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OUTLINE

e tuneSweep

e fastTune

e fastTune - Continuous tune measurement
e fastTune - Chromaticity
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TUNE SWEEP SYSTEM

 New name for the well established tune measurement system at
COSY

Coasting beam (allows for higher BPM gain)

Setup: Network analyzer excites betatron oscillations via stripline
electrodes, measures beam feedback via BPM

Typical tune: Q=3.5 .. 3.7 in both x and y

Measure [s21| from 1.5 to 1.7 times revolution frequency

Peaks are at (1+q)f,, -> Q=3+(

Stripline Unit BPM 9

NA Sweep Range
|_ |_ A (typically 1.5 .. 1.7 times f,,)

______ o] T
Q AA I f/f|l =1.58, q=0.58, Q=3.58
0° 180° INAI‘I 0° 180° A A /‘A\A
f I | : f/freV

' I
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TUNE SWEEP HARDWARE

Network Analyzer: HP4396A

Excitation: “Stripline Unit” Measurement: BPM 9
Control, Power Amplifiers ~ Electrodes (inside magnet) - o
‘ ({‘- af‘- | = { - E ’ : "7?;7 ——
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TUNE SWEEP GUI

Tune Sweep Measurement HELP
Measurement DAQ Settings
Horizontal ¥ enable fit f-rev (Hz): 793242  set
52.7E0
i tune ra : 1.6 - 17
Y40E0 e | |
E Horizontal Tune points: 201
o N
g 200 1 06540 £ -0.0003
= ] IF BW: | 1000
47.1E-3 tmeauto: | 07
1.2692E6  1.29E6 1.31E6 1.33E6  1.3485E6 SetRef | []showref Sweep time auto: :
frequency (Hz) source power: | 30
Vertical
68.460 L EEERr
EdﬂEﬂ Vertical Tune
o update (sec 20
E 06545 £ 0.0026 pdate (sec) |
AutoScale
130ED o T T
1.2692E6  1.29E6 1.31E 13386 1.3485E6  SetRef | | |showref Reset HP4396A
frequency (Hz)
BPM2 X Control EPM2 Y Control

https://gitlab.cce.kfa-juelich.de/BCC/Tune/tuneSweep/HP-GUI
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NEW BPM READOUT: THE LIBERA HADRON

e ADCs

o 250MHz sampling
frequency

o 16bit
e Built-in EPICS I0C

ADC Amplitude (AU)

ADC Amplitude (AU)

Figure 3: Bunch detection

From: Libera Hadron User Manual

Mitglied der Helmholtz-Gemeinschaft

From: https://www.i-tech.si/products/libera-hadron/

e Bunch detection

o one (X,y) per revolution (“Bunch-by-
Bunch”-data”

o Slow BbB-data (10Hz, averaged) for
Orbit measurement

o All BbB-data since last trigger are
written to 2GB memory (roughly 67M
values, or 90 seconds at 750kHz)
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FAST TUNE SYSTEM

» revolution

Any BPM

Stripline Unit

X,y of bunch_ .
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FAST TUNE HARDWARE

Excitation: Measurement:
AFG3021C All BPMs, Liberas
Function Generator

‘ ECgun 20 *ANKE2 +2

I Dipole :

= Quadrupole *25¢+
= Sextupole : 26 4
== Position Monitor (X,Y) :

0100200 300 400 500 600 00 800500 | 1100 1300 1500 1700 1900 2047
Primary X Axis (n)

BPM: 16 Left Up nghLDown
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FAST TUNE GUI

Setup measurement

Setup excitation

ast Tune Measurement

TUNE Diagram DPOS i Measured tunes HELP
Data Aquisition and Processing Noise Excitation
COSY frequency: 0,49MHz h= |T getfreq 1P:| 134.94.210.230 Connect Disconnect
FFT sampling length: 16000 bunchesor | 32,8ms e
FFT smoothing: 30 [+ Fit with offset Ul i
T X 3,50 3,70 Normal ~ Noise band: | 0,20 ...| 0,50 times 0,49 MHz
Yo | 3,50 3,70 Sampling: 50000 points at 6 MHz

[IMeasure background

Calculate signal and upload

Duty cycle: 0,40 of 8.33 ms sequence

Measurement successfully completed
0,005 3,659 =

Horizontal 2020-02-27 14:34:29.522 Vertical

AR

D3D32D3403603B 04 042044046045 Ds 03 032034035033 04 042044045043 05
fifrev frf_rev

rsionvi.1.4 | Philipp | Tue Jan 28 11:51:06 2020 +0100

359 t 0,007

[ ]show amplitude

Invalidate

[+ Zoom to fitrange

I S R A Signalpower: | 4,2mw  Voltage (pp): 56V
Time after libera trigger / ms Signal delay: 0,0 ms Duration: 50,0 ms

Noise excitation —+-Background ——Measurement Output: PGN  Trigger: AUTO
Tune Measurement at DPOS 8 DPOS: POPUP 2

‘ Readout armed (50 ms)

Readout now (manual)

—FFT ——Gauss fit

Fit results of all BPMs

(Identify suited BPMs, deactivate
others)

Measured Tunes

3.7 -
3,654
g
536
3,554
3,5 T T T T T T T T
0 2 4 6 & 10 12 14 16
DPOS
[_1Zoom to searchrange | Horlzonra\tunes| Vertical tunes |

Tune Diai ram
DiscOnEced Mean of all measurements:

T T T T T T 1
18 20 22 24 26 28 30

3,7

X: 359 % 0,005
3,651 & Y: 365 * 0,006
@
=
2 Reference: set Clear
S35 7 X: 3,59 ¥: 3,660
5
=

B:550] + Tune measurements
* Mean tune
3.5 LALAS AALANLAARD LA ALY L Liana nntan B I
35 354 358 362 366 3,7 | |Zoomtosearchrange

Horizental tune Show resonances of order:| 5

Results of one BPM
(here DPQOS 8)

https://gitlab.cce.kfa-juelich.de/BCC/Tune/fastTune/fasttune-gui
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Tune diagram of all active BPMs and
their mean values
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CONTINUOUS TUNE I\/IEASUREI\/IENT

e Track tune during
acceleration

e Straight forward with
fastTune, since no need
tologa PLLon orto
normalize by f. ()

e Challenges:

e Rigidity increases

e Revolution frequency
changes, sidebands
may leave noise band
limits

e Many data, longer
readout times

Mitglied der Helmholtz-Gemeinschaft
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FAST TUNE SPECTROGRAM GUI

Fast Tune ctrogram
Application v Fast Tune Spectrogram HeLp | p N
Tune Spectrogram DAQ 2 55 Frequency and Positionozo.os 25 18:51:51 33550 2] | E
ibempros: | 30— ne[ 1 || 2% -2 nstantaneous Frequency, as
Readoutdelay: | 0305 _mamal | TRG | |08 4 = 208 derived from BbB-timestamps
oy T — e | | s
Readout length: 0205 _manual | g oS
. 807 ] 5 w&,03 . J
Waveform averaging: | 10000 ) K203
Spectrogram every: 1024  overlap: 0 E ] &
e 0.58 Frrrrr e 50 N e N
Moathing o tine: 1 DrHme: : 0 20 40 60 80 100120 140 160 180 200 220 246.58
P ing: v 4 1 i i . .
ostprocessing:  [FlLogscale  [¥Icrop | Time afterl-r|>|era trwrlmﬂ | Orbit during tune
Reanalyse Noise —Cursor —Frequency [[——X —Y
measurement
Measurement ON _ Mean frequency: 0754MHz + 0.096 MHz [#]showx, ¥
Measurement successfully completed Show F ["Jshow cursor  [_]Show amplitude \ <
2

Horizontal Spectrogram

2020-05-25 18:51:51.346

r T T T T T T
3.5 3.52 3.54 3.56 3.58 3.6 3.62

T 1
3.65

Tune spectograms

Vertical Spectrogram

Time after libera trigger / ms

0 20 40 60 80 100 120 140 160 180 200 220 240 265.21

Tune X
igtrs S . = =¥ 3 [+] Autoscale amplitude
0 20 40 60 80 100 120 140 160 180 200 220 240 265.21 Min: Max:
Time after libera trigger / ms
2020-05-25 18:51:51.340 2|

LRARAR RARAS LAARH LARRH hAARE RRARA
3.6 3.64 3.683.73.72 3.76

Tune Y
Autoscale amplitude
Min: Max:

Versionv2.0.1 | Philipp Niedermayer | Tue May 19 09:58:01 202
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CHROMATICITY WITH FAST TUNE

Idea

e Use fastTune for automated chromaticity measurements

e This should allow for multiple chromaticity measurements in longer cycles
Method

* Measure tune during frequency sweeps

e Calculate tune change with respect to frequency change

e Result: Chromaticity, divided by frequency slip factor

Status

New frequency sweep method implemented

Analysis software written and tested (to some extend)

No successful (reproducible) chromaticity measurement yet

Tests under JEDI conditions (970MeV/c deuterons, cooled beam, OC)
planned for engineering run in calendar week 33 (from Monday, 2020/08/10)
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FREQUENCY MULTI-JUMPS

File TCP  Expedment

1

Statup AN Help

Fgen viewer <Bzpez ~ @
fgen viewer

1

Frequenz h=1 3
Display: Currentexperiment v|  FREQUENCY | Time in cycle v|  currentexperiment: 1
 Frequen: 11z e Fraguons L ) =i | =T o == =
I gl £[5s [ o suns | o TN oot et Enanen o] 215 2eliml]| wldHE AlalBlt ]| Sle|| 8] O
Stabis Froq T Fraquency Ramp of Currant Experiment
h= @ (W Jose || 1| =
~ Amplitut (010) Edit Ampll 1 10 50 1000 | A YT echteck
B R T P AP ST R L) W jm oo |4 A - Ston]|
« Phase (-360_3600) Edlit Prase | stas rat)| £ 10 [so00 | A
<|<fFT 5] Summert ms 2128 Terven] L] E Fha W i
L w0 w0 s —Il 3 otz § k| o
h=2 e Rechtack
v Amglitge (010} Eot Ampil 2 200 228 [so00 | A v Stop
e[ <fTT sl Summe A2 ms 5708 » St 2 %2 w_ | o =
- Phasé (-360_3600) Edit Phase 2 Status he2) T\;;J"m_z) P dT L | L
<<|<f08 »|rs|  Summe Pz ms 1850 it |- )]} =4 113 5 10 15 20 25 30 35 40 45 S0 s5  coc2s7 fy
h=3/4 Ml pocooftset: 015 Timein cycle .
B Flat Top L I po — Fgenramp
o e (00 a0 — Frequen:y mulﬂ.]umps HELP Momentum: 2425 MeV/c | Momentum: 2425 Mewic | Momentum: ISaMevic | o ,'mp,‘ . HELP
Sit sy Frequency: 1523921 MHz | Frequency 1S24miz | Frequency 0570734 MHz -
EF o T [ TR | preeem—— e | e I Schottky Spectrum @ HESR SC pick-up Spectrum Analyser
o o000 | Impulsumstellungif not cisabled).
i ,ﬂ Disable foen modification. ~_ Experiment: 1 13.5.3 | Phiipp Niedermayer | Wed Way §10:13:17 202 = 2020-05-26 14:52:05.696000 EUEE e
—_— Ampitude: [ 0.10 9 2E-12 - -
—JV — 4* ol Tmes  [T0G00 2] | Okiumpsaddedon Tue May26 144834 2020 JJ l | E Analysis and Fit Frequency center:
VQRF—HFF spsArshm =|sfo | R o ‘ . ‘ - . Harmonic: 1000 1523896000 MHz |52;396000h*fmuz
t Sweey 3
, * | opan : S = Peak Freq:  1.523874 MHz Et
-amphtude Fr uen span:
H LN e venrvagm, 3 1E12 Freq RMS: 68141 Hz || | aueneySP
duration :  (Kopiere Gui (1) nach 1) Hice: (lgench 1 fgenirecl fox g i o 1.0EE Hz [1es 1z
e : (Speicherm des Zustards) Notice: (1 Teilrampe: 1000.0 Sche =3 Fit mean: 1.523893 MHz o
. | viewer - (Unter fmntice -Voperatoreiak sl SC_und_£C 225Meve 200526 135| [ Notice: 73 fbscheitie. Gesamtzei 3 8E-13 Frequency sweep points:
-l time - [Methoce Notice: Daten won 30530006028 b &2 ma: 53.384 Hz -
Nain: e 037 Spoter: 5171 5. E 1601 points 1601 points
. Hotco: (stats g6E13 it) 7.006E-5 - Fw—y
Manualy trigger modification for debugging 12/30a/5/8(7[8(9 ioten: (st 05125 e 5 e |
ot (.t sartotiein < e o o an 0.0483 | 100us foon:
Ap/p (fit) -1.451E-3 | | AUTOOFF AUTO
2E-137 q 1
| Video Bandwith:
etk . -—
0ED : 1 ! ) ; b Time plot 100Hz 100 Hz
1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 AUTO OFF AUTO
Frequency / MHz Sweep Time:
0 v

N 18.962ms fooms
: Readout: ! AUTO ON AUTO

- ) Enable fitti
15 [+] Enable fitting Sweep Mode:
30 [] Autoscale amplitude ;D::;UDU;“M
. etector ez
%) Min: 0 Max: EE—12
£45 RMS Auto Pesk v
g Reference | :
560 ging
5 Spectrogram size[ 200 s o
° 75 0 Reference Level:
Efgo — 160E-12 EQ
— Live spectrum Unit of amplitude:
=103 — Fit w dBmV e
120 — Reference Auto All Reset
P 1349421842
1.523396 MHz 1.524396 MHz
Frequency at click position: [click on spectrogram to display] Version v2.5 | Philipp Niedermayer | Tue Mar 31 14:10:16
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FAST TUNE CHROMATICITY
MEASUREMENT G

[ Fast Tune S

Application

ctragram

Fast Tune Spectrogram

O

HELP

ey

B

Tune Spectrogram DAQ

Frequency and Position;o s o6 oe-sa03sse 7 |

0,793381+ r 50
Libera DPOS: 28>npz h=| 1 2 E o
= o
Readout delay: 2405 manual TRG So7933 1 Fz%
[ 5
Readout length: 230s manual 5 (=
=
Waveform averaging: | 10000 E-u = Ean3
@0 b 3
Spectrogram every: 8192 overlap: 0 frg E
. . 0,793141 T T T T T T T T T =50
Senhig o 1 Jogined ! 0 200 400 600 8001000 1400 1800 229431
Postprecessing: Log scale Time after libera trigger / ms
ot | | —cursor (0 C ”—F'eq.e"c‘;-‘ |—>< —\"
Measurement successfully completed [+ show ROIs [ show cursor [] show amplitude

Horizontal Spectrogram
ULy,

3,6311

2020-03-26 08:54:03.543

B

3,625
=
2362
3
=
3615 e T T T 1
" 3,6077 3,615 362 3,625 36311
Tune X
36077 [#] Autoscale amplitude
0 200 400 600 @800 1000 1200 1400 1600 1800 2000 231323 Min: Max:
Time after libera trigger / ms
Vertical Spectrogram 2020-03-26 08:34:03.538 d
3,6934 - _

Ul

§&] Chromaticity measurement

Application I

Fast Tune Chromaticity Measurement

O

HELP

*

Chromaticity specific DAQ E|

Frequency Slope Fit
9 cyslop 2020-03-26 08:54:03.612

0,793381
. . _ ~N N,
Bunches in COSY: h=| 1 E N
Tune search mode: Normal vl ‘;‘017933
o
i | Tune search range: 3,61 3,63 haorizontal =
| . 3
3,67 3,69  vertical 5917932
Time range for fit: 600 ms .| 1500 ms auto w
| 9 —auo | 0,793141 e e P e e et
0 200 400 600 8001000 1400 1800 229431

Time after libera trigger [ ms

Re-trigger analysis | |

Moise Fit range || Frequency ==='Linear fit |
| af: 232Hz ¢ OHz []Zoom to fit
Measurement successfully completed Afff: 2,928E-4 +  4,613E-7 [ Hide fit

Chromaticity &/n =AQ/(af/f) Horizontal Tune Fit

363

[ |slip factor eta:

aplp: [ @

[unknown]
[+ _e |
2020-03-26 08:54:03.620

E/n(X): 4,421E0 * 8,994E-2

600 800 1000 71200
Time after trigger / ms

E/n(Y): -1,247E1 £ 1,160E-1

AQ: 0,001294 +

0,000026

Vertical Tune Fit

1500

600 800 1000 1200
Time after trigger / ms

1500

AQ: -0,003651 + 0,000033

miih e
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time after libera trigger / ms

231323 Min:

m T T T T 1
366844 367 3,675 3,68 3,685 3,6934

Tune Y
[#] Autoscale amplitude
Max:

| Version unknown: 3aa97fea688c342ad721b0982{51998056e88b5f
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COMPARISON

Tune Sweep

Well established system
Tune of unbunched beam (higher
BPM gain)

High spectral power density, thus
good signals at high energies /
uncooled beam

Slower system

Measurement at one single BPM.
Spurious signal distinction
sometimes hard

Mitglied der Helmholtz-Gemeinschaft

Fast Tune

Tune of bunched beams

No need to measure revolution
frequency

Allows for fast, multiple and continuous
measurements (thus tune in ramps,
chromaticity)

Spectral power density smeared over
broader band, thus less suited for
uncooled beams at higher energies

Simultaneous measurement at all
available BPMs increases confidence
In results
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