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ABSTRACT

We report on the serendipitous discovery of three transient mm-wave sources using data from
the Atacama Cosmology Telescope. The first, detected at RA = 273.8138, dec = -49.4628 at ∼50σ
total, brightened from less than 5 mJy to at least 1100 mJy at 150 GHz with an unknown rise time
shorter than thirteen days, during which the increase from 250 mJy to 1100 mJy took only 8 minutes.
Maximum flux was observed on 2019-11-8. The source’s spectral index in flux between 90 and 150 GHz
was positive, α = 1.5± 0.2. The second, detected at RA = 105.1584, dec = -11.2434 at ∼20σ total,
brightened from less than 20 mJy to at least 300 mJy at 150 GHz with an unknown rise time shorter
than eight days. Maximum flux was observed on 2019-12-15. Its spectral index was also positive,
α = 1.8± 0.2. The third, detected at RA = 301.9952, dec = 16.1652 at ∼40σ total, brightened from
less than 8 mJy to at least 300 mJy at 150 GHz over a day or less but decayed over a few days.
Maximum flux was observed on 2018-9-11. Its spectrum was approximately flat, with a spectral index
of α = −0.2± 0.1. None of the sources were polarized to the limits of these measurements. The two
rising-spectrum sources are coincident in position with M and K stars, while the third is coincident
with a G star.

1. INTRODUCTION

New large-area surveys by sensitive, arcminute-
resolution CMB telescopes are making systematic searches
for mm-wave transient sources possible. Although tran-
sient phenomena in the mm-wavelength range are rela-
tively unexplored, a variety of sources have been observed.

In an untargeted survey by the South Pole Telescope,
Whitehorn et al. (2016) reported a candidate transient
at 2.6σ significance with a duration of 1 week. It rose
to a peak flux of 16.5 ± 2.4 mJy at 150 GHz and had
a rising spectrum and linear polarization. The possible

source’s identity is uncertain, but some properties agree
with models of GRB afterglows. Previously, Kuno et al.
(2004) observed GRB 030329’s afterglow at 90 GHz and
measured it at ∼ 65 mJy (at z = 0.17, nearby for a GRB).
Additionally Laskar et al. (2019) observed at 97.5 GHz a
polarized GRB afterglow associated with a reverse shock.
Generally, millimeter afterglows from GRBs last a few
days to about a week (de Ugarte Postigo et al. 2012).

Other types of transient events are also seen. The rel-
atively nearby (at 17 Mpc) tidal disruption event IGR
J12580+0134 was serendipitously captured in the six
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bands of the Planck High-Frequency Instrument, from
100–857 GHz (Yuan et al. 2016); the flux in each of these
bands exceeded 400 mJy and showed a flat or slightly
declining spectrum. The event lasted less than a year.
This event may have been a sub-stellar object torn apart
by a supermassive black hole (Lei et al. 2016). Ho et al.
(2019) presented millimeter wave measurements of the
exceptional transient AT2018cow. They argued that it
represents a new class of extragalactic transients sourced
by X-ray emission shocking a dense medium. This source
maintained its mm-wave brightness for several tens of
days. The spectrum rose at frequencies lower than roughly
100 GHz and fell for higher frequencies. Other observed
mm-wave transients include stellar flares from T Tauri
stars and other young stellar objects, found in observa-
tions that targeted star-forming regions. The flares are
attributed to magnetic reconnection events (Bower et al.
2003; Massi et al. 2006; Mairs et al. 2019). The spectra
of these events can rise or fall across the millimeter (and
change with time).

Synchrotron emission is an important mechanism in
many of these phenomena. If we characterize an object’s
flux density as Sν ∝ να, the synchrotron spectrum at
low frequencies rises (α > 0) due to self-absorption in
the optically thick regime (Rybicki & Lightman 1986).
At higher frequencies, the medium is optically thin, and
the spectrum falls (α < 0), following the distribution
of energetic electrons. The spectrum tells us about the
condition of the emitting region. The most common
variable sources between 90 and 150 GHz, active galactic
nuclei (AGN), have α <∼ 0. Thus transients with α > 0
between these frequencies are especially notable.

We report here on three serendipitous, high-significance
discoveries of transient sources in maps from the Atacama
Cosmology Telescope (ACT). The events are relatively
bright, represent large fractional increases in luminosity,
and appear to be unpolarized. One has rapid, minute-
timescale brightening, and two have rising spectra. These
transients appear to be associated with stars.

2. OBSERVATIONS

2.1. ACT

The ACT experiment (Thornton et al. 2016) is a 6-
meter telescope on Cerro Toco in the northern Chilean
Andes. The third-generation receiver (AdvACT, Hender-
son et al. 2016; Choi et al. 2018; Crowley et al. 2018)
houses three separate arrays of feedhorn-coupled, dichroic,
dual-polarization, transition-edge-sensor (TES) bolome-
ters from the United States National Institute of Stan-
dards and Technology (NIST), with each array occupying
an individual optics tube. The arrays are cooled to 0.1
K and detect radiation in broad bands centered on 98,
150, and 225 GHz (Choi et al. 2020). We label these
bands f090, f150, and f220 respectively. The bolometers
are read out with time-domain multiplexing electronics
(Hasselfield 2013, chapter 2) and stored in “time-ordered
data” files (TODs), each of roughly 10-minute duration.
Detector arrays PA5 and PA6 contain dichroic detectors
which record intensity and linear polarization in the f090
and f150 bands simultaneously in each of 429 feeds. Array
PA4 is similar but for the f150 and f220 bands in each
of 503 feeds. Each optics tube images an instantaneous
field of view with ∼ 1◦ diameter on the sky. The aver-

age beam full-width-at-half-maximum for each band is
2.05/1.40/0.98 arcminutes at f090/f150/f220 respectively.

The observing strategy scans the telescope in azimuth
with a peak-to-peak amplitude near 60◦ and a one way
scan time of roughly 40 sec (De Bernardis et al. 2016;
Choi et al. 2020). An individual scan covers a stripe of
the sky the length of the azimuth throw and the width
of the detector arrays, but due to the rotation of the sky
the covered area drifts by 15◦ per hour in RA, allowing
the same scanning motion to cover large areas of sky.
When scanning in the East, a point on the sky is first
observed when the bottom-most detectors in the lower
two arrays (PA4 and PA5) sweep across it. These are
gradually followed by detectors higher in the focal plane
as the source rises. After ∼ 6 minutes it rises above these
arrays, and about 3 minutes later enters the bottom of
the upper array, PA6, where the process repeats. When
scanning in the West the setting source crosses the arrays
in reverse, from top to bottom. All in all, a point on the
sky takes about 15 minutes to traverse the ACT focal
plane.

Since 2016 ACT has been surveying ∼40% of the sky
with a variable but roughly weekly cadence, resulting in
a set of 200 megapixel sky maps (e.g. Naess et al. 2020).
ACT calibrates the data in several ways, including by
cross-correlation to quarter-degree-scale CMB fluctua-
tions in maps from the Planck satellite. ACT observes
both during the night and day. At night, the telescope has
a simpler optical response and the processing of nighttime
data is more mature. All three transient sources were
observed at night.

Based on comparing our mapping solution to the posi-
tions of known sources, pointing accuracy for the analysis
presented here is approximately 3 arcsec (0.05 arcmin)
independently in Dec and RA/cos(Dec). This translates
into effective 1σ, 2σ, and 3σ radii of 5.8, 8.3 and 10.9
arcsec respectively for a χ distribution with two degrees
of freedom.

2.2. Discovery

The events presented here were not found in a search
optimized for transients, but were instead serendipitously
discovered during investigation of candidate events in a
search for the hypothetical Planet 9 (Batygin et al. 2019),
which will be the subject of an upcoming paper (Naess
et al. early 2021, in preparation). This search covers
roughly 18 000 square degrees of sky using almost all
ACT data from 2008 to 2019. However, the shift-and-
stack algorithm used for the planet search is far from
optimal for detecting transients, so the events presented
here were only found due to their high brightness. We
expect a forthcoming search optimized specifically for
transients to have a higher yield.

2.3. Characterization

We perform a maximum likelihood fit of the position
and a per-detector-array, per-frequency flux for each of
our three detections. This fit was performed directly
in the time-ordered data, using the same noise model
used for our normal map-making (e.g., Aiola et al. 2020),
and therefore takes into account both the temporal and
inter-detector correlation structure of the atmospheric and
instrumental noise. Due to ACT’s broad scans, each TOD
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hits multiple bright point sources with known positions,
in addition to the transient. We improve the absolute
position accuracy by including these in the fit.

3. THE EVENTS

3.1. Event 1: ACT-T J181515-492746

Event 1 was observed at RA= 273.8162◦ ± 0.0013◦ and
Dec= −49.4628◦ ± 0.00083◦ during one TOD in PA5 and
one in PA6 between 22:22 and 22:34 UTC on 2019-11-8.
The galactic coordinates are l = 344.53◦ and b = −14.81◦

consistent with being in the galactic plane. The two
arrays measured a large and unexpected difference in
the event’s flux in these TODs, which could either be
explained as a relative calibration error for the two arrays,
or as a rapid increase in brightness during the 8 minutes
it takes the sky to drift from one array to the next. To
investigate this we split each array into four sub-sets in
elevation and measured the flux at the event’s position
in each. This resulted in a total of 8 flux measurements
taken at roughly 1 minute intervals. This light curve is
shown in Figure 2, and shows a rapid and steady rise in
flux from 300 mJy to a peak of 1100 mJy over the course
of 8 minutes, followed by what might be the start of a
slower decay. At this point it was brighter than all but 51
of the 19 600 point sources seen by ACT at > 5σ at f150.
We did not detect the event in polarization, from which
we place the 98% upper limit of polarized flux density of
77 mJy at f090 and 57 mJy at f150.

To rule out calibration errors we measured the light
curve for two bright point sources that were also visible
in these TODs. These were flat to within 10% over
this period. The subsequent observation of the event by
two arrays (and their subsets) also rules out terrestrial
contamination. An object fixed to the celestial sphere
transits one array in roughly 3 minutes. Because of their
position in the focal plane, PA5 and PA6 view a point
on the celestial sphere 8 minutes apart. The event was
present at the same celestial location for the two TODs,
which rules out anything moving quickly, such as an
airplane, which would cross one array in roughly a second.
Similarly, a source orbiting the Earth would transit an
array in roughly 15 seconds.

Since we did not observe this region of sky again in
2019, we cannot say how long the event lasted.

After the event was identified, we measured the flux
at the event’s location in maps based on the full ACT
data set from 2008–2019 (of which data from 2016–2019
hit this region) to determine the baseline flux level. No
significant flux was detected and there was nothing out
of the ordinary at this position until the event occurred.
We used this to set lower limits on how many times
brighter than its average level the source got at its peak:
at 98% (50%) confidence the source got at least 36 (88)
times brighter at f090 and 181 (719) times brighter at
f150. During the flare the source had a spectral index
of α = 1.5 ± 0.2 as measured between f090 and f150.
This value includes a 1σ calibration uncertainty of 5%
particular to this analysis. We see no evidence of the
spectral index changing during the flare.

The properties of Event 1 are summarized in the first
column of Table 1.

3.1.1. Possible counterparts

Event 1 is 3.5 arcsec away from the high proper-motion
M star 2MASS J18151564-4927472 at a distance of 62 pc
(Gaia Collaboration 2020). The star has J2000 coordi-
nates RA=273.8152◦ Dec=-49.4631◦ and spectral type
M3V. The star has TESS observations with a 0.4 day peri-
odicity, which suggests that it is a rapid rotator. Messina
et al. (2017a) notes it as a single-line spectroscopic binary.

The star 2MASS J18151564-4927472 is a member of
the β Pictoris moving group or possibly the Argus asso-
ciation (Moór et al. 2013; Messina et al. 2017b). These
associations contain young stars: recent age estimates
are in the range 16–28 Myr for the β Pic moving group
(Binks & Jeffries 2016; Messina et al. 2016; Miret-Roig
et al. 2020) and 40–50 Myr for the Argus association
(Zuckerman 2019).

The association with 2MASS J18151564-4927472 is
much closer than one would expect by chance, given the
local density of such stars. According to Gaia Collabo-
ration (2020), there are only 1568 stars of its brightness
(g-mag 11.72) or brighter within 2◦ of this position. At
this areal density, n = 9.63× 10−6 arcsec−2, the probabil-
ity of having a star as bright as this within r = 3.5 arcsec
is only P = 1 − exp(−nπr2) = 3.7 × 10−4. It therefore
seems unlikely that this is a chance association.

Event 1 is also associated with the ROSAT X-ray source
2RXS J200759.4+160959 (Boller et al. 2016), which has a
separation of 8.2 arcsec from the event, consistent with the
ROSAT position accuracy of 6 arcsec. The local density of
ROSAT X-ray sources of this brightness (18.83 counts/s)
is 1.4× 10−8arcesc−2 within a distance of 10◦, leading to
a random association probability of just 2.9× 10−6. The
X-ray source is therefore likely to be assicated with Event
1 and 2MASS J18151564-4927472.

At a distance of 62 pc, the characteristic luminosity
(assumed isotropic) of this transient event would be νLν =
2.61±0.16×1022 W in f090 and νLν = 7.59±0.42×1022

W in f150. This is roughly a million times brighter than a
bright solar flare (e.g. 3.5×1016 W at 212 GHz for an X5.6
class flare (Kaufmann et al. 2002)), but is comparable to
giant flares observed in young stars (see section 4).

3.2. Event 2: ACT-T J070038-111436

Event 2 was observed at RA= 105.1584◦ ± 0.00085◦

and Dec= −11.2434◦±0.00083◦ in one TOD each of PA4,
PA5 and PA6 during the period 02:30–02:38 UTC on
2019-12-15. In that interval, we observed a flux consistent
with being constant (p = 0.51, though with large error
bars) at 143 ± 13.0 mJy at f090 and 304 ± 18 mJy at
f150. The array PA4 is also sensitive to the f220 frequency
band, but the f220 data did not pass our quality cuts
for this TOD. For comparison the mean sky flux at this
location across our full data set is consistent with zero,
-0.7/7.7/-5.2 ± 5.8/6.5/13.2 mJy at f090/f150/f220. This
represents a brightening of a factor of at least 35 (39) at
f090 and 11 (14) at f150 at a confidence of 98% (50%).
We do not detect the event in polarization, resulting in a
98% upper limit of 74/63 mJy at f090/f150.

These observations are preceded by an 8 day gap in
coverage of this part of the sky, and this area of the
sky was not observed again in the ACT data we have
analyzed so far. We can therefore only limit the rise and
fall times for the light curve to be < 8 days and� 10 min
respectively. The galactic coordinates are l = −138.01◦
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Fig. 1.— Diagnostic plot for Event 1. The rows show a series of 0.5◦ × 0.5◦ filtered maps corresponding to PA4 f150, PA5 f150, PA6
f150, PA4 f220, PA5 f090 and PA6 f090 from the bottom to the top, while the columns correspond to individual 3-day chunks of data for
the 2017-2019 observing seasons, with those that don’t have exposure near this object omitted (so there are implicit, variable-length gaps
between each column). The maps are in units of signal-to-noise ratio, spanning from -8 (blue) to +8 (red). Time increases from left to right.
It is clear that this region is quiet until the last map where a strong point source suddenly appears in all arrays that hit it. The columns are
not equi-spaced, and there is a gap of 12 days between the preceding thumbnail maps and the ones in which the source is detected. The
source is evident in the PA4 time line but the data do not pass our data quality cuts. The time for the last map spans from 2019-11-7
00:00:00 to 2019-11-10 00:00:00. Unfortunately, there are no observations of this region in 2019 after those shown in this figure. There is a
several month long gap before any 2020 coverage of this region, and the 2020 data is not yet ready for analysis.
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Fig. 2.— High-resolution light curve for Event 1 ACT-T J181515-
492746 made by subdividing the ACT detector arrays into 4 sub-
sections that hit the source at slightly different times. We observe a
rapid rise from about 180 to 600 mJy at f090 and from 600 to 1100
mJy at f150 over the course of 8 minutes followed by what might
be the beginning of a slower decay. We do not detect anything at
this location before this, even when averaging four years of data.
The gap between -4 and 0 minutes on the x-axis corresponds to the
separation between two of our detector arrays. Unfortunately there
are no observations of this region in 2019 after this. No f220 data
survived our data cuts during the event.

and b = −3.09◦, so the event is close to the galactic plane.
Between f090 and f150, α = 1.8± 0.2.

Event 2 is summarized in column 2 in Table 1.

3.2.1. Possible counterparts

The two closest sources in the SIMBAD data base
(Wenger et al. 2000) are the star HD 52385 (spectral
type K0/III) (Cannon & Pickering 1993; Houk & Swift
1999), which is 10.7 arcsec (2.9σ) away from the position
of Event 2, and ROSAT source 2RXS J070037.4-1114351

(Boller et al. 2016) which is 7.9 arcsec away.
The star’s J2000 coordinates are RA=105.1567◦

Dec=−11.2459◦ and its distance is 403 pc (Gaia Col-
laboration 2020). It is in the star forming region Canis
Major R1. In a ROSAT study of the young stellar popula-
tion of this star forming region, the star and X-ray source

1 5.2 × 10−6 probability of seeing an X-ray source as bright as
its 22.68 counts/s as close as this by chance.

are also associated by Gregorio-Hetem et al. (2009), who
from color-magnitude and isochrone fitting determined
the object’s mass and age as > 5 M� and < 1 Myr,
although they remained uncertain about the age.
Gaia lists 161 stars at least as bright as HD 52385’s

8.11 g-mag within 4◦ of Event 2, for a local density of
n = 0.247× 10−6 arcsec−2. The probability for a star as
bright as this being as close as 10.7 arcsec by chance is
only P = 8.9× 10−5.

At a distance of 403 pc, the characteristic luminosity
(again assuming isotropy) of this event would be νLν =
27± 2× 1022 W at f090 and νLν = 89± 5× 1022 W at
f150, making it more than ten times as luminous as Event
1.

3.3. Event 3: ACT-T J200758+160954

Event 3 was observed at RA= 301.9952◦ ± 0.00087◦

and Dec= 16.1652◦ ± 0.00083◦ with an (observed) peak
on 2018-09-11 23:36, which is also our first detection
of a signal at this location. Unlike the other events,
we have extensive, if somewhat irregular, coverage of
this area both before and after the peak, resulting in
the light curve shown in Figure 3. The source appears
from one day to the next with a flux of 340/306/315 ±
10/14/54 mJy at f090/f150/f220, and then falls gradually
to near non-detection over the course of 3 days, followed
by a new sudden rise and another slow decay. By day
12-15 the source is undetectable in f150 and f220 and
barely detectable in f090. We do not detect the event in
polarization, resulting in a 98% upper limit of 57/95/58
mJy at f090/f150/f220.

When averaged over all our data, we find a mean flux
of 10.3/3.6/0.4 ± 2.9/2.2/4.5 mJy, corresponding to a
3.6σ detection at f090. However, it’s important to note
this data includes the event itself. It is possible that
the weak detection at f090 in the average data is simply
a diluted version of the transient itself, with no flux
being present outside this event. We will perform a more
careful measurement of the multi-season average flux that
excludes the event itself in a future paper describing a
systematic search for ACT transients. If these mean fluxes
are representative of the source’s behavior outside the
event, then the source got at least 21/39/27 (33/92/98)
times brighter in f090/f150/f220 at 98% (50%) confidence.

The galactic coordinates are l = 56.3◦ and b = −8.8◦,
again near the galactic plane. The spectral index at the
peak is −0.25± 0.17 between f090 and f150, −0.23± 0.44
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TABLE 1
Overview of the events

Event 1 Event 2 Event 3
Name ACT-T J181515-492746 ACT-T J070038-111436 ACT-T J200758+160954

Coords
◦

RA 273.8138 105.1584 301.9952
Dec -49.4628 -11.2434 16.1652
l 15.4692 223.9866 56.2617
b -14.8090 -3.0893 -8.8159

Pos. acc. ” 3 3 3

Time
Peak 2019-11-8 22:30 2019-12-15 02:22 2018-9-11 23:36
Rise 8 min < 8 days < 1 day
Fall � 4 min � 10 min ≈ 2 weeks

Mean flux
mJy

f090 5.9 ± 4.8 -0.7 ± 5.8 10.3 ± 2.9
f150 -2.4 ± 3.3 7.7 ± 6.5 3.6 ± 2.2
f220 -1.0 ± 4.0 -5.2 ±13.2 0.4 ± 4.5

Peak flux
mJy

f090 579 ±36 143 ±13 340 ±10
f150 1099 ±60 304 ±18 307 ±14
f220 – – 315 ±54

Min factor
50%

f090 88 39 33
f150 719 35 82
f220 – – 98

Min factor
98%

f090 36 11 21
f150 181 14 38
f220 – – 27

Pol limit
mJy

f090 <76.8 (15%) <74.2 (41%) <56.7 (18%)
f150 <57.1 (10%) <63.0 (31%) <95.4 (24%)
f220 – – <57.9 (74%)

Spec.ind. (α) 1.5 ± 0.2 1.8 ± 0.2 -0.2 ± 0.4

Assoc

Name 2MASS J18151564-4927472 HD 52385 HD 191179
Sep. ” 3.5 10.7 6.4
Chance 3.7 × 10−4 8.9 × 10−5 2.8 × 10−5

Dist pc 62.0 ± 0.6 403 ± 4 219 ± 1

νLν
1022W

f090 2.61 ± 0.16 27.20 ± 2.48 19.14 ± 0.59
f150 7.59 ± 0.42 88.73 ± 5.13 26.38 ± 1.18
f220 – – 39.73 ± 6.81

Notes
Rapid rise from near
zero to peak in 8 min-
utes. Blue spectrum.

Not observed during
rise and fall. No
detectable evolution
over 15 min. Blue
spectrum. Position
offset is a bit big.

Flat spectrum. Slow,
non-monotonic fall
from peak over 2
weeks.

Note. — The “peak” time represents when ACT observed the highest flux from the source, in UTC. Due to sparse coverage
this might not coincide with the actual peak of the light curve. The rise/fall times are the time it takes the source to rise/fall
from below detectability to the peak. Due to sparse coverage some of these are only upper limits, and some are completely
unconstrained because the source was never observed after this. The coordinates are J2000 and have an approximate accuracy of
3 arcseconds (1σ error), with comparable contributions from statistical and systematic uncertainty. The “mean” fluxes reported
are those from forced photometry at the source position on maps using all data from the 2016–2019 observing seasons, which
includes the event itself as a small subset. The “min factor” gives the 50% and 98% lower bound on how many times brighter
the source got during the peak compared to its normal state. We do not detect polarization for any of the events, from which we
derive the 98% upper limits in flux and polarization fraction given in the row “pol limit”. The spectral index was measured using
f090 and f150 only. Distances come from Gaia DR 2. “Chance” is the probability that an object as bright as the given candidate
would be that close to the event by chance. νLν gives the characteristic luminosity of the event in units of 1022W, assuming
isotropy and that the event is at the distance given by the tentative association. Luminosity error bars do not include distance
uncertainty.

between f090 and f220, and 0.12± 0.48 between f150 and
f220. We see no evidence of the spectral index changing
during the event.

The properties of Event 3 are summarized in the third
column of Table 1.

3.3.1. Possible counterparts

The star HD 191179 (Cannon & Pickering 1993) is
within 6.4 arcsec (1.1σ) with the position of event 3. It
is a spectroscopic binary (Osten & Saar 1998; Griffin
2009) with J2000 coordinates RA = 301.9968◦, Dec =
16.1662◦ and a distance of 219 pc. It is coincident with
WISE J200759.23+160958.1 (Wright et al. 2010) and

X-ray source 1RXS J200759.3+1609552 (Rutledge et al.
2000; Kiraga 2012; Greiner & Richter 2015). The X-ray
source is identified with the stellar system. SIMBAD
lists this object as a G5 star, but Osten & Saar (1998)
and Cutispoto et al. (2002) fit the binary system with
models of K0IV + G2V (subgiant/dwarf) and K0IV +
G2IV (subgiant/subgiant), respectively. In particular,
Cutispoto et al. (2002) categorize the G star as a fast
rotating solar-type star, which indicates that it is a young
object, in a class of stars just before or just after arrival
on the main sequence. The system appears in the catalog
of Eker et al. (2008) of chromospherically active binary
stars.

2 Separation 9.4 arcsec; 2.6× 10−7 probability of seeing an X-ray
source as bright as its 349 counts/s as close as this by chance.
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bright mm-wave star flares from the literature. act-1/2/3: Event
1/2/3 from this paper. alma-1/2: Proxima Centauri (MacGregor
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Although Event 3 has some of the characteristics of a
blazar, e.g. a flat spectrum and evolution on day-to-week
time-scales, we could not identify a potential candidate.
Gaia lists 140 stars at least as bright as HD 191179’s

7.96 g-mag within 4◦ of Event 3, for a local density of
n = 0.215 × 10−6 arcsec−2. The probability for a star
this bright happening to be within 6.4 arcsec by chance is
P = 2.8× 10−5. If the association with HD 191179 is cor-
rect, then the peak flux corresponded to a characteristic
luminosity νLν of 19.1/26.4/39.7± 0.6/1.2/6.8× 1022 W
in f090/f150/f220, making it intermediate between Event
1 and 2.

4. DISCUSSION

The spatial coincidence of these three sources with
stars is notable. Assuming the stellar associations are

correct, we can compare them to other mm-wave stellar
transient events as in Figure 4. There is a wide variety
of behavior, and our events are comparably luminous to
some of the previous observations. Of those previous
events, three are in T Tauri stars: V773 Tau (Umemoto
et al. 2009), JW 566 (Mairs et al. 2019), and GMR-A
(Bower et al. 2003). Three are in binary systems: V773
Tau and JW 566 are binary T Tauri systems, and σ Gem
is an evolved giant K star in an RS Canum Venaticorum
variable binary. Sources like these can exhibit strong
variability in both flux and spectral index during and
after a flare (Bower et al. 2003). The time-scale of these
events varies greatly. Some vary on time-scales of days,
while others rise and fall in as little as a minute. For
example Proxima Centauri, an M-type star, increased
in brightness by 1000 with a duration of about half a
minute at 233 GHz (including both rise and fall), and
with a spectral index of α = −1.77 ± 0.45 MacGregor
et al. (2018).

Likely all of our stars are young. One star (2MASS
J18151564-4927472) is on the main sequence, but is a
candidate member of young stellar associations and a fast
rotator. The other two are much too luminous to be on
the main sequence. HD 52385 is a young stellar object
in a star forming region. HD 191179 is a fast rotator
and young object. Two of our stars (2MASS J18151564-
4927472 and HD 191179) are known binaries. All the
stars are associated with strong X-ray emission.

A main mechanism for stellar flares is magnetic recon-
nection in coronal loops on the surface of the star. These
can happen in loop collisions on single stars, but are
enhanced in young stellar objects by interactions with
the protoplanetary disc and in binary star systems by
interactions between the coronas of the two stars (Massi
et al. 2006).

We expect to detect more flaring stars as well as ex-
tragalactic transients in a future systematic search for
transients in the ACT data. This will permit an as-
sessment of the associated event rates. The large area
mm-wave coverage of ACT and the upcoming Simons
Observatory (Ade et al. 2019) and CMB-S4 (Abazajian
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et al. 2019) will nicely complement the Vera Rubin Ob-
servatory’s detection of transients in the optical (Ivezić
et al. 2019). The lack of time coverage in our detections
highlights the need for a regular and frequent cadence to
characterize such events well.

By surveying large areas, mm-wave instruments will be
able to measure the population statistics of these mm-
wave stellar flares. With a blind search, we will be able to
constrain the rates of such flares both inside star forming
regions (where many previous works have looked) and
outside them in the general stellar population.
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