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Basic principle, block diagram
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A phase-locked tune tracker comprises a continuous
beam transfer function measurement at asingle

frequency



Thefirst obstacle - Coupling

Coupling rotates the eigenmodes away from the
horizontal and vertical measurement planes

When this rotation is >45 degrees, the

tune correction is applied to the wrong

guadrupole plane, and the tune feedback loop runs
away




Measurement of Coupling using a
PLL Tune Tracker

Start with decoupled machine =% Only horizontal tune shows up in horizontal FFT
Gradually increase coupling =% Vertical mode shows up & frequencies shift

Fully coupled machine: A = |C| FFT of Horizontal Acquisition Plane
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M easurement of Coupling using a
Pl L Tune Tracker
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Tracking the vertical mode in the horizontal plane &
vice-versa allows the coupling parameters to be calcul




M easurement of Coupling using a
PLL Tune Tracker
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Fully coupled Tunes entirely defined by coupling
— tune feedback would break here




| N€ NeXt opstacle — bynamic

Range
Pickup response isnil at low frequencies
At higher frequencies (10’sto 100’s of M HZz)
relative separation between revolution and betatron

linesis small, filtering out the rev lineisvery
difficult

Desired beam excitation by tune tracker
micron

Have to allow some bits for resolution
Beam offset can easily be 1mm or mg

Needed dynamic range is >100au8




Measuring Tunewith Little or No Excitation —
TheBaseBand Q M easurement (BBQ) System

N




Advantages of the 3D AFE

Sensitivity (noise floor in the 10 nm range)
Virtually impossible to saturate

~160dB suppression of the revolution line
Simplicity and low cost

Base band operation

Excellent 24 bit audio ADCs available
Signal conditioning / processing Is easy
Independent of the machine filling pattern

Systems now installed in the SPS, PS, LEIR, RHIC & Tevatron



Measured and calculated tunes
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Thethird obstacle —
M ains harmonics

Betatron resonance is dir ectly
excited by high harmonics of
the power line frequency
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Mains harmonics remain the most
serious obstacle to feedbacks

« ~70dB above noise floor on ramp

« dictates excessive beam excitation
e Causes emittance growth
o contributes to ‘tune scalloping’
« makes chrom measurement
difficult

« N0 significant progress on this




NEW proplemsin RuUn

v

Anomalous beam response at Injection

o tunes separated and well decoupled

« not power line, synchrotron fregs
o sSimilar in all 4 planes

e Serious obstacle to acquiring lock
e Serious contributor to ‘noise’

e NOt Seen in previous years

o disappeared with start of ramp

« Not understood — speculation on
power supply regulation at low

current
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- - New problemsin Run 7
une Scalloping

« BBQ very precisely drives a slice up out of the tune distribution
« tune shifts as amplitude increases
« the slice depopulates as amplitude increases
« BBQ falls off that slice, locks back in the center
of the distribution
e the process repeats
Contributing factors scalloping
e large kicker excitation
e large loop gains
« small chromaticity
M akes for atight ‘box’

« need large kicker excitation
because of mains harmonics
« need largeloop gainsfor
reliable tracking of fast tune
changes ot
o chromaticity feedback not yet .
implemented — chrom control
Is not particularly good

Kicker turned down
here, then started locking
on mains harmonics

A delicate balanceto tune
the tracking
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Despite all this, there was good success

" | Mon Apr 09 15:22:21 - |
Wir—.!".- - - - -
— Simultaneous tune and coupling feedback in both rings , ~97% transmissio

0,20 : - : 1 - - : - - : — 2,5

m L1

ko g

0.234 ' 5 2 ; ; 1,5

; ; ; ; ; ; ; ; ; e

Intensity [Au x 1079]

; ; ; ; ; ; ; ; ; o

0,20+ } } i } —an Goane N\ — } } } } i } i } j } j } - } oo
154720 15:47:00 15:48:20 15:48: % 1549220 1549250 15:50:20 15:50:50 15:51;20 15:5L:50 1552320 15:52:50

—_— 1L 112 (1) g2l 12 XU —e— ey-acocranp (Y1) —a—  ay-stone (Y1) —a— ey-hgtstart (Y1)
—&— ev-hgammat (Y1) & ew-flaktop Y1) ew—endramp (Y1} . ew-brebucket (Y1) ev—lumi (Y1)
—a—  ey-hdump (Y1) yelICCTtotal (¥2) —— yelliCMbunched (¥2)

1,0

Intensity [Au x 10°9]

e

0,211 5 5 5 5 5 : 5 5 5 o5

: — . . + + + + 2 0,0
15+47:20 15:47:60 15:48:20 1524850 15:49:20 15:49450 1550220 1525060 16:61:20 15+51450 15:52:20 155260
Time (Start Fill = 8438}

0,20

0.1 (v 02[,] f¥1n —e— ey-accranp (Y1) —a— eu-ctone (Y1) —— eu-hgtstart (Y1)
—e— cy-bgammat (Y1) < ew-flattop (Y1) ey—endramp (Y1} ev-brebucket (Y1) ev=lumi (Y1)
gv—ydurp (1) —a—  sw-bdunp (Y1) ——oe— hIlUICCThotal (Y2} —=—  blullCHbunched (Y23




	TUOCC02_1.pdf
	Measurement of Coupling using a PLL Tune Tracker

	TUOCC02_talk-1.pdf
	Tune & Coupling Feedback at RHIC       during Run 6




