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Beam Measurements

Beam measurements
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O. S. Bruning, W. Hofle, R. Jones, T. Linnecar, H. Schmickler, Chromaticity Measurements via
RF Phase Modulation and Continnous Tracking, Proceedings of PAC2003
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Active non-destructive technigue: AC dipole

AC dipole: a dipele magnet with oscillating field.

AC dipole Is knewn as shiakers: in the' electron machines, to
excite coherent oscillatien by driving loeam at 1ts; betatron
freguency.

The technigue eff using ami ac dipole te achieve a long lasting

N the harden machine was; first
develeped in the Breekhaven AGS. The experiment wWas later
on repeated In the CERN SPS

The Brookhaven AGS beam experiment also demonstrated

the it the excitation| ofi ac
dipoele gets ramped up/dewn’ adiabatically.
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Active non-destructive technigue: AC dipole

Ac dipole driven coherent escillation in the Broekhaven AGS
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Active non-destructive technigue: AC dipole

Amplitude of driven coherent escillations in a linear machine

Beam becomes unstable if V_=V,

-0.04 -0.02

O. Berrig, W. Hoflem, R. Jones, J. Koopman, J-P. Koutchouk, F. Schmidt, SL.-Note-00-062 MD, Nov. 2003
M. Bai et al., Physical Review E. Vol 5, (1997)
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Active non-destructive technigue: AC dipole

Drven; coherent oscillatien with nen-linear detuning
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Active non-destructive technigue: AC dipole

AC dipole: a dipele magnet with oscillating field.

AC dipole Is knewn as shiakers: in the' electron machines, to
excite coherent oscillatien by driving loeam at 1ts; betatron
freguency.

The technigue eff using ami ac dipole te achieve a long lasting

N the harden machine was; first
develeped in the Breekhaven AGS. The experiment wWas later
on repeated In the CERN SPS

The Brookhaven AGS beam experiment also demonstrated

the it the excitation| ofi ac
dipoele gets ramped up/dewn’ adiabatically.
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Active non-destructive technigues: AC dipole

Adiabatic excitation allows the: particles in the beam to follow the
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extermnal driving fonce so that the beam distribution gets restored after

the excitation.
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Active non-destructive technigues: AC dipole

Beam size. measurement results of the beam| experiment with ac
dipoele in the Brookhaven AGS

Before excitation

after excitltion

Measured rms beam size [mm]

500 505
time in AGS cycle (msec)

Experimental results in the Brookhaven AGS
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AC dipole applications: Linear Optics measurement

Use the coherent oscillation driven; by an ac dipole ter measure the betatren
functions and phase advamnces between bpms

BPM 1 BPM 2 BPM 3
/\ /\ /\
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Driven oscillation amplitude with horizontal ac dipole
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AC dipole applications: Linear coupling measurement

The measured ratio of amplitudes for horizontal (top) and vertical (bottom)
AC dipole excitation with different skew quadrupole settings.
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AC dipoele applications: Non-linear resenance measurement

Non-linear resenance drving term

» Normal form with firee: oscillation
R. Bartolini and F. Schmidt, LHC Project Note 132, 1998

X(n)_ Ipx (n) =,/2J xei(zm/anrZX) o

2|Z 2J )j+|2(_1 (ZJ |+2m o ei[(l—j+k)(27rvxn+;gx )+(m_|)(2”"yn+)(y )]
X y

Non-linear resonance driving term

Spectral line @ (1-j+k, m-]) ~ resonance @ (j-k, I-m)

. Normal form with driven; coherent oscillation

j+k-1

X(n)_ Ipx (n) — ZIZ jfjlkOO (ZJX)T . ei[(l—j+k)(27rvmxn+;(x)]

Normal form of particle motion under the influence of an ac dipole,
R. Tomas, Phys. Review ST-AB, Vol. 5, 054001
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plications: Non-linear resenance measurement

First 319 order resonance driving term; measurement ini RHIC with ac dipole

Experiment —
Model
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Active non-destructive technigues: AC guadrupole

AC guadrupele: oscillating guadrupele field

Coherent guadrupele escillation; cani be ehtalned
By drVING| the Beam Withr anlac guaditpele: at
twice: of the betatron freguency: (K=

A stable coherent guadrupole mode osclllation: can
also be Induced by drving the heam nearoy. the
twice: off the betatron freguency.

Quadrupele-mode: transfer fiunction and the nenlinear Mathieu  instability.
Weiming Gue and S. Y. Lee, Physical Review E, Vol. 65, 066505

July'5 -9, 2004 EPAC2004, Lucerne, Switzerland NATIONAL LABORATOR



Active non-destructive technigue: AC quadrupole
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AC guadrupole driven quadrupole
mode oscillation elbserved inithe KEK
phoeten factory.

Case (a): measured' beam; size with
an ac guadrupele excitation

Case(h): ne ac guadrupole oscillation

S. Sakanaka, etc, Excitation of a transverse
quadrupole-mode oscillation of the electron
bunch using a high frequency quadrupole
magnet, Proceedings of 2001 Particle
Accelerator Conference, Chicago, P. 393.

BROOKHEVEN
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Active non-destructive technigues: AC guadrupole

AC guadrupole: oscillating
guadiupole field

Ceherent quadrupele
escillation canf e eihtained by,
diving the lheam withran ac
guadiupole at twice: of the
petatren freguency: (K=K 4
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A stable coherent guaditpele
moede oscillation’ cani also be
Induced by daving the heam
nearpy the twice of the
petatren freguency.
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Quadrupele-mode transfer fiunction and the nenlinear Mathieu instability
Weiming Gue and S. Y. Lee, Physical Review E, Vol. 65, 066505
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Active non-destructive technigues: AC guadrupole

quad mode oscillation amp [arbitrary unit]

-0.001 0 0.001
X

Red: ac quadrupole at a fixed excitation amplitude after and

it gets slowly ramped up/down
Black&green: before and after the ac quadrupole excitation
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Active non-destructive technigues: AC gquadrupole application

Measure beam emittance

0-BrD-0D) o )

sin(2zv,n)

Other applications
s Mismatchi compensation
s Overcome INtrnsIc spin resenance

Quadrupele-mode transfer function and the nenlinear Mathieu instability
Weiming Gue andlS. Y. Lee, Physicall Review: E; Vol. 65, 066505
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Passive technigues: Schottky.

Longitudinall Sehoettky Spectrum

Mkrl G.088

Atten 18 dB
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No petsistant coherent spike on ther Au : :
Persisted coherence in the proton spectrum

Schottky specttum: IBS
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Solitons In proten beam observed in RHIC

defocusing focusing
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M. Blaskiewicz, J. M. Brennan, P. Cameron, W. Fischer, J. Wei, Proceedings of the 2003 PAC
Longitudinal Solitons Bunched Beam

M. Blaskiewicz, J. Wei, A. Luque, H. Schamel, Physical ReView Special Topics-AB, Vol 7, 044402 (2004)
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Passive technigue: Schottky

Schoettky emittance measurement
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SUMMmMEnRY

AC dipoele has demonstrated to be a powerful tool te induce leng
lasting| colerent oscillation Which| IS necessary. for measurng the
Machine optics parameters as well as studying the nen-linear
pPehavior of the beam. It has been routinely applied i the
Brioekhaven RHIC termeasure the phase advances as well as
petatren functions.

The guadrupele-moede oscillation induceadi by an AC quadrupole can
ave great petential Infnon-destructive beam: measurements as
Pean manipulatiens

Ever since its use In the CERN ISR, the Schotitky detectors have
peen widely' employed in high' energy: hadren aceceleraters. In
addition to the tune Infermation, Schoettky: spectrum also prevides; a
lot of Infermation on| the transverse: tune spread as well as the beam
emittance.
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