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CLASP2: High-Precision Spectro-Polarimetery in Mg II h & k �
R. Ishikawa1, D. McKenzie2, J. Trujillo Bueno3, F. Auchere4, L. Rachmeler2, T. J. Okamoto1, R. Kano1, D. Song1, M. Kubo1,  
N. Narukage1, M. Yoshida1, T. Tsuzuki1, F. Uraguchi1, H. Hara1, K. Shinoda1, Y. Suematsu1, S. Shin-nosuke5, T. Sakao5,  

M. Goto6, K. Kobayashi2, A. Winebarger2, C. Bethg7, B. De Pontieu8, M. Carlsson9, J. Leenaarts10, L. Belluzzi11, J. Stepan12,  
T. del Pino Aleman13, E. Alsina Ballester3, A. Asensio Ramos3 

(1. NAOJ, 2. NASA/MSFC, 3. IAC, 4. IAS, 5. ISAS/JAXA, 6. NIFS, 7. USRA, 8. LMSAL, 9. UiO, 10. IFS, 11. IRSOL, 12. ASCR, 13. HAO)�

Abstract�
The international team is promoting the CLASP2 (Chromospheric LAyer 
Spectro-Polarimeter 2) sounding rocket experiment, which is the re-flight 
of CLASP (2015). In this second flight, we will refit the existing CLASP 
instrument to measure all Stokes parameters in Mg II h & k lines, and aim 
at inferring the magnetic field information in the upper chromosphere 
combining the Hanle and Zeeman effects. CLASP2 project was approved by 
NASA in December 2016, and is now scheduled to fly in 2019. �

UV spectro-polarimetry:  
new window in solar physics�

Corona (>106K) �

Transition Region (TR) (104-106K) �

Photosphere (6000K) �

Chromosphere (104K) �

VL~IR spectro-polarimetery 
(e.g., Hinode)�

CLASP1&2�

IR spectro-polarimetery 
from the ground �

Magnetic  
field (B) 
dominant 

(β<1) �

Gas 
dominant 

(β>1) �

Provide magnetic field 
information just below 

the corona �

Alsina Bellester et al. 2016�

Polarization signals in Mg II k�

Stokes Q & U (linear pol.) 
•  Line core: scattering pol. & Hanle effect 
•  Wing: scattering pol. & Magneto-Optical 

effect 
Stokes V (circular pol.): Zeeman effect 

Advantage of Mg II h & k 
(importance of Stokes-V)�
•  Direct confirmation of B (i.e., Hanle 

effect) (c.f., Ishikawa et al. 2017) 
•  Significant reduction of the 

inversion uncertainty (see below) 
•  Larger sensitivity range to B  

Progress of development�
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Solutions with respect to 
the input (orange point) 
are shown in black�

Only Stokes Q & U�

Stokes Q, U, & V�

•  Component level development was completed 
•  Optical design is fixed, and new structure is under final designing 
▶︎ Fabrication of flight components is in progress 

cold mirror witness samples (AOI=3degree)
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CLASP1 waveplate will be reused 

Measurement of transmissive 
polarizer sample at 280 nm 

Spec: Extinction Ratio>100 

Photo of prototype 
with micro-scope 

Reflectivity meas.  
@ 122 nm 

Telescope 
Type Cassegrain 

Aperture ø270 mm  

Eff. Focal Length 2614.0 mm (F/9.68) 

Primary Mirror ø300 mm, K=-1, Curvature radius 2054.5 mm 

・Telescope
 

Secondary Mirror ø123 mm, K=-5.27, Curvature radius 1243.0 mm 

Visible Light 
Rejection 

“Cold Mirror” coating on primary 
mirror 

Slit 
Slit Width 7 μm (0.55 arcsec)   

Slit Length 4.5 mm (to cover 280 arcsec) 

Slitjaw Imaging System 
Wavelength Lyα (band-pass filter) 

Optics 
- Fold mirror with multilayer coating  
- Off-axis parabola x 2 
- Lyα filter x 2 

Detector 512 x 512 CCD, 13μm pixel 

Plate Scale 1.03 arcsec / pixel 

Resolution 2.9 arcsec (spot RMS diameter) 

Magnification 1.00  

Polarimeter 
Measurements Stokes I, Q, U, V 

Capability Simultaneous measurement of 
orthogonal polarizations 

Optics - Rotating waveplate  
- Polarization analyzer x 2 

Spectrograph 
Spectrograph Type Inverse Wadsworth mounting 

Grating Type Spherical constant-line-space 
with 1303 mm-1 groove density 

Grating Size ø106 mm (clear aperture) 

Wavelength Optimized for MgII h & k (280 nm) 

Camera Mirror Off-axis parabola 

Resolution 0.01 nm (spectral; RMS diameter) 
1.1 arcsec (spatial; RMS diameter) 

Magnification 1.87 

Spectrograph Cameras 
Detector 512 x 512 CCD, 13μm pixel 

Exposure Time 0.2 sec (nominal) 

Plate Scale 0.005 nm / pixel (spectral)  
0.55 arcsec / pixel (spatial) 

Field of View 279.45 - 280.35 nm (spectral) 
280 arcsec (along slit) Field of View 527 arcsec x 527 arcsec

Spectrograph
Camera

Polarization
Analyzer

Spherical
Constant-Line-Space

Grating
Off-axis parabolic

camera mirror

Slit

Rotating
Waveplate

Secondary Mirror

Telescope
Slitjaw
Optics

Channel 1

Spectrograph

Slitjaw
Camera

Aperture stop
(Entrance pupil) Polarimeter

Channel 2

Primary Mirror

Light trap for 0th order
diffracted beam

“Cold Mirror”
Coating

Heat
Absorber

Reflected UV

Transmitted
Visible light Hyperbolic

Mirror

Magnifier

Fold
Mirror

Attenuation
filter

Refinements from 
CLASP1 to CLASP2 

are shown in red 
characters�

Polarization Analyzer�Slit-mirror (7um width)�
Cold mirror coating�

Polarization Modulation Unit (PMU)�
Rotation speed was changed for 

CLASP2 (14.5 -> 18.75 rpm) 
Residual error due to  
non-uniform rotation�

MgF2 waveplate�

CLASP1 flight half-
waveplate was found to 
have suitable phase 
retardation of 234 deg at 
280 nm to measure Q, U, 
and V, based on the 
birefringence measurement�

Summary of CLASP2 observation�
CLASP1 (2015) � CLASP2�

Observables � Stokes-I, Q, U� Stokes-I, Q, U, V�
Spectral Lines � Lya (122 nm) & Si III (121 nm) � Mg II h & k at 280 nm�

Resolution� 0.01 nm (λ), 2-3” (spatial) � 0.01 nm (λ), 1-2” (spatial)�
SP FOV�slit length�� 400” � 200” �

Observation target � Quiet Sun  
(Disk center & close to limb) �

Quirt Sun (Disk center & close 
to limb)�& Plage�

Pointing plan & purpose for each target 
•  Quiet Sun @ disk center for 15 sec: On-board polarization calibration 
•  Quiet Sun @ close to limb for 155 sec: Derive CLV of scattering pol. 

and compare with CLASP1 result 
•  Plage for 50 sec: Infer the vector B in upper chromosphere by 

measuring Stokes Q, U, and V 
Coordinated observation (with IRIS and ground-based observatories)  
•  Highly anticipated to study the direct comparison between B and 

dynamical activity in upper chromosphere. 

CLASP1 instrument 
+ 

CLASP2 new structure�

https://ntrs.nasa.gov/search.jsp?R=20170005577 2019-08-31T07:09:46+00:00Z


