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Abstract

In the SuperKEKB and future linear collider project (ILC), it is required to measure and control an offset of very
small beams with a precision of several nanometers at the interaction point. A relative positioning control has a bunch of
technical problems, because it is necessary to measure and control both short-term vibration and long-term offset
between the two distant points. This paper is described a feasibility study about a measurement of relative position by a
laser interferometer and a positioning control by a Piezo-Stage.

The first part is discussed that the precision of measurement position about a direction of laser radiation is less than or
equal to 1 nanometer in frequency region less than 100Hz. The second part is discussed a measurement of relative
displacement between two points 10 meter away on substructures located at the interaction point in the SuperKEKB. To
compare with difference of acceleration meters for reference, a relative displacement measurement with a precision of
several nanometers by a laser interferometer became clear. The final part is discussed a relative positioning control by
using a Piezo-Stage between two points 3 meter away on two anti-vibration tables. It is possible to control a relative

displacement from several tens of nanometers to two nanometers in frequency region less than 10Hz.
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Figure 1: Measurement principal of a laser interferometer.
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(b) Calibration by using low-frequency shaker
Figure 2: Experimental systems for accuracy verification.
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Table 3: FFT Parameters
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(b) Results of difference between two acceleration meters

Figure 3: Resolution of relative displacement measurement
by using two acceleration meters.
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Figure 4: Results of accuracy verification.
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Figure 5: Measurement points around the interaction point.
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Figure 6: Result of relative displacement measurement at
10m distance about a direction of laser radiation.
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Figure 7: Experimental system of relative positioning
control.
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Figure 8: Block diagram of relative positioning control.

SuperKEKB T ORI B AU I8 35 1T 5 AH it iR )
BLIZERSICT 2720, B0 2 E0T7 7
T4 THRIES B L —— T O FHEER. KO
oY A7 —URRE L, L—Y—~y FITEAE
ZA L CRBICHEBEICEE Lz, KESEITE=Y 2%
T—Y EICEE L, TR~ (A S—B R
M) OEEEX 3m & L=,

Z® 3m OXMEHIExG L LT, X Haorxt
fEFhz L —P Tt TRl L, By 27—
N K o THANLERIET 5 (Figure 8 2) , &
7o HIERS B & o el RS 2. TUREreE
EREEETE (P 27—V k) 121 ATORE
L. TOESICEIVFHMET 52 & & LT,

5.2 FHSRHOL G A 6 S X [ o0 B Eh R

T RFAVE 1 A 6 52 X R D SR B R ME & BB T~ D 729,
Figure 8 ® P RUCHNELA AN L T Y AT —U %
BRE) S 720, L—HF =TSO IIMES Py A
F COEEMEEE RO, Figure 9 [ZIEMR &\ FHZE
DT T T aRY, ZORERBE LA T r—
7O JEPEEAEETN L0 HIE R AR LT,

10
>
I =y
R
iX
~0.01
1 10 100
Frequency (Hz)
(a) Amplitude
8 180
5 90
& e
ks § 0 \
Q
2 90 \
A -180
1 10 100
Frequency (Hz)
(b) Phase difference
Figure 9: Transfer function of controlled object.
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Figure 10: Controlled results during microtremor
measurement.
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