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• Ready for detection of the atomic carbon lines from bright high-z galaxies

DESHIMA Cosmology with Nanotechnology

DESHIMA 2.0 detectable 
frequency-flux space!

goal
baseline

assuming 5σ detection in an 8 hr observation 

4
5

6
z = 7

ALMA bandwidth

2.0ASTE 10 m telescope

Chile 
Atacama 
4860 m asl

Inside of ASTE receiver cabin
Installations in  
2023 September



Radio (mm/submm-wave) transient sky
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• Intraday (< 24 hr) sub/mm-wave events were unexplored. (but see also, Urata+2014) 
• Afterglow from reverse shock of long GRBs should be bright even at redshift  (Inoue+2007) 
• Physical properties (e.g., B, ne) of a GRB jet can be imprinted in the sub/mm spectrum of 

synchrotron emission from GRB reverse shocks. No interstellar scintillation unlike low-freq radio.

z ≫ 1
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sub-relativistic outflows which would produce much fainter
millimeter emission. Furthermore, losses due to GWs may limit
the total available kinetic energy for synchrotron radiation
(Corsi & Mészáros 2009).

For the volumetric rate of NSMs leaving behind a stable
remnant, we assume that the extragalactic population of binary
neutron star mergers tracks the rate of Galactic double neutron star
systems, and consider that recent constraints on the neutron star
equation of state imply that at most a few percent of mergers leave
stable remnants (Margalit & Metzger 2019), consistent with late-
time radio upper limits of SGRBs (Metzger & Bower 2014;

Horesh et al. 2016; Schroeder et al. 2020). We therefore adopt a
total volumetric rate of RNSM= 2.5 Gpc−3 yr−1, corresponding
to∼0.5% the total NSM rate, as in Metzger et al. (2015). The
actual rate of NSMs leaving stable remnants depends on the highly
uncertain binary neutron star mass distribution and neutron star
equation of state. We scale the event rate with redshift using
Equation (9).

2.2.4. On-axis TDEs

The discovery of the gamma-ray/X-ray transient Sw J1644
+57 provided the first observational evidence for relativistic jet
formation from a TDE (Bloom et al. 2011; Burrows et al. 2011;
Levan et al. 2011; Zauderer et al. 2011). Radio and millimeter
observations were initiated within 0.3 days of the Swift trigger,
revealing a peak in the millimeter band and a steep spectral
slope at lower frequencies (Zauderer et al. 2011). The
millimeter emission remained detectable for about a year,
while the centimeter-band emission is still detectable a decade
later (Berger et al. 2012; Zauderer et al. 2013b; Eftekhari et al.
2018; Cendes et al. 2021b). Since the discovery of Sw J1644
+57, three additional relativistic TDEs have been discovered
(Cenko et al. 2012; Pasham et al. 2015; Brown et al.
2015, 2017; Andreoni et al. 2022).
Here we use the observed light curve of Sw J1644+57 at

87 GHz from Berger et al. (2012) as a template. We assume
an on-axis rate of TDEs based on the rate of Swift detected
events, with 0.03 Gpc yrSw,TDE 0.02

0.04 3 1= -
+ - - for events above

Liso 1048 erg s−1 (Sun et al. 2015) and note that the rate of
radio non-detections of thermally detected TDEs sets an
approximate upper limit of 1 Gpc yron axis TDE

3 1=-
- -

(assuming a beaming fraction of 100 and that10% of TDEs

Figure 3. Light curves of the extragalactic synchrotron transients considered in this work (Table 2) at an observer frequency of 100 GHz. Sources include on- and off-
axis long and short GRBs, on-axis relativistic TDEs (Sw1644+57), off-axis TDEs, FBOTs (AT2018cow), and neutron star binary mergers leaving behind a stable
magnetar remnant. We also show the 100 GHz flux density corresponding to a typical star-forming galaxy with a star formation rate of 1 Me yr−1 (horizontal red bar).
Flux densities are normalized to DL = 1027 cm (z ≈ 0.07).

Figure 4. RS models at 100 GHz for the LGRB jet energies and densities
considered in this work. Solid and dashed lines correspond to initial Lorentz
factors of Γ = 200 and 50, respectively. Thin lines correspond to the forward
shock component which peaks at later times.
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100 GHz light curves 
(based on actual observations)

Eftekhari et al. 2022, ApJ, 935, 16
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Quick follow-up system
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• NASA's General Coordinate Network (GCN) 

• DESHIMA/ASTE autonomous quick followup 
system (QFS) 

◦ Retrieves GCN/SWIFT alerts 

◦ Posts to Discord channel 

◦ Generates and posts visibility plots 

◦ Creates an observation script and sends it to 
ASTE system 

• Actual telescope operation is done manually by 
an observer (human) in charge 

◦ Elevation must be > 30 deg, Sun separation 
must be > 25 deg → 60-70% of the sky in 24 hr

DESHIMA Cosmology with Nanotechnology
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GRBs we've observed so far
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• List of SWIFT GRBs we observed in the past ~1.5 months. 
• We can even go shorter if the burst is accessible immediately (EL > 30°). 

DESHIMA Cosmology with Nanotechnology

Name GCN # Triger time (UTC) Executed? Start time (UTC) Time after 
burst (hr) SWIFT detect.

GRB241002 1257556 2024-10-02 00:50 No (north) - -

GRB241006 1258721 2024-10-06 21:58 No (windy) - -

GRB241010 1259578 2024-10-10 10:05 No (sun, windy) - -

GRB241025 1262165 2024-10-25 01:36 No (north) - -

GRB241026 1262764 2024-10-26 22:42 No (north) - -

GRB241030A 1263718 2024-10-30 05:48 No (north) - -

GRB241030B 1263840 2024-10-30 18:34 Yes 2024-10-31 04:30 9.9 hr BAT, XRT

GRB241101 1264304 2024-11-01 05:41 Yes 2024-11-01 13:46 6.1 hr BAT only

GRB241113 1267501 2024-11-13 07:48 Yes (cloudy) 2024-11-14 22:21 39.3 hr BAT, XRT

GRB241115 1267921 2024-11-15 13:18 No (cloudy) - -



GRBs we've observed so far (example)
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• GRB241030b (9.9 hr after the burst)

DESHIMA Cosmology with Nanotechnology
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in the millimeter band may be enabled by the next generation of
cosmic microwave background (CMB) experiments, as these
surveys will cover a large fraction of the sky at high cadence and
with unprecedented sensitivity, complementing centimeter-band
and optical surveys (Metzger et al. 2015). Indeed, the discovery of
millimeter transients at early times in CMB surveys will uniquely
facilitate the follow-up of sources across the EM spectrum, lending
to improved localizations and robust source characterizations.

There are already possible hints of an interesting discovery
space from ongoing CMB surveys. The first search for transients
in a CMB survey led to the detection of a single event with the
South Pole Telescope polarization-sensitive SPTpol survey
(Whitehorn et al. 2016); the lack of a clear host galaxy and
the low detection significance, however, prevented a conclusive
determination of the nature of the event. A similar search using
the third generation camera on SPT-3G revealed two extra-
galactic transient events with timescales of a few weeks, some
evidence of light-curve variability, and potential host galaxies in
the localization regions (Guns et al. 2021). The nature of these
sources remains unclear, although the observed variability may
be indicative of an AGN origin. Finally, using archival Planck
data, Yuan et al. (2016) discovered a bright millimeter source
coincident with the TDE IGR J12580+0134, suggesting the
event may represent one of two known TDEs with off-axis jetted
emission (see also Mattila et al. 2018). An increasing number of
Galactic stellar flares have also been serendipitously detected in
CMB surveys, but with much shorter durations and obvious
stellar counterparts (Guns et al. 2021; Naess et al. 2021).

Given the potential of CMB surveys to discover transients, it is
essential to explore their actual discovery space and the survey
strategies that would maximize the discovery rate. This has been
previously discussed in Metzger et al. (2015), although with a
focus on centimeter-band transients and surveys. Here, we follow
the approach of Metzger et al. (2015) and present for the first time
a comprehensive exploration of the discovery of millimeter-band
transients in CMB surveys. We consider a wide range of
phenomena that span a broad range of energies and ambient
densities (and hence timescales and luminosities). We use known
and estimated volumetric rates and their cosmological evolution,
and define a robust detection criterion to explore how detection
rates vary as a function of survey depth, cadence, and sky
coverage. The wide range of known transients considered here,
along with the basic physical constraints of synchrotron emission,
provide a robust characterization of the parameter space.

We note that we do not consider Galactic transients such as
stellar flares, and we further distinguish between bona fide
transients and variable sources like AGN. Although in principle
wide-field experiments may lead to the serendipitous discovery of
new populations of previously unknown events, as we show, the
physical constraints of synchrotron emission limit the allowed
phase space for such sources. The broad range of energies and
environment densities probed by the models we consider here thus
provide an adequate characterization of the allowed parameter
space.

This paper is structured as follows. In Section 2, we review the
landscape of known transients with detected millimeter emission,
and present basic arguments that govern the timescales and
luminosities of synchrotron sources (Section 2.1). In Section 2.2,
we discuss the properties and rates of various classes of transients
considered in our analysis. We provide a brief overview of relevant
CMB surveys in Section 3, and describe our simulations in

Section 4. Our results are presented in Section 5, and we
summarize our main findings in Section 6. Throughout the paper,
we use the following Planck cosmological parameters:
H0= 67.8 km s−1Mpc−1, Ωm= 0.308, and ΩΛ= 0.692 (Planck
Collaboration et al. 2016).

2. Extragalactic Transients

We consider a wide variety of extragalactic synchrotron
transients that span a range of timescales and luminosities in the
millimeter band, corresponding to a fiducial range of∼ 30–
300 GHz. These include detected sources, which span over
seven orders of magnitude in luminosity (L∼ 1037–1044 erg s−1)
and three orders of magnitude in time (t∼ 10−1–102 days); see
Figure 1. We also consider events that are theoretically predicted
despite no unambiguous direct detections to date (e.g., off-axis
orphan GRB afterglows), as well as more speculative transients
(neutron star mergers leaving stable magnetar remnants).
In Table 1 and Figure 1 we provide a complete list of

extragalactic transients with millimeter detections from the
literature through March 2022 using the NASA Astrophysics
Data System (ADS). Long-duration gamma-ray bursts (LGRBs),
which dominate the sample, span luminosities of L∼ 1041–
1044 erg s−1 (see de Ugarte Postigo et al. 2012 for a review). These
LGRB detections have also revealed reverse shock (RS) emission
at early times with ALMA (Laskar et al. 2013, 2018c, 2019a).
A small, but growing, sample of TDEs have also been detected

in the millimeter. The most luminous examples are the relativistic
TDEs Swift J164449.3+573451 (hereafter, Sw J1644+57; Bloom
et al. 2011; Burrows et al. 2011; Levan et al. 2011; Zauderer et al.
2011) and AT2022cmc (Andreoni et al. 2022) with a luminosity
comparable to typical LGRBs detected over a timescale ∼200
days (Berger et al. 2012; Alexander et al. 2022; Perley et al. 2022;
Smith et al. 2022). More recently, Cendes et al. (2021b) used

Figure 1. Millimeter light curves of extragalactic transients, including TDEs
(AT2019dsg (Cendes et al. 2021a), Sw J1644+57 (Berger et al. 2012), IGR
J1258+0134 (Yuan et al. 2016), and AT2022cmc (Alexander et al. 2022;
Perley et al. 2022; Smith et al. 2022), the FBOTs AT2018cow (Ho et al. 2019)
and AT20202xnd (Ho et al. 2022), core-collapse supernovae (stars), and long
GRBs (gray circles; see Table 1). Limits correspond to 3σ.
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Summary & Future
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• DESHIMA 2.0: World's 1st integrated superconducting spectrometer, which 
now allows for a quick followup of submm-wave transient events, such as 
reverse shock of gamma-ray bursts at high redshift. 

◦ Operations continue till early December 2024 (and we may move to 
another telescope in the future). 

• Successive TIFUUN (THz Integral Field Unit w/ Universal Nanotechnology) project 

◦ TIFUUN = "focal plane array of DESHIMA" 

◦ Currently, our scope only includes SWIFT followup but can be expanded 
to multi-messenger followups when TIFUUN is online. 

◦ Future 50-m class single dish telescope LST/AtLAST.

DESHIMA Cosmology with Nanotechnology


