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Summary of Efforts

@ Cavity temperature tuning for stability at 2.5 GeV;
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Summary of Efforts

@ Cavity temperature tuning for stability at 2.5 GeV;
@ Precise calibrations — cavity voltage, phasing, power meters;
@ Measurements of longitudinal instabilities at injection energy;
@ RF system setup and improvements:
» Updated FPGA design for wider dynamic range;
» Reduced integral gain for better stability under heavy beam loading;
» Configured cavity vacuum gauge monitoring in LLE1, setup
interlock trip levels;
» Activated klystron phase loop (compensates for slow phase shift
changes between LLRF output and cavity forward);
» |dentified cavity 3 pre-amp causing intermittent phase and gain
changes.
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.

@ Cavity 2:
» Original setpoint 56 °C;
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.

@ Cavity 2:
» Original setpoint 56 °C;
» Downward adjustment shows instability at 50.5 °C;
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.
@ Cavity 2:
» Original setpoint 56 °C;
» Downward adjustment shows instability at 50.5 °C;
» Setto 56 °C.
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.
@ Cavity 2:
» Original setpoint 56 °C;
» Downward adjustment shows instability at 50.5 °C;
» Setto 56 °C.

@ Cavity 3:
» Original setpoint 51 °C;
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.
@ Cavity 2:
» Original setpoint 56 °C;
» Downward adjustment shows instability at 50.5 °C;
» Setto 56 °C.
@ Cavity 3:
» Original setpoint 51 °C;
» Mode -23 at 50 °C, cavity vacuum trip at 64.5 °C (assume
horizontal instability);
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Cavity Temperature Tuning

@ At 125 mA, 2.5 GeV, 400 kV per cavity.
@ Cavity 1:
» Original setpoint 54 °C;
» Mode 53 onset at 56.7 °C, mode -24 unstable between
53.2-54.6 °C;
» Horizontal mode 114 at 46 °C, set to 49.6 °C.
@ Cavity 2:
» Original setpoint 56 °C;
» Downward adjustment shows instability at 50.5 °C;
» Setto 56 °C.
@ Cavity 3:
» Original setpoint 51 °C;
» Mode -23 at 50 °C, cavity vacuum trip at 64.5 °C (assume
horizontal instability);

» Setto 59 °C. vl
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Cavity Voltage Calibration

Correction factors: cav1=0.979 cav2=0.990 cav3=0.984 cav4=0.978

O Measured

] @ Synchrotron frequency
calculated from RF voltage:

ws = \/—% Vg cos(¢p)

Synchrotron frequency (kHz)

450 460 470 480

390 400 410 420

430 440
Total gap voltage (kV)

Error (Hz)
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(Dimtel) SESAME RF 2018-05-14 4/17



Cavity Voltage Calibration

Correction factors: cav1=0.979 cav2=0.990 cav3=0.984 cav4=0.978

O Measured

po | Celovaed | @ Synchrotron frequency
| calculated from RF voltage:
: _ ewy
;;285 Ws = \/_% Vg COS(¢b)
£ @ Assume that momentum
compaction a and beam energy
oo w0 a0 20 Tma?égpvn\l:;g{kv) w0 460 470 480 E are perfectly knOWn
(. =0.0083, E =790.14 MeV);
1 -
I 1
o [
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Total gap voltage (kV)
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Cavity Voltage Calibration

O Measured
Calculated

29.51

N
&

Synchrotron frequency (kHz)
3
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Correction factors: cav1=0.979 cav2=0.990 cav3=0.984 cav4=0.978
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Synchrotron frequency
calculated from RF voltage:

ws = \/—% Vg cos(¢p)
Assume that momentum

compaction o and beam energy

E are perfectly known

(o =0.0083, E = 790.14 MeV);

@ Calibration at injection energy

more or less removes sensitivity

to energy loss
(cos(¢p) ~ —1+107%)
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Cavity Voltage Calibration

Correction factors: cav1=0.979 cav2=0.990 cav3=0.984 cav4=0.978

O Measured

] @ Synchrotron frequency
calculated from RF voltage:

ws = \/—% Vg cos(¢p)
@ Assume that momentum

compaction o and beam energy
w0 w0 w0 w0 E are perfectly known

Synchrotron frequency (kHz)

7 . . . .
390 400 410 420 430 440
Total gap voltage (kV)

(= 0.0083, E = 790.14 MeV);

I e e e @ Calibration at injection energy

1 ] more or less removes sensitivity
-t ° | to energy loss
(cos(¢p) &~ —1 +107%)

B | @ Cavity voltages adjusted in a

o _— way to guarantee sensitivity to

S a w0 W g o dw w #o w individual calibration errors.@@ﬁr

(Dimtel) SESAME RF 2018-05-14 4/17



Energy Loss Measurement, 2.5 GeV

Energy loss per turn 5.90 keV at 790.14 MeV

2o008 @ Connected BPM signal to LLE1
5 25008 ] spare input;
» |deally, a bandpass filter
would be used to select

2500000 450 400 -350 -300 -250 -200 -150 100 50 500 MHz Component;

Time (s)

» Without such filter have some
parasitics due to aliasing of
longitudinal oscillations;
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Energy Loss Measurement, 2.5 GeV

Energy loss per turn 5.90 keV at 790.14 MeV
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SESAME RF

@ Connected BPM signal to LLE1

spare input;

» |deally, a bandpass filter
would be used to select
500 MHz component;

» Without such filter have some
parasitics due to aliasing of
longitudinal oscillations;

» Measurement at 2.5 GeV with
stable beam.
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Energy Loss Measurement, 2.5 GeV

Energy loss per turn 5.90 keV at 790.14 MeV
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SESAME RF

@ Connected BPM signal to LLE1
spare input;

» |deally, a bandpass filter
would be used to select
500 MHz component;

» Without such filter have some
parasitics due to aliasing of
longitudinal oscillations;

» Measurement at 2.5 GeV with
stable beam.

@ Beam phase responds to
changes in gap voltage as
sin~'(Uo/ Vy);
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Energy Loss Measurement, 2.5 GeV

Energy loss per turn 5.90 keV at 790.14 MeV
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SESAME RF

@ Connected BPM signal to LLE1
spare input;

» |deally, a bandpass filter
would be used to select
500 MHz component;

» Without such filter have some
parasitics due to aliasing of
longitudinal oscillations;

» Measurement at 2.5 GeV with
stable beam.

@ Beam phase responds to
changes in gap voltage as
sin~'(Uo/ Vy);

@ Assume that energy reading via

SR-DI:getBeamEnergy is
correct. el
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Energy Loss Measurement, 790 MeV

Energy loss per turn 6.75 keV at 790.14 MeV
0.7902 T T T T T

_ 07901
>

@ Much smaller phase shifts —
energy loss 100 times lower
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Energy Loss Measurement, 790 MeV

Energy loss per turn 6.75 keV at 790.14 MeV
0.7902 T T T T T

_ 07901
>

@ Much smaller phase shifts —
energy loss 100 times lower
L than at 2.5 GeV;
0790300 600 500 74ooTime(;)3oo 200 -100 0 ° Longitudinal instabilities
B0 causing apparent phase shifts

I - ] in response to cavity voltage
‘ ] changes;
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Energy Loss Measurement, 790 MeV

0.7902

Energy loss per turn 6.75 keV at 790.14 MeV
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Much smaller phase shifts —
energy loss 100 times lower
than at 2.5 GeV;

Longitudinal instabilities
causing apparent phase shifts
in response to cavity voltage
changes;

Estimated energy loss per turn
is 6.75 keV versus 5.9 keV from
2.5 GeV measurement;
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Energy Loss Measurement, 790 MeV

0.7902
__0.7901
K

& 0.7901

s
2 0.7901
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Energy loss per turn 6.75 keV at 790.14 MeV
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Much smaller phase shifts —
energy loss 100 times lower
than at 2.5 GeV;

Longitudinal instabilities
causing apparent phase shifts
in response to cavity voltage
changes;

Estimated energy loss per turn
is 6.75 keV versus 5.9 keV from
2.5 GeV measurement;
Consistent with 40 MeV energy
offset (830 and 2540 MeV

instead of 790 and 2500 Me\\):-
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Energy Loss Measurement During Ramping

Energy loss per turn 7.15 keV at 790.14 MeV
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SESAME RF

@ Transient processes
(instabilities, etc.) at play;
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Energy Loss Measurement During Ramping

Energy loss per turn 7.15 keV at 790.14 MeV

[ . . . i .
T W™ g Transient processes
1500 ‘ ‘ ‘ (instabilities, etc.) at play;
£ 1o @ Offset at injection energy, likely
2 ol ] due to aliased longitudinal
¢ motion;
—850 —360 —2\%0 . —260 —150 -100 .
Time (9 @ Estimates of energy loss per
30 T T
Fl —— turn vary from 5.9 to 7.15 keV.
£
S50 300 250 Time )7260 150 -100 fC'J (iggl %ﬁ/
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Cavity Voltage Calibration Check

Correction factors: cavi=1.001 cav2=1.001 cav3=1.000 cav4=1.001

O Measured
Calculated|

295

Synchrotron frequency (kHz)

@ Captured marker frequency
from the bunch-by-bunch

fa e o feedback during energy loss

measurements at 2.5 GeV;

N
8

80
[}
60
40 o o :
o (]
_20p o ° o g o
g o O o © 9 o
5 0 o o o
5 o o o
& ) o [ 4
-20 o -3 o o
o o
° o
40 °
60 o ]
&0 1500 1550 1600 1650 1700 (de [f)l %‘dl

Total gap voltage (kV) {
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Cavity Voltage Calibration Check

Correction factors: cavi=1.001 cav2=1.001 cav3=1.000 cav4=1.001

O Measured
Calculated|
?30.5
g 301
:§29.5*
Ll @ Captured marker frequency
from the bunch-by-bunch
28'15450 1500 1.’;50 IEbO 16‘50 1700 f k H I
Torgap votage g eedback during energy loss
measurements at 2.5 GeV,
T e | @ Use that information to re-check
o o : | voltage calibrations;
_aof o o8 b4 S
T S o & o 9o o
& ) o o 4 °
-20 o g o g
-40 g o
. ]
>8|0450 15‘00 15‘50 IGbO 16‘50 1700 ({‘:’[Jm %ﬁ/

Total gap voltage (kV) {
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Cavity Voltage Calibration Check

Correction factors: cavi=1.001 cav2=1.001 cav3=1.000 cav4=1.001

i @ Captured marker frequency
from the bunch-by-bunch
Ty ™ feedback during energy loss
measurements at 2.5 GeV;
* . @ Use that information to re-check
W e . — : voltage calibrations;
Tl o 8 8 3 s 3 @ Consistent within 0.1%.
$ e 3.3 °
°e 3 °
. |
giffrzel

Total gap voltage (kV) {
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Forward Power and Cavity Parameters

Gain = 0.682, Q = 13992.8, (w, - W) = ~0.13 kHz ° Energy IOSS from 25 GeV

, measurement;

Gain (dB)

2300 -200 -100 0 100 200 300
Frequency offset (kHz)

1=660.261ns, ¢ = 0.9 deg
T T T

—— Data
— Fit

Phase (degrees)
°

-100

~ 3300 200 —100 0 100 200 300
Frequency offset (kHz)
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Forward Power and Cavity Parameters

Gain = 0.682, Q = 13992.8, (w, - W) = ~0.13 kHz ° Energy IOSS from 25 GeV
, measurement;

] @ Cavity Qy = 41800, Rs = 3.3 MQ;

15}
o0l
-25
2300 -200 -100 0 100 200 300
Frequency offset (kHz)
= 660.261 ns, 0 = 0.9 deg
T T T
—— Data
——Fit
100+ b

-100 q
~ 2300 7260 44‘70 0 100 260 300 7 f gﬁ/
ey St ) dlinnze
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Forward Power and Cavity Parameters

Gan = 08820 138828, (, -, = 0.131¢ @ Energy loss from 2.5 GeV
= measurement;
o ] @ Cavity Qy = 41800, Rs = 3.3 MQ;
37 ] @ Coupling factors adjusted to
| match measured loaded Q: 1.99,
| 2.06, 1.75, 2.28;
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Forward Power and Cavity Parameters

@ Energy loss from 2.5 GeV

Beam energy and current

measurement;

© e Cavity Qy = 41800, Rs = 3.3 MQ;
) @ Coupling factors adjusted to

Ao e e e e match measured loaded Q: 1.99,

e 2.06, 1.75, 2.28;

50 —— Cav2 corr
e e 1 @ At each point calculate RF
operating point based on

— recorded cavity voltage, beam

— energy and current;

=g

S

-400 -350 -300 ﬂ,ﬁse(’(s) -200 -150 -100 f,jﬂ%ﬁ/
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Forward Power and Cavity Parameters

@ Energy loss from 2.5 GeV

Beam energy and current

measurement;
. e Cavity Qy = 41800, Rs = 3.3 MQ;
) @ Coupling factors adjusted to
A T match measured loaded Q: 1.99,
2.06, 1.75, 2.28;

£ ey @ At each point calculate RF
operating point based on

: ] ‘ ‘ recorded cavity voltage, beam

— energy and current;

E== Ny @ Matching forward power (assume
i et SSA calibration is correct)
® e requires setting Rs = 2.3 MQ;

TTms(s) - - - K
sl i f
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Forward Power and Cavity Parameters

@ Energy loss from 2.5 GeV

Beam energy and current

measurement;
. e Cavity Qy = 41800, Rs = 3.3 MQ;
) @ Coupling factors adjusted to
A T match measured loaded Q: 1.99,
2.06, 1.75, 2.28;

£ ey @ At each point calculate RF
§ o] - zGacac operating point based on

: ] ‘ ‘ recorded cavity voltage, beam

— energy and current;

E== Ny @ Matching forward power (assume
i et SSA calibration is correct)
® e requires setting Rs = 2.3 MQ;

-400 T0 800 Tﬁi"(s) -200 -150 -100 [+ ] W|th 71 5 keV energy IOSS o ﬁ’faﬁl
we get Rs = 2.5 MQ. el
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Bunch-by-bunch Feedback and Diagnostics

&
- s
o
| 23
a
=
o °in
H
"

@ BPMH-20-2G BPM hybrid;

el
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Bunch-by-bunch Feedback and Diagnostics

G
m s
o
i M
s
_S [}
e 1
H
-

@ BPMH-20-2G BPM hybrid;

@ FBE-500LT multi-channel
front/back-end;

el

(Dimtel) SESAME RF 2018-05-14 10/17



Bunch-by-bunch Feedback and Diagnostics

G
m s
o
i M
s
_S [}
e 1
H
-

@ BPMH-20-2G BPM hybrid;

@ FBE-500LT multi-channel
front/back-end;

@ iGp12 bunch-by-bunch feedback
processor;

el
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Bunch-by-bunch Feedback and Diagnostics

G
m s
i M
s
= N
e s
-

@ BPMH-20-2G BPM hybrid;

@ FBE-500LT multi-channel
front/back-end;

@ iGp12 bunch-by-bunch feedback
processor;

@ Modified ENI 525LA power amplifier
(25 W) driving one stripline.

el
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Bunch-by-bunch Studies — Summary

@ 30 cm (1 ns) stripline can be used to provide weak longitudinal
kick, requires 4 ns bunch spacing;
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Bunch-by-bunch Studies — Summary

@ 30 cm (1 ns) stripline can be used to provide weak longitudinal
kick, requires 4 ns bunch spacing;

@ Every other RF bucket fill pattern was created using bunch
cleaning in transverse direction;
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Bunch-by-bunch Studies — Summary

@ 30 cm (1 ns) stripline can be used to provide weak longitudinal
kick, requires 4 ns bunch spacing;

@ Every other RF bucket fill pattern was created using bunch
cleaning in transverse direction;

@ iGp12 output setup to kick differentially ([1 -1]) in adjacent
buckets, with proper timing the bunch receives a longitudinal kick
of twice the line voltage.
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Bunch-by-bunch Studies — Summary

@ 30 cm (1 ns) stripline can be used to provide weak longitudinal
kick, requires 4 ns bunch spacing;

@ Every other RF bucket fill pattern was created using bunch
cleaning in transverse direction;

@ iGp12 output setup to kick differentially ([1 -1]) in adjacent
buckets, with proper timing the bunch receives a longitudinal kick
of twice the line voltage.

@ Bunch-by-bunch studies

» Bunch cleaning;
» Longitudinal front-end calibration;
» Measurements of longitudinal coupled-bunch instabilities (growth

rates, tune shifts, modal pattern);
» Single-bunch synchrotron tune tracking for cavity voltage

calibration;
» Bursting horizontal instabilities at injection energy. fi@
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Front End Calibration

Measured at 0.31 mA with 27 bunches filled: 119.3 counts/mA/degree
T T T T

] @ 27 bunches, 0.31 mA total
] current;

Bunch mean (ADC counts)

500 1000 1500 2000 2500 3000 3500 4000 4500
Phase shifer setting

el
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Front End Calibration

Bunch mean (ADC counts)

Measured at 0.31 mA with 27 bunches filled: 119.3 counts/mA/degree
T T T T T T T T

@ 27 bunches, 0.31 mA total
current;

@ Local oscillator (3 x f) phase
sweep;

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Phase shifer setting
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Front End Calibration

Bunch mean (ADC counts)

Measured at 0.31 mA with 27 bunches filled: 119.3 counts/mA/degree
T T T T T T T T

@ 27 bunches, 0.31 mA total
current;

@ Local oscillator (3 x f) phase
sweep;

@ Calculate front-end sensitivity.

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Phase shifer setting

g
&L
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Longitudinal Grow/Damp Measurement

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

i
“ W“”“‘.‘\ N

deg@RF

E @ 111 bunches, 51.3 mA total

2
Bunch No. Time (ms)
©) Oscillation freqs (pre-brkpt) d) Growth Rates (pre-brkpt) .
. current;
o ;
=
£ 2745 208
z =
g
g 205
g 274 &
- ° 0.4/
27
40 60 80 100 40 60 80 100
Mode No. Mode No.
&) Oscillation freqs (post-brkpt) 1) Growth Rates (post-brkpt)
27.
Py -09
276
7 A
z
z
< 2755 £
g =11
3 215 2
g & 12
&
27.45
° -13
274
40 60 80 100 40 60 80 100
Mode No Mode No.
SESAME:mar0518/173626: lo= 51.2646mA, Dsamp= 1, ShifGain= 3, Nbun= 111
Atv: G1=76.6724, G2=0, Ph1= -176.4683, Ph2= 0, Brkpt= 26000, Calib=119.3758.



Longitudinal Grow/Damp Measurement

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

06 "ﬂwud‘hk "
£ 04 it
©
Zo2
0
100
nano. %0 Tine s Time me) @ 111 bunches, 51.3 mA total
gy, Csllation reqs pro-or) " d) Growih Rates (pre-brkpt) current :
o :
% e g0s @ Two modes grow and damp, 56
> E .
(-55) and 93 (-18);
g 274 &
- ° 0.4/
27
%0 60 80 100 40 60 80 100
Mode No. Mode No.
&) Oscilltion freqs (post-brkpt) 1) Growth Rates (post-brkpt)
27.4 ° 09
5 276 o
S 7
5 27.55 S I’
S 275 2
g & 12
s
27.45
° -13
4 60 80 100 40 60 80 100 i _ﬁ/
Mode No Mode No. @figghe
6mA, Dsamp=1, S
Ph2=0, Brkpt:
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Longitudinal Grow/Damp Measurement

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

06 iy
W

e % 0 T e Madeto 070 Tme ) @ 111 bunches, 51.3 mA total

current;

@ Two modes grow and damp, 56
(-55) and 93 (-18);
@ Uniform damping rates, small

tune shift — well configured
feedback;

¢) Oscillation freqs (pre-brkpt) d) Growth Rates (pre-brkpt)
27. 07
o .
T
I 2745 z 08
3 =
g 208
g 274 &
- ° 0.4/
27
40 60 80 100 40 60 80
Mode No. Mode No.
&) Oscillation freqs (post-brkpt) 1) Growth Rates (post-brkpt)
27
° -09
276
5 o
3
S
< 2755 £
g = -1
2 275 £
g & 12
&
27.45
° -13
100 40 60

80
Mode No.
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Longitudinal Grow/Damp Measurement

mar0518/173626 Data, Fit and Error for Mode #56
T T T

] @ 111 bunches, 51.3 mA total
k ; : current;
| - - ~ - .. @ Two modes grow and damp, 56
(-55) and 93 (-18);
| Modesss ‘ @ Uniform damping rates, small
op tune shift — well configured
feedback;

@ Nicely exponential transients.

el

15 0
Time (ms)
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Longitudinal Growth Rates

@ Measurements at 10, 25, and
50 mA (filled to 20, 50, and
o8 Longitudinal growth rates vs. beam current 100 mA, then removed every

O Mode 53
ooll * Modess . other bunCh);
- % Mode 93| 4
H
06
7, 05F
£
2
© 0.4r
£ "
B
H +
Sos i 4
02t
°
0.1 ¥
o ; ; ; ;
% 10 20 30 40 50 60

Beam current (mA)
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Longitudinal Growth Rates

@ Measurements at 10, 25, and
50 mA (filled to 20, 50, and

o8 Longitudinal growth rates vs. beam current 1 00 mA, then removed every
O Mode 53|
ooll * Modess . other bunCh);
- % Mode 93| 4
e .

o8l ] @ Collected multiple grow/damp
Tosl ] measurements at each beam
E
£ oat | current;
£ .

Sos e ]
0.2r i
]

0.1 *

N

Beam current (mA)

el

(
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Longitudinal Growth Rates

Longitudinal growth rates vs. beam current

O Mode 53]
+ Mode 56| *
071 Mode 93 4
®
06f
Ty 051
£
©
g 04
£ "
B
4 A L
go3 i
02f
°
0.1 *
"
o ! ; ; i i
0 10 20 30 40 50 60

Beam current (mA)

SESAME RF

@ Measurements at 10, 25, and
50 mA (filled to 20, 50, and
100 mA, then removed every
other bunch);

@ Collected multiple grow/damp
measurements at each beam
current;

@ Impedance is not constant due
to fundamental mode detuning,
do not expect linear scaling with
beam current;
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Longitudinal Growth Rates

@ Measurements at 10, 25, and
50 mA (filled to 20, 50, and

2756 Longnudin‘a\ osc\\\ati(?n Irequen‘cies vs. be‘am curren‘t 1 00 mA, th enre moved eve ry
arsall © Mode s ] other bunch);
*__Mode 93 e

27.52F

@ Collected multiple grow/damp
measurements at each beam

)
N
o

N
N

&

s

P

o746 current;

Earaat @ Impedance is not constant due
o : to fundamental mode detuning,
2rasl 1 do not expect linear scaling with
oo " 5} . beam current;

5 4
Beam current (mA)

@ Frequency shift with current
samples imaginary part of the
HOM impedance. gj@
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Residual Longitudinal Motion

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

@ 111 bunches, 50.9 mA total
current;

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

SESAME:mar0518/173847: lo= 51.0417mA, Dsamps= 1, ShifGain= 3, Nbun= 111
Atv: G1= 76.6724, G2=0, Ph1= -176.4683, Ph2= 0, Brkpt= 56130, Calib= 119.3758.

Mean Mode Amplitudes

D SRR
0 10 20 30 40 60 70 80 9 100 110

50
Mode No.
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Residual Longitudinal Motion

Bunch No. o

SESAME:mar0518/173847: lo= 51.0417mA, Dsamps= 1
Atv: G1= 76.6724, G2=0, Ph1= -176.4683, Ph2= 0, Brkpt= 56130, Calib= 119.3758.

0.1

a) Osc. Envelopes in Time Domain

Time (ms)

b) Evolution of Modes

Mode No. 00

Mean Mode Amplitudes

Time (ms)

ShifGain= 3, Nbun= 111

@ 111 bunches, 50.9 mA total
current;

@ At injection energy;

0.08
& o006
<]

& 004
3

40

(Dimtel)

50 60 70
Mode No.
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Residual Longitudinal Motion

a) Osc. Envelopes in Time Domain

b) Evolution of Modes

0.15 \ iy
‘éﬂ 0.1 ! Kby v
%on:% @ 111 bunches, 50.9 mA total
\ i current;
BunchNo. 2 0 Time (ms) ModeNo. 00 Time(ms) .. .
S[SAM[ HH E,{H lo: Hl«H A D ‘:h 0(‘ mfl! th"‘li,, ° At InJeCtlon energy;
@ Longitudinal motion suppressed
by feedback;
Mean Mode Amplitudes
0.1
£ oof
& 0.04]
0020 W—H 40 50 60 70 80 90 100 110
el
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Residual Longitudinal Motion

a) Osc. Envelopes in Time Domain

b) Evolution of Modes

0 Time (ms)

@ 111 bunches, 50.9 mA total
current;

[ ™ e Atinjection energy;
@ Longitudinal motion suppressed
by feedback;
B = @ Residual motion of mode 0 is
g 0.06 ° (360 fs).
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Horizontal Bursting

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

508 04
504 S
€02 02
5 0. i §
iy
0 y/ d}. 0
100, - 100
20
0,50 10
Bunch No. 0 Time (ms) ModeNo. 0 0 Time (ms)
©) Oscillation freqs (pre-bript) d) Growth Rates (pre-brkpt)
955.01
05054
F 9550178 & 0.5054
=3 E
z =
£ 95,0177 ~ 05054
S e
g 5
g &
i 955.0177 05054
955.01 0.5054
fo8 109 110 111 112 109 1095 110 1105 111
Mode No. Mode No.
SESAME 18/174723: lo=50.2644mA, Dsamps= 1, ShifGain= 5, Nbun
Atv: G1= 106043, G2=0, Ph1=-97.8589, Ph2= 0, Brkpt= 35000, Calib:

@ At 50 mA observed horizontal

bursting;
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Horizontal Bursting

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

0
Bunch No. 20

10

©) Oscillation freqs (pre-brkpt)

Time (ms) ModeNo. 0 0

arb. units

10

i @ Large mode -1 bursts;

d) Growth Rates (pre-brkpt)

955.01
05054
F 9550178 05054
=3 E
z =
£ 95,0177 < 05054
S e
g 5
g &
i 955.0177 05054
955.01 0.50541
f08 109 110 111 112 109 1095 110 1105 111
Mode No. Mode No.
SESAME:mar0518/174723: | 4mA, Dsamp= 1, ShifGain= 5, Nb 1
Atv: G1=10.6043, G2=0, Ph pt= 35000,
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@ At 50 mA observed horizontal
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Horizontal Bursting

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

arb. units
o o o
R

@ At 50 mA observed horizontal
- bursting;
~..n" e Large mode -1 bursts;

o

200

200
0, 100
Bunch No. 0 Time (ms) Mode No.

Atv: G1=13 83, Ph2=0, Brkpt= lib= 119.3758.
@ Repetition of a few hundred
milliseconds;
Mean Mode Amplitudes
0.
2 0021
5
e 0015 @ og
S SR g PRSSTIRAIRITR
[ 10 20 30 40 50 60 70 80 90 100 110
Mode No.
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Horizontal Bursting

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

o
3

arb. units
arb. units

@ At 50 mA observed horizontal
bursting;

@ Large mode -1 bursts;

@ Repetition of a few hundred
milliseconds;

o

" 200

0
ime (ms)

111

Mean Mode Amplitudes

@ One more event;

2 0021
5

§ 0.01Q

PN«
AR RS
0 10 20 30 40 50 60 70 80 90 100 110
Mode No.
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Horizontal Bursting

Mode -1 amplitude, burst at 50.4 mA

o
N

@ At 50 mA observed horizontal
bursting;

@ Large mode -1 bursts;

@ Repetition of a few hundred
milliseconds;

@ One more event;
@ lons or resistive wall?

Amplitude (arb. units)
o o o o o
o © i o Y

o

A

50 100 150 200 250 300
Time (ms)

S
o
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Summary

@ Many improvements in RF operation have been implemented;
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Summary

@ Many improvements in RF operation have been implemented;

@ Created RF turn on script, automatically turns on RF, tunes
cavities, and closes feedback loops;
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Summary

@ Many improvements in RF operation have been implemented;

@ Created RF turn on script, automatically turns on RF, tunes
cavities, and closes feedback loops;

@ Precision measurements via LLRF and bunch-by-bunch feedback
systems provide better calibrations, still more work to do to
consistently estimate cavity and ring parameters;
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Summary

@ Many improvements in RF operation have been implemented;

@ Created RF turn on script, automatically turns on RF, tunes
cavities, and closes feedback loops;

@ Precision measurements via LLRF and bunch-by-bunch feedback
systems provide better calibrations, still more work to do to
consistently estimate cavity and ring parameters;

@ Demonstrated feedback and diagnostic capabilities of
bunch-by-bunch feedback systems;
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Summary

@ Many improvements in RF operation have been implemented;

@ Created RF turn on script, automatically turns on RF, tunes
cavities, and closes feedback loops;

@ Precision measurements via LLRF and bunch-by-bunch feedback
systems provide better calibrations, still more work to do to
consistently estimate cavity and ring parameters;

@ Demonstrated feedback and diagnostic capabilities of
bunch-by-bunch feedback systems;

@ Cavity temperature optimization should allow longitudinally and
transversely stable operation at 2.5 GeV up to 150-200 mA;
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Summary

@ Many improvements in RF operation have been implemented;

@ Created RF turn on script, automatically turns on RF, tunes
cavities, and closes feedback loops;

@ Precision measurements via LLRF and bunch-by-bunch feedback
systems provide better calibrations, still more work to do to
consistently estimate cavity and ring parameters;

@ Demonstrated feedback and diagnostic capabilities of
bunch-by-bunch feedback systems;

@ Cavity temperature optimization should allow longitudinally and
transversely stable operation at 2.5 GeV up to 150-200 mA;

@ With many unstable modes, a bunch-by-bunch instability
diagnostic systems is crucial for efficient cavity temperature

optimization.

(Dimtel) SESAME RF 2018-05-14 17/17



	Overview
	Cavity Temperature Tuning
	Calibrations
	Coupled-bunch Instabilities and Feedback

