode No. O Jfl_ﬂJ =
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Vertical Plane

Vertical Grow/Damp: 20 mA @ 550 MeV

@ With uniform filling the beam
is bursting vertically at 20 mA;

@ Feedback suppresses the
motion;

@ Fitting magnitude only;
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Vertical Plane

Vertical Grow/Damp: 20 mA @ 550 MeV

@ With uniform filling the beam
is bursting vertically at 20 mA;

@ Feedback suppresses the
motion;
@ Fitting magnitude only;

@ Tune shift of 0.005 with
amplitude;
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Vertical Plane

Vertical Grow/Damp: 20 mA @ 550 MeV

@ With uniform filling the beam
is bursting vertically at 20 mA;

@ Feedback suppresses the
motion;
@ Fitting magnitude only;

@ Tune shift of 0.005 with
amplitude;

@ Behavior indicative of ion
instabilities.
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Vertical Plane

Vertical Grow/Damp: 117 mA @ 2.5 GeV

) Osc. Envelopes in Time Domain ) Evolution of Modes

200

5 . 4
o 100

ooate® 5w e 0% meien @ At injection energy bursting
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Vertical Plane

Vertical Grow/Damp: 117 mA @ 2.5 GeV

) Osc. Envelopes in Time Domain

iy S 100

s
Pl

b) Evolution of Modes

50

ol

o, 201 4
Go0g, 100

Bunch No. Time (ms) Mode No. 0 Time (ms)

d) Growth Rates (pre-brkpt)

) Exp. Fit to Modes (pre-brkpt)
/|

2805 200 2005 291
Mode No.

) Growth Rates (post-brkpt)

2
£15
£
&

05
100 = 05
Mode No. 00 Time (ms) 289
&) Exp. Fitto Modes (post-brkpt)
05
o\ B
< 20-

Rate (t/ms)

100 354
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Time (ms)

2805 200 2005 291
Mode No.

@ At injection energy bursting

not seen at 100—130 mA;

@ After ramping — clear
instability with a similar
signature;
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Vertical Grow/Damp: 117 mA @ 2.5 GeV

) Osc. Envelopes in Time Domain

150. o

s |
Pl

00,
50
Bunch No. Time (ms)

) Exp. Fit to Modes (pre-brkpt)
/|

05

ModeNo. O

Time (ms)

&) Exp. Fit to Modes (post-brkpt)

354

o Time (ms)

Mode No.

Rate (1/ms)

Rate (t/ms)

b) Evolution of Modes

1007
Mode No. LN}

Time (ms)

d) Growth Rates (pre-brkpt)

289

2805 200 2005 291
Mode No.

) Growth Rates (post-brkpt)

289

2805 200 2005 291
Mode No.

@ At injection energy bursting
not seen at 100—130 mA;

@ After ramping — clear
instability with a similar
signature;

@ Reasonable damping;
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Vertical Plane

Vertical Grow/Damp: 117 mA @ 2.5 GeV

@ At injection energy bursting
not seen at 100—130 mA;

@ After ramping — clear
instability with a similar
signature;

@ Reasonable damping;

@ Tune transient goes in the
opposite direction?
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Vertical Plane

Injection Transient

Injection transient (feedback off)
T T T T

@ Injection transient captured
using external trigger;

Vertical position (arb. units)
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Vertical Plane

Injection Transient

Injection transient (feedback off)
T T T T

@ Injection transient captured
using external trigger;

@ Vertical plane — coupling
from horizontal;

Vertical position (arb. units)
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Vertical Plane

Injection Transient

Injection transient (feedback on)
T T T T

200+

] @ Injection transient captured
| using external trigger;
I @ Vertical plane — coupling

from horizontal;

@ Feedback damps the
oscillation very quickly.

(
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Vertical Plane

Injection Transient (Continued)

@ Modal analysis shows mode 0
— all bunches moving in
phase;

2) Osc. Envelopes in Time Domain b) Evolution of Modes

0
BunchNo, 0 Time (ms) ModeNo. 0 0 Time(ms)
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Vertical Plane

Injection Transient (Continued)

@ Modal analysis shows mode 0
— all bunches moving in
phase;

@ Stored beam perturbation due

e ' to imperfect injection kicker

a0 ey votne 6% e bump closure;

2) Osc. Envelopes in Time Domain b) Evolution of Modes
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Vertical Plane

Injection Transient (Continued)

@ Modal analysis shows mode 0
— all bunches moving in
phase;

@ Stored beam perturbation due
to imperfect injection kicker

@ B »
& & &
S 3 &

itude (arb. units)
@
8
S

= bump closure;
@ Feedback dramatically speeds
L up the damping;
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Vertical Plane

Injection Transient (Continued)

@ Modal analysis shows mode 0
— all bunches moving in
phase;

@ Stored beam perturbation due
to imperfect injection kicker

@ B »
& & &
S 3 &

itude (arb. units)
@
8
S

: bump closure;
@ Feedback dramatically speeds
L up the damping;
5 ; : : ; : @ See improvement in injection

rate with feedback, expect a
bigger effect from the

horizontal one. @;@gﬁ/
(
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e Feedback Operation and Beam Studies

@ Horizontal Plane
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Horizontal Plane

Tuning And Feedback Notch

@ On Wednesday had 20 mA in
291 bunches for a while;

nnnnn

4
Ay
Edomag
2| W
2
IR H
s




Feedback Operation and Beam Studies
(o] lo}

Horizontal Plane

Tuning And Feedback Notch

[ [Eee | [ExiT |
‘ g @ On Wednesday had 20 mA in
e 291 bunches for a while;
—= @ Used bunch cleaning (vertical)
to carve out an isolated
bunch;
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Horizontal Plane

Tuning And Feedback Notch

[ [Eee | [ExiT |
: = I @ On Wednesday had 20 mA in
Z m 291 bunches for a while;
— @ Used bunch cleaning (vertical)

M to carve out an isolated
VE,W
BaE o bunCh;

e s i mmmm v ° Tyned horizontal feedback —

s W (8 oo oo nice notch.
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Horizontal Plane

Drive/Damp Measurement

a) Osc. Envelopes in Time Domain b) Evolution of Modes

1500, & . 150- f

1000 100 4

oo 101
Bunch No 0 Time (ms) Mode No.

Lo @ Stable beam — use positive
<] Oscillation freqs {pre-brkpt) d) Growth Rates (pre-brkpt) p
475.
. S S feedback;

3 4755 ° o °
z ° ®
Tasa o 0 .
g °
£ 4753 ® 2

475.2

282 284 286 288 290 292 282 284 286 288 290 292
Mode No. Mode No.
&) Oscillation freqs (post-brkpt) 1) Growth Rates (post-brkpt)
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Horizontal Plane

Drive/Damp Measurement

Feedback Operation and Beam Studies

ooe

a) Osc. Envelopes in Time Domain

1500

1000

sq

BunchNo. 0

Time (ms)

<) Oscillation freqs (pre-brkpt)

b) Evolution of Modes

Mode No. 00

d) Growth Rates (pre-brkpt)

Time (ms)

°

4754 ®..9

Frequency (kHz)

4753 ®

4752

Seo 284 286 288 200 202

Mode No.

&) Oscillation freqs (post-brpt)

282 284 286 288 290
Mode No.

) Growth Rates (post-brkpt)

202

475.5
L o d
E3 é ¢ 2
g 4753 =
g)4752 ¢ é-w eee °
@ o °
475.1

282 284 286 288 200 292

Mode No.

A5-
282 284 286 288 290
Mode No.

202

@ Stable beam — use positive
feedback;

@ Many modes are excited, not
an indication of actual
instabilities;
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Horizontal Plane

Drive/Damp Measurement

dec1813/141721 Data, Fit and Error for Mode #284.

o 02 04 06 08 1
Mode #286

@ Stable beam — use positive

= sl feedback;

[ = @ Many modes are excited, not
e e, 3 an indication of actual
N e instabilities;

Mode #289

/ —Data
Fit
ol ; \“__ - = Eror

2
04 06 08 1 12 14 16 18 2
2

@ Extract open and closed loop
eigenvalues.
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g
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1 e

Mode #290
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g
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e Feedback Operation and Beam Studies

@ Longitudinal Plane
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Longitudinal Plane

Modal Measurements

a) Osc. Envelopes in Time Domain b) Evolution of Modes

i | @ Only open loop data so far;

Mean Mode Amplitudes

(
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Longitudinal Plane

Modal Measurements

a) Osc. Envelopes in Time Domain b) Evolution of Modes

bith

Mean Mode Amplitudes

@ Only open loop data so far;
@ At 76 mA, dominated by

mode 64;
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Longitudinal Plane

Modal Measurements

2) Osc. Envelopes in Time Domain

b) Evolution of Modes

300
W 100

200 W” {
10 l <
0

250, 22
%oq P 20
005
Bunch No.

"

Time (ms)

10 100
Time (ms) Mode No.

Mean Mode Amplitudes

0 50 100 150 200 250
Maode No.

@ Only open loop data so far;

@ At 76 mA, dominated by
mode 64;

@ Very similar spectrum at
137 ma;
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Longitudinal Plane

Modal Measurements

2) Osc. Envelopes in Time Domain b) Evolution of Modes

@ Only open loop data so far;

@ At 76 mA, dominated by
mode 64;

Buete %0 0 Tme(ng  MeNo 00 Timotny @ Very similar spectrum at
137 ma;

@ Uniform fill at 113 mA, see

Mean Mode Amplitudes d 64 .
‘ moae y
100
]
50
0 50 100 150 200 250
Mode No
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Longitudinal Plane

Modal Measurements

a) Osc. Envelopes in Time Domain b) Evolution of Modes

@ Only open loop data so far;
@ At 76 mA, dominated by

i\ : mode 64;
a0 T e 00 Toum @ Very similar spectrum at
137 ma;
@ Uniform fill at 113 mA, see
‘ mode 64;
.. @ At2.5 GeV, 95 mA only
see driven motion (mode
L 0).



Bunch Cleaning

General Description

@ Use bunch enable masks to
define cleaning pattern;
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Bunch Cleaning

General Description

@ Use bunch enable masks to
define cleaning pattern;

00 el @ Enable feedback for all bunches
o we want to keep;
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Bunch Cleaning

General Description

@ Use bunch enable masks to
define cleaning pattern;

00 el @ Enable feedback for all bunches
. we want to keep;
@ Disable feedback for all bunches
to be cleaned;

03

02

(



Bunch Cleaning

General Description

@ Use bunch enable masks to
define cleaning pattern;

00 el @ Enable feedback for all bunches
o we want to keep;

@ Disable feedback for all bunches

to be cleaned;

03

N @ Drive mask is the complement of
o the feedback mask;

(



Bunch Cleaning

General Description

@ Use bunch enable masks to
define cleaning pattern;

00 el @ Enable feedback for all bunches
o we want to keep;

™ @ Disable feedback for all bunches
to be cleaned;

03

N @ Drive mask is the complement of
o the feedback mask;
@ Use swept sine excitation to drive

selected bunches to large
transverse amplitudes.

(



Bunch Cleaning

Bunch Cleaning Measurements

After gap cleaning, 15~mA
T T o

@ Use the longitudinal
systems as a rudimentary
bunch-by-bunch current
monitor;

Bunch current (mA)

200 250 300

150
Bunch number
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Bunch Cleaning

Bunch Cleaning Measurements

After gap cleaning, 15~mA
T T o

@ Use the longitudinal
systems as a rudimentary
bunch-by-bunch current
monitor;

@ From a uniform fill we
removed 66 bunches,
creating a gap;

Bunch current (mA)

200 250 300

150
Bunch number

(



Bunch Cleaning Measurements

@ Use the longitudinal
systems as a rudimentary
bunch-by-bunch current
monitor;

@ From a uniform fill we
removed 66 bunches,
creating a gap;

@ Then cleaned out every
third bunch;




Bunch Cleaning

Bunch Cleaning Measurements

@ Use the longitudinal
systems as a rudimentary
bunch-by-bunch current
monitor;

@ From a uniform fill we
removed 66 bunches,
creating a gap;

@ Then cleaned out every
third bunch;

@ Once more, leaving every

third bunch in the ring.
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Summary

@ Successfully commissioned bunch-by-bunch feedback in
the transverse planes;

@ Ramping with phase tracking works well, need to explore
two/three plane feedback;

@ So far only see ion instabilities, higher current studies
needed;

@ Demonstrated real-time tune measurement, bunch
cleaning, injection diagnostics;

@ Still a lot of work to do.
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