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HWO PRELIMINARY SPECS & CANDIDATE INSTRUMENTS搭載装置候補3機器＋？？

Slide by Lee Feinberg

→UV-IFS is included as 4th instrument in the next study (with other 5th instrument)

Shown (+updated)

By Kevin France 



NAOJ

MULTI OBJECT SPECTROGRAPH (MOS)

INTEGRAL FIELD SPECTROGRAPH (IFS)

NAOJ (modified)
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Scattered 
objects

expanded object
Icy moons, Titan
Mars, Venus, Comets
Galaxy[Suematsu+2016]

Introduced

By Brian Fleming 



HIGH RESOLUTION SPECTROGRAPH (HRS)
WITH ECHELLE GRATING
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Wide spectral range (100-190 nm) with
High spectral resolution (R~120,000) (and a narrow 
FoV)

Optical Design of LAPYUTA/HRS
shown by Go Murakami 

(Tue)



TRANSIT SPECTROSCOPY FOR UPPER ATMOSPHERES OF EXOPLANETS
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High X-ray and EUV (XUV) irradiation
High-density escaping upper atmosphere

Emissions in Far UV
H I: 121.6 nm, 102.6 nm
O I: 130.5 nm 
N I: 113.4 nm, (120.0 nm)
C I: 156 nm, 165.7 nm (, 
~110nm)

N II: 108.4 nm
C II: 133.5 nm, 103.6 nm
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Hot (escaping) oxygen 
upper atmospheres of 
Earth-sized exoplanets 
could cause large transit 
depth [Tavrov+17]

Tavrov+17

Hydrogen around Earth-
sized
[Gomez de Castro+18, dos 
Santos+19, Canet+21,,,]

Hydrogen upper 
atmosphere (geocorona)
by PROCYON/LAICA
at 0.1AU away from 
Earth
[Kameda+17]

○: TRAPPIST-1

DetectionLow Resolution
TemperatureHigh
Resolution

in 
FUV
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Venus transit (June 2012) (G-
Band) https://hinode.nao.ac.jp/news/topics/120606VenusTransit/
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Venus transit (June 2012) (G-
Band) https://hinode.nao.ac.jp/news/topics/120606VenusTransit/

HWO

+

Surface+atmosphere
Reflection

Upper atmosphere
(H, C, N, O)
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RECENT ACTIVITY ON HWO-UV IN JAXA

Towards the Mission Concept Review in Oct 2029,

ISAS HWO Study Task Force was established in Dec 2024.

UV technology development program started in JAXA in 
June.
・Large-format tapered MCP detector (80 mm  120 mm)
・High-efficiency image slicer and gratings with new 

coating

Discussions with Hamamatsu (Large-format Tapered MCP),  
Shimadzu (80 gratings), 

Canon (image slicer and Echelle) are on-
going.

LAPYUTA: 60-cm UV space telescope  Down selection in 
2026



Kaguya/UPI-TEX (2007-2009)
Hisaki/EXCEED (2013-)

ISS-JEM/IMAP-EUVI (2012-2015)BepiColombo-MPO/PHEBUS (2018-)

EQUULEUS/PHOENIX (2021-2023)

PROCYON/LAICA (2014-2015)

Nozomi/UVS (1998-2003)

Planetary 
explorations

Earth’s upper 
atmosphere

Space 
telescope

LAPYUTA (2032?-)

HERITAGES OF UV INSTRUMENTATION IN JAPAN

UV observation is one of key
technologies in Japan



UV-IFS AND HRS FOR HWO
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Specification (Summary)

IFS
Spectral range: 94-174 nm
Spectral resolution: ~0.02 nm(R4500-
8400)
Spatial resolution: 0.02”/pix 
(0.04”/slit)
FoV: 3.2” x 3.2”

HRS
Spectrograph (with narrow FoV)
Spectral range: 94-190 nm
Spectral resolution: R~120,000
(Spatial res. : ~0.05” (2 pix)

LAPYUTA, 60-cm UV space telescope under study in 
JAXA, has Imaging Spectrograph and High Resolution 
Spectrograph.

Emissions in Far UV
H I: 121.6 nm, 102.6 nm
O I: 130.5 nm 
N I: 113.4 nm, (120.0 nm)
C I: 156 nm, 165.7 nm (, 
~110nm)

N II: 108.4 nm
C II: 133.5 nm, 103.6 nm



FUV INTEGRAL FIELD SPECTROGRAPH
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FUV INTEGRAL FIELD SPECTROGRAPH

Grating: 
Toroidal holographic blazed gratings for Hisaki, WSO-
UV/UVSPEX, etc. [Yoshioka+2013PSS, Kameda+2020SPIE]
The measured relative diffraction efficiency is 55-60% 
for UVSPEX EM with the groove density of 2400 gr/mm. The 
efficiency would be higher for 1440 gr/mm, though it is 
to be measured. The potential issue is the manufacturing 
time for 80 gratings.
Many substrates should be prepared for blazed gratings.

Laminar grating, with less high order diffraction and 
~20-30% lower efficiency, requires less lead time. (80 
gratings ~ 1 year)

Image slicer: 
Canon has experiences on image slicer 

(e.g. FUV-IFU in INFUSE [Alex Haughton+2024SPIE])

FUV coating:
Al+MgF2 XeLiF

(Umi Enokidani+, Thursday)
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11:41:24

134Position:  4     30-Dec-24 

120.00  MM   

Top view

Side view

WSO-UV
UVSPEX EM
Grating

[Suematsu+2016]



KEY TECHNOLOGY: FUV DETECTOR SYSTEM (TAPERED MCP) 

Tapered MCP

CsI Photocathode

FOP

MCP 
assembly

FOP
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CMOS
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Detector Unit

Electronics 
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Readout

&
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Counting

Specification:
Photon Counting mode
Spectral coverage: <90 - ~185 nm (CsI)
Quantum Efficiency: ~40%(Peak)
Size: 120mm x 120mm (80 x80 done)
Resolution: 30 um (15um/pix)

 8000 pix x 8000 pix
Noise: ~1 cts/cm2  ~2e-8 cts/s/pix
Frame rate: ~60 fps
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Tapered MCP was developed for 
ion detection [Matoba et al 2011 Jpn. J. 
Appl. Phys]

Multiplied electrons are 
converted to visible 
photons at the phosphor on 
fiber optic plate (FOP), 
to be detected by CMOS image 
sensor.
Using tapered FOPs, multiple 
image sensors work for this.

Vib. and Temp. Test 
passed

[Murakami+2016SPIE]

+CsI Photocathode QE 37%@121.6nm

Tapered MCP OAR=Open Area Ratio

Shown by 
Go Murakami



KEY TECHNOLOGY: FUV DETECTOR SYSTEM (TAPERED MCP) 

Tapered MCP
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Specification:
Photon Counting mode
Spectral coverage: <90 - ~185 nm (CsI)
Quantum Efficiency: ~40%(Peak)
Size: 120mm x 120mm (80 x80 now)
Resolution: 30 um (15um/pix)

 8000 pix x 8000 pix
Noise: ~1 cts/cm2  ~2e-8 cts/s/pix
Frame rate: ~60 fps
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CMOS ams
CMV4000
2k x 2k
37 fps (12 
bit)
11.2x 11.2 mm

Canon
LI5030SAN
5688H×3336V
58 fps (12 bit)
36.4 x 21.4 mm

50 MeV proton test on Sep 
24

Shown by 
Go Murakami



FUV HIGH RESOLUTION SPECTROGRAPH

Telescope: D6m f120m (F/# 20)  
 0.05”/30um @focal point

Specification:
Spectrograph for a point source (1st version)
Spectral range: 94-190 nm
Spectral resolution: R~120,000
Spatial res. : 30 um (2 pix)
Focal length: 750 mm
Detector: 80x80 mm tapered MCP
Echelle grating: ~200 gr/mm, Blaze angle: ~67.5 
deg

The optical design of LAPYUTA/HRS can be utilized.
Cross Disperser: Shimadzu 

Echelle grating: Canon [Sukegawa and Okura, 2024]

HRS (on LAPYUTA x2.5)

Telescope Collimato
r

Echelle

Cross
Disperser

Detector

LAPYUTA HRS echelle
175 gr/mm (BA ~75deg)
[Kameda+2024SPIE]
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Sukegawa and Okura, 2024

Cross Disperser
by Shimadzu 

Echelle Grating by 
Canon
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TO DO

IFS 
Current version 0.02”/pix, FoV 3.2” x3.2”, Spectral range: 100- ~190 
nm (FUV)
 0.01”/pix and 0.015”/pix design with narrower FoV
+ Near UV IFS (~200-400 nm)

HRS
Point source  ~6” (TBD) slit length design

0.01”/pix FoV 1.6”x3.6”
Slice width of Image Slicer 
~14 um

0.015”/pix FoV
2.4”x6”
On going


