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Instrumentation R&D at KEK-ATF
J.UrakawaJ.Urakawa

1. Introduction of ATF
2. Mutibunch Emittance Study
3. BPM Improvement
4. Laser wire results
5. Pulsed laser wire development
6. ODR monitor results
7. New device for nm beam control
8. Beam dynamics study with wigglers
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ATF Introduction

E=1.28GeV,   Ne=2x1010 e-/bunch
1 ~ 20 bunches,    Rep=3.125Hz
X emit=2.5E-6( at 0 intensity)

Y emit=1.25E-8( at 0 intensity)

Emittance status



Multibunch emittance study

Monitors of MB emittance
MB (or projected) Laser-wire,
Projected SR interference monitor, 
X-ray SR monitor,
MB (or projected) wire scanner: 

(EXT-line coupling problem?)

Problem of MB emittance
Fast Ion Instability ?
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ATF Damping Ring BPM
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Electronics: single pass detection for 96 BPMs
DC-50MHz BW,
base line clip & charge ADC,
min. resolution ~20µm
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Spectrum of DR BPM
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DR button BPM   beam signal spectrum 
   out from 40m RG223/u cable

Signal peak at ~ 1GHz Min. resolution  ~ 2µm
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BPM electronics improvement

Electronics: 40MHz - 1GHz BW,
base line clip & low noise LF amp
min. resolution ~2µm 7
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Vertical orbit Improvement
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X to Y coupling Improvement
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Laser wire beam size monitor in DR 
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14.7µm laser wire for X scan
5.7µm for Y scan
(whole scan: 15min for X,
6min for Y)

300mW 532nm Solid-state Laser
Fed into optical cavity



Beam profile by Laser wire

σe
2 = σmeas

2 - σlw
2

εβ = σe
2 – [ η(∆p/p)]2 β:measured by Q-trim excitation
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Emittance by Laser wire
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< 0.5% y/x emittance ratio

Y emittance =4pm at small 
intensity
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Pulse Laser Storage

Cavity: Super Invar
Cavity length: 0.42 m
Mirrors:

Reflectivity: 99.7%,  99.9%
Curvature: 250 mm (ω0 = 180μm)

Ext. Cavity: 

62φ62φ

super invarsuper invar
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Plused Laser and Electron Beam Collision to measure bunch length

Pulse Laser Wire 

(Storage laser pulses in optical cavity ):

The systems for New X-ray source & New 
bunch length monitor at a storage ring
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Count rate & Measurement

σ = σ +σ +σ +σ

～σ
Laser pulse 
width

-

Laser 
beamwaist

e  bunch 
length

e  h-beamsize-
22 22 2

Phase

σ = σ +σ

Vertical
position

22 2

Laser 
beamwaist

e  v-beamwaist-

Signal flux

2 The electron bunch length is 20 ～ 40 psec (10mm)      
Laser pulse width ( FWHM =7 psec ; 1 mm)                                 
Laserwire beamwaist( 120µm ),  electron’s horizontal 
beamsize ( 100µm )

Suppose both electron 
bunch and laser pulses have 
a Gaussian intensity 
distribution, the measured 
profile is also a Gaussian 
shape.

e  bunch 
length
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Count rate

Calculated maximum count rate is～ 2500 [Hz/mA] . 

Actual count rate is ～ 1500 because of imperfectly adjustment 
cavity length with shoulder feedback system. 

σ=laser beamwaist



ODR Beam Size Monitor
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Single-shot MeasurementMulti-shots Measurement

We are planning to finish
this study until mid. of next
year successfully.

Example of Calculation 20



3 BPM setup for nm resolution study
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f = 6.426GHz
TM110 mode, single port coupling

Achieved highest resolution   20 nm
Mover stage step  0.25µm(X) 0.37µm(Y)
With cavity tilt-mover

June 2003



New precise Mover  for nm resolution study

LLNL Design mover,
Improved electronics,
installed Mar. 2004
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Nano-BPM project is on going in the frame of International
Collaboration at ATF-EXT.

Beam orbit stabilization is necessary within 1µm. 23



New precise kicker & BPM
for nm position feedback control study
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FEATHER  stripline Kicker

FEATHER BPM



Beam dynamics Study with wigglers

• Four wigglers(2m long) are turned on and 
600A supplied to main coil with correction 
electric loads.

• The damping times and emittances were 
measured. We confirmed the consistency 
with calculation values.

• Beam dynamics study with wigglers using 
fast kicker and turn-by-turn BPM.
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