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TIM Technological Goals

* Raising the TRL of relevant
technologies by deploying themin a
near-space environment

TRLS

|

)
*Actual system completed and “flight qualified” through test and
demonstration (ground or space)

— TRL7 J

* Kilopixel Low-noise MKID arrays - T,::mm — J
 Low power RFSoC-based readout systems “cronment graundor ek o e

. . TRLS I
» Demonstrating these will strengthen B e

the case for future missions

* Training the next generation of
instrument builders and designers
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= T TIM Science Goals
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« Pathfinding mission for [ClI] line intensity mapping from spéce "

« Bridges regimes covered by ground-based facilities and future space 030
missions -

« Target a redshift regime with ample ancillary information and opportunities
for Cross-correlation

* Measure the total [_CIIE luminosity in stellar-mass-selected
stacks of galaxies in the GOODS-S field and use these to
investigate changes in star formation modes

* Directly detect the brightest [CII] emitters in the GOODS-S field
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TIM Science
Background

Why Terahertz? Why [CII]?
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LIM in the Far-Infrared
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LIM in the Far-Infrared
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LIM in the Far-Infrared
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The [CII]-SFR Connection
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The Cosmic Star Formation History

Redshift
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The Cosmic Star Formation History

Redshift
0 0.5 1 2 48

n -1
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| Data: Madau+14, Finkelstein+15, Bouwens+15, Driver+17
Fit: Water+20

Star Formation Rate Density
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Age of the Universe [Gyr]
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The Cosmic Star Formation History

Redshift
0 0.5 1 2 48

Cll in the FIR
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| Data: Madau+14, Finkelstein+15, Bouwens+15, Driver+17
Fit: Water+20
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The Cosmic Star Formation History
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The TIM Instrument
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The TIM Instrument

* Antarctic Stratospheric Balloon
(‘26/°27 Austral summer launch)

 Evolution of BLAST: gondola, pointing system,
cryostat, readout

 Telescope Specifications
* 2m primary mirror, Cassegrain design
» ~25" resolution at 240um
 Sum surface accuracy
* 1 degree field of view

* Instrument Specifications

Two grating spectrometers

240 - 317 & 317 - 420 um at R~250

1 degree slit length

Liquid-Helium cryostat with sorption cooler (~250mK)
2x MKID arrays with ~3600 detectors each
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The TIM Instrument
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The TIM Instrument

Long-wavelength Module Side

>
Focal Plane
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Focal Plane
Array

Lyot stop + Cal.
Source

| Collimating
Mirrors

——\y

5

Camera Mirrors
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The TIM Instrument
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The TIM Instrument

.
. .o

Secondary Quadrant ' Main Quadrant | - . - ——
728 pixels [LW] , 864 pixels [LW] / Quadrant Demonstration Ar:-

896 pixels [SW] "\ 1080 pixels[SW] ...in sub-scale housing
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Test Flight
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Test Flight

) & . . 4



Mission Integration Lab
Tucson, Arizona




Up next: science flight from
Antarctica in 2026/2027
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TIM Observational Strategy

WS>

TIM Observational Strategy

-27.4
SW FoV
240—317ym
" ,‘\‘\\ Abell 1835
N -27.6
45
14 SRXJ0152.7-1357
e QD -30° 1°

\ CDFS-SWiKE / ECDFS Canlly, ‘ s o —27.8 )
) a Gt - : Q long slit

ELAIS-S1-SWIRE

— @@a -28.0
- “Deep field” centered on GOODS-S - gty
» Also coincides with Euclid’s Fornax Deep Field after 15 hrs
« Few hundred square arcmin -28.2

* Survey area also targeted by MeerKAT/LADUMA,
and accessible to CO experiments like TIME-ext
and SPT_SLIM 53.6 53.4 53:2 N 53.0 52.8 52.6

—>
0.2° constant elevation scan
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Science with TIM
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A Broad Range of Models
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Keenan et al. in prep
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A Broad Range of Models

Redshift
0 1] 2 5

105 - Padmanabhan+19

(Icy) [y str™1]
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Age of Universe [Gyr]

Keenan et al. in prep
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A Broad Range of Models

(Icy) [y str™1]

Redshift
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Yang+22
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TIM Mission + Science Overview
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Keenan et al. in prep
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A Broad Range of Models
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A Broad Range of Models

Redshift

(Icy) [y str™1]

Age of Universe [Gyr]

Keenan et al. in prep
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A Broad Range of Models
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A Broad Range of Models

Redshift
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Direct Detections
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[CII]-SFR Calibration
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Licip — SFR calibration 1.01 <z<1.66
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The [CII] Power Spectrum
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The [CII] Power Spectrum
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The [CII] Power Spectrum
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The [CII] Power Spectrum
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Foreground Separation

« In TIM regime (0.5<z<1.7 , 240um<A<420um), [CII] pry - ‘
dominates the interlopers outside of z~0 bright Mathilde Van Cuyck  Srini Raghunathan
sources, easy to mask out. Methods investigaténdT:lMSCWOStat

* The main challenge will be CIB. » Frequency difference technic (Van Cuyck,
| oe redshift Il . SIDES forecast from  orini Raghunathan in prep.)

e | ' — 1 100 TIM-like fields * Preliminary: efficient for shot noise,
% 100 o — | of(1x0.2)-deg’ >10% lost in clustering with +10% uncertainties
S 10 . » Foreground wedge in Terahertz regime
£ 1] lhdhiansid o | coos « PCA, PCA in time domain.
© : 10
§‘ 101_E SoTTony FIR lines . s - . 4’_\’-—
e 5 W . i % , ,
% . freq. diff tech. for !, ~1° ‘\f

10—1-; €0(10-9) Co(9-8) C0(8-9) I\ [C”]@Z=1 ',0’ from %“: —20 1 ustert

1200 1100 1000 900 800 00 12 SIDES fields of  _50 1L e{:_gl . ——

Frequency [GHz] 9-d992

k [arcmin~1]
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The Glorious Future
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The Glorious Future
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The Glorious Future Criremel 4
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Take Home Message

TIM wil : 2 s
« detect the [ClI]-Galaxy cross- et B |
- 10°¢ -
spectrum at z~1, with further (A ;
opportunities for cross-correlation = | | |
tracers like CO and HI 5 LOPR A Ilabar by |
* provide a bridge to EoR [Clg | = ‘ \%
experiments in an easier redshift 35 104 :
regime S =N\
» demonstrate key technologies for B '

/
o

future LIM experiments.
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