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PLL Block Diagram
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Modeling and Beam Simulation

 PLL without beam — two models

- Mathcad frequency domain
- LabVIEW time domain

e Beam ‘simulator’

- Biased ceramic filter
- Frequency 455KHz, Q ~ 300
. Additional mixing stage simulates Q of beam at 245MHz

« Good agreement between model and simulator results
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PLL Closed Loop Response
Sampling frequency 1777Hz, 3 pole IIR low-pass filter at 100Hz
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Plane Selection

Blue Horizontal w|
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Significant overshoot
Dither ~ .001

ectrurm Unit dBYrms

Sample Fate
o 177700
Log/Linear

i a8 |

display unit

g “rms |

window
ﬂ Hanning
Est Freq peak

|'I 0073

Est Power peak

o.oooo |

Rl TR

Windowed Data

Amplitude fvalts)
T
[}
[}
=)
T
—_
[}

-0.00400 -
-0.00496 -1
D

Fower Spectrum

-k0.0-

-70.0-

-g0.0-

-90.0-
-100.0-
-110.0-
-120.0-
-130.0-
-140.0-
-150.0-
-160.0-
-170.0-
-1a0.0-
-1490.0-
-200.0-

-210.0-}
100.0E-3

Amplitude

4I:II:II] EI][II]

|
1.0E+0

|| f| ’
| |m,.| w”f

BI]IIIEI 1I]I]I][I

Time

1
10.0E+0

1EEII]D

ik

&

MI:II]I:I

1EI]I][I

Captured by Snaglt
Buy novwy to prevent this tag
www techsmith.com

I
1a00o0

100.0E+0

|
J00.0E+E



MARKER—>

AVERAGE IN PROGRESS RMS : 100
marker to
peak

mkr —>
~ center fregq

m-l-gr -
ref level

:GFFEET mkr —> |
span

(offset mkr —>
step s1ze

mkr -3
start freq |

mkr —>
stop freg

[, 'I \I.
P v A Ay 1mpw+hvﬁ e N S i




REAL-TIME AVG IN

PROCGRESS RMS:100

wwﬁm

MKR FCTHNS

-peak track _—.

on oft

~treq counter_,

on of f

band power
markers

peakﬁaweraga%
statistics

~trace select..

dnm d carrier.




Firi don 12 20:16:25 - Fri dan 02 20:32:30

L 3 . 3 L 3 . L

| ! 1

0,24 :
: + ! | { i | | -

0.23 ] -'T ‘ & R

|| W | | i

I ? | [ ] | ‘ i
1 1 1 ™ _."
5 e ' Ll " .
- 1) | /
I-"* =) F
b -
0,22
1

|

|

|
0.2 |

L .'- i il i J.: = . . i J.:_. L i i L
20:16:30  20:17:00 20:1T:EI0 0 20:18:00  20:18:30 0 20:19:00 0 20:19:30 20520000 0 20:20:30 2052100 0 20:E:30 202200 0 202230
Tima
gl oopTune, uhtunsBuf el 141722264 — g oopTune.yvstirsBuf il . J4172:065 —a— Y. horizontal  tune, st peak 41721065
- ¥.vertical .tune, .1t peak £172:267 —— = SOCTARD - ew=atore
e-bgtetart - Estart ——  @-ugannat
. et latbop = ew-endranp

—#— e-bgamat
= ev-rebucket | L



“Sun Jon 04 17:47:54 - Son Jan 04 1TARS0

200011 l
L0 1
o
— o copT e wrs | BuFFegh[ . J4890 -5 — gloon Ture s qBuF F Gughl] |, 4191 183 —— SOOI aEp
—— or3tone —e—  gu-gtelart —a—  prupkstart
et —a—  Ey-hgammal . su—f latRop
- e—andr anp ® su-rabucket
02321

g 0,231 1
=
0,23
0,23
IT-AT:ES 17147369 1Tz48203 AT-48:08 LI7:4B:11  17:eBi15 17:48:19 17:4B:33 17:4B137 A7:48:31 174835 17:48:39 1748343 AT 48:47
Time
— gloopTure, wrrtunaBufii[ , 19181 ——  EACCr ANy —a—  py-mitons
—a—  ew-botstart —a— gu-ugksbtert ——a——  sy-ugassak
—a—  =rbgaeeat ] eu—F latbop - e endr anp

* erabucket - ¥ Jhor ipoeial ctues, 1zt peak 4191384 o ¥oertical  tuns, dst . peak 4191 1BS




“l"l"'l

- el

r. il —

—  gloopTune, bhs | BufFiagh] . 425153

— gloop Tune, bhegBuf Fial| | J4261 254
——— qgloopTune, butgief Tl . 4251255

qloop Tune, but | BuFFived] . 4268005
—8—— gU-acCrasp - ev=stone
1 ev-bgkstart - sv-ygtstart ——  Euyganaak
—&—  m—hgasmat

0,24

0,23

0.2

= g - .

1 o - W o % & |® l"‘—"r"-"“-'_""‘_'_"""‘-l
u M i | i |
30520 0205 35 0205 41 020650 [ S 02306310 0305220 206 30 020640 OZ 40650

T

aloon Tune, bhs tuneBud FHl L 142681251 —  gloopTune, byt tuneludfn], 455052 ——— V=TT aNp
-z bane —=—  sv-bgkstart —=— svyghEtart
g annat —a—  gu-bogamsat * B, horizontal  tune, Lot peak 4251557
B.wertical . bune,  1st,peak 426158

1l



UusS A

Transition Crossing \LaRP

Dynamic Range Problem
- Bunches get short - lots of energy up at 245MHz

- Bunches get short — reduced effectiveness of resonant
pickup (§~400nsec vs 2.25Usec for 6 bunches)

- Fast changes 1n orbit

- Fast changes 1n tune

Available dynamic range

14 bit digitizer - 84dB

- Feedback on kicker power - 30dB requires feedback
. Feedback on signal path gain - 60dB ©n loop gain

FNAL LARP meeting 26 Feb 04 13
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Chromaticity Measurement with PLL Q L"*H’F‘)

Good complement to kicked tune (Artus), useful for static
measurements using standard frequency shift method

For ramps, 200 radial modulation at 1Hz
Affected by Artus kicks, AGS cycle

Measurement quality approaching the level needed for LHC?
Possible to do chrom feedback without tune feedback?

FNAL LARP meeting 26 Feb 04 16
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Chromaticity Effect on PLL \LARP,

- Conclusion from chromaticity studies is that
PLL tune measurement can cope with a large
range of chromaticity

« Chromaticity control 1s not a primary issue
for PLL tune measurement and tune

feedback

« Chromaticity control 1s an 1ssue primarily in
the usual operational sense

FNAL LARP meeting 26 Feb 04 19
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Coupling on the ramp \LarP

Separate excitation 1n either time or frequency domain
Drive first half of bunch train H, last half V - LEP
Drive H and V at different harmonic numbers — RHIC
This may help a bit, but coupling is in the beam

Potential exists to measure and correct coupling with skew quad
modulation and PLL FFT

This has been given extensive study time 1n an effort to measure and
correct ramp coupling, more required to firmly establish the method

Three families of skew quads requires 3 mod freqs, adding chrom
mod makes four, this becomes a driver of PLL BW. Chrom mod
should be highest freq, due to BW limit of skew quads

FNAL LARP meeting 26 Feb 04 20
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Status of 245MHz PLL at RHIC W

« “Day One” tune feedback would have been an
incredible blessing

« “Year Four” we have the ramp under control
. Operational burden of TF 1s considerable
. Chromaticity on the ramp 1s very helpful
 Coupling on the ramp 1s under active investigation
. Very useful tool for beam experiments

. Polarized protons — feedforward certain, feedback
remains to be seen
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Baseband PLL

« Advantages — Marek Gasior, Rhodri, Hermann,...
Filters are much easier — dynamic range and revolution line
24 bit digitizers - 144dB dynamic range
CMRR >100dB, vs ~40dB at 250MHz
Synchrotron satellites are less of an issue?

Eliminates need for phase compensation - of more interest at RHIC (~700
degrees during ramp)

Simplicity — get rid of mixers
If resonant (hybrid resonator?), characteristic time is much longer — figure of
merit is Q/freq

« Disadvantages

Emittance blowup?
Else?

FNAL LARP meeting 26 Feb 04 25



Baseband PLL preliminary results C‘ Lﬁ*ﬂD

e Visit of Rhodri Jones and Marek Gasior from
CERN, 12-20 February, baseband PLL discussions

began on 17 February
e During this time (4 days)
. System architecture was conceived
- Necessary circuitry was designed, built, and installed
- BTFs were taken
. The loop was locked
- Tune changes were tracked
- Important observation — emittance growth

FNAL LARP meeting 26 Feb 04 26



Baseband PLL system setup ‘@

Equipment :

krohn hite 3945

sri 844 kicker chain:

hp 8648D OdBm from 8648 split to lockin
krohn hite 3343 reference and krohn hite 3343 (used
| 1t584 as

ﬁgrc?sﬁ's power amp) with 20dB of gain and

minicircuits zsc2-

1

10dB of output atten, driving a

single 2m stripline blue horiz sector

1.

Pickup chain:

signal from 1 m stripline (open circuit) to Marek's box (40dB gain),
then to two series Krohn Hites 3945 LP butterworth cutoff at 60KHz,
no gain. From there split to lockin and DSA. Lockin settings 300msec
time const, 6dB/oct filter, wide reserve high, sensitivity lo noise
(close reserve), sensitivity 30 microvolts full scale. Phase output
from lockin to DC FM input of 8648, 20db attenuated. Generator
60.29KHz center freq, 1KHz FM deviation max
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Plans for FY04 SPS Testing @

« Two periods of ~1 week each, early June and late
September

« Two systems? Baseband and 245MHz?
« 245MHz status

- Resonant pickup installed and tested
- Complete system assembled and tested at CERN

- Latest rev of analog and digital boards to be delivered
to CERN late April/early May

. Latest rev of software will accompany hardware
. Stand-alone VXworks crate concept 1s being explored
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Possible System Configurations C‘L‘*HPD

Baseband Q~10? All available for single bunch
245MHz  Q~3007?
2.5GHz — comparison of nEdp/p  Q~50007?

- RHIC 245MHz - 3000x.01x.001 =.03 ~2.5KHz
- LHC 2.5GHz - 250000x.0002x.0001 = .005 ~50Hz
. Additional advantage — resonate on single bunch

Superconducting pickup — 250MHz? 2.5GHz?

FNAL LARP meeting 26 Feb 04 34
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Superconducting Pickup?

« Relatively modest Q ~ 10°
- Q limited by frequency swing on ramp
. Less exotic technologies possible — lead plating?
. Single bunch enhancement ~ x30

« Also get filtering on revolution line

» Preliminary modeling of both capacitive and
transmission line resonated pickups complete

. Conclusion 1s that circuit values are impractical
. Superconducting cavity — freq >1GHz

FNAL LARP meeting 26 Feb 04 35
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PLL Problems/Plans ﬁ ﬁ%

FNAL LARP meeting

*

chirp, multi-carrier, synch satellites
multiple systems

damper noise floor
signal-to-noise

stability and loop tuning

dynamic range

phase stability

emittance growth

tune crossing

autoexcitation

modeling

beam simulator

chromaticity measurement
coupling measurement

beam experiments considerations
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Chirp, Multi-carrier, Synch Satellites

« Chirp — tried with
RHIC PLL early on,
result was diminished
performance

o Multi-Carrier

- Driven by synch
satellite problem?

- Complexity,
emittance growth

e Synchrotron satellites

- No problem at RHIC
- Baseband favored
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Two Systems? i

« Single bunch commissioning - a useful resonant pickup
1s difficult, S/N 1s a serious 1ssue
. System similar to LEP PLL?
. Accept emittance blowup during single bunch commissioning

- Ramp development tool

e Multi bunch commissioning/operations
- RHIC style system 1is applicable

« Added cost and complexity, handoff required at
potentially awkward time

FNAL LARP meeting 26 Feb 04 40
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Damper Noise Floor and S/N \ARP)

Plan 1s to have damper operating continuously in LHC
Damper guys seek ~ 1 micron threshold?

PLL needs 20dB S/N minimum

Potential solutions
. Minimize PLL BW?9?
- Resonant pickup - S/N ~ log Q

. Cryogenic pickup (not necessarily superconducting) and
amplifiers ~ 20dB

- High frequency (2.5GHz) pickup

- Damper notch filter (doesn’t work for baseband?)
- Else?
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PLL Problems/Plans

chirp, multi-carrier, synch satellites
multiple systems
damper noise floor
signal-to-noise
- stability and loop tuning
dynamic range
phase stability
emittance growth
tune crossing
autoexcitation
modeling
beam simulator
chromaticity measurement
coupling measurement
beam experiments considerations

Modeling, beam
sim, beam-beam
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Stability at RHIC

« Minimize phase shifts — two sources

- Sampling delay — RHIC 2003 was 4 degrees/Hz with 90Hz
update rate

- BW limiting filter — RHIC 2003 was 40Hz IIR

- Result was loop was twitchy, always close to instability, efforts
went into derivative, auto loop gain,...

« For RHIC 2004

. Increased sampling rate to ~ 14KHz
- Moved filter to ~100Hz, switchable digital filters

. Result was ~x10 improvement in loop bandwith, gain
margin,...

FNAL LARP meeting 26 Feb 04 44
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—&— ev-bgammat (¥1) ev-bgtstart (Y1) —a— ev-accramp (Y1)

——&—  bhlulCCTtotal-Deuterons2GG0: 154 (¥2)

qLoopTune.bh:tuneBuffbd[.] successfully displayed
qLoopTune_bv:tuneBuffid[.] successfully displayed | i




Window Event

Tune ‘buzz’ at beam loss

ﬂ~4Hz§

0,245 1 245 : :
£® 4= : ]
0.244 1 )
0.243: é -
0,242:/
0.241: é
0.2401
0+239: ;
mzzaW
0.23?: :
0,236 1
0,235+
0,234 1 ;
0.233: é
1.232
o232
054308 oo:54311 054313 54115
—— gloopTune,bhituneBufFHE[, 125502150 (Y1)
—&— wertical,tune, 1st,peak, 20503153 (Y1) —

—a— ev-bgammat (Y1)
—&—  blulCCTtotal-leuterons2000:154 (Y2

00:54:17
Time

qLoopTune, buws tuneBufFHL, 126605151 (1)
eu—Flattop (Y1)
ev-bgtstart (Y1)

o0:54118 a0:h42l 00354123 0054125

gv—stone (Y1)
—a— ev-accramp (Y1)

—8— horizontal  tune,  1st,peak, 2560152 (Y1)

qloopTune.bh:tuneBufftd[.] successfully displayed
qLoopTune.bv:tuneBufftd[.] successfully displayed
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LOOp tuning \LARP

 PID loop tuning
e loop 1s artificially constrained (by maximum dither ~.001 in
RHIC), usual tuning algorithms do not apply
e the beam transfer function portion of the loop gain varies
considerably

» Magnet transfer function uncertainties?

« extensive studies with modulated test resonator, comparison
between results and model

» need a model that includes the beam

 need dedicated time for loop tuning with beam

Ultimately, we have been relying on feedback on loop gain
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PLL Problems/Plans

chirp, multi-carrier, synch satellites
multiple systems
damper noise floor
signal-to-noise
stability and loop tuning
Already covered? —,  dynamic range
Thermal effects,... ——  phase stability
emittance growth
tune crossing
autoexcitation
modeling
beam simulator
chromaticity measurement
coupling measurement
beam experiments considerations
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PLL Problems/Plans

chirp, multi-carrier, synch satellites
multiple systems

damper noise floor

signal-to-noise

stability and loop tuning

dynamic range

Baseband beam phase stability
dynamics — emittance growth

tune crossing

autoexcitation

modeling

beam simulator

chromaticity measurement
coupling measurement

beam experiments considerations
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——  cloopTune, shii B gl . 13714413 (V1)
— e Ture, g aBuF g, 13714406 (V1]

Ramp and squeeze

———  clooeTune gt Fiveh]  J3TL4ED4 (YLD

Tal bouDecayoridi1r (72)

Rotator ramp

—— alosplure.yeiiBuifeesil, 13716215 (V1)

/
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/

| f

=1
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.

Kicker power ~20mW

us

24000 ORETYOD  ORE44EDD  DGI4ESDD DRI4A0D  DEISOR00  OSIETI00

Tima

(s BT 1571415 —  qloopTune, g ituneBufie], J3714,00
SEume, Lot peak 3714211 — et loal . fune, Lot pesk 3TLE12
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Amplitude
and phase

0 Beam decay

PLL and
kicked tunes
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=|2un Dec 29 15.54.35 - Sun Dec 29 160740

Window Ewvent

PLL amplitude for kick reduced in 3dB steps

Puw 2N ®

map

‘712dB redﬁctioﬁ n klcker povxéfer
gives 6dB reduction in signal?

BOO T

3dB

00 1

3dB
Lyuh -3dB

400 1 1,5

3dB

3B

2001

2001

P ~ 100mW

100+ 1.4

—100+

15:55300 15356300 15357300 15358300 15359:00 16300300 16301:00 16302300 16303300 1604300 16305300 16306300 16307300
Time

qLoopTune, uht iBufFAwgMl , 1260567 (Y1) ——— qgLoopTune.yh:qBuffAwgM[ ., J2605:68 (Y1)
gLoopTune, yw s gBufFRWgML , 12605170 (Y1) : yelICCTtotal -Gold2B05:71 (Y22

qLoopTune ,yw: iBufFAvgi L 1260569 (Y1)

gLoopTune.yh:iBuffAivgh[.] successfully displayed
glLoopTune.yvh:qBuffavwgbhdl.] successiully displayed -]
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PLL Problems/Plans

chirp, multi-carrier, synch satellites
multiple systems

damper noise floor

signal-to-noise

stability and loop tuning

dynamic range

No crossing with phase stability
TF, always a problem emittance growth
otherwise? . tune crossing
Coupling is a problem, dutoexcitation

modeling

beam simulator

chromaticity measurement
coupling measurement

beam experiments considerations

Even without crossing
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PLL Problems/Plans

chirp, multi-carrier, synch satellites
multiple systems

damper noise floor

signal-to-noise

stability and loop tuning

dynamic range

phase stability

emittance growth

Becomes an 1ssue tune crossing
as we seek to _ autoexcitation
improve S/N modeling

beam simulator

chromaticity measurement
coupling measurement

beam experiments considerations
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\LARP)

W

chirp, multi-carrier, synch satellites
multiple systems
damper noise floor
signal-to-noise
stability and loop tuning
dynamic range
phase stability
emittance growth
tune crossing
autoexcitation

— modeling

PLL Problems/Plans

Useful, but must

be driven by , beam simulator
experience with chromaticity measurement
beam coupling measurement

beam experiments considerations
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PLL Problems/Plans ﬁ ﬁ%

FNAL LARP meeting

Already | —
covered| —

*

chirp, multi-carrier, synch satellites
multiple systems

damper noise floor
signal-to-noise

stability and loop tuning

dynamic range

phase stability

emittance growth

tune crossing

autoexcitation

modeling

beam simulator

chromaticity measurement
coupling measurement

beam experiments considerations
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chirp, multi-carrier, synch satellites
multiple systems

damper noise floor

signal-to-noise

stability and loop tuning

dynamic range

phase stability

emittance growth

tune crossing

autoexcitation

PLL Problems/Plans

modeling

beam simulator
PLL 1s very useful chromaticity measurement
tool, design must coupling measurement

include this aspect ——» beam experiments considerations
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Conclusions | LarP

Present 245MHz RHIC PLL might well meet the
needs of LHC with refinement and multi-bunches

Other options all have a lot to recommend them

It 1s crucial to properly evaluate all options as
quickly as possible

Proper evaluation must include extensive testing
with beam at the earliest possible stage

It 1s crucial to keep things as simple as possible
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