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開発の背景と動機
• 海外では「高速位相変調」という技法を用いて、
10-6 (ppm)台の偏光度検出精度を達成する装置が実
用化されている (PlanetPol, HIPPI, POLISHなど)。 

• 10 ppm以下の精度があれば、「月面地球照の観測
による生命ホモキラリティ円偏光の検出」が可能と
なる。 

➡同型装置の開発を検討

No. 9, March 2005         THE ING NEWSLETTER

2 6

modulation produced by dust on the
modulator. The PEMs in PlanetPol are
type I/FS20 made from fused silica,
with a PEM90 Controller, all
manufactured by Hinds Instruments.

A 3-wedge Wollaston is used as the
analyser, giving better image quality
than the more usual 2-wedge device.
Following the analyser are wheels with
colour filters and neutral density filters.
Two-element Fabry lenses image the
primary mirror onto single element
detectors, sufficient for a stellar
polarimetre, and these also eliminate
any problems with flat-fielding. The
very high modulation rates of the PEMs
(20kHz for PlanetPol) are, in any case,
incompatible with the readout rates for
CCDs, although the solar ZIMPOL
Polarimetre, see http://www.noao.edu/
noao/staff/keller/ uses the charge
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atmosphere, and hence is limited only
by photon noise. However, fractional
polarisations of a few parts in a million
are lower than most astronomical
polarimetres can achieve, although
comparable sensitivities have been
obtained before, albeit under somewhat
idealised conditions. Kemp et al. (1987,
Nature, 326, 270) measured the
integrated light from the sun and gave
an upper limit for the fractional
linear polarisation of 2×10–7. However,
Kemp et al. used a polarimetre that
directly viewed the sun, rather than
using an intermediate telescope, and
hence avoided the potential problem
of telescope polarisation.

PlanetPol has a classical design and
takes advantage of some of the
techniques pioneered by Kemp. It was
designed for use on a range of
telescopes, mounted at the unfolded
Cassegrain so as to minimise telescope
polarisation.  

All high sensitivity polarisation
measurements to date have made use
of photoelastic modulators (PEM) in
which a slab of non-birefringent
material is stressed using a piezo at
the resonant frequency of the slab, f0,
thereby reducing the power needed to
sustain a standing wave in the PEM.
Such devices are ideal as polarisation
modulators as they operate at
frequencies of tens of kHz, well above
seeing or scintillation fluctuations
produced by turbulence in the Earth’s
atmosphere and they do not involve any
rotating parts and so do not produce
any periodic motion of the image on
the detector, nor any periodic light

A fter commissioning on the
University of Hawaii 88-inch
telescope, PlanetPol has been

used successfully on the WHT in April
and October 2004. The instrument,
funded by PPARC, was designed and
built at the University of Hertfordshire.

PlanetPol is a stellar polarimetre
designed to measure fractional
polarisations of 10–6 or less. With this
sensitivity PlanetPol should be capable
of detecting the polarisation signature
of so-called hot-Jupiters. These are
extra-solar planets (EXP) whose
size is approximately that of Jupiter
but with orbits that are 0.1AU or less
(orbital periods of a few days). The
linear polarisation should vary with
phase angle from zero at full phase to
a maximum whose amplitude and
position depends on the nature of the
scattering particles in the planetary
atmosphere. Measuring the
polarisation signature not only gives
a direct detection of the EXP, in
contrast to the more usual indirect
detections by which most EXPs are
discovered, but can provide information
about the planet’s albedo and radius,
and on the nature of the scatterers.
Further, from the position angle of
polarisation the inclination of the
planet’s orbit (i ) can be determined
thereby enabling the planet’s mass to
be determined. In contrast, techniques
such as the RV method only measure
Msin i .  

Polarimetry is a technique that is
capable of very high sensitivity as it is
a differential technique that in
principle is not affected by the Earth’s

Figure 1. Top: Picture shows PlanetPol
on the WHT, with left to right: Edwin
Hirst, Phil Lucas, Jim Hough, Dave
Harrison and Jeremy Bailey. Bottom:
PlanetPol instrument.

▲ PlanetPol

▲ 月面地球照（月に
映る地球の光）



高速位相変調型の偏光装置
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POPO開発方針・現状
• HIPPI 等の先行装置をモデルとして、高速位相変調型の装置 POPO 
(POlarimeter for Precision Observations) を開発する。 
• 目標精密度は、直線偏光度で ppm台、円偏光度で~10 ppm 
• 高速「位相変調＆光検出」→ 秒以下の時間分解能も達成可 

• 先行装置で使われる光電子増倍菅は空間分解能を持たないという弱点が
ある。 

• 近年、CMOSカメラ等の高速カメラの進化は著しい。 
➡ POPOでは、光検出器を光電子増倍菅から高速カメラに置き換え、
撮像機能を持たせることを目指す。

 (高い精密度 or 高い時間分解能) and 撮像機能 
を持つ特徴的な装置になる

2020年頃から開発を始め、ハードウェアが一旦完成。 
2024年11月から、なゆた望遠鏡に取り付けて試験観測中。 



偏光分離素子 EM-CCDカメラ iXon

CMOSカメラ  Zyla

POPO 光学系/制御

液晶位相変調器

半波長板 (u観測) 

1/4波長板 (v観測)

色フィルター(R)
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iXon Ultra 897:
The market leading back-
illuminated EMCCD, now 
accelerated to 56 fps.
The iXon Ultra 897 platform takes the popular 
back-illuminated 512 x 512 frame transfer 
sensor and overclocks readout to 17 MHz, 
pushing speed performance to an outstanding 
56 fps (full frame), whilst maintaining single 
photon sensitivity and quantitative stability 
throughout. New Optically Centred Crop Mode 
unlocks unparalleled frame rate performance 
from centrally located ROIs, ideal for the 
particular speed and sensitivity requirements of 
super-resolution microscopy. 

The iXon Ultra maintains all the advanced performance 
DWWULEXWHV�WKDW�KDYH�GHɔQHG�WKH�LQGXVWU\�OHDGLQJ�L;RQ�UDQJH��
such as deep vacuum cooling to -100°C, extremely low 
spurious noise, and Andor’s patented EM gain recalibration 
technology (EMCA™). Count Convert functionality allows real 
time data acquisition in units of electrons or incident photons 
and OptAcquire facilitates one-click optimization of this 
versatile camera to a variety of application conditions. 

Additional features of the iXon Ultra include plug and play USB 
connectivity, a lower noise conventional CCD mode and an 
DGGLWLRQDO�&DPHUD�/LQN�RXWSXW��RɓHULQJ�WKH�XQLTXH�DELOLW\�WR�
GLUHFWO\�DFFHVV�GDWD�IRU�ȑRQ�WKH�ɕ\Ȓ�SURFHVVLQJ��LGHDOO\�VXLWHG�WR�
data intensive applications such as adaptive optics or super-
resolution microscopy.

Stability Plot

EM Gain stability in the iXon Ultra 897 @ 55 
fps. 500 frame kinetic series; frame transfer 
(overlapped) acquisition; 17.8 ms exposure 
time; x300 EM gain.

.H\�6SHFLɔFDWLRQV
Active pixels (H x V) 512 x 512

3L[HO�VL]H��:�[�+��ƅP�� 16 x 16

Image area (mm) 8.2 x 8.2

Active Area Pixel Well Depth (e-) 180,000

Max Readout Rate (MHz) 17

Frame rates (fps)
56 (full frame) - 

11,074

Read noise (e-) <1 with EM gain

QE Max >95%

望遠鏡焦点

パルス生成器

パルスを送信して同期制御

電子増倍機能付きCCD

挿入（何も挿入しないとq観測）



試験観測1: 無偏光星
• 天体: ζ Peg (R=3.4mag) 
• 観測設定: 200 fpsで5分間
CMOS

EM-CCD

↑器械偏光

平均値 標準誤差

q -0.19% 7 ppm

double ratio 法という、高速変調型装置では一般的ではない計算方法を
採用することで精密度が向上することが分かった。詳細は割愛。
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10 ppm未満 の標準誤差が得られた 



試験観測2: 直線偏光星
• 天体: HD 204827 (R=7.3 mag) 

• 直線偏光度 P = 4.89% (Schmidt+ 1992) 
• 観測設定: 100 fpsで5分間、(EM-CCD) 50倍の電子増倍

• 文献値とおおよそ整合的な観
測値が得られた 

• 系統誤差も認められる

観測値 文献値
偏光度 4.80% 4.89%
方位角 62.7° 59.1°

平均値 標準誤差
q -2.78% 56 ppm

1% 1% 平均値 標準誤差
u 3.91% 67 ppm
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試験観測3: 円偏光星
• 天体: Grw +70 8247 (R=13.5 mag) 

• 唯一の円偏光標準星（白色矮星） 
• 円偏光度 |v| = 3%強 (West 1989) 

• 観測設定: 2 fpsで100秒間、(EM-CCD) 50倍の電子増倍

文献値と整合的
な値が得られた100秒

平均値 標準誤差

v 3.40% 0.11%

※100秒x4回の測定
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現状まとめと今後
• 現状 

• 高速位相変調型でありながら撮像機能を持つ偏光観測装置POPOを
開発している。 

• ハードウェアの開発は一旦完了し、試験観測を行っている。 
• 最高で 7 ppm の標準誤差を達成した。 
• 直線偏光度・円偏光度とも、文献値とおおよそ整合的な測定値を得
ているが、系統誤差も認められる。 
• 正確性を向上するには、器械偏光やクロストークを評価し、補
正式を確立する必要がある。 

• 今後 
• 今年度中に点光源についての性能評価を終えたい。 
• 内部での運用の後、できるだけ早く、なゆた共同利用やOISTERへ
の提供を開始したい。 


