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Theory: machine observables

Each particle moving in an accelerator performs betatron oscillations:

d—Qyz(S) + Ko(s)yi(s) =0 ¥i(s)

ds?
!

Unperturbed lattice focusing strength (Hill's equation)

The frequency of particle oscillation is called the Tune: Qy

A;i(s) cos(2mpy (s) + 6;)
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Phase advance




Theory: machine observables

Each particle moving in an accelerator performs betatron oscillations:

j—;yi(s) + Ko(s)yi(s) =0 = 4i(s) = Ai(s) cos(2mpuy(s) + ;)

! /

Unperturbed lattice focusing strength (Hill's equation) Phase advance

The frequency of particle oscillation is called the Tune: Qy

A Beam Position Monitor (BPM) system allows for the
measurement of the optics functions (tune, phase advance).
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Theory: machine observables

d2

ﬁ%( 3) + K (s)yz(s) — < F; > <« Perturbing force (wakefields)
S

The optics functions vary depending on the impedance position and strength.




Theory: machine observables

d2
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S

The optics functions vary depending on the impedance position and strength.
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Theory: machine observables

2
%yz( S) + K (s)yz(s) — < F; > -«—— Perturbing force (wakefields)
S

The optics functions vary depending on the impedance position and strength.
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Theory: Impedance reconstruction

Measure phase variation with intensity Optic model with quadrupole errors
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Theory: Impedance reconstruction

Measure phase variation with intensity Optic model with quadrupole errors
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Localization measurement chronology

D. Brandt et al. proc. of PAC’95 L. Farvacque et al. proc. of EPAC’02 R. Calaga, AB seminar 17-07-2008
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HEADTAIL simulations

HEADTAIL macro
particle simulations

Benchmark for the localization
method: the PS at 2 GeV

Example 1: Single Kicker impedance
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HEADTAIL simulations

HEADTAIL macro Benchmark for the localization
particle simulations method: the PS at 2 GeV

Example 1: Resistive wall + Indirect Space Charge impedance
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HEADTAIL simulations

HEADTAIL macro
particle simulations

Benchmark for the localization
method: the PS at 2 GeV

Example 1: Kickers + Resistive wall + Indirect Space Charge impedance
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HEADTAIL simulations

HEADTAIL macro
particle simulations

Benchmark for the localization
method: the PS at 2 GeV

Example 1: Kickers + Resistive wall + Indirect Spar \Qge impedance
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HEADTAIL simulations

No noise

10 um
rms noise

30 um
rms noise

Example: 1 Kicker impedance + Additive Gaussian Noise on BPM data
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HEADTAIL simulations

Example: 1 Kicker impedance + Additive Gaussian Noise on BPM data
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Measurement accuracy

We need to quantify analytically and experimentally the measurement accuracy.

To be reduced: To be reduced:
FFT post-processing: * Clean uncorrelated BPM noise,
interpolated FFT methods. \ ~— + Increase kicker strength,

F Ap NSR | * Increase BPM gain
O _Ap —
ANy \/N \/M

.

To be increased: To be increased:

Width of the scan of intensity. M=Number of measurements.
Upper threshold: instabilities or * Usually ~100.
non-linearities.  / * Limited by machine
Lower threshold: BPM sensitivity. parameter drift with time.

To be increased:
N=Number of turns
Increase length of coherent oscillation

Increase data storage capability. s



Measurement accuracy

Experimental comparison: An example from BNL-RHIC.
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PS measurements at 2GeV

|
— o — Measurement

ol W — e — L5SOR reconstruction |
g,

S| Z_=92269 +/- 0.086881 Moym I U |

A QYA N =(-8.9809 +/- 0.084564). 10°* ST A
ki b l l l l s

0 100 200 300 400 500 600
Position [m]

ﬂ.u;ﬂNb [le-11 rad/2x]

-10

I improved the least squares reconstruction method:

e Conditions on distributed impedances: Beam pipe impedance along the accelerator.
« Conditions on lumped impedances: only locations with kickers, cavities, septa, etc..

20



PS measurements at 2GeV
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e Found Kickers in Sec.21 and 71 with higher impedance than expected.

: : : . 21
« Hints for other impedance locations are also being analysed.



PS measurements at 2GeV
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e Found Kickers in Sec.21 and 71 with higher impedance than expected.
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« Hints for other impedance locations are also being analysed.



SPS — LHC - RHIC
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Prediction for SOLEIL

Measurement accuracy Tune shift measurements
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Factor 4 margin! Worth to be tried! 24



Conclusions

Impedance localization method:

v" Proved the method with HEADTAIL simulations.

v" Quantified and proved the method's accuracy.

v' Learnt important measurement constraints:
1. High performance BPM system (SPS),
2. Sufficient margin from measurement accuracy and high machine impedance (LHC),
3. High quality optic model (RHIC).

v" Successful application to the PS machine.

Outlook:

v" New measurement in the PS at different energies are planned.
v" Good prediction for the method applicability to SOLEIL: worth to try!

v" Studies on MAD-X model accuracy and impact on measurement.
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