
•   Strong H2 emitters 
found in the local-
Universe may be analogs 
of early-Universe shocks 
produced in galaxy 
formation and AGN 
feedback.

•  As they arise, PAH 
features become 
important ISM coolants. 
With their large 
equivalent widths and 
unambiguous template 
for redshift identification, 
they may offer the best 
probe of heavy metal 
abundance at early times. 
While not accessible to 
JWST or ALMA, OST can 
detect the PAH emission 
from galaxies systems at 
z~6, as they come to be.

J.J.A. Baselmans et al.: A large format imaging system for future space based far-infrared observatories

Fig. 3. (a) Frequency sweep of the array, with each dip corresponding to a di↵erent MKID pixel. (b) Zoom of a section of panel (a),
showing the relative bandwidth of the resonators and the scatter in frequency of the resonators, mainly due to thickness variations
in the NbTiN.

5. Experiments

5.1. Resonator characterisation

To characterise the detector array we stabilise the chip at a tem-
perature of 120 mK and operate the black body with zero heater
current, resulting in TBB ⇠ 2.7 K. We refer to this condition as
’cold and dark’ in the remainder of the text. We use a commer-
cial vector network analyser instead of the multiplexed readout
in Fig. 2(a) to measure the forward scattering parameter S21 of
the system as a function of frequency; the result is shown in Fig.
3. We observe a ’forest’ of resonance features, each one corre-
sponding to an individual MKID and a frequency-independent
transmission where no resonances are present. The resonances
occupy a frequency range from 3.9 - 5.55 GHz with a small gap
(by design) in the centre of the band which is used to place the
LO of the readout electronics. The frequency range is 5% lower
than the design due to a slightly higher kinetic inductance in the
MKIDs, which is of no consequence for the pixel performance.
Using an algorithm based on the double derivative of the pre-
sented data to identify all resonators, we find 907 resonators out
of 961, i.e. 94%. We fit to all the resonance features a Lorentzian
function to extract the Q factor and depth of each resonance,
from which we can deduce the coupling Q factor Qc and Qi the
Q factor describing all other losses in the MKID resonator: Q�1

= Qc�1+Qi�1. We find that < Qc > = 1.3⇥105, close to the de-
sign value and that Qi > 106 for most of the devices, i.e. at cold
and dark conditions the resonator Q is dominated by Qc. Several
of these scans were performed to determine the optimum read-
out power of the detectors. This is the maximum power for which
the MKID resonance features have no signs of asymmetry. We
observe that -92 dBm readout power at the MKID chip allows
all resonances to be read-out; at -86 dBm more than half of the

MKIDs are overdriven: they are asymmetric and produce very
significant excess noise.

5.2. Experimental methodology to measure the NEP

To measure the detector optical e�ciency and sensitivity we use
the method developed by Janssen et al. (2013): We measure the
detector NEP under background-limited conditions (i.e. at su�-
ciently high temperature of the black body calibrator) and com-
pare the result to a theoretical calculation of the photon noise
limited sensitivity. This analysis allows a direct measurement
of the optical e�ciency and requires an analysis of the spec-
tral shape of the noise to ensure background limited operation of
the MKID. In this section we discuss this method in detail, the
results are given in Sections 5.3 and 5.4.

We use the multiplexed readout in the configuration shown
in Fig. 2 and operate it in its standard configuration with a
tone placement in multiples of 3.8 kHz and a data rate of 159
frames/sec. We use FLO = 4.685 GHz, in the centre of the empty
frequency region in Fig. 3(a). We stabilise the array temperature
at 120 mK and put the array under the desired FIR loading condi-
tions by stabilising the calibrator temperature at the appropriate
value. We will use a calibrator temperature of 9 K and proof that
this represents background limited operation of the MKIDs. We
also measure under ’cold and dark’ conditions where the radi-
ated power is negligible. To initialise the measurement sequence
we perform a ‘wide frequency sweep’ using 1000 evenly spaced
readout tones at -92 dBm of power per tone by sweeping the LO
frequency. The result of this measurement is identical to the data
presented in Fig. 3(a). The system software finds all resonance
features and places readout tones as closely as possible to the
central frequency of each resonance. Given an MKID bandwidth
of ⇠ 50 kHz, we can place the readout tone with a resolution of
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Secret OST Word: Sensitivity

From the first stars to life

    Why Sensitive Far-IR Spectroscopy ?   See also posters by Pope+, Armus+, Vieira+, Wright+, Pontoppidan+ 
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Figure 8
(a) SFR densities in the FUV (uncorrected for dust attenuation) and in the FIR. The data points with symbols are given in Table 1. All
UV and IR luminosities have been converted to instantaneous SFR densities using the factors KFUV = 1.15 × 10−28 andKIR = 4.5 ×
10−44 (cgs units) valid for a Salpeter IMF. (b) Mean dust attenuation in magnitudes as a function of redshift. Most of the data points
shown are based on UV spectral slopes or stellar population model fitting. The symbol shapes and colors correspond to the data sets
cited in Table 1, with the addition of Salim et al. (2007) (cyan pentagon). Two versions of the attenuation factors are shown for
UV-selected galaxies at 2 < z < 7 (Reddy & Steidel 2009, Bouwens et al. 2012a) (offset slightly in the redshift axis for clarity): one
integrated over the observed population (open symbols), the other extrapolated down to LFUV = 0 (filled symbols). Data points from
Burgarella et al. (2013) (olive green dots) are calculated by comparing the integrated FIR and FUV luminosity densities in redshift bins,
rather than from the UV slopes or UV-optical spectral energy distributions. Abbreviations: FIR, far-infrared; FUV, far-UV; IMF,
initial mass function; IR, infrared; SFR, star-formation rate.

samples. The local FIRLF has not been drastically revised since the final IRAS analyses (Sanders
et al. 2003, Takeuchi et al. 2003); additional AKARI data did not drastically change earlier results
(Goto et al. 2011a,b; Sedgwick et al. 2011). The biggest remaining uncertainties pertain to the
faint-end slope, where measurements vary significantly from α = −1.2 to −1.8 (or, somewhat
implausibly, even −2.0) (e.g., Goto et al. 2011b). Analysis of the widest-area FIR surveys from
Herschel, such as H-ATLAS (570 deg2) (Eales et al. 2010), may help with this. The present un-
certainties lead to a difference of a factor of at least 2 to 3 in the local FIR luminosity density.
Nevertheless, as previously noted, in today’s relatively “dead” epoch of cosmic star formation, a
significant fraction of the FIR emission from ordinary spiral galaxies may arise from dust heated
by intermediate-age and older stellar populations, not newly formed OB stars. Hence, it is not
necessarily the best measure of the SFR. At higher redshifts, when the cosmic-specific SFR was
much larger, new star formation should dominate dust heating, making the IR emission a more
robust global tracer.

Local measurements of the SMD have relied mainly on purely optical data (e.g., SDSS pho-
tometry and spectroscopy) or on relatively shallow NIR data from 2MASS. There may still be
concerns about missing light, surface brightness biases, etc., in the 2MASS data (e.g., Bell et al.
2003), and deeper very-wide-field NIR data would be helpful. All-sky MIR data from WISE may
be valuable and have been used by Moustakas et al. (2013), but without extensive analysis specifi-
cally focused on this topic. Deeper NIR data covering a significant fraction of the sky, either from
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COSMIC DAWN: 
Measure activity. 

Primordial H2, Rise of 
heavy elements and 

dust

Time Since Big Bang (Billion Years) 

COSMIC MIDDAY: 
Why the rise and fall?  Track 

chemical ingredients for 
planets and life.NOW: star- and planet 

formation in our Galaxy.

6 9 1 2 3 14.6 0.6 Wide-field, full-band surveys of 
interstellar coolants in the Milky 

Way and nearby galaxies

 
Figure 1 (Left) Detection of HD in the TW Hya protoplanetary disk by Bergin et. al. 2013.   (Right) State of the art 
for the disk dispersal time – based solely on dust measurements.  Plot shows the fraction of stars with excesses in at 
Spitzer wavelengths (3.6 and 8 µm) as a function of age of the stellar group (figure from Pascucci and Tachibana et 
al. 2010 in Protoplanetary Dust: Astrophysical and Cosmochemical Perspectives, eds.: D. Apai, D. S. Lauretta, 
Cambridge University Press, 263-298). 

4. Table:  
 
Parameter Unit Required 

value 
Desired 
Value 

Comments  

Wavelength/band µm 112 112 Hard requirement 

Number of targets  500 500 Not stringent 

Survey area deg.2 N.A. N.A.  
Angular resolution  arcsec 3 < 1 3″ is based on sensitivity 

estimates from M. Bradford’s 
calculations.  Higher angular 
resolution is clearly preferred 
resolve the disks and to separate 
typical binaries. The nearest 
system is likely a few arc-seconds 
in size. 

Spectral resolution λ/Δλ 3,000 50,000 The mimimum resolving power 
matches Herschel. The desired 
value is needed to spectrally 
resolve the line in typical disks.  

Bandwidth  100 km/s   
Continuum 
Sensitivity (1 σ) 

µJy -   

Spectral line 
sensitivity (1 σ) 

W m-2 10-21 10-21  

Signal –to-noise  5 10  
Dynamic range  100   
Field of Regard  Galactic 

plane +/-20 
degrees 

  

Cadence     
5.  Key references: (Optional, at most three, reviews preferred) 
Bergin et al. 2013, Nature, 493, 644 

HD detection
towards TW Hya

Mass tracers, water and 
ice in protoplanetary disks

•  Provides redshifts -- 3-D view of the far-IR 
Universe

•  Expect spectra of ~billions of galaxies in 
blind surveys

•  Measures cooling of the ionized, neutral atomic, and 
molecular gas, the primary ISM cooling channels.

•  N/O ratio a measure of metallicity and stellar 
processing history.

•  Reveals UV field intensity and hardness – constrains 
ionizing source: accretion or massive stars.  (e.g. 
[OIV] / [OIII], Ne sequence)

Excellent Sensitivity
13:04:05

OST-Band3-Spect-3b Positions: 1-7 BAC  08-Aug-17 

75.00   MM   

PARAMETERS
Collimated	Beam	Dia.	=	22.88	mm
Grating	Pitch	=	0.0975	mm
AOI	into	Grating	=	62	degrees
LW	AOD	Offset	from	AOI	=	25	degrees
Band3:		82.7-144.7	microns
AOI	into	Sensor	<	3.0	degrees,	all	4	corners
Focusing	Mirror	Must	be	Bi-Asphere

(to	reduce	WFE)
LW

SW
GRATING

APEXMO3 BLISS for SAFARI/SPICA 
AO NNH12ZDA006O-APEXMO3 Section E—Experiment Implementation 

E-5 
Use or disclosure of information contained on this sheet is subject to the restriction on the Restrictive Notice page of this proposal. 

55 degrees. The blaze is a 27 degree sawtooth, 
which provides > 88% efficiency into the 
desired first order in the operating polarization. 
The full system is strongly diffraction-limited 
for the long-wavelength BLISS-B band, 
providing Â=430 and limited by the grating 
size. For the shorter wavelength BLISS-A 
module the system is diffraction limited in the 
spatial direction, and the spectral direction 
provides Â>800. The input f/# will be 
determined in Phase-A with the SAFARI 
consortium, but we have verified that the 
design approach is robust to a range of input 
f/#; slow input beams may require an 
additional fold mirror, but this does not drive 
system size or optical performance, and is 
included in our mass and cost budgets. 

L3-SSG will provide the BLISS grating 
modules (without the sub-K suspension and 
focal plane assembly) fully tested at cryogenic 
temperatures.  The BLISS modules are closely 
analogous to the modules of the Spitzer 
Infrared Spectrograph (IRS) (Houck et al. 
2004).  Like the IRS, BLISS will use diamond-
machined aluminum optics bolted to a 
precision-machined aluminum housing. The 
all-aluminum system is thermally homologous, 
so that all optical aspects (focus and 
alignment) are nearly perfectly preserved from 
room temperature to 1.7 K. Mirror surface 
accuracies and figure tolerances for the BLISS 
modules (Â=300 at l= 100 microns) are less 
demanding than was achieved for the IRS, 
which worked with high efficiency at down to 
5 µm at Â=600. Tolerance analysis indicates 

that assembly of the mirrors and grating can 
accommodate 50 µm typical error, an easy 
target for the L3-SSG process. 
Module Efficiency 

Total system efficiency from the slit to the 
detector is an important performance 
parameter, mapping directly to sensitivity. 
Table E-6 provides the BLISS module 
efficiency budget based on experience with our 
grating systems. This system carries 
performance margin between the CBE design 
and requirement. Slit and blaze efficiencies are 
straightforward and have been confirmed in 
our pathfinder grating instruments, and the 
filter efficiency estimates are based on the 
Herschel SPIRE flight system. (Griffin+ 
2010), as they will use the same approach from 
the same Cardiff group.  
E.1.7 TES Bolometer Arrays 

Our design is based on a noise equivalent 
power (NEP) of 1x10-19 W Hz-1/2, a value 
which has been demonstrated by both our 
group and by our SRON partners (Section 
F.3.1). These demonstrated values are a factor 

 
Figure E-3. BLISS optics design. The system provides R>300 over a 1:1.8 band with a flat, telecentric 
image. 

Table E-6. Grating Module Efficiency Budget. 
Element Efficiency 

Mirrors (assume 5 @ 99% each) 95 % 
Grating blaze efficiency (27o sawtooth) > 85 % 
Blocking filters (mesh + dielectric) > 80 % 
Bandpass filter (mesh) > 85 % 
Slit / feedhorn coupling > 75% 
Feedhorn + cavity -> detector > 80 % 
Total (CBE design) > 33 % 
Total (science requirement)  > 25 % 

Tel

Beam-
steering 
mirror 
(FSM)

B4: 138-241

B5:  229-401

B6: 381-667

Long-wave 
interferometer

Short-wave 
interferometer

B1: 30-53

B2: 50-87

B3: 83-145

R=500 grating modules (𝜆 in 𝜇m)

Interferometers 
engaged via sliding 

mirrors

Grid / 
dichroic

Grid / 
dichroic

Relay

•  Two long-slit fields on the sky: short wave and long wave.
•  Each with 3 wideband grating modules, combine for full band coverage.
•  Interferometer engaged when desired for high-res mode, processes 

light with FTS, feeds to same grating backend.

MRSS Approach

06	June,	2017 FL	=	 117 m armin	=	 m

mm -425 -391 -357 -323 -289 -255 -221 -187 -153 -119 -85.1 -51.1 -17 17 51.1 85.1 119 153 187 221 255 289 323 357 391 	 mm

mm arcmin-12.5 -11.5 -10.5 -9.5 -8.5 -7.5 -6.5 -5.5 -4.5 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 armin

-255
-7.5

MRSS	Long FTS

-221
-6.5

-187
-5.5

-153
-4.5

HRS

-119
-3.5

C MISC	Im/Spec T

-85.1
-2.5

FTS MRSS	Short

-51.1
-1.5

-17
-0.5

17
0.5

51.1
1.5

Bonus	FOV Bonus	FOV

85.1
2.5

119 3.5 FIP

153
4.5

HI

187
5.5

HI

221
6.5

HI

255
7.5

XAN	FOV	(arc	minutes)

0.034

Bands 1,2,3: 30-145 microns

Band 4,5,6: 138-670 microns

Interferometer [FTS] 
FOVs

09:16:15

BOTH INTERFEROMETER HALVES: OPD=8x300mm      02-May-17 

200.00  MM   

SLIT

OPD	Slider

300	mm

CONCENTRIC
CASSEGRAINS

OST	FSM

722	mm

FLAT	
FLAT	

OAP	

OAP	

OAH	

CONFOCAL	
CASSEGRAINS	

Cassegrains 
deliver pupil to 
retro mirrors

Folds will be out of 
the plane, shown here 

in plane for clarity.

Beam is collimated at 80 
mm.

Short Wave 
Interferometer 

Band 1, 2, 3 gratings 

Band 6 waveguide grating spectrometer 
goes here (not shown) 

Band 4, 5 
gratings 

OST beam 
steering mirror 

(FSM) 

OST tertiary mirror 

Relay for LW bands 

Long Wave 
Interferometer 

Short-wave grating 
module design

optical designs by Bruce 
Cameron @ JPL

0.3 K

Optics 
cooled to 

1 K

Gratings: all-aluminum bolt-and go assemblies 

Example 
design

MRSS Detector Approach

FOV on sky

Interferometer design (LW, SW same)

Optical schematic

P1: FUI
September 30, 2000 16:14 Annual Reviews AR108-18

768 GENZEL ! CESARSKY

Figure 3 Combined LWS+SWS spectra of galaxies (>6 octaves). Left: Combined SWS/LWS
spectrum of the Circinus galaxy (Moorwood 1999, Sturm et al 1999b). The H2 lines and
low-excitation atomic/ionic fine structure lines ([FeII], [SiII], [OI], [CII]) sample photodissocia-
tion regions (PDRs4; Sternberg & Dalgarno 1995, Hollenbach & Tielens 1997), shocks (Draine et
al 1983, Hollenbach&McKee 1989), or X-ray excited gas (Maloney et al 1996). Hydrogen recom-
bination lines and low-lying ionic fine structure lines (excitation potential<50 eV: [ArIII], [NeII],
[NeIII], [SIII], [OIII], [NII]) sample mainly HII regions photoionized by OB stars (Spinoglio &
Malkan 1992, Voit 1992), although ionizing shocks may contribute in some sources (e.g. Contini
& Viegas 1992, Sutherland et al 1993). Ionic lines from species with excitation potentials up to
∼300 eV (e.g. [OIV], [NeV], [NeVI], [SiIX]) probe highly ionized coronal gas and require very
hard radiation fields (such as the accretion disks of AGNs) or fast ionizing shocks. Line ratios
give information about the physical characteristics of the emitting gas. Extinction corrections are
small (A(λ)/A(V) ∼ 0.1 to 0.01 in the 2–40 µm region). Right: The starburst galaxy M82 (top):
low excitation lines, strong UIBs/PAHs; and the AGN NGC 1068 (bottom): high excitation, no
UIBs/PAHs (Sturm et al 1999b, Colbert et al 1999, Spinoglio et al 1999). Sudden breaks in the
SEDs are the result of different aperture sizes at different wavelengths. Local bumps and unusual
slopes in the Circinus spectrum (12–20 µm and 35 µm) may be caused by residual calibration
uncertainties.

excitation/ionization states and are characteristic tracers of different physical re-
gions: photodissociation regions (PDRs4 ), shocks, X-ray excited gas, HII regions

4PDRs are the origin of much of the infrared radiation from the interstellar medium
(ISM). PDRs are created when far-UV radiation impinges on (dense) neutral interstellar
(or circumstellar) clouds and ionizes/photodissociates atoms and molecules. The incident
UV (star) light is absorbed by dust grains and large carbon molecules (such as PAHs) and is
converted into infrared continuum and UIB features. As much as 0.1–1% of the absorbed
starlight is converted to gas heating via photoelectric ejection of electrons from grains or
UIBs (Hollenbach & Tielens 1997, Kaufman et al 1999).

An
nu

. R
ev

. A
str

o. 
As

tro
ph

ys.
 20

00
.38

:76
1-8

14
. D

ow
nlo

ad
ed

 fro
m 

arj
ou

rna
ls.a

nn
ua

lre
vie

ws
.or

g
by

 N
AS

A 
Jet

 Pr
op

uls
ion

 La
bo

rat
ory

 on
 03

/18
/09

. F
or 

pe
rso

na
l u

se 
on

ly. Far$IR'range'at'z=2.5'
Far$IR'range'at'z=6'

10' 100'
Rest'Wavelength'[µm]'

Protoplanetary disk mass sensitivity 
via HD, OI:
(5σ, 1h, at d= 700 pc, using high-res mode, 
assume 8m OST)
0.2 MJupiter in HD J=1-0
0.001 MJupiter in [OI] 63

R = λ /δ λ
in high-res mode

4 km/s @ 
[OI] 63

7 km/s @ 
HD 112

10 km/s @ [CII]

8.1 m

5 m 

Table 4: Origins Space Telescope MRSS R=500 Grating Backends (on 8.14 m)
Parameter Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Scaling w/ Dtel

� [µm] 30–53 50–87 83–145 138–241 229–401 380–667
Beam size 1.15 1.9 3.2 5.2 8.7 14.4 / D�1

# beams in slit (approx) 270 166 100 100 100 64
Instantaneous FOV [sq deg] 3.7e-05 6.2e-05 1.03e-4 2.4e-4 0.0006.6e-4 1.16e-3 / D�2

Per-beam sensitivities — includes penalty for chopping (w/ OST FSM)
Point source line sens [Wm�2], 5�, 1h 2.6e-21 2.1e-21 2.0e-21 2.1e-21 1.8e-21 3.9e-21 / D�2

Line surf bright sens [Wm�2 sr�1], 5�, 1h 8.4e-11 2.4e-11 8.6e-12 3.3e-12 1.0e-12 8.1e-13 / D0

Point source R=4 cont. sens [µJy, 5�, 1h] 1.5 2.0 3.3 5.7 8.3 29. / D�2

Point source mapping speeds — here perfect background subtraction is assumed
Map. spd [deg2/(10�19Wm�2)2/sec] 6.2e-05 1.7e-4 2.9e-4 6.0e-4 2.2e-3 8.4e-4 / D2

Map. spd [deg2/[µJy]2/sec] 4.5e-08 2.7e-08 1.0e-08 3.3e-09 1.6e-09 1.3e-10 / D2

Pt. sce map depth in a given field, given time see example tables below / D�1

Intensity mapping sensitivity (noise. equiv. intensity / sqrt(Nbeams)
NEI /

p
Nmodes [MJy/sr/

p
sec], 1� 0.19 0.11 0.087 0.060 0.031 0.05 / D0

Numbers are for a 8.14-meter telescope, they can be scaled per the last column, under the assumption that the number of
pixels (the optical A⌦ or étendu) is fixed. Notes: Sensitivities assume single-polarization instruments with a product of cold
transmission and detector efficiency of 0.25, and an aperture efficiency of 0.75. (Each beam has ✓FWHM of 1.13�/D, appropriate
for an assumed 10dB edge taper, and a solid angle of ⇡

4 ln 2
✓2FWHM.)

Table 5: GEP R=300 Grating Backends (on 2m)
Parameter Band 1 Band 2 Band 3 Band 4 Scaling w/ Dtel

� [µm] 24–42 40–70 66–116 110–193
Beam size 3.7 6.2 10. 17. / D�1

# beams in slit (approx) 50 50 50 50
Instantaneous FOV [sq deg] 6.1e-05 1.7e-4 4.6e-4 0.0013 / D�2

Per-beam sensitivities — includes penalty for chopping (off-slit)
Point source line sens [Wm�2], 5�, 1h 6.2e-20 5.0e-20 4.2e-20 4.7e-20 / D�2

Line surf bright sens [Wm�2 sr�1], 5�, 1h 1.9e-10 5.6e-11 1.7e-11 6.9e-12 / D0

Point source R=4 cont. sens [µJy, 5�, 1h] 30 39 55 102 / D�2

Point source mapping speeds — here perfect background subtraction is assumed
Map. spd [deg2/(10�19Wm�2)2/sec] 1.8e-07 7.5e-07 3.0e-06 6.4e-06 / D2

Map. spd [deg2/[µJy]2/sec] 7.3e-06 4.1e-06 2.1e-06 6.2e-07 / D2

Intensity mapping sensitivity (noise. equiv. intensity / sqrt(Nbeams)
NEI /

p
Nmodes [MJy/sr/

p
sec], 1� 0.86 0.42 0.21 0.14 / D0

Numbers are for a 2-meter telescope, they can be scaled per the last column, under the assumption that the number of pixels (the
optical A⌦ or étendu) is fixed. Notes: Sensitivities assume single-polarization instruments with a product of cold transmission
and detector efficiency of 0.25, and an aperture efficiency of 0.75. (Each beam has ✓FWHM of 1.13�/D, appropriate for an
assumed 10dB edge taper, and a solid angle of ⇡

4 ln 2
✓2FWHM.)

11

Provides 
2.4 meters 

of path, 
R=43,000 x 
[112𝜇m/𝜆]

•  Sensitive far-IR detectors are unique to astrophysics, and must be 
developed by the scientists.

•  Need both excellent single-pixel sensitivity,
•  And a readout which permits hundreds of thousands of pixels.  

•  Readout using high-Q superconducting resonators enables the large formats.   
•  MRSS uses 100 MHz to 1 GHz readout band to carry 1500 pixels per circuit:  132 circuits for 

200,000 total pixels.

View (from back)

Baselmans et al. 2016, frequency MUXing of kinetic inductance detectors.

Example 1:  Small volume kinetic-
inductance detectors (KIDs)
•  Inductor/meander is 0.4 μm wide 

aluminum.  3um total volume.
•  0.5 μm gap at each intersection 

provides a capacitive short.
•  Shows high-yield, 3e-18 W/sqrt(Hz)
•  Improvements coming with higher-

quality aluminum film.

Focal plane cooled 
to 50 mK via ADR

Example 2:  Quantum Capacitance 
Detectors (QCDs)
•  Also patterned aluminum film on silicon.
•  Sensitive to single electrons tunneling.
•  Has demonstrated OST sensitivity 

requirements and 200 micron 
photon counting.

•  Yield low, work required to mature for OST.

Hailey-Dunsheath+ 
JLTP in press

Echternach+,  
Nature Astronomy

Superconducting Detectors: Photons Break Cooper Pairs

System resources:  <500 kg, 2.1 kW, 
de-scopes available.

NEP ~ sqrt(P) ->  
photon shot noise

OST 
target

Madau & Dickinson, 
2014

No confusion for spectroscopy, working in 3-D.

0.05 K

Optics cooled to 1 K

OST MRSS


