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Spectrum

To demonstrate that the system can spectroscopically ob
emission or absorption lines from molecular gas, we have
Here, h is the Planck constant, ñðF; TÞ is the Boltzmann
sured the emission spectrum of methanol gas at 17 mbar
occupation number of the radiation outside of the cryostat winthe experimental configuration as shown in Fig. 5(a). We c
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Fig. 3 Terahertz frequency response of the spectrometer chip. (a) The experimental configuration for
measuring the frequency response. The terahertz CW signal beam from the photomixer source is
reflected off a beam splitter made of a sheet of Mylar. The reflected signal enters the cryostat into
the 4-K optics. The beam passes through a stack of LPFs, two parabolic mirrors, a wire grid, and finally
the 120 mK LPF and BPF before it reaches the spectrometer chip. (b) The measured and simulated
2
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absorbed by ohmic loss in the aluminum bridges, and radiation loss into the substrate. The measured
data are fitted with a Lorentzian curve, yielding a Q-factor of 361 for this filter. (c) Measured scattering
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Port 1 is the input from the terahertz through line, port 2 is the output toward the subsequent filters,
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data are fitted
with a Lorentzian curve, yielding a Q-factor of 361 for this filter. (c) Measured scattering
, determined from individual Lorentzian curve fitting, compared
(d) The measured peak frequency F
: : ; 52), from the filterbank entrance (port 1) to the MKID.
parameters jS i1 j2 of all 49 channels (i ¼ 3;4; : meas
to an ideal geometric sequence of F calc ¼ 332 × ð1 þ ΔF ∕F Þi , where the frequency spacing is
from individual Lorentzian curve fitting, compared
(d) The measured peak frequency F meas , determined
F ∕ΔF ¼ 380 and i is the channel index. The solid iline indicates F meas ¼ F calc . (e) Residual of
¼F
332 ×
ð1 þ ΔF ∕F Þ , where the frequency spacing is
to an ideal
geometric sequence of F calc of
F meas − F calc , plotted as a function
calc . (f) Filter Q determined from a Lorentzian fitting to the peaks,
¼ F calcand
. (e)
Residual
of
F ∕ΔF ¼ 380
andagainst
i is the
channel
index.
solid
line area
indicates
F meas
. The solid
line The
and the
shaded
indicate
the mean
standard
deviation
of Q,
plotted
F meas
,
plotted
as
a
function
of
F
.
(f)
Filter
Q
determined from a Lorentzian fitting to the peaks,
F meas − F calc
calc
respectively.
plotted against F meas . The solid line and the shaded area indicate the mean and standard deviation of Q,
respectively.

W

b

brightness, we use the measured spectral response of the filterMKIDs, but the radiation coupling via the filterbank and
bank, obtained using the photomixing CW source, as shown in
lens-antenna is phase coherent. The coupling between the
Fig. 3(c). The spectral brightness obtained with our spectromlens-antenna and finally the telescope is sensitive to the exact
eter, T b is shown in Fig. 5(b). We can compare this response to
phase- and amplitude distribution
of the beam, details of which
(a)
(b)
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are easily overlooked when doing a conventional scalar beam
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two coherent sources, each driven from a signal generator and a
41
CH
OH
pressure, and temperature of the gas cell. By further taking 3 ×32 frequency multiplier. The two synthesizers have a small freinto account the losses at the gas cell window and convoluting
quency difference Δf ¼ 17.66 Hz and a source offset frequency
the intensity spectrum with the bandpass characteristics of the
of ΔF ¼ 565 Hz, well within the bandwidth of the detectors and
filters as presented in Fig. 3(c), we can calculate the expected
readout system, which modulates the detector response in the
LPF
response of each channel of the filterbank, as shown in Fig. 5(b).
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of thegrid
spectral channels a
K have applied to all wire
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Proof of ISS key applications

1:

Efficient Redshift Machine
✴ ISS detection of a CO line from a luminous IR galaxy
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# data reduced with decode:
# github.com/deshima-dev/decode
detection
of redshifted CO(3–2)
# Akio Taniguchi et al.

. 1. Integrated superconducting spectrometer
line
ssion from the luminous infrared galaxy VV 114. a, Schematic of the integrated suonducting filterbank (ISS) chip of DESHIMA. The flow of a redshifted CO signal (339 GHz)
ndicated in red. The filterbank consists of 49 spectral channels, of which five are depicted

Point-source sensitivity:
Foreground Photon-noise Limited

Photon-noise
an MKID bandwidth of the filter channel, ∆Al =
ck ✴
constant,
∆F isNEP
theofeﬀective

rconducting
energy
aluminium,
pbpb∼ 0.4 is the pair-breaking
NEPph = gap
2PMKID
(hF +of
PMKID
/ΔF ) + 4ΔAland
PMKIDη/η

Photon limited
Photon
quasiparticle
reground photon-noise
noise
equivalent flux density (NEFDph ),
(Poisson) (Bunching) recombination

as to take into account the instrument coupling, aperture eﬃciency ηA ,

a of the ASTE telescope Ap , and is given by
NEFDph

NEPph
=√
.
2ηpol ηinst ηfwd ηatm ηA Ap ∆F

(4)
model

2 accounts for the NEP being defined for 0.5 s integration time, and

for the fact that DESHIMA is sensitive to a single linear polarization.
On-sky performance

Lab Performance

ncy resolution

w that the signal-to-noise-ratio (SNR) for a single ISS channel matched

Design

Proof of ISS key application

2:

Multi-line spectral mapper
Spectral Map of Orion
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Proof of ISS key application

2:

Multi-line spectral mapper
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Spectral Map of NGC 253

Conclusion

arXiv preprints:

Conclusion

- 1906.10216: First-light on ASTE
- 1901.06934: Lab performance

DESHIMA 1.0 Success:
On-sky demonstration of the Integrated Superconducting Spectrometer
1. As an efficient redshift machine
2. As a multi-line spectral imager
Together, these features enable
spectral surveys of large cosmological volumes
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