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DESHIMA and TIFUUN
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Ω

• New project since 2022 

• Performance of  

~100 DESHIMA’s !

TIF     N

• Development since 2010 • First of its kind 
• Tested once on the ASTE telescope • Science observation from 2023

DESHIMA

• Instruments for the ASTE telescope in Chile 
• Observing λ ~ 0.8-3 mm 
• Unique Strength: 

Ultra-wideband spectroscopy using  
on-chip filterbank spectrometers



Timeline
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♦ DESHIMA gets first funding ♦ DESHIMA 1.0 First Light

♦ Jochem’s EA group in EWI
DESHIMA

DESHIMA Science on ASTE

DESHIMA 2.0 (MOSAIC)DESHIMA 1.0

TIF     N
TIFUUN

TIFUUN Science on ASTE

♦ DESHIMA 2.0 Working in Lab

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027



Kick-O# Symposium (TU Delft, 3 weeks ago)
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Cosmic 3D Maps @ THz
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time（redshift）

3D 
Universe

“Cosmic Web”

Galaxies

Ⓒ ALMA, NAOJ, H. Umehata



Cosmic 3D Maps @ THz
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Interferometers: 
Only Minute Volume

Cameras: 
Only 2D image

Dichotomy of 
THz Technology



Cosmic 3D Maps @ THz
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λ

SPAXELS: 
Spectrometer Pixels

IFU

>20,000 VOXELS: 
Each VOXEL is a 
VOLUME of the Universe

VOLUMIC 

Astronomy across 
the COSMIC WEB 
! Star-Forming 

Galaxies 
! Di!use Matter 
! Galaxy ClustersTIFUUN



TIFUUN IFU Concept:  
Imaging Spectrometer on a Wafer
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Spectrometers  
(max 1:2 bandwidth) 
Filter-bank circuitUltra-wideband  

Lens-antennas (max 217)  

Voxels  
(total: >10,000×2)



Outline
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DESHIMA 
1-spaxel on-chip spectrometer

TIFUUN 
>100-spaxel imaging spectrometer



Outline
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DESHIMA 
1-spaxel on-chip spectrometer

TIFUUN 
>100-spaxel imaging spectrometer



11TIF     N DESHIMA Cosmology with Nanotechnology

Unit spaxel of an IFU 
= On-chip filterbank spectrometer (DESHIMA)

Sky signal

Readout line

347 spectral 
channels

62 mm

24 mm

Leaky Lens  
Antenna

~15  
mm

250 300 350 400
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Taniguchi et al., JLTP 209, 278 (2022)



DESHIMA Concept 
On-chip Filterbank Spectrometer
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wideband 
signal

Dusty 
Star-forming 
Galaxies

Leaky-lens 
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Requirements of the DESHIMA cryostat
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ASTE Telescope  
+ warm optics

readout 
electronics

Microwave  
access

Spectrometer Chip

Cryostat: 
Chip is cold at 100 mK 
for ≳20 hours

magnetic shielding 
& Stray-light shielding

Tip-tilt

Conflicting requirements: 
Signal throughput vs. Shielding 
Thermal isolation vs. Mechanical Strength

High throughput of 
submm signal



Thermal filtering


& Baffling

Magnetic  

Shields

Vespel tower

120 mK detector housing

DESHIMA Cryostat:
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Entropy “L” Cryostat 
(2-stage ADR + 4 K PTC)



DESHIMA on ASTE
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He Compressor

He pipes 
(25 m)

Cassegrain 
Cabin

120 mK  
cryostat

Mirrors

SpaceKIDs 
Readout

Space for  
position-switching mirror



“DESHIMA 1.0” – Concept Demonstrator
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“DESHIMA 1.0” 
Minimal chip specs  

332-377 GHz (45 GHz BW / 49 voxels) 
Su'cient sensitivity for system test 

End-to-end system check 
! MKIDs operation on ASTE 
    (Photon-noise limited sensitivity) 
! Readout system

! Cryostat system

! Remote control

! Installation procedure

! Logistics


Astronomical + atmospheric data 
! Software & calibration development

b

49 channels

CO(3-2) redshift z
0.02 0

(ALMA)

Endo+2019 Nature Astronomy

LETTERS NATURE ASTRONOMY

integration time of ton ~ 103 s, a HCN line SNR of ~67 was reached, as 
presented in Fig. 4a,b. The SNR / t0:5on

I
 dependence shows good sta-

bility during integration. The noise equivalent flux density (NEFD) 
per channel has been estimated from this dataset (Fig. 4c). For the fre-
quency range in which the atmosphere is most transparent (Fig. 2h),  
a NEFD of ~2–3 Jy s0.5 beam−1 is reached. The NEFD inferred from 
the observation of VV 114 is similar, as can be seen in Fig. 4c, con-
firming that the estimation depends little on the observing condi-
tions or on the properties of the source. This sensitivity would allow 
for example a 5σ detection of a [C ii] line from a hyper-luminous 
infrared galaxy (HyLIRG) at redshift 4.2–4.7, with an on-source 
integration time of 8 h, as indicated in Fig. 4c. Furthermore, the blue 
bars in Fig. 4c indicate the on-sky NEFD predicted from the optical 
efficiency of DESHIMA measured in the laboratory6, in combina-
tion with the aperture efficiency we measured on Mars in this work 
(see Methods section ‘Beam efficiency’).

The excellent agreement between the instrument design, labo-
ratory sensitivity and on-sky sensitivity shows that DESHIMA 
on ASTE reaches the foreground photon-noise limit. This means 
that the sensitivity is limited only by the foreground photon noise 
and by the coupling efficiency between the source and detector. 
The limiting factors here are the ISS chip design and the intrinsic 
coupling between the warm optics and the chip. The efficiency of 
the chip is currently ~0.08, due to the design of the coplanar filters 
and the oversampling6. This can be improved to ~0.5 by adopting 
microstrip filters20 based on amorphous silicon: we recently mea-
sured a loss tangent of tanδ = 10−4 at ~35 GHz (S. Hähnle, private 
communication). Additionally, a more advanced filter geometry is 
needed to couple more than 50% of power into a single filter: an 
example would be to couple the power from several oversampled 
filters12 into a single MKID25. These developments12,20,25 provide a 
path to improving the chip efficiency. Regarding the optics, a careful 
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Fig. 3 | DESHIMA spectral maps of the Orion nebula and the barred spiral galaxy NGC 253. a, DESHIMA CO(3–2)/HCN(4–3)/HCO+ (4–3) RGB 
image of the Orion nebula. The box at the bottom left shows the size of the 43″-diameter circular aperture used for photometry (black), together with 
the best-fit 2D Gaussian beam at half-power level (grey). The ellipse is set at the typical position angle of the beam, which rotated by up to ~±45° with 
respect to the map during the observations of both Orion and NGC 253 (f). The effective resolution of the images shown in a–d and f is ~39″, given by 
the convolution of the aperture and the beam. b–d, Individual DESHIMA CO(3–2), HCN(4–3) and HCO+ (4–3) maps used in the RGB map. The images 
are continuum-subtracted. e, DESHIMA spectrum of the Orion KL region based on aperture photometry (blue circle in a). The spectrum is plotted in the 
same manner as the spectrum in Fig. 1b. (Many of the vertical error bars are smaller than the points.) The horizontal dashed line indicates the continuum 
flux at each position derived by averaging assumed emission-free channels. f, DESHIMA CO(3–2) map (contours) of NGC 253 on a 2MASS JHK RGB 
image. The contour levels are 3, 6, 9 and 12σ. The position offset between the CO brightest point and the brightest point in the 2MASS image is ~4.5″, 
which is comparable to the typical pointing error of the observations presented in this Letter. The yellow dashed line shows the coverage of the DESHIMA 
observations. g, The DESHIMA spectrum for the CO brightest point of NGC 253 based on aperture photometry. The 1σ noise level is derived from the map, 
after smoothing with the 43″-diameter circular aperture.

NATURE ASTRONOMY | www.nature.com/natureastronomy

Spectral  
Imaging
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From DESHIMA 1.0 to DESHIMA 2.0

Better 
Spectrometer  
Chip

Sky 
Chopper 
+ XY stage

Hexapod



DESHIMA 2023-2024 
Commissioning and Science Verification
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2023 2024

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Ship to Chile

Instrument 
Commissioning

Science 
Verification

Lab Evaluation



Outline
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DESHIMA 
1-spaxel on-chip spectrometer

TIFUUN 
>100-spaxel imaging spectrometer



TIFUUN Concept
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Ultra-wideband antenna  
technology

Kilo-pixel lens array 
technology

Band-pass filter 
technology

MKID Detector 
technology

IFU wafer

RF readout signal

N = 7-693



One Technology. Many Instruments.
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Coherent Spectrometers
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TIFUUN Astronomy: 
Volumic 3D Surveys with Plug-and-Play IFUs

[CII] Large  
Scale Structure

! Cosmic web of warm gas 
and star-formation 
(Line Intensity Mapping)

Tomography of 
THz line-emitting 
galaxies (TLEGs)

! New population of  
star-forming galaxies  
hidden by dust

SZ-Clusters
! Galaxy Clusters in assembly



“KATANA” IFU & Survey Concept
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Kohno et al., SPIE 2020, https://arxiv.org/abs/2102.08280

multi-λ, narrow-band  
imaging spectroscopy

24

https://arxiv.org/abs/2102.08280
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“Plug-and-Play” IFU System

IFU 1
IF

U
 2
BPF

BPF

Grid

LPF
LPF

Optics  
Box

Optics and CryogenicsIntegral Field Units

https://neel.cnrs.fr/en/news/ 
concerto-takes-height

CONCERTO Dilution Cryostat (Monfardini et al.) 
+ New optics for TIFUUN/ASTE

Readout Electronics

https://neel.cnrs.fr/en/news/concerto-takes-height


Outlook: THz-IFUs for future observatories
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scalable compactflexible design no moving partslight-weight

Advantages of superconducting IFUs:

Ground (LST, AtLAST)
ESA  
Voyage-2050 
White Papers  

NASA/NSF  
Astro2020 
White Papers  

Space (Astro, CMB)

ASTE 
DESHIMA (2023) 
TIFUUN (~2026)


