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Outline ESRF

A brief introduction to frequency map analysis

First experimental frequency maps for the ESRF storage ring
through the MTOUR system

— ldentification of resonance and correction

— Phase advance measurements

Limitations of the system and improvements
— Tune-determination using multiple BPM
— Frequency maps with a dedicated turn-by-turn BPM
— Off-momentum frequency maps

Frequency analysis of data with longitudinal excitation
— Synchrotron tune and RF voltage calibration
— Off-momentum optics functions’ beating and chromaticity

‘Machine Division Theory Groupl


http://www.esrf.fr/

Frequency Map Analysis e
Laskar A&A1988, Icarus1990 ESRF
N .
Quasi-periodic approximation through NAFF algorithm f],(t) — Z aj,kewﬁkt
k=1

of a complex phase space function fj (t) = d; (t) + 1P (t) defined over t = T,

for each degree of freedom 3 = 1,...,n with W, = kj - W
— (Lo}

and ) = Aj e’

Advantages of NAFF:

a) Very accurate representation of the “signal” fj (t) (if quasi-periodic) and
thus of the amplitudes @

b) Determination of frequency vector & =— 2Ty = 27T(1/1, Voy.wo, Vn)

with high precision > i for Hanning Filter | askar NATO-AS| 1996
T
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Aspects of frequency map analysis
P g y P y ESRE

» Construction of frequency map * Determination of tune diffusion vector

. R . R™
Fr al Dli=r = V|ie(0,7/2] — Ylie(r/2,7]
) and construction of diffusion map
ok R — T
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First Experimental Frequency Maps @ _S

Machine setup: .
— Injection of 10mA in 1/3 filling
— Nominal tunes (36.44,14.39)

— Chromaticity £, = O to limit
decoherence

— Corrections optimized @ 10 mA and
nominal chromaticity

— Timing at 10Hz

Experimental procedure:

— Apply synchronous transverse kicks
with fast injection kicker and tune
monitor shaker (automatic control)

— Record turn-by-turn data for 252 turns
from all the 214 BPMs with the
MTOUR system (K.Scheidt)

— Analyze the results off-line with
MATLAB version of NAFF algorithm
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Remarks:

7.4

Tune precision
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Maximum horizontal kick (where first losses
occur) gives amplitude of 12mm (middle of
the straight section)

The vertical shaker was limited to an
amplitude of 1mm (50% of aperture)
MTOUR system is not a “turn-by-turn”
acquisition (averaging is set to 32)
Whole experiment was taking 4 hours!!!
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Horizontal Tune

First experimental frequency map
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Tune-shift

Tune-shift with horizontal amplitude  #,4
and tune precision ESRF

Tune error depends on number of analyzed turns and regularity of phase space
For lowest amplitudes, error of the order of 10°

In most cases less than 10™ apart from area of instability

For large amplitudes, very small amount of turns are available (less than 100)
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Phase-space plots
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Tune-shift

5% order resonance driving term e

uy
* a¢4,0) spectral amplitude 2 008
. . = . ! ! ! !
associated with resonance T T
(5,0) % 0.06+ .
o i S 0.04f i
Increases when particles : —g
enter into resonance and then £ o.02f 1
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* Maximum in areas of big beta 5 . . , . , . . ,
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0.45 . y Initial horizontal amplitude [mm]
8 4
0441 0..." < Horizontal ) ,_I{J: 0.4 T T ' '
0.43f "'!:-—,,W”'m < Vertical ] 8
0.42} {  &o03f 7
B, =
0.4} E 0.2f -
Q
0.39} g
0.38} g 01f AAA M‘Jw M WNJ MNA&V 7
037} = U\AJW“ MW\ o L A g W
0‘360 2 ;1 é 8 1'0 1'2 5 0 50 1UUBPM numbe: 50 200 250

Initial horizontal amplitude [m]

Machine Division

Theory Group'


http://www.esrf.fr/

3rd order resonance driving terms
and correction ESRF

* a(2,0) spectral amplitude associated with (3,0) resonance
* Lattice tuned in the vicinity of this resonance
* Amplitude reduced when correction with sextupole correctors is applied

x 10~

10 [

Average (3,0) resonance driving term

14 1.6 1.8 2 2.2 2.4
Initial horizontal position [m]
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Phase advance measurements e

Phase Advance around the machine  Tune variation with quadrupole currents
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Bry = 2 (cot(27Quy) (1 — cos(27AQuy)) + SiN(2TAQq,y))
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or Byy & an oy
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Localization of quadrupole errors
with phase advance modulation

ee also work by R.Nagaoka
uadrupole corrector S | k by R.N K
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Phase advance derivative with
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« Kick the beam in several horizontal amplitudes and record MTOUR measurements
« Determine the derivative of the phase advance with the kick amplitude with a linear fit
* Repeat the same measurement for different sextupole corrector currents

« Compute the difference of the phase advance derivative with and without sextupole
excitation
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Improving the experimental set-up
and analysis ESRF
__________ Limitations Improvements
*MTOUR is not a real _____________ Present ______________ Future
urn-py-turnsystem - Dedicated frequency | i nnrae

: o N High-precision
_+ Acquisitiontimetoo  —— mapping BPM (ADAS turngbypturn BPM

long (4 hoursfor200 | | System) R

points)
“Vertical shakerwith - Verticalshaker | oo
limited strength (half of .| switch repaired giving kEI?;Vr \;?rret:jll ’
‘the full vertical - ! kicks to almost the full | installed and%ested '
- aperture) | vertical aperture . (nstafiedand tested
« Decoherence limits * Analysis of limited
"the number of f . number of turns using :
" available turns | _information from all the '

BPM around the ring

___________________________________________
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Tune determination using multiple BPM :, 3

with J.Laskar and Ch.Skokos
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* Tune precision below 104 at 20-30 turns

* Interpolation between BPM (“virtual BPM”)
can slightly increase precision

* Similar results in simulations

*Significant gain in time (at least a factor of 5)
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Experimental Frequency Maps with i
dedicated BPM ESRF

* Machine setup: - Experimental procedure:
— |njecti0n of 10mA in 1/3 fIIIIng —_ App|y Synchronous transverse
— Nominal tunes (36.44,14.39) kicks with fast injection kicker and
— Chromaticity ¢, ,, = O to limit decoherence tun(?[ n:onltor shaker (automatic
— Corrections optimized @ 10 mA and nominal control)
chromaticity — Record 64 samples of turn-by-
— Timing at 10Hz turn data in the_dedicated ADAS
g x10° BPM (E.Plouviez)
2 — Analyze the results with MATLAB
e version of frequency analysis
c algorithm
E — Frequency map in a few minutes
g (less then 5 seconds per
acquisition)
® 0434 T T T T T T
= - Tests:
° 9, ©
I8 0.433M Oooapoo%o% % Woo@oooﬁh) - —Find the samples with useful data
o) O
T . . . . . . —Slight dependence of tune with
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Vertical tune

Frequency Maps with dedicated BPM- 3

precision tests
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0.385
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0.365L

O  method 1
+ method 2

0.38

Machine Division

0.39

0.4

Horizontal tune

0.41

0.42

0.43

Method 1: Extract
tunes for each
position sample and
average

Method 2: Average
each position sample
and extract tunes
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0.42

Experimental frequency map for
different sextupole settings
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» Off-momentum frequency maps for O chromaticity (small vertical kicks)

« For positive momentum spread, distortion due to 5" order resonance seemto be weaker

« Formomentum spreads +/- 1.5, appears the distortiondue to coupling (or 4" order) resonance
* The dip of the dynamic aperture appears when crossing 8" order resonances

* The normal sextupole resonance limits the off-momentum dynamics aperture at —2.5%
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Synchrotron Phase

Frequency analysis of data with

longitudinal excitation

Apply a longitudinal kick with an RF phase shifter, synchronised with a transverse kick

(J.L.Revol)

Record turn-by-turn transverse data in all BPM with MTOUR system and in the dedicated ADAS

BPM

Possibility to record phase signal in the ADAS BPM
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Synchrotron tune and dispersion B

* Normalised precision in synchrotron « Measuring dispersion in one Kkick.
e 3 _
tune determination better than 10 - Use the measurements to calibrate the
* Possibility to calibrate the RF Voltage (V.  phase kick
Serriere) I
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Off-momentum optics beating and W
chromaticity ESRF

* Possibility to measure chromaticity by the phase of
«  The Fourier amplitude of the main  synchrotron side-bands

peak can be used to measure the « Measure 2"d order dispersion by amplitude of 2Qs

beta beating around the ring (G.Rumolo and R.Tomas) ¢4 —
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Conclusions - Perspectives e

* Frequency analysis reveals unknown feature of the ESRF storage ring non-linear
dynamics, for the nominal working point

* Numerical simulations to compare and adjust the non-linear model of the machine
with the observed behavior
— Why skew sextupole and high order resonances are excited?
— How can we correct?
* Repeat the whole procedure for all interesting working points
— Now capable with fast frequency map measurement dedicated BPM
* Understand off-momentum dynamics (lifetime limitations)
— Use longitudinal excitation to measure chromaticity and off-momentum optics beating
« Limitation of the frequency analysis: few number of turns (beam decoherence)
— Method of computing the tune in a few turns by using all BPM
« Establish new correction procedure by using driving term minimisation

« All necessary ingredients are presentin order to establish experimental frequency
map analysis as a routine operation on-line tool
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