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file under ‘status’

photo: K Lau

overall background and goals of TIME
outcomes from 2022 and 2024 commissioning runs
ongoing work for 2025 science deployment
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TIME
the Tomographic Ionised-carbon Mapping Experiment

Bradford+04 (NASA CP-2003-212233)

200–300 GHz
[C II] at z ≈ 7
various CO
lines at z ∼ 1

TES bolometers,
well proven and
understood in
CMB contexts
compact
waveguide
grating, as used
on CSO with
Z-Spec

⇒ demonstrating the promise of LIM / wide-field hyperspectral
imaging with the most mature mm-wave technologies
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instrument design

spatial

spectral

2× 16 feedhorns behind a polariser grid
one grating spectrometer bank per
polarisation

183–326 GHz
R ∼ 100 (δν ∼ 2–3 GHz)

six modules of TES detectors per
spectrometer

three LF (183–240 GHz), 8 frequency
channels per module
three HF (240–326 GHz), 12 frequency
channels per module

⇒ 2× 16× 60 = 1920 detectors across 12
TES modules when fully populated
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instrument design

⇒ 2× 16× 60 = 1920 detectors across 12
TES modules when fully populated

detectors designed for ≈ 300 mK
some cold optics as well
cooled with a set of helium sorption
fridges, backed by PT and JT cryocoolers
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science design
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Figure 7. Top: the joint posterior distribution of {a, b, σC ii, ξ}
constrained by TIME (red) and TIME-EXT (blue). True values of
parameters in our fiducial model are indicated by the solid lines
in gray, whereas the 68% confidence intervals of marginalized dis-
tributions are shown by the vertical dashed lines. Bottom: con-
straining power of TIME’s HF (low-z) and LF (high-z) bands on
the [C II] power spectrum from a 1.3× 0.007deg2 line scan. The
data points denote TIME (outer) and TIME-EXT (inner) sensitivi-
ties to the binned, observed 2D power spectra P(K), estimated us-
ing the mode counting method described in Section 4.2. The light
and dark shaded bands represent the 68% confidence intervals of
the observed power spectra, inferred from the posterior distribution
constrained by TIME and TIME-EXT, respectively. For reference,
horizontally-hatched regions show the true, 68% confidence inter-
vals of 3D power spectra P(k) constrained by TIME.

S/N) has a similar origin, since a steeper slope a also gives
rise to a flatter [C II] power spectrum with fractionally higher
shot-noise power.

From the joint posterior distribution, we are able to infer
how accurately the [C II] luminosity function can be con-
strained by the measured power spectrum. As shown in Fig-
ure 8, the integral constraints from [C II] power spectrum al-
low us to determine the [C II] luminosity function to within
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Figure 8. Same as Figure 4, but with the light and dark shaded re-
gions indicating the 68% confidence interval reconstructed from the
joint posterior distribution of {a, b, σC ii, ξ} constrained by TIME
and TIME-EXT, respectively.

a factor of a few for TIME and smaller than 50% for TIME-
EXT. Even though the detailed shape determined from in-
tegral constraints is model dependent, such measurements
provide unique information of the aggregate [C II] emission
from galaxies, including the faintest [C II] emitters cannot
be accessed by even the deepest galaxy observation to date.
We can also determine the [C II] luminosity density evolution
during the EoR. Figure 9 shows the level of constraint TIME
is expected to provide on the [C II] luminosity density over
5 < z < 10 assuming our fiducial [C II] model. We note that
overall our fiducial model predicts lower [C II] luminosity
density compared with the mean line brightness temperature
in ALMA 242 GHz band measured by Carilli et al. (2016).
The apparent discrepancy between the measurement and our
model may be understood in two ways. First, the ALMA
observation based on individual, blindly-detected line emit-
ters shall be interpreted as a lower limit because contribu-
tion from galaxies too faint to be blindly detected is not in-
cluded. That said, it may include a substantial contribution
from emission lines such as CO and [C I] at lower redshifts,
which typically requires near-IR counterparts to characterize
(see also Decarli et al. 2020).

Combined with improved measurements of the total SFR
based on both optical/near-IR and mm-wave data, TIME’s
measurements of the distribution and overall density of [C II]
emission help narrow down the uncertainty exists in the con-
nection between [C II] line luminosity and the SFR, partic-
ularly at high z. Physical processes that determine [C II]
luminosity and its scatter in EoR galaxies, including the
ISM properties (e.g., metallicity and the interstellar radiation

Figure: Sun+21 (arXiv:2012.09160)

initial survey targeting
1.3 deg × 0.43 arcmin
(180× 1 beams) over
∼ 103 hours
slices of COSMOS and
Stripe 82 likely, possibly
additional field
overlapping with
COMAP/HETDEX
also anticipating
ancillary science from
observations of galaxy
clusters, protostellar
cores, ...
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2022 commissioning run

photo D Marrone

operated from the Arizona Radio
Observatory 12 m telescope, at Kitt Peak
verified on-sky focus, beams with partially
integrated instrument (only one
spectrometer, no polariser grid)
verified hyperspectral imaging with both
continuum and spectral line sources
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view of the Galactic Centre
paper in prep (also prev. shown at various LIM and SPIE meetings)
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view of the Galactic Centre
paper in prep (also prev. shown at various LIM and SPIE meetings)

some dust + some CO mostly dust mostly CO
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view of the Galactic Centre
paper in prep

(preliminary!)

non-thermal
emission domi-
nates the CND
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other observations
another paper also in prep

G49.5-0.4 SF region:
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OMC ‘contact sheet’
another paper also in prep

Contact 
sheet

preliminary!!!

flux (Jy/beam)
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OMC ‘contact sheet’
another paper also in prep

Broadband 
fitted FWHM 
on each 
frequency

preliminary!!!

flux (Jy/beam)
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OMC ‘contact sheet’
spectrum from 3.25 hours of observations
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preliminary!!!

‘contact sheets’ and spectrum via S Yang (Cornell PhD student w/ Abby Crites)
I ∼ ν4 ⇒ β ≈ 2 consistent with previous NIKA2 maps, CONCERTO?
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2024 commissioning run

we attempted to deploy detectors across both
spectrometers, with a brand new polariser
grid and cryo-mechanical design.
in lab tests and at Kitt Peak, we discovered
key cryogenic and thermo-mechanical
obstacles to a happy healthy instrument.
we are now in the process of implementing
remedies and improvements for our upcoming
return to Kitt Peak this winter.

photo via E Mayer and T Natoli
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ongoing work
photos (and work) courtesy K Lau + JPL staff

new cable geometry to improve
detector readout

re-fabrication of detectors to fix
thermal shorts
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ongoing work
nodes at Cornell and Caltech (+ weather station dev at RIT)

integrated receiver testing at Cornell component testing possible
with ‘pinkie’ cryostat at Caltech

photo K Lau
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conclusions

TIME represents a set of well-understood technologies combined into a
pathfinding experiment for mm-wave LIM, surveying [C II] at EoR and CO
rotational lines near ‘cosmic noon’.
our commissioning runs in 2022 and 2024 provided important tests of the
TIME instrument—some wildly successful, some pointing to avenues of
clear improvement.
we expect to begin science observations this upcoming winter, and are hard
at work understanding our previous on-sky data and our current instrument
to enable future success.
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