
Considering  

Precise Polarimetry by ELTs 

ELT Project Office,  

National Astronomical Observatory of Japan 

     Hiroshi AKITAYA 

Introduction 

• Polarimetry is one of unique methods in 

observational astronomy. 

• Typically 0.1 % precision is crucial especially 

for optical polarimetry. 

• Proposed ELTs have no Cassegrain focus, 

which is compatible with precise polarimetry. 

• We consider the precise polarimetry in the 

ELT’s era based on Tinbergen (2007), PASP, 119, 

1371. 

 



Precision of 0.1% is crucial 

for optical polarimety ! 

Tanaka et al. (2009) 

arXiv:0908.2057 

SUBARU FOCAS 

Optical spectropolarimery of SN 2009dc 

Foreground Interstellar 

polarization 

 ~0.3% 

Intrinsic polarization of 

emission lines 

several x 0.1 % 



We can find no Cassegrain 

focus in ELTs! 

TMT E-ELT 

GMT has an 

Cassegrain focus. 
But when will it built ... ? 

What’s the probrem ? 



Large telescope polarization 

with a Nasmith Mirror 

R//, R⊥,   Ra , Rg : reflectance parameters 

p=(R//-R⊥)/2  

Δ=δ //-δ⊥ (δ //,δ⊥ :phase delay) 

Mueller Matrix of the inclined mirror 

MM3(λ)= 

(e.g. ) 45°alminium mirror  

p = 0.047 @ 800nm (peak) 

Δ = 40°(blue/violet)~5°(1μm) 

 → large artificial linear polarization and cross talks 

between linear and circular polarizations 

M3 

θ=0° θ=θ1 θ=θ2 

... and it rotates! 

MM3(λ, θ)= 



Difficulty for calibrating large 

telescope polarization 

HowPol (at Nasmyth focus on Kanata Telescope) 
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modulation of the telescope 

polarization 

Komatsu et al. (2009) 

stability of the tel. pol. : σp ~ 0.14-0.17 % 

... not so bad, but not enough 

(cf.) LIPS (at Cassegrain focus on UH2.2-m) 

σP ~ 0.02% 

    negligeble in many cases 

instrumental polarization 



How should we avoid the 

telescope polarization? 

(1) The polarization modulator before 

the Nasmyth Mirror 

Gregorian telescope 

• Optical components for a modulator are usually small. 

  → Focal planes are candidates for their site 

• Difficult to use polarization beam splitters. 

 

→ limited for special cases 

Telescopes with particular designs 

OWL(100m) 



(2) Compensating the telescope 

polarization by another oblique mirror 

M3 

M4 

MM3= 

MM4= 
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Adding “M4” to compensate M3 polarization 

Telescope polarization is completely cancelled 

But... 

M3 

θ=0° θ=θ1 

M4 
instrument 

• Mirror surface quality of the both mirrors shoud be 

precisely controlled. 

• The optical path (i.e. instrument) rotates with 

telescope. 



(3) Further ideas 

(a) bending the optical 

path using a Fresnel 

Romb 
δ 

i 

n 

(A)  

(C)  

(B)  

(b) approximate compensator 

(for limited wavelengths) 

M3 

M4 
λ/2 waveplate 

(c) compensating rotation of the telescope polarization 

using an half-wave plate 

• The λ/2 waveplate should be completely achromatic. 



Final Remarks 
 Many ideas have been  suggested to 

compensate large telescope polarization 
by the Nasmyth mirror. 

 But application of them to ELTs seems 
not simple. 
◦ “extremely” large M3 (TMT: 2.4x3.4m) 

◦ TMT’s M3 is not a simple fixed Nasmyth mirror.  It 
rotates on the two axes ! 

 

 

 

 

 

 

 

 There is no proposal of optical polarimeters 
for ELTs so far, but polarimety with a large 
telescope will be an unique method in the 
future. 

 “nasmyth problem”  is now a common 
issues for 8-m class telescopes, which equips 
an AO system on their Nasmyth focus.  

 

偏光観測に関心をお持ちの方，ELT時代の
偏光観測について一緒に考えて行きま

しょう！ 

 

 

TMT M3 


