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Beam Position Monitor
- Cavity BPM

Introduction of the relevant beam 
instrumentation devices to CLIC

No distractive Beam Profile Monitor
- Laser Wire Beam Profile Monitor

- Laser Interferometer
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Cavity BPMs in ATF2 Beamline

C-band Cavity BPM
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Readout Electronics of Cavity BPM 
Homodyne Method 

-Frequency is directly converted to be DC .
-Converted signal has amplitude information only.

Position information
is converted to 
the amplitude information
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Readout Electronics of Cavity BPM 
Heterodyne Method 

-Frequency is converted to lower frequency .
-Converted signal has 

phase and amplitude information.
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Readout Electronics of Cavity BPM 
Heterodyne Method ( continued ) 

Position information is converted 
to the amplitude information

Down converted signal 
is fitted by readout software. 

to the amplitude information
by the readout software. 
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Thermal Noise

For the bandwidth of 3MHz

Theoretical Resolution Limit of ATF Cavity BPM 

the main noise source
is the first amplifier.

This value corresponds to 4nm resolution
for the signal of 1e10 electron beam

But, the noise is amplified by the amplifier 
in the readout circuit to 12nm resolution .

Almost same both for
Homodyne and Heterodyne electronics 
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Resolution Measurement in old ATF extraction Line

Setup of KEK cavity BPM Setup of SLAC cavity BPM 

We must stabilized the relative position of BPMs within nm level .

-make BPM position stable
by position feedback.

-with Homodyne type electronics

-make BPM position stable 
by using mechanical stable stage

-with Heterodyne type electronics
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Example : Homodyne type electronics. 

BPM1 BPM2 BPM3

Achieved Resolution in old ATF extraction Line

∆∆∆∆ = Y2I – Y2I (Y1I,Y1Q,X1,Y3I,Y3Q,X3)

The position resolution is evaluated 
by comparing the Y2 signal and 
the Y2 value evaluated from
BPM1 and BPM2 information. 
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Continued …
Achieved Resolution in old ATF extraction Line

Calibration was done 
by changing the BPM2 position.

-The 17.3nm resolution is achieved with Homodyne type electronics

-Almost same result of 15-20nm is achieved with Heterodyne Method.

( Theoretical Limit is 12nm. )
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Present BPM resolution in ATF2 beamkine 

Presented by Y. Renier, ATF2 meeting ( 9 / 9 / 2009 )11/26



Vertical Direction

Readout Position Fluctuation
after Reduction of Orbit Fluctuation

Cavity BPMs on mover
Residual position fluctuations were 0.5-1.5 µµµµm
- with attenuator in order to expand dynamic range .

( dynamic range : a couple mm )
- resolutions were not limited by thermal noise, 

but the setting with large dynamic range in ATF2 beamline.

Data Analyzed by Y. Renier12/26



Long-term Stability of the BPM Calibration

Presented by S. Boogert, ATF2 meeting ( 9 /16 / 2009 )13/26



Summary of Cavity BPMs in ATF2 Beamline

Thermal noises of the cavity BPMs are corresponds
to 4nm resolution for the signal of 1e10 electron beam.

But, we expect that the noises are amplified by the amplifier 
in the readout circuit up to 12nm resolution.

The < 20nm resolution is achieved in ATF line 
with Homodyne and Heterodyne type electronics
for very narrow dynamic range (10µµµµm for the resolution test ). 

We use the cavity BPMs with the resolution of around 1µµµµm
in order to expand the dynamic range large.
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Beam Position Monitor
- Cavity BPM

Introduction of the relevant beam 
instrumentation devices to CLIC

No distractive Beam Profile Monitor
- Laser Wire Beam Profile Monitor

- Laser Interferometer
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Theoretical Resolution Limit for ATF Laser Wire

Theoretical resolution limit is 2.2µµµµm (2sigma) for win= 6mm (2sigma).

Laser waist was expected to be 3.0µµµµm (2sigma) for ATF beam experiment.

Presented by S. Boogert, 7th ATF TB&SGC meeting ( 12 / 7 / 2008 )

Theoretical minimum
ATF beam experiment
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Performance of Pulsed Laser for ATF Laser Wire

-M2 are 1.5 and 1.2 for two orthogonal planes.

-Focal position was different for both planes.

-Expected laser spot was 
1.5µµµµm(lens) * 1.5 (M2) * 1.5 (Astigmation)= 3.4µµµµm

Presented by S. Boogert, 7th ATF TB&SGC meeting ( 12 / 7 / 2008 )17/26



Quadrupole Scan Skew Quadrupole Scan

Minimum Beam Size in ATF Laser Wire Experiment

Minimum3.7µµµµm electron beam size
was measured with ATF laser wire.

Presented by S. Boogert, 7th ATF TB&SGC meeting ( 12 / 7 / 2008 )18/26



Summary of Laser Wire Beam Profile Monitor

Theoretical resolution limit with ideal laser and F/2 lens  for the ATF laser wire 
is expected to be 1µµµµm.

The resolution limit for the condition of ATF laser wire beam experiment 
is expected to be 3.4µµµµm.

The minimum beam size at ATF laser wire beam experiment was 3.7µµµµm, 
and almost consistent with the expectation.
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Beam Position Monitor
- Cavity BPM

Introduction of the relevant beam 
instrumentation devices to CLIC

No distractive Beam Profile Monitor
- Laser Wire Beam Profile Monitor

- Laser Interferometer
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YAG - Laser

Interferometer

Magnet

-ray Detector
Compton Scattered

γ-ray flux

γ

Concept of Beam Size Measurement
with Laser Interferometer
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Laser light is divided to laser path and collide at beamline
to make a interference pattern . 



Beam Size Evaluation with Laser Interferometer

Emitted Photon is evaluated 
by the convolution of beam distribution.  Small beam

fringe pitch

Amount of interferenceLarge beam
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Laser interferometer in ATF2

By changing 4 laser collision angle,
dynamic range of Interferometer 

is 25nm – 6µµµµm of beam size.

2&8 degree modes are very small laser tunable range.
-> 4.5 degree mode is prepare instead of 2&8 degree modes.

4.5 degree mode
9.5µµµµm pitch

2 degree mode

8 degree mode
30 degree mode

174 degree mode

15µµµµm pitch

3.8µµµµm pitch
1.03µµµµm pitch

266nm pitch
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By using 4.5 degree mode,
dynamic range of Interferometer 

is 600nm – 3µµµµm of beam size.

The first target of Interferometer
is measurement of 1-2µµµµm beam size.



- 4.5 degree crossing angle was used to measure several µµµµm vertical beam size.

- Signal (excess of energy deposit when laser is on) was detected.

- But, since we must focus the laser beam size to be 10µµµµm at IP to get large signal,
it is very difficult to collide two laser beams and electron beam at IP.
We could not established laser-laser collision and laser-electron collision
procedures in the 2009 spring run for poor laser and electron diagnostics.

- In order to measure the beam size with the interferometer,
µµ

Commissioning Status of Laser Interferometer 

- In order to measure the beam size with the interferometer,
we must focus electron beam to be around 1µµµµm.

24/26 Presented by T.Yamanaka, 8th ATF2 project meeting ( 6 / 9 / 2009 )



Attach10µm tungsten wire

Electron beam
size measurement

For 2009 Autumn Beam Commissioning

Prepare knife edge target
to make 10µm laser spot at IP

Laser beam
size measurement

New IP target was installed

Attach10µm tungsten wire
at the tip of the holder
to make 1µm beam size at IP

Prepare 2 screen monitor 

- Laser-laser collision
for all laser mode

- Electron-laser collition
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Summary of Laser Wire Beam Profile Monitor

Theoretical dynamic range of ATF laser interferometer
is 25nm-6µµµµm with 4 crossing angles.

The ATF laser interferometer is now under commissioning,
and we did not yet have clear experimental results for the resolution.

We are now commissioning the laser interferometer with 4.5 degree mode,
the requirement of electron beam size is 1-2µµµµm.

Since it is very difficult to collide two laser beams and electron beam at IP,
new IP target was installed in 2009 summer shutdown.
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