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Demonstration Summary
I Monday, December 16:

I Connected all RF signals, adjusted button delays (A-C diagonal);
I Set up the power amplifiers (A-C diagonal);
I Placed iGp12 on the network, installed client software on AlmaLinux;
I Set up transverse feedback in Y, then X (1.5 GeV).

I Tuesday, December 17:
I Verified feedback operation at full 400 mA;
I Explored bunch cleaning — demonstrated at 1 GeV and below;
I Tried to establish single-bunch at 1.5 GeV, losses during ramping;
I Configured tune tracking, explored amplitude-dependent tune shifts.

I Wednesday, December 18:
I Exploration of single-bunch transfer functions;
I Introduction to control panels;
I Training session (part 1).

I Thursday, December 19:
I Training session (part 2);
I Client software installation cleanup;
I Minor iGp12 software updates, frequency counter calibration.
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Installed Hardware

I Front/back-end, baseband processor, and
power amplifiers;

I BPM hybrid.
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Calibration
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Horizontal calibration factor 4.1 counts/mA/mm

I Local orbit bumps in X and Y;
I Much higher sensitivity in the vertical plane;
I Some envisioned hardware changes to

improve this by 6–20 dB.
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Steady-state at Full Energy

I Closed-loop operation after
ramping;

I Bunches 1, 10, and 30
have been cleaned at
injection energy;

I Notches at X and Y tunes;
I Camshaft pattern,

December 20, 2024.
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Tune vs. Beam Current: StripTool
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Tune vs. Beam Current
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Beam current

I Overnight StripTool capture (EPICS);
I Beam current added semi-manually;
I Notch markers jump between the tune

and synchro-betatron sidebands.
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Tune vs. Beam Current: Vertical Notch

150 200 250 300 350 400
0.144

0.145

0.146

0.147

0.148

0.149

0.15

Beam current (mA)

T
u
n
e

Vertical notch marker

I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15;

I Maps synchro-betatron
sidebands vs. beam
current.
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Data
Fit, 0.150−0.011*I

b

I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15;

I Maps synchro-betatron
sidebands vs. beam
current.
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Tune vs. Beam Current: Vertical Notch
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Data
Fit, 0.150−0.010*I

b

I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15;

I Maps synchro-betatron
sidebands vs. beam
current.
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Fit, 0.150−0.010*I

b
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I Linear fit;
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Tune vs. Beam Current: Vertical Notch
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I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15;

I Maps synchro-betatron
sidebands vs. beam
current.
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Tune vs. Beam Current: Vertical Tune Tracking
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I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15.
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Data
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b

I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15.
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Data
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I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Slope −10−5 mA−1, zero
current tune 0.15.
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Tune vs. Beam Current: Horizontal Notch
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I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Not really linear;
I Slope 1.6 × 10−5 mA−1,

zero current tune 0.236.
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I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Not really linear;
I Slope 1.6 × 10−5 mA−1,

zero current tune 0.236.



Feedback

Activities

Calibration

Bunch
Cleaning

Current-
dependent
Tune Shift

Beam
Transfer
Functions

Amplitude-
dependent
Tune Shift

Summary

Tune vs. Beam Current: Horizontal Notch

150 200 250 300 350
0.2375

0.238

0.2385

0.239

0.2395

0.24

0.2405

0.241

0.2415

0.242

0.2425

Beam current (mA)

T
u
n
e

Horizontal notch marker

 

 

Data
Fit, 0.236+0.016*I

b

I Plot data vs. beam current;
I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);
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zero current tune 0.236.
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I Linear fit;
I Removing highest-current

data (orbit correction
moving the tune?);

I Not really linear;
I Slope 1.6 × 10−5 mA−1,

zero current tune 0.236.
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Single Bunch Transfer Function: Bunch 1
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I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 1
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Center frequency=460.62 kHz, τ=0.0 ms
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Phase=−3.8 deg, gain=−42.5 dB

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 1
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Center frequency=460.89 kHz, τ=0.3 ms
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∆f=[−3.4 3.1] kHz; τ=[0.4 0.1] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 1
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Center frequency=460.71 kHz, τ=0.5 ms
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∆f=[−3.4 3.3 −6.8 6.6] kHz; τ=[0.6 0.4 0.8 0.3] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 1
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Center frequency=460.72 kHz, τ=0.6 ms

445 450 455 460 465 470 475 480 485
−200

−150

−100

−50

0

50

100

150

Frequency (kHz)

P
h

a
s
e

 (
d

e
g

)

∆f=[−3.5 3.3 −6.8 6.7 −10.1 10.1] kHz; τ=[0.7 0.4 0.9 0.4 1.1 0.5] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 1
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Center frequency=460.74 kHz, τ=0.6 ms
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∆f=[−3.5 3.3 −6.8 6.7 −10.1 10.1 −13.3 13.1] kHz; τ=[0.7 0.4 0.9 0.4 1.0 0.5 2.5 0.6] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 16
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I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.



Feedback

Activities

Calibration

Bunch
Cleaning

Current-
dependent
Tune Shift

Beam
Transfer
Functions

Amplitude-
dependent
Tune Shift

Summary

Single Bunch Transfer Function: Bunch 16
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Center frequency=460.62 kHz, τ=0.0 ms
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Phase=−2.0 deg, gain=−42.5 dB

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 16
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Center frequency=460.87 kHz, τ=0.5 ms
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∆f=[−3.4 3.5] kHz; τ=[0.5 0.1] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 16
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Center frequency=460.72 kHz, τ=0.5 ms
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∆f=[−3.4 3.2 −6.8 6.6] kHz; τ=[0.6 0.3 0.6 0.3] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 16
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Center frequency=460.67 kHz, τ=0.6 ms
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∆f=[−3.4 3.3 −6.9 6.7 −10.0 10.2] kHz; τ=[0.7 0.4 0.6 0.4 0.7 0.5] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 16
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Center frequency=460.68 kHz, τ=0.6 ms
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∆f=[−3.4 3.3 −6.9 6.8 −10.1 10.2 −13.2 13.6] kHz; τ=[0.7 0.5 0.6 0.4 0.5 0.5 0.8 0.5] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Bunch 30
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I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Center frequency=460.82 kHz, τ=0.0 ms
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Phase=−7.9 deg, gain=−47.2 dB

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Center frequency=461.08 kHz, τ=0.5 ms
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∆f=[−3.5 3.8] kHz; τ=[0.4 0.1] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Center frequency=460.85 kHz, τ=0.5 ms
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∆f=[−3.4 3.4 −6.8 6.7] kHz; τ=[0.5 0.4 0.7 0.3] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Center frequency=460.85 kHz, τ=0.6 ms
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∆f=[−3.4 3.4 −6.8 6.8 −9.9 10.2] kHz; τ=[0.6 0.5 0.7 0.4 1.1 0.4] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Single Bunch Transfer Function: Bunch 30
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Center frequency=460.82 kHz, τ=0.6 ms
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∆f=[−3.4 3.4 −6.7 6.9 −9.9 10.2 −13.2 13.2] kHz; τ=[0.6 0.5 1.0 0.4 1.2 0.3 2.5 0.7] ms

I Single-bunch transfer function, swept
sinewave excitation;

I Single resonance fit;
I With first synchro-betatron sidebands

included;
I Up to second synchro-betatron sidebands;
I Up to third synchro-betatron sidebands;
I Up to fourth synchro-betatron sidebands.
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Tune vs. Amplitude, Vertical
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I Bunch 13 (camshaft)
tracked by tune tracking in
Y;

I Linear fit to the current
decay slope;

I Compensate for the current
decay component;

I Plot versus oscillation
amplitude;

I Fourth order fit to guide the
eye.
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Tune vs. Amplitude, Vertical
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Data

Fit

I Bunch 13 (camshaft)
tracked by tune tracking in
Y;

I Linear fit to the current
decay slope;

I Compensate for the current
decay component;

I Plot versus oscillation
amplitude;

I Fourth order fit to guide the
eye.



Feedback

Activities

Calibration

Bunch
Cleaning

Current-
dependent
Tune Shift

Beam
Transfer
Functions

Amplitude-
dependent
Tune Shift

Summary

Tune vs. Amplitude, Vertical
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I Bunch 13 (camshaft)
tracked by tune tracking in
Y;

I Linear fit to the current
decay slope;

I Compensate for the current
decay component;

I Plot versus oscillation
amplitude;

I Fourth order fit to guide the
eye.
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Tune vs. Amplitude, Vertical
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I Bunch 13 (camshaft)
tracked by tune tracking in
Y;

I Linear fit to the current
decay slope;

I Compensate for the current
decay component;

I Plot versus oscillation
amplitude;

I Fourth order fit to guide the
eye.
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Tune vs. Amplitude, Vertical
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I Bunch 13 (camshaft)
tracked by tune tracking in
Y;

I Linear fit to the current
decay slope;

I Compensate for the current
decay component;

I Plot versus oscillation
amplitude;

I Fourth order fit to guide the
eye.
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Summary

I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive

configuration: 0.5 kick in X, 1.5 kick in Y;
I Some preliminary measurements of current-dependent tune shift;
I Explored single-bunch transfer functions;
I Next — gather some operational experience with user beam.
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I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive
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I Explored single-bunch transfer functions;
I Next — gather some operational experience with user beam.
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I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive

configuration: 0.5 kick in X, 1.5 kick in Y;
I Some preliminary measurements of current-dependent tune shift;
I Explored single-bunch transfer functions;
I Next — gather some operational experience with user beam.
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I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive

configuration: 0.5 kick in X, 1.5 kick in Y;
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I Next — gather some operational experience with user beam.
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Summary

I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive

configuration: 0.5 kick in X, 1.5 kick in Y;
I Some preliminary measurements of current-dependent tune shift;
I Explored single-bunch transfer functions;
I Next — gather some operational experience with user beam.
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Summary

I Initial commissioning is complete;
I Bunch cleaning works up to 1 GeV;
I Propose borrowing an amplifier to check the three stripline drive

configuration: 0.5 kick in X, 1.5 kick in Y;
I Some preliminary measurements of current-dependent tune shift;
I Explored single-bunch transfer functions;
I Next — gather some operational experience with user beam.
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