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Goal of IP-BPM
The two main goals of ATF2 are achieving 37nm beam size and
nanometer controlling of beam position. IP-BPM is one of the most 
important player to achieve the nanometer control of beam position.

ATF2
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of beam position
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Beam feedback 
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IP-BPM

Goal: 2nm position resolution



Basic Idea of IP-BPM
IP-BPM is a cavity BPM which will be installed at the Interaction
Point. The beam would excite di-pole mode in the cavity and the 
output signal will be proportional to the beam position.

The beam entering the cavity with offset 
will excite a di-pole mode (TM120 or 
TM210). The excited signal will be read 
out by a slot coupler to the wave guides.

■Characteristics of IP-BPM

1, X-Y isolation (rectangular cavity, resonant 
frequencies are 5.712 GHz, 6.426 GHz 
respectively.)
2, Low angle sensitivity (small aperture, high 
coupling constant to retain position sensitivity)

■Principle of cavity BPM
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Current status
We now have 2 IP-BPMs (4 
Cavities, 2 in one module) 
fabricated.

Special 
thanks to Mr. 
N. Toge



Current status

2 IP-BPMs (4 
cavities) with 
one on a
piezo actuator

Now, they are installed in 
the extraction line of ATF

We have carried out beam tests for checking position 
sensitivity, angle sensitivity, and position resolution.



Design confirmation
We checked the basic parameters with the network 
analyzer. The IP-BPMs are fabricated as they were 
designed. 

★The resonant frequencies 
correspond in a few MHz.
★X-Y isolation is under -50 dBm.



R/Q measurement
R/Q is an important factor independent of cavity material or surface 
condition. It is proportional to square of offset, therefore the output 
signal of di-pole mode would be proportional to beam offset.

R/Q measurement: scanning the 
cavity by a small bead

R/Q was proportional to x^2, as simulated.
The signal will be proportional to square root of R/Q,
therefore the signal will be proportional to x. 

To measure R/Q of the cavity, we introduced small 
perturbation and monitored the variance of the 
resonant frequency.
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Electronics tests
The converter module newly made for IP-BPM was tested in detail.  Specification 
of each component was checked independently. Overall test of the electronic 
system was done in the actual location in the ATF tunnel. It was confirmed that 
the system had the sensitivity enough to detect nm beam position signal.

X converter module

Extraction line Unagi no nedoko
Overall test

The 1nm position signal would be about -90 
dBm. The detection limit of the whole 
system is about -95 dBm, which enables to 
detect nm position signal.



Pulse shape

Without BPF

With BPF

Without BPF

With BPF

Cold model (2006/6) Hot model (2006/11)
☆Strange pulse shape
☆Signal seen at the center

Modes other than 
di-pole mode 
originating from
wave guides? 

Changed 
wave guide 
design

Signal of the hot model shows low 
contamination without the unwanted modes.



Position sensitivity

We checked the position sensitivity by 
sweeping the beam. We detected the 
position signal by diode.

The position sensitivity of IP-BPM was ×2 higher than the ATF2-
BPM in X direction, ×3 of the ATF2-BPM in Y direction. 



Angle sensitivity
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At the IP, an angle signal may excite 
di-pole mode even when it passes 
the cavity center. We must decrease 
angle sensitivity of the IP-BPM.

IP-BPM sensitivity to beam angle was 1/2 ～ 1/4 of the KEK-
BPM. X mode 1.8 (mm/rad), Y mode 3.8 (mm/rad).



Position resolution

The limit of the position resolution 
is determined by the thermal noise.
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We divided the signal into two and 
used the same detecting electronic 
scheme. We can know the thermal 
noise and the limit of the resolution.

The resolution turned out to be over 2.7 nm, which show that we 
have achieved nm position resolution.
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Mover Tests
We plan to measure the IP-BPM position resolution by controlling 
the position in nano-meters by the piezo mover. 
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■Piezo spec
1, Move in x, y, z directions independently 
2, precision of nanometer order at 
maximum 50 um
3, Capacitive sensor feedback system

One cavity will be swept along x and y axis. 
Two cavities will be used for calibration.
SLAC mover: for alignment
Piezo mover: for calibration



Bunch Length Monitor & Beam Charge Monitor

To monitor the beam position accurately, we must remove bunch 
length variation, beam charge variation, and so on ･･･
☆Bunch length ⇒ X Band cavity (11.424 GHz)
☆Beam charge ⇒ S Band cavity (2.856 GHz)
☆Beam charge & phase ⇒ C Band cavity (reference cavity)

The monitors will be 
cylindrical , to read out 
mono-pole signals.
The structure is same as the 
reference cavity.



Tasks ahead
• SLAC mover
• Bunch length monitor, Beam 

charge monitor
• Position resolution measurement

(mover test)
• Resolution conservation
• Collaboration with Shintake

Monitor

2007. 1

2007. 3
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Summary

• IP-BPMs are fabricated as designed
• The nm position resolution (limited by thermal 

noise) is achieved
• Position resolution measurement using the 

mover is coming ahead (2007 spring)



Thank you very much for your attention.


