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PLL/TF Experience at RHIC ‘@

« RHIC 2000 — prototype PLL

- RHIC 2001

- First generation PLL

- Tune feedback successful (but not operational) for polarized
protons (no transition crossing)

- RHIC 2003

. Second generation PLL

- Tune feedback successful (but not operational) for gold and
deuterons (transition crossing)

- Tune feedback successful (but not operational) for polarized
protons (no transition crossing)
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Ramp Control Requirements ‘@

- Avoid resonances (betatron and spin)

- Chromaticity measurement and feedback/feedforward
. Avoid tails on resonance — not too big
. Stability - right sign, not too small

- Coupling measurement and feedback/feedforward
. Control tune

- Minimize higher order resonance strength

« Accomplish this without excessive emittance
growth/halo formation
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Beam Transfer Function
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-
Z.0om on Beam Transfer Function ‘ )

=This PLL locks on synchrotronjsatellite (unless loop gain large)
= (G1ves extreme relative accuracy ~ 10-6

= Problem — satellite hopping | f;
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B4 Tue Jan OF 18:24344 — Tue Jan 07 18:23:15

Window Ewvent

[t
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transition

.240.24-5 LA
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+ + + + + +
oo o o [l ra (23 ]

+ * - * - * *
= ra o - o o |

INREEREE Rémp éTunées Wéilth 2DO :
210 || ||| /]| micronradial modulation ¥
111 |llf| forchromaticity measurement

18:24:50  18:25:10  18:25:30  18:20:00  18:26:10 18:26:30 18:26:50 18527110 18:237:30  18:27:50  18:28:10 18:28:30 18:28:50  18:29:1
Time

= o= = = =
* . * * + +

*

—— gloopTune,bh:tuneBuf ML, 1268520 (Y1) ——— gloopTune,buituneBufFH[, 1268521 (Y1) —a— B horizontal . tune, . lst. peak 2685:2 (Y1)
—a— [B.vertical,tune,.lst,peak,2685:3 (Y1) —8— ev—accramp (Y1) —a— ev—stone (Y1)

ev-botstart (Y1) —a— ev-bgammat (¥1) - ev—ygtstart (Y1)
—a—  ey-ygammat (Y1) ev—Tlattop (Y1) —=&—  blulCCTtotal-Deuterons2685:8 (¥2)
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= Tue Dec 24 00:553:03 - Tue Dec 24 01:00:13

Window Ewvent

-

0,241 -

0,231 -

0,221 -

w

0,211 -

Blue (deuterons) Ramp with Tune Feedback RHIC 2003

ne measurement

00353315 00353345 00354315 00354345 00355315 00355145

transition

—— qgloopTune.bhttuneBuffH[, 125502150 (Y1) _—
—8—  vertical,tune, ,lst,peak, 25003153 (Y1) —
—e—  ev-bgammat (Y1) :
—&—  blulCCTtotal -Deuterons2500:154 (Y2)

00356315 00356345 00357115 0035745 00358115 00:5E:dh O0:h9:15 003;59:45h

flattop
qLoopTure . by tuneBufFML, 12050151 (Y1) —e— horizontal . tune, 1st,peak,2550:152 (Y1)
ev—Flattop (Y1) ev—stone (Y1)
ev-botstart (Y1) —&— ey-accramp (Y1)

qLoopTune.bh:tuneBuffbd[.] successfully displayed
qLoopTune.bv:tuneBuffkd[.] successfully displayed




|;|'|_“55"|:]E|: —

YWindow Event

e {5 Aﬁplituﬂe aﬁd Pﬁase durmg
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J | z z | z z 5 z z

003153350 00354310 00354330 00:54:50 00355310 0035530 003;55:50 0 00356310 0035E:E0 00:5E:E0 003457100 00357130 0035750

transition flattop

qLoopTune, bbb qBufFAwgML , 125502156 (Y1) qLoopTune, buw iBufFAwgML , 125502157 (Y1) gLoopTune, by qBufFAvgM L 125502158 (1)
—a— ey—Flattop (Y1) euv—stone (Y1) —a—  ev-hgammat (Y1)
ev—bgtstart (%¥1) —&—  ev—accramp (Y1) glLoopTune, bt i BuFFAvgM, 1256502155 (Y2)

Time

UlPlot::iGetDataSet - index is too big.
UlIPlot::GetDataSet - index is too biq.



Window Ewvent
0,246 1 2 45
] o4
0,244 1
0,2431
0.242--/5'
IR-LER S
0.2401
0,2391
mzzaw
0237 1
0,236 1
0,226 1
0,224 1 : ; : ; : : : : i
i 5 5 5 5 5 5 ; | Lo.s
iy f~4Hz also w/o TF, and with 1s w/ TF
1 232 [ ~ Z (seen also w/o , an 1th protons |
0,232 1 ; : : ; ; ; : ; :
no:hd 09 oo:hdrll norhdrls nn:hdrlh (bt S i 00:54:19 00354121 00354123 00354125
Time
——  gLoopTure,bhitunseBufFHL, 125504150 (Y1) qLoopTune, by tuneBufFHL, 126605151 (1) —e— horizontal  tune,  1st, peak, 25505152 (Y1)
—a— wertical,tune,,lst,peak,2650:153 (Y1) —a— ey—flattop (Y1) ev—ztone (Y1)
—a— ev-bgammat (Y1) ev-botstart (Y1) —&— ev—accramp (Y1)

—=&—  blulCCTtotal-Deuterons2350:154 (Y2)

gqlLoopTune.bh:tuneBufftd[.] successfully displayed
qLoopTune.bv:tuneBufftd[.] successfully displayed
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x| Fri Apr 11 13:19:26 = Sun Apr 13 23:36:43
Window Ewvent

Blue (protons) Ramp with Tune Feedback RHIC 2003

0,24 1 : : : : : L

' : : o : : :

Iy 2 Y g : g -

| II..I ; ; ; ;

0,22 . i : : '-"I"+ '

- L - - -
0,211

17103200 17104 300 17 +0G 00 1710600 17 £07 00 17308500 17309700 17310300 17311300
gLoopTune, yh tuneBuf ML, 134621166 ———  glLoopTune,yw:tuneBuffH[, 134621167 —a— eu-stone
—a— gv-accramp —a— eu-flattop —a— ¥,horizontal,tune, 1=t ,peak, 34623168

¥overtical ctune,  lst, peak, 34621169

0,24

0,23

0,22

Wad
N\

0,21

171 25:30 17126130 1712730 17:28:30 17:29:30 17330530 17:31:30 17:32:30 17:33:30 17:34:30
Time

qloopTune . yh:tuneBufFHL ., 13452164 ——— glLoopTune,yv:tuneBuffH[ . 134521165 —a— ev-stone —&—  ev-accramp —o—  eu—Fflattop



f
PLL/TF Problem Areas 1 ‘@

« With TF off, PLL 1s often confused by tune crossings
* Coupling - phase from the opposite plane leaks in, this despite
driving different harmonics H and V
» Coherent spectrum at revolution line (especially near
transition) hammers the preamps
* position feedback on moveable bpm helps somewhat but
1s not a workable long term solution
* no active components before mixer and 455KHz filter has
been tested, looks promising
» Large position and tune jumps at transition — y, quads
* Phase compensation during ramping - anomalous (mixer fix)
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PLL Block Diagram
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e 006 X| Sat May 03 20:25:21 - Sat May 03 20:30:52

Window Ewvent

Phase shift during
= ~ Beta squeeze BV only

0,236 1

0,234 1

0,232 1

0,230 1

0,228 1

0,226 1

0,224

0,222 1

0,220 1

| Phase compensatlon ~1 IOO deg/MHz - B g \i
0,216 1 : 18

} Prev10usly 640 deg/MHz N

0,214

20325330 20:26:00 20126230 2032700 20127130 20328100 20:28:30 2022300 20:29:30 2023000 20330330

Time

qLoopTune, bl tuneBufFML, 1361415 qLoopTune, bvttuneBufFML, 1361415
—a— B,horizontal .tune,,lst, peak ,3614:7 —#— B,vertical,tune, ,lst, peak,3614:8




f
PLL/TF Problem Areas 2 ‘@

* PID loop tuning
* loop 1s artificially constrained, usual tuning algorithms do
not apply
e the ‘process’ (the beam transfer function portion) varies
considerably

» Magnet transfer function uncertainties

 NEED a model
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File Setup Logging Diagnostics f
Hon Har 31 2003 @
ok

Magnet transfer function
uncertainties:
‘constant’ amplitude tune
modulation of increasing
frequency: measured
amplitude increases in
vertical, decreases 1n
horizontal, tune shifts.

0,23

0,22

15221200 1523300 1525300 1527100 1529300 15231300 15233200
time of day

qLoopTune, by tuneBufFH[*] 2003 16

qLoopTune, bhttuneBufFHL#]

Message Area Stop



Ramp Control Requirements ‘@

Tune measurement and feedback

. Avoid resonances (betatron and spin)

. Avoid tails on resonance
. Stability (right sign)
Coupling measurement and feedback/feedforward

. Control tune

- Minimize higher order resonance strength

Accomplish this without excessive emittance
growth/halo formation
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—| qLoopArrays.mon PPM User 2 | i_l
File Setup Logging Diagnostics
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time of day .
Effect of Chromaticity on PLL
qLoopTune. bhituneBuf FHL*] qLoopTune, buttuneBuf FHI*]
Start ||

jﬂ Message Area




—-| qloopAvgirrays.mon PPM User 2 | 2 |_|
File S3etup Logging Diagnostics
Fri Dlec 20 2002

Amplitude and phase during chrom scan
1000 + . l |
oo s e
s=9 13 17

2111200 2131130 21312200 21312230 21313200 21313230 2131400 2114230 21315200 21115330 21316300
time of day

gloopTune, bl i Buf FAwgM*]

jj Message Area Start|| —

gLoopTune, bhigBuf fAugMi*]1

gloopTune, by i BuffAugHi*] gLoopTune, bus gBuf FAwgMI*]




Chromaticity Effect on PLL ‘@

 Conclusion from the chromaticity study 1s that PLL tune
measurement can cope with a large range of chromaticity

 Chromaticity control 1s not a primary 1ssue for PLL tune
measurement and tune feedback

 Chromaticity control 1s an 1ssue primarily in the usual
operational sense
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B4 Tue Jan OF 18:24344 — Tue Jan 07 18:23:15

Window Ewvent

[t

I

transition

.240.24-5 LA

deuterons

+ + + + + +
oo o o [l ra (23 ]

+ * - * - * *
= ra o - o o |

INREEREE Rémp éTunées Wéilth 2DO :
210 || ||| /]| micronradial modulation ¥
111 |llf| forchromaticity measurement

18:24:50  18:25:10  18:25:30  18:20:00  18:26:10 18:26:30 18:26:50 18527110 18:237:30  18:27:50  18:28:10 18:28:30 18:28:50  18:29:1
Time

= o= = = =
* . * * + +

*

—— gloopTune,bh:tuneBuf ML, 1268520 (Y1) ——— gloopTune,buituneBufFH[, 1268521 (Y1) —a— B horizontal . tune, . lst. peak 2685:2 (Y1)
—a— [B.vertical,tune,.lst,peak,2685:3 (Y1) —8— ev—accramp (Y1) —a— ev—stone (Y1)

ev-botstart (Y1) —a— ev-bgammat (¥1) - ev—ygtstart (Y1)
—a—  ey-ygammat (Y1) ev—Tlattop (Y1) —=&—  blulCCTtotal-Deuterons2685:8 (¥2)
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==

- — 4 — 4+— — - 4 —

—2000
gLoopTune, bhi i BuffAvgh , 12695196 gqloopTune , bl qBuf FRnvgil , 12639597 qloopTune byt i BUFFRwgML, 12695498
glLoopTune, bw:qBufFAvgh , 12695299 —a— ev—flattop ev-ztone
—8— ev-bgammat —8— ev-accramp

/ trans1t1qn

Rahap céhronilaticéity

13:49:40  13:00:00  13:50:20  13:50:40  13:51:00  13:51:20  13:51:140  13:52:00  13:52:20 13:152:40  13:53:00  13:53:20  13:53:40

Time

qLoopChrom, bkt chromBuffHL , 12695392 gqLoopChrom, bh i chramErrorBufFML, 12695233 qLoopChrom, by chromBuffHivaluel , 12695: 94
gqLoopChrom, by tchromErrorBufFHML, 1269595 —a— ey-flattop ev—stone
—a— ev-bgammat —&— ey-accramp "I




-

Non-linear chromaticity — .5Hz, .4mm
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Filter, filter, filter, ... (

N

FFT of RHIC PLL output, 30dB S/N on a few 10° debunched deuterons with 100
micron 1.2Hz radial modulation

RHIC Deuteron-Gold 2003 Elog Thu Dec 12 2002 161540 - Netscape

Object - Metscape

File Edit Operate Project Windows Help
B

Flane Selection ]

Blue Horizontal - Fower Spectrum
-50.0-
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v

Sum |0.24 | . A M A
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\ | i Wl |' "
mlhhr || 4] | | '1||
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20, 0E+0

25E+0  S.0E+0  75E+0  10.0E+0  12.5E+0 15.0E+0  17.5E+0
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Chromaticity Measurement with PLL ‘@

Works well when utilized

Hesitancy to use on a regular basis because of concern with beam
loss due to radial modulation (and it 1s just more complexity in a
complex environment — requires specialists)

Decoherence of kicked tune excitation 1s the primary tool used
during normal operations
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Ramp Control Requirements ‘@

Tune measurement and feedback

. Avoid resonances

Chromaticity measurement and feedback/feedforward
. Avoid tails on resonance
. Stability (right sign)

. Control tune

Accomplish this without excessive emittance
growth/halo formation
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B4 Tue Jan OF 18:24344 — Tue Jan 07 18:23:15

Window Ewvent

[t

I

transition

.240.24-5 LA

deuterons

+ + + + + +
oo o o [l ra (23 ]

+ * - * - * *
= ra o - o o |

INREEREE Rémp éTunées Wéilth 2DO :
210 || ||| /]| micronradial modulation ¥
111 |llf| forchromaticity measurement

18:24:50  18:25:10  18:25:30  18:20:00  18:26:10 18:26:30 18:26:50 18527110 18:237:30  18:27:50  18:28:10 18:28:30 18:28:50  18:29:1
Time

= o= = = =
* . * * + +

*

—— gloopTune,bh:tuneBuf ML, 1268520 (Y1) ——— gloopTune,buituneBufFH[, 1268521 (Y1) —a— B horizontal . tune, . lst. peak 2685:2 (Y1)
—a— [B.vertical,tune,.lst,peak,2685:3 (Y1) —8— ev—accramp (Y1) —a— ev—stone (Y1)

ev-botstart (Y1) —a— ev-bgammat (¥1) - ev—ygtstart (Y1)
—a—  ey-ygammat (Y1) ev—Tlattop (Y1) —=&—  blulCCTtotal-Deuterons2685:8 (¥2)
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B PORCSkewluadrupoles720Hz, mon  PPH User 2

File

Setup Logging Diagnostics

-0 ]

Wed Jan 22 2003

2Hz skew quad modulation, two families, 180 deg phase

Skew quad corrector current [A]

+ +
o (A7} LN k] 2 = < [ ol M Lkl LS (7] m
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0535656
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boy-gqz-ps.current

05356157

0535655

boZ-gqz-p=.current
big-gz-p=.current

05356459

s

Messaqge Area

Start

Close

Duplicate
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)
Coupling on the ramp ‘@

Potential exists to measure and correct coupling with PLL

This was given some study time, more required to firmly
establish the method

Wolfram’s method (analyze BPM data when tune kicker
fires) offers another viable approach
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Ramp Control Requirements

Tune measurement and feedback

Avoid resonances

Chromaticity measurement and feedback/feedforward
Avoid tails on resonance
Stability (right sign)

Coupling measurement and feedback/feedforward
Control tune

Minimize higher order resonance strength

FNAL LARP Workshop 6/9/2003
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| Sun Dec 29 15:54:35 - Sun Dec 29 16:07:40

Window Ewvent

PLL amplitude for kick reduced in 3dB steps

P, v

nab

[ 2 ‘712dB redﬁctioﬁ n klcker pov&éfer

gives 6dB fedu@tion 1n signal?é

EOO T+

3dB

500 T

3dB
Lyh -3dB

4001 1.5

3dB

3B

3001

2001

100+

=100 1

1.2

15:55:00  15:56:00  16:E7:00  15:6BE:00 15:59:00  1E:00:00  16:01:00 16:02:00 1B:03:00 1Ei04:00 16:05:00 1Ei0E:00  1E:07i00
Time

gLoopTune,yh: i BuFFAwgHL, 12605267 (Y1) gLoopTune, yh:gBuf FAwgHL , 12605163 (Y1)
qLoopTune . uw tgBuf FAvgH . 1260670 (Y1) : yelICCTtotal -Gold2E05: 71 (Y2)

gLoopTune,yw: iBuFFAwgHL, 2605169 (Y1)

gqLoopTune.yh:iBuffAivghd[.] successfully displayed
qLoopTune.yh:qBuffAvgbA].] successfully displayed
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e 00 [%| Wed May 07 06:16:45 - Thu May 08 00:41:54

Window Ewvent

Horizontal emittance thru the ramp

B —

'PLL not locked

5O1

PLL] locked, ~ 20mW kicKer ﬁowér

407 : : : : : : : : : : : : x : L g 5

aoff

- - DR T T ] ) 0o LTt

208

10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DE130 O7:30 08:30 09330 10330 11:30  12:30 13330 14:30  15:30  16:E0 17330 18:30 0 19:30 20330 21330 22330 23130 00330
Time

—=2—  BRhiclpmManager,blue_horiz tnormEnitHsvaluefndTinel, 1364420



000 x| Wed May 07 09:28:01 - Wed May 07 09:34:46

Window Event

161

12 ¢

0a:28:15  03:28:45 09129115 09:29:45 09:30:15  09:30:4h 09:31:15  09:31:45 09:32:15 09:32:45 09:33:15 09:33:45  09:34:15  09:34:45
Time

—&— RhiclpmManager,blue_horiz:normEmitMivaluefndTine[, 136440




Summary of TF in RHIC 2003 ‘@

« dAu run - after commissioning problems sorted out,
seven ramps attempted, all ‘successful’

. But deuteron beam survival worse with TF on!

- Resonance between TF and power supplies? Radial loop? Too
much loop gain in PLL? Bad chrom? Beam-beam? (no TF after
cogged ramps)

 Polarized Protons - after commissioning, ~ 75% success

 Operator overhead/overload 1s significant
- New systems in the heat of commissioning

- Example — feedforward from magnet currents
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-
Possible Specifics of LHC PLL/TF ‘@

 Short single bunch during commissioning — a useful resonant
pickup 1s difficult
 This suggests system will be more like LEP PLL —
emittance growth a problem
* Pickup sensitivity must be maximized
* high impedance capacitive?
e travelling wave?
* clse????
* Moveable pickup with centering feedback 1s necessary
(but may not be sufficient) to avoid saturation
 Attempt to minimize effects of coupling in frequency domain
at RHIC were not completely successful — comes thru the beam
* This suggests kicking two separate bunches for H and V 1s

not a complete solution
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Collaboration with CERN/FNAL/LBNL ‘®
Ramp Control W

 Single channel RHIC PLL system (mixers, AFE,
digitizer, NCO, software) 1s at CERN

* Hands-on understanding of parameter space

* Investigation of chrom (radial & phase mod,...)
* Investigation of coupling (skew quad mod,...)

* Beam modeling, PLL modeling, TF modeling

* Beam experiments?

* New Pickup — separate 1item
* Plans for PLL/TF during RHIC 2004?
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Conclusion ‘@

- BNL has beam, and has many operating systems

which will be required (with improvements) for
LHC

- BNL has great interest in benefiting from the
expertise at CERN, FNAL, LBNL,...

- LARP offers the possibility of the financial and
organizational support needed to make this a
reality
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