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Current Status

Unit installed and powered;

On the network Tuesday morning;

Master oscillator reference level adjusted Tuesday afternoon;
Coupling factors adjusted Wednesday to match RF readouts;

Temporarily modified top-level IOC code to calculate the vector sum of 4
cavities instead of 2.
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Some Panels

LLRF: Thermal stabilization (on beldar)

ID=LLRF
COLD PLATE
24.82 degr 25.18 dege 25.27 dege
e 1)
TEC 1 TEC 2 TEC 3
4784 4964 5552
BOARD 1 BOARD 2 BOARD 3
22.98 degt 22.98 degt 22.98 degc
bre 0) re Of re Uf
24.44 dege 24.50 dege 24.62 degr
SETPOINT | 23.0 SETPOINT | 23.0 SETPOINT | 23.0
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3040 BPM 2979 BPM
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Some Panels

LLRF: Timing summary (LLRF) (on v '~ X

| LLRF ['HELP | [ EXIT |

LO LEVELS AND FPGA CLOCKS

L0 POVER  ADC CLOCK FREQ g‘;‘t'? el
Jala
BOARD 1 14.7 dBwm | 109149235.7 Hz Timing .
,aVv
BOARD 2  15.0 dBm  109148396.0 Hz | Timing s

Spectrum

BOARD 3 14.7 dBm | 109149005.4 Hz [ Timing STTEY




Some Panels

LLRF: Scalar monitors (LLRF:BRD1) (on k 2 ©

LLRF: Scalar monitors (LLRF:BRD2) (on &

LLRF: Scalar monitors (LLRF:BRD3) (on k

ID=LLRF:BRD1

ID=LLRF: BRD2

ID=LLRF:BRD3

RAH DDC READBACKS

FRSTER

RAW DDC READBACKS

e |

[ oo

REW DDC READBACKS

s [ we

DDC CHANNEL DDC CHANNEL DDC CHANNEL
ADC O anc 1 ADC 2 anc 3 DIAG Anc 0 ADC 1 anc 2 ADC 3 DIAG ADC 0 AnC 1 ADC 2 anc 3 DIAG
1 42809 11801 | 45835 5106.7 ' 1 32248 | -ps1L4 | bI.2 a080.2 0o 1 -650.5 27800 5689.3 | -1713.1 0.0
) -2955.0 | 5104.6 | -2204.9 | 4323z ' 0 42252 25,1 476 5475.9 0.0 ) -8513.7 | -4207.0 | -402.7 | -6165.1 0.0
e 5201.8 5239.3 5086.3 6630.9 0.0 A3 53152 5317.5 5740.7 6828.9 0.0 e 5552.0 50425 5703.5 63887 0.0
PHASE 31.6 -72.0 25.7 -10.3 -0.0 PHASE -52.6 -1717.3 -4.5 -53.2 0.0 PHASE 9.7 56.5 4.0 205.5 -0.0
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Some Panels

LRF: Al ANne n be v [(~] (%
‘ LLEF Setup
Channel
ALL CHANNELS Calibrations
Strip Tool
CAVITY 1 PROBE 673. 86 kv 18.39 dey Chamnel Data
CAVITY 2 PROBE 715.32 kv 19.81 dey Channel gavl\ty
robe
KL¥YSTROH FHD 776.53 k¥ -9.20 dey chamnel Spectrum
Summary
CAVITY 3 PROBE 714. 35 kv 21.79 dey Chamnel
CAVITY 4 PROBE 739.76 kv 14.46 dey Channel
CAVITY 1 FHD 175. 48 kv 14.13 dey Chamnel
CAVITY 2 FHD 208. 77 kv 10.34 dey Channel
CAVITY 3 FHD 210. 66 k¥ 16.38 deg Channel
CAVITY 4 FHD 213. 40 k¥ 7.81 deg Chamnel

[d Rasr I/0: board 1 | [ Raw I/Q: board 2 |[dRaw I/Q: board 3




Channel Setup Panels

Channel 1 (1 (v) (~) (x

Channel

ID=LLRF:BRD1

ID=LLRF:BRD1

ID=LLRF:BRD1

ID=LLRF : BRD2

INPUT CHANNEL O

INPUT CHANNEL 1

INPUT CHANNEL 2

INPUT CHANNEL O

INPUT CHANNEL 1
CAVITY 4 PROBE

CAVITY 1 PROBE CAVITY 2 PROBE KLYSTRON FWD CAVITY 3 PROBE
ozl =l =l =l e
. || =] cowml|| = |
HV FULL SCALE 0.47 asm HU FULL SCALE 0.79 @ HV FULL SCALE 0.48 asm HU FULL SCALE 0.35 &on H¥ FULL SCALE 0.67 daom
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| ID=LLRF : BRD2

ID=LLRF :BRD3

ID=LLRF : BRD3

ID=LLRF : BRD3

INPUT CHANNEL 2
CAVITY 1 FWD

INPUT CHANNEL O
CAVITY 2 FWD

INPUT CHANNEL 1
CAVITY 3 FWD

INPUT CHAMNEL 2
CAVITY 4 FWD

RAV APLITUDE | 5720.0 comts RAV RBLITUDE  5590.6 comts RAV APLITUDE | 5019.2 comts AV ABLITUDE  5696.6 counts
RAV PHASE .5 RAV PHASE 0.1 RAV PHASE -50.3 RAV PHASE -a02.7
HO FULL SCALE 0.23 am HY FULL SCALE 0.5 am O FULL SCALE 0.08 am HY FULL SCALE 0.44 am
H PHASE OFFSET  142.09 deg HU PHASE OFFSET  -35.46 dey H PHASE OFFSET 15023 deg W PHASE OFFSET  -146.71 dey
coveL NG PHASE OFFSET coueL v "PHASE OFFSET coveL NG PHASE OFFSET coueL NG PHASE OFFSET
[po= ] [0 = [oxs00 ass = [Freeson ass [ooo ] [
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Channel Setup Panels
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» Ran two strip tools for roughly 20 hours;




Channel Setup P
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» Ran two strip tools for roughly 20 hours;

» The first StripTool: capturing forward power for all cavities, cavity 1 phases;




Channel Setup Panels

SPEARD_voltages stp

| \ |

» Ran two strip tools for roughly 20 hours;

sl
g n, 2 2 5353, 203039 (ours)

» The first StripTool: capturing forward power for all cavities, cavity 1 phases;

» The second StripTool: capturing station voltage, klystron forward, cavity 1
voltage and phase.

Strip Tool
Data
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Cavity 1

rd Power Signals
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> Several interesting points:
» Common glitches in cavities 1, 2, and 4;
> Readout drops in cavity 1 (SRF1 only)
between -10 and -5 hours;
> Near absence of glitches in cavity 3.

Strip Tool
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Forward Power Signals

Power (kW)

Power (kW)

Cavity 1

Cavity 2

Strip Tool
Data

> Several interesting points:
» Common glitches in cavities 1, 2, and 4;
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TS 74 73 72 » Readout drops in cavity 1 (SRF1 only)
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» Zooming in;

215

Power (kW)
iy N
o =

N
o

-7.5

7.4 73 72 74
Time (hours)

211
75 74 73 7.2 7.1
Time (hours)




Forward Power Signals

Cavity 1 Cavity 2
178
176
3:72
g 4 Strip Tool
< . ‘ \ | . i . Data
N » Several interesting points:
162 | » Common glitches in cavities 1, 2, and 4;
758 e Tz 778 75 77T » Readout drops in cavity 1 (SRF1 only)
between -10 and -5 hours;
o Caviy 3 . Caviy 4 > Near absence of glitches in cavity 3.
» Zooming in;
_ o o » Periodic pattern — top-up?
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Forward Power Signals
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Strip Tool
Data

> Several interesting points:

» Common glitches in cavities 1, 2, and 4;

> Readout drops in cavity 1 (SRF1 only)
between -10 and -5 hours;

> Near absence of glitches in cavity 3.

» Zooming in;
» Periodic pattern — top-up?
» Zooming in again.




Forward Phase Signals

Cavity 1 forward phase

» Glitches show up in phase as Stip Too
We”, Data

Phase (degrees)

10, - -
-20 -18 -16 -14 -12 -10 -8
Time (hours)




Forward Phase Signals

Cavity 1 forward phase

» Glitches show up in phase as Stip Too

Data

well;

» Those seen in both systems
are real, unique to SRF1 —
readout/connector problems;

Phase (degrees)

I
20 -18 -16 -14 -12  -10 -8 -6 -4
Time (hours)




Forward Phase Signals

Cavity 1 forward phase
17 T T T

» Glitches show up in phase as Stip Too

Data

well;

» Those seen in both systems
are real, unique to SRF1 —
readout/connector problems;

> Zooming in;

Phase (degrees)

10 I I
-7.5 -7.4 -7.3 -7.2 =71 -7
Time (hours)




Forward Phase Signals

Cavity 1 forward phase
17 T T T

» Glitches show up in phase as Stip Too

Data

well;

» Those seen in both systems
are real, unique to SRF1 —
readout/connector problems;

> Zooming in;
» Zooming in again;

Phase (degrees)

11 I I I I I
-7.5 -7.495 -7.49 -7.485 -7.48 -7.475 -7.47

Time (hours)




Forward Phase Signals

Cavity 1 forward phase
T

» Glitches show up in phase as Stip Too
well; Data

» Those seen in both systems
are real, unique to SRF1 —
readout/connector problems;

» Zooming in;

» Zooming in again;

» SRF1 and LLRF9 have
. opposing conventions of

I I | I I
-7.5 -7.495 -7.49 -7.485 -7.48 -7.475 -7.47
Time (hours) phase .

e

Phase (degrees)
N




Klystron Forward Slgnals

Klyslmn lorward

Strip Tool

» Curious drift in LLRF9 amplitude; pata

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Time (hours)

Phase (degrees)

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Time (hours)




Klystron Forward Slgnals

Klyslmn lorward

Power (kW)

Strip Tool

» Curious drift in LLRF9 amplitude; pata
> Will monitor over the next few days;

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Time (hours)

Phase (degrees)

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Time (hours)




Klystron Forward Slgnals

Klyslmn lorward

Strip Tool

» Curious drift in LLRF9 amplitude; pata
> Will monitor over the next few days;

-2  -19 18 17 -16_-15 -14 13 -12 11

Time o » Zooming in;

—— SRF1
s|l— LLRF9

Phase (degrees)

-2 -19 -18 -17 -16 -15 -14 -13 -12 11 -1
Time (hours)




Klystron Forward Slgnals

-174 -1.738 -1.736 -1.734 -1.732 -1.73 -1.728 -1.726 -1.724 1722 -1.72
Time (hours)

—— SRF1
-5/ ——LLRF9

Phase (degrees)
. |

. 1 . . . 1 H . . .
174 1738 1736 -1.734 -1.732 178 —1.728 —1.726 -1.724 —1.722 —1.72
Time (hours)

» Curious drift in LLRF9 amplitude;

> Will monitor over the next few days;

> Zooming in;
» Zooming in again.

Strip Tool
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Klystron Forward Slgnals

-174 -1.738 -1.736 -1.734 -1.732 -1.73 -1.728 -1.726 -1.724 1722 -1.72
Time (hours)

—— SRF1
-5/ ——LLRF9

Phase (degrees)
. |

. 1 . . . 1 H . . .
174 1738 1736 -1.734 -1.732 178 —1.728 —1.726 -1.724 —1.722 —1.72
Time (hours)

Curious drift in LLRF9 amplitude;
Will monitor over the next few days;
Zooming in;

Zooming in again.

Phase from LLRF9 is inverted and

matched to SRF1 in average sense;

Strip Tool
Data




Klystron Forward Slgnals

-174 -1.738 -1.736 -1.734 -1.732 -1.73 -1.728 -1.726 -1.724 1722 -1.72
Time (hours)

—— SRF1
-5/ ——LLRF9
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. |

. 1 . . . 1 H . . .
174 1738 1736 -1.734 -1.732 178 —1.728 —1.726 -1.724 —1.722 —1.72
Time (hours)
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Curious drift in LLRF9 amplitude;
Will monitor over the next few days;
Zooming in;

Zooming in again.

Phase from LLRF9 is inverted and
matched to SRF1 in average sense;

Glitches in phase — tuner motion with
deadband?

Strip Tool
Data




Cavity Probe

Cavity 1

Voltage (k)
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Strip Tool
Data
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Cavity Probe

Cavity 1
—— SRF1
—— LLRF9

Voltage (k)
2 @ N 3 N
2 8 3 2R
8 88 5 8

@
2
S

6601

650

-20 -18 -16 -14 -12 -10 !
Time (hours)

Phase (degrees)
® o

5 3 3

-20 -18 -16 -14 -12 -10 !
Time (hours)

» Reasonable agreement;

» Sigmas 1.68 and 1.7 for SRF1 and LLRF9
respectively;

Strip Tool
Data




Cavity Probe

720

b}
>

Voltage (KV)
S
5

Strip Tool
Data

690

680

7 2 2199 2198 —2.197 2,196 -2.195 —2.194 2193 -2.192 2191 -2.19 > Reasonable ag reement;

. > Sigmas 1.68 and 1.7 for SRF1 and LLRF9
respectively;

» Zooming in we see higher resolution and
lower latency of LLRF9 readings.

14 1 1 1 1 H 1 1 1 1
22 2199 2198 2197 —2.196 —2.195 —2.194 —2.193 —2.192 2191 —2.19
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Cavity Probe

0 Magnitude
-20
-40— Cavity
m 4 Probe
&0 4 ™~ Spectrum
-80 — I I
_1 ["] | T T T T T T T T T T T T T T T T |
-20 -10 0 10 20
Frequency offset (kHz)

» Cavity 2 spectrum captured by the internal spectrum analyzer;




Cavity Probe

0 Magnitude
20
-40 Cavity
m 4 Probe
&0 4 ™~ Spectrum
-80 bt I I
_1 uu | T T T T T T T T T T T T T T T T |
-20 -10 0 10 20
Frequency offset (kHz)

» Cavity 2 spectrum captured by the internal spectrum analyzer;
» 9 kHz synchrotron peak is visible.




Summary

» LLRF9 demo unit is in place;
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» LLRF9 demo unit is in place;
» Operating as expected and parasitically monitoring all 9 signals;
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Summary

» LLRF9 demo unit is in place;

» Operating as expected and parasitically monitoring all 9 signals;
> Next:

> Top-level panel; summary
Tuner loop;
Interlock testing;
Installing Matlab tools and checking their operation;
Driving the klystron.
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