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Outline

« Tune

 Tune feedback

« Coupling

« Chromaticity

- Emittance growth
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245MHz System Status (®

« System is mature - first successful TF ramp 4 years ago!
main changes for RHIC Run 5 were in tuning of loop parameters

transition isamaor obstacle - dynamic range
- short bunches, coherence at 245MHz - also LHC, with 400MHz RF
. fast position and tune changes
. coupling,...
coupling isamagor obstacle
- without TF it confuses PLL, causes it to be not robust
- with TF the system becomes unstable

« Motion control is mature
operation of continuous feedback for pickup centering is reliable
can't cope with fast (30 msec) position changes at transition
« Further improvement requires a new approach
solve the dynamic range problem - work at baseband
solve the coupling problem - better measurement, perhaps feedback
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245MHz PLL Block Diagram
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PLL locksto Eigenmodes
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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 dlide shows dlightly less successful ramp

. 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 is'stable inthe presence of coupling w/ caveats
e tune separation > 100Hz digital filter BW
e betafunctions

e motion control
» feedback loops on kicker excitation and signal path gain

 Thesystem of Tune Feedback = PLL + magnet control

IS not stable in the presence of coupling
 first thought - dQ,,, pushes tunes apart, can still live in the tails

o later redization - system unstable with >45 deg eigenmode rotation, onset of
the problem is not gradual, but abrupt

What we did

 Improved coupling measurement
* Investigated new correction and feedback 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?

y
2 1

>< .
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Yun's Parameters® (®

C-A/AP/174 - Possible phase loop for the global betatron decoupling, Y. Luo et al
http://www.rhichome.bnl.gov/AP/ap _notes/cad_ap_index.html

Define:
Q, = eigentune 1 Q, = eigentune 2
A, , = amplitude of eigenmode 1 in x-plane,...

f, = phase of eigenmode 1 in x-plane,...

Then these 6 parameters are a compl ete description of coupling:

Ql QZ
= abs(A_Ly / Al’x) r,= abs(AZ'X / Az’y)
~0 ~ 0 (thisisthe PLL function)
Dr1:f1,y'1%: szzfz,x'fA{;
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Coupling summary (®

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

'New' measurement technique
- Non-perturbative
- Excdlent S/N
. Délivers both amplitude and phase of coupling

. Coupling correction/feedback isbeing actively investigated —
Yun Luo, Steve Peggs, Richard Talman

- method/formalism similar to LHC - Stephane Fartouk
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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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Chromaticity Effect on PLL (®

» 245MHz PLL tune measurement comfortably
copes with alarge range of chromaticity

(resonantly excites low dp subset of momentum
distribution)

» Chromaticity control is not an issue for 245MHz
PLL tune measurement and tune/chrom feedback
— further study required for baseband system

 Chromaticity control is an issue primarily in the
usual operational sense — line broadening and
resonance overlap
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K
Chromaticity Measurement (®

The method:
X = (da/Q)/(dp/p) or Qx = dg/(dp/p)

measure tune variation resulting from momentum
variation

dp/p ~ g, dR/R
+/-104 dp/p gives ~+/-100mradial modulation
~true at both RHIC and LHC

modulation frequency 1Hz

fit the tune modulation with a sliding window
calculate chromaticity
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Time
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Summary of Chromaticity (®

« We need BMX time for chrom feedback this run
 Radial modulation method gives good data

« Useful data gathered for feedforward and magnet
model - b2 in dipoles

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

« No testing of phase modulation methods

« Chromaticity not an issue for reliable operation of
245MHz PLL - thismay be less true for baseband
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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)

TF Design Review 4-5 April 2005



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

 Robust performance is difficult in the presence of
coupling
. difficult even to measure coupling for feedforward
. coupling feedback needs consideration

» We need BMX on chrom and coupling feedback

TF Design Review 4-5 April 2005



Tune Splitting and Crossing

o Tune split at difference resonance:

(Vx — Vy)min = 2 | K| Two Possibilities

)

1. dOmin > filter BW

PLL does not jump
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