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BETATRON OSCILLATION
AND TUNE
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You know what is betatron oscillation

A particle in a circular accelerator affects focusing forces by gradient field,

and oscillates in transverse directions at closed orbit. = betatron oscillation

Its frequency depends on field gradient.

Horizontal ( f» ) and vertical ( f, ) frequencies are different, in general.
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Betatron tunes

are the frequencies of the betatron oscillations,
divided by the revolution frequency.
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HOW TO MEASURE
TUNES

keywords

Beam position monitor
Coherent betatron oscillations
Spectrum with betatron sidebands
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Electro-static beam position monitor

IS composed of a electrode installed in the vacuum chamber.

When a charged particle beam pass through,

longitudinal charge distribution can be detected. ... Bunch monitor

¥ Positive charge of the beam

# Negative image charge \
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Electro-static beam position monitor

IS sensitive to the beam center position.

¥ Positive charge of the beam

8 Negative image charge

L
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Coherent oscillations are necessary
to measure the frequency by BPM

Transverse position

Particles

Beam center

Turn number

BPM can detect only the position of beam center.

It needs to excite coherent oscillations to observe the betatron oscillation.
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How to excite coherent oscillations

[
(1) Strong pulse kick —I/\/\/\/\/\/\/\/\/
Coherent oscillations can be observed,
iIf the kick angle is large enough.
N ., L,q-Bt BY
Lamplitude = B Ax = p D = p 0.48 [T . m] ( 11 MeV proton )
_ 3 BY
In KURNS FFAG, = P14 -m) (100MeVproton)

extraction kicker is available,
only around the extraction orbit.

(2) Rf shaker A,\/\/\/\/\/\/\/\/\/

Applies transverse field for long duration time.

Amplitude of coherent oscillations are
resonantly grow up,

if the shaker frequency is close to the betatron frequency.
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Strong pulse kick > Detect coherent oscillations
Measure the frequency

Rf shaker ) > Detect coherent oscillations
tuning its frequench Measure the frequency
> Beam loss
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Signal from Beam Position Monitor
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Output

Output

Signal from Beam Position Monitor

Time

Short bunch approximation

V(t) = f: Vo 6(t — nTp)

Ty Revolution time
Vo Proportional to beam intensity

In presence of coherent betatron oscillations

v—-}-/...._v
- e

“— ~
"

V(t) = i(VO + AV coswgt) d(t — nTp)

n=0

T AM factor

AV  Betatron amplitude
wp  Betatron (angular) frequency
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Output

Spectrum

VYV VY

Time

Vit =S Ved(t - nTh)

To  Revolution time
Vo Proportional to beam intensity

Wo 2&)() SWO 4&)0

Output

Frequency

V(W) = / ™ Vo d(t — nTo) explit) dt

=W Z exp(imwTp)

m=—aoco

= wo Vo i @(w — nwo))

n=—oo
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Output

Spectrum ( with betatron oscillation )
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Output

AV Betatron amplitude
wg  Betatron (angular) frequency

0 Ty Revolution time
V(t) = Z(Vo + AV coswgt) 6(t — nTp) V, Proportional to beam intensity
n=0 27
~ w = —
Viw) = / S (Vo + AV coswst) 8(t — nTo) expliwt)dt T
n=0
- AV & (L .
_ o =Y im(w+wg)t im(w—wpg)t
= woVp R_X_:oo O(w—nwy) + 5 m;oo (e B)' L e 8 )
> wOAV >
= woVo n;@@(w — nwo)] + 5 mg_:oo (@[u} — (mwo — ng +E5[w — (mwo + wﬁﬂ>

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Ambiguity of measured tune

O

wo Vo :ij: G(w — nwo)) + woAV ; (@[w — (mwo — wgﬂ —I—G[w — (mwo + wﬁ@)
Q=0.32 Q=0.68 ([ Two

W= ¢ mwy+wg =wo(m+ Q)

| W — Wg = wo(m — Q)

m=0, 41, 42, £3, ...

Signal are the same for
these Q values

You must choose one of them,
knowing designed tune value.
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KURNS FFAG,
DIAGNOSTICS

keywords

Beam position monitor
Rf shaker

Frequency, Amplitude, Waveform
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KURNS FFAG Main Ring
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KURNS FFAG Main Ring
i
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Main Parameters

Particle
Cell

Orbit radius
Revolution

Designed tune

Proton ( H- beams are injected)
Scaling FFAG, Radial DFD x 12, k=7.6
46-53m

1.6 - 4.3 MHz

~(3.7,1.4)
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BPM in KURNS FFAG

for vertical position pickup for horizontal position pickup

Wide electrode Triangular electrodes

Beam Beam

~ 10 pF

1 MS)

46 dB
1 MS)

46 dB
to control room
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Shaker in KURNS FFAG

VsinW%
7 for Vertical excitation

« D Same as the vertical BPM

charged-particle beam

VsinV%/
for Horizontal excitation
4' Remote controlled in horizontal direction

- -

| .
/ charged-particle beam
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Positions of the monitors and shakers

[ Beam position monitor
Rf shaker
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Summary

CAcceIerator room) [ Control rgom )
Shake Amplifier rSignaI generator

) Amplitude
- Frequency
Burgt length

k

Lets go to the control room !

L | i
Amp Spectrum analyzer

M Sidgband frequency
\_ W,
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