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Tune/Chromaticity/Coupling
Measurement and Feedforward/Feedback
a RHIC

Peter Cameron
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Outline

« Results from 245MHz system
. Tune and tune feedback
.« Coupling
- Chromaticity
. Emittance growth

« Results from baseband systems
. Tunetracking

- Emittance growth
» The 60Hz problem
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245MHz System Status (®

« System is mature

- main changes for RHIC Run 5 are in tuning of loop
parameters

. transition and coupling continue to be major obstacles

« Motion control 1s mature

. operation of continuous feedback isreliable
. can't cope with fast (30 msec) position changes at transition

 Further Improvement requires a new approach

TF Workshop 9 Mar 05



245MHz PLL Block Diagram
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PLL locksto Eigenmodes
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Tune Splitting and Crossing

o Tune split at difference resonance:
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Bluering, Jan 14, 2am
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Tune feedback — from Mei’s talk
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Effect of Coupling on TF (®

» Previous dide showed successful ramp w/ TF
. Coupling was well corrected prior to ramp

» Next two dides show dightly less successful
rampsw/ TF

. Coupling not so well corrected (due to change of
Bdot as ramp approaches flattop)

. Tune excursions during times of large coupling
- No beam loss, but probable polarization |oss
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What We Learned and Did (®

« \What we Learned

- PLL Isstable in the presence of coupling (as long
as tune separation > 100Hz digital filter BW)

. The system of
Tune Feedback = PLL + magnet control
IS not stable in the presence of coupling

# \What we Did
mproved coupling measurement
nvestigated two correction possibilities
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Eigenmodes (®

« PLL locksto eigenmodes
« Driven oscillator —whence f shift between projections?

« What determines ellipse width? Phase of coupling
source relative to pickup?

2 1 1 2 1 1 i
71‘ difference
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Bluering, Jan 14, 2am

“lrdLrandQ Lt)$50f amplitude
- : | . it b ear transition

— gloopTure, b | BuffiagH] | 426153 — gloopfure, bhoqBufFibagh] , 14551254 ol oopTur bz | Buffiesghl , 14261 :55
——  gloopTure, bviqBufFresgt] , 4261 :56 i A= SCCF AN - Ev=ztone

v eu-bgtstart w erygltetart L B Uganmat
—a—  p-bpsenat

9

242 ] | Hor|z F . o £ u/'/g

;“‘“‘Ture Au Fiamp w/Tune Feedbajk

I I b e 4

—

o205 00 P05 30 G206 1) G065 O pOE 00 oiogz 1o HRT06 TG G2 106130 e T OOz 80
Tima
— gloopTure. bhstuneBud FHL , 14251 154 —_—  gloopTure.bu:tuneBub FHL ., 14264 152 —&—  Eu-aCCraRp
——  gratone - sy-botstart = Ewughatart
—a—  auiLgannal —a— ai-boamnmat - Bbor i portal otures, (12t pesk 4251 257

- B.vertical .tune, 1ot peak 4261 :58



Alternative method — skew mod

New technique - phase modulation

Perturbs the beam ~.002 tune modul ation
. Stressesthe PLL

. In the presence of chromaticity modulation, things
could get difficult and confusing

» Measurement and correction is becoming
reliable

Yun'stak for more
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Coupling summary (®

- New understanding
. Coupling amoderately seriousissue for PLL
. Coupling avery serious issue for tune feedback

- New measurement technigque

. Non-perturbative

- Excedllent SN

. Delivers both amplitude and phase of coupling

. Possibility of coupling correction using this datais
peing actively investigated — Y un Luo, Steve Peggs,
Richard Talman

TF Workshop 9 Mar 05




R
Thoughts on 'Robust’ M easurement (®

AP types keep setting upon Bl types about making PLL
'robust’ in the presence of coupling

 |sthisin principle even possible?
« |f possible in principle, isit possible in practice?
. beta functions, ramp squeeze (RHIC)

- PLL internal feedbacks on kickere power and signal path gain
are essential to reliable operation

. motion control

« Solution may be to keep coupling small (feedback),
rather than ask PLL to identify and maintain lock to

rotating eilgenmodes
TF Workshop 9 Mar 05



Outline

« Results from 245MHz system
. Tune and tune feedback
. Coupling
. Chromaticity
- Emittance growth
« Results from baseband systems
. Tunetracking

- Emittance growth
- The 60Hz problem

TF Workshop 9 Mar 05
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Chromaticity Effect on PLL (®

« Conclusion from chromaticity study (and years of
experience with beam) isthat 245MHz PLL tune
measurement comfortably copes with alarge range of
chromaticity (resonantly excites low dp subset of
momentum distribution)

« Chromaticity control isnot an issue for 245MHz PLL
tune measurement and tune/chrom feedback — further
study required for baseband system, but we expect
similar behavior

« Chromaticity control is an issue primarily in the usual
operational sense — line broadening and resonance
overlap

TF Workshop 9 Mar 05
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% | Example of feedforward
and improvement of

' | magnet model:

Measured horiz and
vert chromaticity

data and fit, assuming

10 units of b2 in the
DX magnets
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ey
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Time

gLaopChramn, uh* chronErrorBufFH[ L 16382+151

02145200

aLaoopChram, us* chromBuf [ L 16382 +152
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Summary of Chromaticity (®

- Radia modulation method gives good data

» Useful data gathered for feedforward and
magnet model

- Bandwidth in present form adequate for LHC
snapback feedback correction? perhaps

 No testing of phase modulation methods
- Need ~1KHz PLL BW - not practical ?

- Chromaticity not an issue for reliable operation
of PLL
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Outline

« Results from 245MHz system
. Tune and tune feedback
. Coupling
.« Chromaticity
- Emittance growth

« Results from baseband systems
. Tunetracking

- Emittance growth
- The 60Hz problem
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Summary of emittance growth

Difficult to draw accurate conclusions (many
parameters), but consensus is

« At 100mW kicker power PLL makes measureable
contribution to emittance growth

« At 10-20mW it's hard to see any difference

« Preliminary datafrom FNAL leadsto similar
conclusion

« 245MHz system is on the edge in this regard, but
primarily because of dynamic range (rev line drives
signal path gain, results in tens of mW kick rather than
sub-mW)
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Outline

« Results from 245MHz system
. Tune and tune feedback
.« Coupling
- Chromaticity
. Emittance growth

« Resultsfrom baseband systems
. Tunetracking

- Emittance growth
» The 60Hz problem
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Baseband PLL (®

« Dynamic Range - g and 400MHz RF solution isto live
always in the coherent spectrum

 Filters much easier (dynamic range/rev line problem)

« 24 bit digitizers - 144dB (better than available preamps!)
- Improved CMRR possible at audio freguencies

« Synchrotron satellites/linewidth - less of an issue

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

« Simplicity — get rid of tracking mixers?
 Possibility of many cheap receivers scattered throughout
ring (coupling!)
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Approaches to Baseband PLL (@

Need to live under the damper - afew microns

Resonant pickup (primarily BNL)
Filters revolution line, Improves SYN by Q~100 (20dB)
Not yet approved by LHC impedance police
- Tuning as operating point changes, hi-Z preamp noise,...
De-Qing - sengitiveto power levels
Diode detection (primarily CERN)
Not envel ope detection - use betatron oscillation to gate diode
Improves S/N by root h, h=number of lines mixed down h~10000 (20dB)
- With many bunches, spectrum becomes sparse - “AGC” - good and bad

Homodyne detection (primarily BNL)
Use revolution comb to mix down betatron comb
Same principle as diode detection (SN, “AGC”,...)
Uses COTS components
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=
Comparison - Homodyne and Resonant (®

Assume 100MHz BW for homodyne, Q=100 for resonant
S/N relative to single bunch single line, SIN ~ N * sgrt(n)

Ok

N = # of bunches RHIC | RHIC | RHIC | LHC | LHC
1 6 60 1 2808
n=#of lines 1280 213 22 9090 5
sgrt n 36 15 4.1 95 2.2
H'dyne SN, [dB] | 16 20 24 20 38
BB ResS/N, [dB] | 20 28 38 20 54
245 ResS/N [dB] | Oto3 | 7to10| 38 N/A | N/A

Conclusion - for now we focus on homodyne detectors
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Status (@

1m long pickups installed w/ motion control, both planes,
both rings

1m long kickersinstalled

In blue, 3D on both planes

In yellow, homodyne on vertical

Tune evident without excitation - monitor at store?
Transition captures are easy - dynamic range no problem

PLL tracking without emittance blowup - superior to
245MHz system, both in tracking and emittance growth

60Hz at the betatron line - observed with 3D at

SPS, Tevatron at RHIC, and with hdyne,
245MHZ, and million turn BPM
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AGS Cycles ~5e4

TEAZE A: Chl Spectrum

Span: 305_176 Hz



=
Tracking/Emittance Growth Conclusions (®

Ok

» Performance appears superior to 245MHz system
In both regards, even in this early stage of
devel opment

. Systematic quantative measurements have not yet
been done - focus has been 60Hz problem
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Outline

« Results from 245MHz system
. Tune and tune feedback
. Coupling
.« Chromaticity
- Emittance growth

« Results from baseband systems
. Tunetracking
. Emittance growth

- The 60HZz problem
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Tune sidebands at 60Hz ()

continuous
- B60Hz lines
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3D Ramp - 1 Jan 05
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3D and Homodyne - ‘identical’
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Homodyne detection method

1m
stripline

\

/\/\/\/

tunndl
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3D and Homodyne -

THACE & _hl Spectrum
A Marker 18 6a06_918 3 Hz

o
dEm | {}

Laghlag

:
A
Adiv

—45
dEm
Center: lo.aaoa09 kHz
THACE B: Chd Spectrum
ESB ottset _ 59.800 7 Hz
dEm

LogMang

5
dE
fdiv

=135
dEm .
_ernter: 18 AARERDNYD KEHZ

'I'dentical’ 2

-2 _735 dEm

~Gpan: 610.352 Hz
~5.159 dE

Lrman: RI0. 352 HZ

w
ARF’

LS 4




3D and Homodyne - ‘identical’ 3

opias

span 39K Hz Span 156K Hz span 10MHz

no obvious evidence (noise floor rising,
additiqnal linRes,...) of non-linearity



Tune Shift - 60Hz lines don't move

hp89410A
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3D and 245MHz - need 200MHz RF!
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US>

3D with 5S0MHz high pass (1are)
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Comparison with DC (@)
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Million Turn BPM 1

3D near transition
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I I I
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300 micron 10Hz estimate ~5mat betatron line ®
cryostat vibration
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From Todd (Million Turn BPM) (®

|njection:

beta* gamma=12, emittance=10 pi um, betax(bpm)=49m
=> sigma(beam at bpm) = 2.6 mm

Peak-peak oscillations observed at bo2-bh10: about 350 um
=> |njection vibrations are about 10-15% of beam size

Store:

beta* gamma=108, emittance=20 pi um, betax(bpm)=45m
=> sigma(beam at bpm) = 1.2 mm
Peak-peak oscillations observed at bo2-bh8: about 350 um
=> Storage oscillations are about 30% of beam size
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60Hz lines move!
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)

over 30 seconds,
variation 1s ~3Hz
at h~300, or
0.01Hz at 60Hz



Things we've tried (®

Tune shift - 60Hz lines don't move

Look for 60Hz at betatron line on other pickups

. Seen on homodyne

. seen on RHIC 245MHz LF Schottky

. seen on CERN SPS 400MHz and FNAL 21.4MHz Schottky
. Seen on million turn BPM

|solation transformers in the signal path
Running the 3D on batteries (Tevatron)
50MHz high pass in front of the diodes
UAL simulation (Nikolay Malitsky) - in progress
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60Hz Conclusions (@

60Hz is on the beam (as Rhodri and Marek said all along)

Pattern and intensity are different at injection/store and on
the ramp

It gives some insight into the robustness and sensitivity of
the 3D/BBQ AFE - kudos to Marek

Approximate equality of H and V suggests quad busis
responsible

How to cope? Tomorrow morning's discussion
One thought for now - run digitizer clock from multiple of
line frequency?
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Conclusions (@

245MHz system is mature, a workhorse, runs day in and
day out with minimal attention, very useful both for
operations and beam experiments, but transition (or
coherent spectrum for LHC) and coupling remain serious
weaknesses

Baseband system appears promising, superior to 245MHz
In tune tracking and emittance growth, but 60Hz problem
must be solved

Robust performance is difficult/impossible in the presence
of coupling

. difficult even to measure coupling for feedforward

. coupling feedback needs consideration

We need BM X on chrom and coupling feedback
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