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the electronics block diagram of Low-Q IP-BPM and 
installed appearance of Low-Q IP-BPM and High-Q IP-
BPMs. 

 
Figure 3: Electronics block diagram of Low-Q IP-BPM. 

 
Figure 4: Installed appearance of Low-Q IP-BPM (Left) 
and High-Q IP-BPMs (Right).  

 

BEAM POSITION RESOLUTION 
MEASUREMENT OF LOW-Q IP-BPM 

Beam position resolution measurement of Low-Q IP-
BPM was performed at ATF2 in Jan. 2011. Beam position 
resolution was measured in vertical direction of Low-Q 
IP-BPM, since the second goal of ATF2 is much more 
strict compared to horizontal.  

Principle 
We used three cavities for beam position resolution 

measurement. To determine beam position resolution, at 
least three cavities are required. The beam position 
resolution was defined by “RMS of the residual between 
measured and predicted beam position at the Low-Q IP-
BPM” × “Geometrical factor”. Predicted beam position 
was calculated from the two High-Q IP-BPMs and 
Geometrical factor was a factor to correct the propagation 
of the error due to the alignment of the three IP-BPMs to 
calculate the resolution of a single cavity.  

I-Q Tuning 
I-Q tuning was performed by using a oscilloscope. 

When I signal shows the maximum position, Q signal is 
set to zero position by using phase shifter. For this, I & Q 
signal means the beam position signal and angle signal, 
respectively. If we do not performed I-Q tuning, the 
electronics will be easily saturated by large beam angle 
signal. Thus we also can’t expect good beam position 
resolution. Figure 5 shows a one of the examples of the I-
Q tuning by using oscilloscope. 

 

 
Figure 5: A one of the examples of I-Q tuning. The violet 
line shows I signal and sky-blue line shows Q signal. 

Calibration Run 
Calibration run was performed to calibrate the sensor 

cavity response to actual beam position. To monitor the 
response of sensor cavities due to vertical beam position, 
the electron beam was swept against sensor cavities by 
vertical movers. For this calibration run, the electronics of 
Low-Q IP-BPM was performed 40dB amplification case 
and the electronics of High-Q IP-BPMs were performed 
without amplification. Calibration run (See Figure 6) was 
operated three times for each IP-BPM, to estimate their 
respective calibration factor. The results of the calibration 
run of each IP-BPM due to vertical mover positions was 
shown by Table 2. 

 
Figure 6: Low-Q IP-BPM calibration run under 40dB 
amplification condition. 
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Table 2: The Results of the Calibration Run of Each IP-
BPM. 

 Calibration factor 

(mV/nm) 

Stat. Error 

(mV/nm) 

Low-Q IP-BPM 

(40dB Amp.) 
0.674 0.0264 

High-Q IP-BPM 1 0.922 0.0451 

High-Q IP-BPM 2 0.720 0.0260 
 

Resolution Run 
Resolution run to measure beam position resolution of 

Low-Q IP-BPM was taken by 500 events for a fixed beam 
orbit nearby beam centre. Electronics set up was the same 
as calibration run. The resolution run was performed to 
measure “RMS of the residual between measured and 
predicted beam position at the Low-Q IP-BPM”. The 
predicted beam position was obtained by using two High-
Q IP-BPMs (See Figure 7).  

 
Figure 7: Beam position prediction and measurement. 

The residual of Low-Q IP-BPM was calculated as 

Residual = Y_Imeasured – Y_Ipredicted        (1) 

Figure 8 and 9 show the results of the resolution run due 
to 500 events. 

 
Figure 8: The measured position vs. predicted position 
(Top). Residual position due to 500 events (Bottom). 

 
Figure 9: Gaussian fitting of residual position. 

RMS of the residual was measured 440nm during 500 
events resolution run, which value was divided by 
calibration factor, already. To obtain beam position 
resolution of a single cavity, we need to consider 
“Geometrical Factor”. This coefficient determined by 
positional relation of three cavities. Geometrical Factor of 
these three BPMs was calculated approximately 0.8. 
Therefore beam position resolution was given by [3] Position	resolution = G. F × ( ୖ୑ୗ	୭୤	residual	େୟ୪୧ୠ୰ୟ୲୧୭୬	୤ୟୡ୲୭୰) (2) 

The beam position resolution of Low-Q IP-BPM was 
measured 352nm. However, average beam charge during 
this resolution run was 0.2*1.6nC. This implies that under 
nominal condition of ATF2, which is 1.00*1.6nC. 
Therefore the beam position resolution of Low-Q IP-BPM 
was expected to be 70nm. 

CONCLUSION 
We got the results of beam position resolution 70nm for 

the Low-Q IP-BPM in Jan. 2011. Three IP-BPMs will be 
designed and fabricate to install at the IP region.  The 
electronics of Low-Q IP-BPM will be upgraded to get the 
high beam position resolution. The ultimate goal is to 
obtain a resolution of 2nm and orbit stabilization through 
beam feedback at the IP region.  
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