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Disclaimer 

• I have some multi-messenger credentials (GW, PeV neutrinos, cosmic rays)


• But no papers with real high-energy photons:  


• Highest detected photon: ~1 keV 


• Highest upper limits: ~100 GeV (Fermi/LAT)



Acronyms in this talk
I’ve tried to avoid them

• BH = Black hole 🤗


• EM, MW, MM, GW = Electro-magnetic, Multi-wavelength, Multi-messenger, Gravitational Wave


• AGN = Active Galactic Nucleus 

• A massive black hole in the center of a galaxy that is accreting and thus EM visible  

• “Massive”:  


• kpc = kilo parsec

≳ 105M⊙
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Are black holes 
spinning?

Fundamental questions about black holes

Is accretion physics  
scale invariant?

Black hole  
genesis in the  
early universe
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Are black holes 
spinning?

Answers from transient surveys

Is accretion physics  
scale invariant?

Large samples     
(often single wavelength)

Detailed single source 
studies (MW, MM)

Black hole  
genesis in the  
early universe

}
Reliable black hole 

mass estimates 



Traditional BH mass measurements are running out of steam

Effective radius 
~ kpc

BH sphere of influence 
~ pc

z=0.00326

NGC4151

Limited by  
angular  

resolution



BH mass measurements in the next decae

Limited by  
angular  

resolution

ELT* is coming:

2029

*Extremely Large Telescope



BH mass measurements in the next-next decade

Limited by  
arm length

LISA is coming:

2035+

*Limited by noise



Transient-based BH mass measurements*, starting now
Vera C. Rubin Observatory 

Limited by survey volume

*How? See backup slides



Rest of this talk

• Part 1: Two recent MM results: 


• Examples for future CTAO-KM3NeT synergies? 


• Part 2: The landscape observatories in the next decade:


• A unique place for CTAO+KM3NeT? 



A succes story: kilonova  GW170817 
Step 1: GW

Abbott et al. 2017



Step 2: -raysγ

Abbott et al. 2017



Step 3: very MW 



GW + CTAO
CTAO?

• CTAO operational during 
next observing run (O5)


• Need dedicated follow-
up (e.g., Carosi et al 2024)


• More sensitive to on-axis 
jets (Mondal et al. 2024)


• ~10% detection rate 
predicted (Carosi et al. 2024)



A second example: massive BH flares and neutrinos
Let’s consider slower transients

• In 2019: high-energy 
neutrino in coincidence 
with a transient from a 
massive black hole           
(a “TDE”; Stein et al. 2021)


• In 2020, another neutrino 
found after a peculiar AGN 
flare (Reusch et al. 2022)


• In 2023: systematic 
search, another neutrino 
found together with a 
flaring AGN                                
(van Velzen et al. 2023)

Figure 3: Delayed neutrino detections for the accretion flares. For each source, the neutrino
arrived (dotted vertical lines) a few months after the peak of the optical light curve (red and blue
symbols). This delay can be explained by a constant particle acceleration efficiency during the
first ⇠ 1 year of the flare (7). The dust reverberation signal (blue and purple lines) evolves on
longer timescales due to the large length of the dust sublimation radius (⇠ 0.1 pc). From the
duration of the infrared right curve we infer a peak luminosity that is equal or larger than the
Eddington limit for all three flares (Table 1).
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A second example: massive BH flares and neutrinos
Let’s consider slower transients

Figure 1: Significant dust echoes occur almost exclusively in low-mass black holes. The
onset of strong echoes, measured using the infrared flux increase within one year of the optical
peak of the flare, coincides with the Hills mass (30) for a solar-type star (defined by the re-
quirement that the tidal radius is larger than the black hole horizon). The label ‘TDE?’ indicates
accretion flares that occurred in active galaxies (i.e., sources with evidence for accretion prior to
the main flare). The three accretion flares coincident with a high-energy neutrino are indicated
with filled symbols.

9

• All three neutrino 
associations:


• Strong infrared flares (very 
uncommon for AGN)


• Detected in the radio                                   
(uncommon for AGN)


• Detected in X-ray, with 
soft spectra                                          
(very uncommon for AGN)

• Each wavelength yields  
significance of the neutrino 
ossociation

3σ



A second example: massive BH flares and neutrinos
What if this was 5-sigma?

• Flaring AGN are, for some reason, 
better particle accelerators? 


• High density of UV and X-ray 
photons:


• Opaque for TeV gamma-rays 
(due to two-photon annihilation)


• Similar to some models for NGC 
1068 (e.g., Murase 2022)

• CTAO non-detections become very 
important for model testing 

highest measured energy flux to the X-ray measurement in the
respective energy range—however we quote bolometric X-ray
luminosities in Table 1. The in-source photon density nX can be
computed from LX using Equation (10). Note that since LX
hardly changes over time, the neutrino time delay cannot be
generated by the X-ray target in our model; including
fluctuations of LX would result in corresponding time variations
of the neutrino light curve.

Interaction rates and calorimetric behavior. It is useful to
look at the rates (inverse timescales) as a function of energy for
one example to illustrate the calorimetric behavior; therefore,
we show in Figure 3 the rates for AT2019dsg at peak time
(solid curves) and at the time of the neutrino emission (dashed
curves, where time-dependent). First of all, we note that pγ
interactions with X-rays are possible for E Ep,max< , whereas
the interactions with the OUV BB are suppressed because the
proton energies are too low (the gray-shaded area marks
E Ep,max> ). However, since the OUV luminosity is much
higher than the X-ray luminosity, and Bethe–Heitler pair
production has a lower threshold, the rate of pair production off
OUV photons tp,BH

1- (see Section 4 for the implementation) can
be substantial.14Depending on the ratio between OUV and
X-ray luminosities, X-ray pγ interactions may be subdominant.
Since the OUV luminosity scales with the mass accretion rate,
the corresponding Bethe–Heitler rate will be lower at the
neutrino emission time tν—whereas the X-ray part of tp

1
g
- is

quite stable (dashed curves). We observe that while this effect
suppresses the overall neutrino production and leads to low
neutrino event rates (see Figure 2, right panel), it favors a late-
term neutrino production.15Proton-proton interactions are
always relevant for the neutrino production below the pγ
threshold, but inefficient in the shown example compared to the
X-ray interactions; a counter-example is AT2019aalc for
which the observed X-ray flux is low.

We can also discuss the proton confinement and calorimetric
behavior using Figure 3. Here the free-streaming escape rate
tfs

1- is much larger than tdyn
1- , and X-ray interactions are effective

over the dynamical timescale, but not over the free-streaming
timescale. Since protons at the highest energies are confined
(t t tp p,esc

1
dyn

1 1 g
- - - ), they accumulate, and the in-source proton

density will increase. As a result, the pγ interactions will be

stretched over a longer timescale—leading to a delay of the
neutrino production, scaling with tpγ. This can be also seen in
analytical estimates: the optical thicknesses for the free-
streaming and calorimetric cases can, for the X-rays, be
analytically roughly estimated as16
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Figure 2. Model M-X. Left panel: microphysics cartoon. Right panel: model assumptions and results. See caption of Figure 4 for the definition of the GFU (gamma-
ray follow-up) and PS (point-source) effective areas. Predicted event rates are for εdiss = 0.2 (0.05).

Figure 3. Relevant inverse timescales (rates) for protons and neutrons for M-X
and AT2019dsg in the SMBH frame as a function of energy (in the observer’s
frame); the shaded area is beyond Ep,max for M-X. Solid curves refer to the
tpeak, whereas dashed curves refer to the time of the neutrino emission tν (unless
the rate is constant in time). Note that for pγ and pp interactions, the interaction
rates (and not the cooling rates) are shown.

14 The effect has also been pointed out in Murase et al. (2020b) for the hidden
wind model, specifically.
15 For AT2019dsg, the X-ray interaction rate always dominates over t ;p,BH

1- for
AT2019fdr, X-ray interactions at tpeak are suppressed, but are more efficient at
tν; for AT2019aalc, X-ray interactions are always suppressed.

16 For these analytical estimates, we follow the method in Guetta et al. (2004)
using t n cp p X

1  sg g
- , where nX is the target number density and σpγ ; 500 μbarn.

The photon number density is estimated from the photon energy density divided by
the peak energy of 2.8 TX (Fiorillo et al. 2021; where the number density peaks);
the estimate therefore only applies to the spectral peak. Compared to numerical
computations, for which we follow Hummer et al. (2010), and which take into
account the full energy dependence of the cross section and the pitch-angle
averaging, the optical thickness is typically slightly overestimated (by a factor of a
few) in the analytical case because of spectral effects and the neglected width of the
Δ-resonance/pitch-angle averaging (Hummer et al. 2012).
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delay of the dust echo, subject to geometric uncertainties. We
choose the values in Figure 8, right table, which are related to
IR observations (AT2019fdr) or our dust model
(AT2019aalc). For AT2019dsg, we note that too large
values of R lead to too inefficient neutrino production; for our
dust model, the observed Δt in Table 1 translates into
Rdust; 6 1017 cm, i.e., the largest dust region—compared to
the smallest RBB. Instead of this value, we use the size R
inferred from the observed radio signal, speculating that the
dust region may be more structured to satisfy all constraints.
The chosen value for B= 0.1 G for all three TDEs leads to
confinement of protons over such a large region (see
Equation (8)), which helps the reproduction of the neutrino
time delay. The IR luminosities and light curves are taken from
our own dust model in Section 2.5, and the in-source density is
computed with Equation (10).

Interaction rates and optically thick/calorimetric behavior.
In Figure 9, we show the rates (inverse timescales) as a
function of energy, this time for AT2019fdr as an example,
for the parameters chosen for M-IR; again solid curves refer to
peak time and dashed curves refer to the time of the neutrino
emission. Here Ep,max is high enough that interactions with all
targets are possible. We see that the free-streaming and
dynamical timescales are much closer to each other than in
the other models because of the larger size of the region;
interactions with X-rays and with the outflow (pp) play a minor

role here, and so does Bethe–Heitler pair production. However,
the interactions with the OUV photons, which have a higher
luminosity but not necessarily number density, cannot be
neglected. At tpeak, the system is optically thin to pγ
interactions; however, confined protons will interact over tdyn
with the OUV and IR targets similarly to M-X. At tν, the
interactions with IR photons from the dust echo in fact
dominate the neutrino production.
The analytical estimates for the optical thicknesses in the

free-streaming and calorimetric cases and the IR target are
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respectively. This means that the neutrino production from
protons interacting with the IR target is guaranteed to be
efficient over the dynamical timescale, and that the system may
be optically thick. Assuming tpγ,cool; 5× tpγ (such as in the
optically thick case), it is also interesting that the proton
interactions are slow:
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which helps the neutrino time delay, as the injected in-source
protons will be depleted over that timescale.
Results. We present our main results for model M-IR in

Figure 10. The neutrino light curves (reddish-purple curves in
upper panels) follow the product of Lp,cal

eff (green dashed–dotted
curves) and OUV (black dotted curves) or IR (black dashed–
dotted curves). Therefore, a different time evolution for the
neutrinos from OUV and IR is expected. Here we re-discover a
calorimetric behavior similar to M-X for AT2019fdr and
AT2019aalc in which cases the neutrino time delay (reddish-
purple arrows) can be easily reproduced from the time delay of
the dust echo. On the other hand, AT2019dsg is free-

Figure 8. Model M-IR. Left panel: microphysics cartoon. Right panel: model assumptions and results. Here R is taken from Stein et al. (2021b; radio), Reusch et al.
(2022; IR) and Table 1 (c Δt) for AT2019dsg, AT2019fdr, and AT2019aalc, respectively. Predicted event rates are for εdiss = 0.2 (0.05).

Figure 9. Relevant inverse timescales (rates) for protons and neutrons for M-IR
and AT2019fdr in the SMBH frame as a function of observed energy. For
details, see the caption of Figure 3.
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Winter & Lunardini (2023)



Revolution in transient 
astronomy



Revolution in transient astronomy



Optical transient surveys

Ongoing  
(last 10 years)

Starting  
~now



• Mirror: 8.4 m  

• FoV: 9.6 deg2


• 6 bands (u, g, r, i, z, y)

• Limiting mg=24.5 (= “deep”)

• 20B galaxies; 18B stars

• 10M transient alerts per night


Alert data is public,                   
provided via 

Community Brokers

Vera C. Rubin Observatory 

I lead the TDE  
group in Rubin



LSST Camera Installation - March 2025



Vera C. Rubin Observatory 
Extraordinary detection rates

• Number of detections: 


• Rubin is about 20 more sensitive than current surveys and  is 
similar… 


• Detection rates increases by a factor 100! 

N ∝ V ∝ ΩskyR3 ∝ ΩskyF3/2
lim

Ωsky



Black hole transients detected since 1990

Image credit: N. Franz 
(https://github.com/astro-otter/examples/blob/main/tde-discovery-histogram-linear.gif)



Black hole transients detected since 1990

Image credit: N. Franz 
(https://github.com/astro-otter/examples/blob/main/tde-discovery-histogram-linear.gif)



Who can keep up?

• To keep up with Rubin


• Factor 10 increase in sensitivity 


• For survey missions: all sky (South)


• For follow-up: can accept (lots of) triggers



Who can keep up with the Rubin Nuclear Transient rate? 

WAVELENGTH CURRENT WITHIN 5 
YEARS KEEP UP WITH RUBIN?

UV Swift, HST, svom ULTRASAT      
(2027?) YES

X-ray 
Swift, Chandra, XMM, NUSTAR, 

NICER, IXPE, XRISM, Fermi, 
Einstein Probe, SVOM

 

COSI, CTAO YES/NO

Infrared NEOWISE, JWST NEO Surveyor 
(2027) NO

Radio VLA, AMI, ALMA,  EVN, 
ATCA, GMRT NO



Who can keep up with the Rubin Nuclear Transient rate? 

WAVELENGTH CURRENT 2030-2040 KEEP UP WITH 
RUBIN?

UV Swift, HST, svom UVEX (2030) YES

X-ray 
Swift, Chandra, XMM, 

NUSTAR, NICER, IXPE, 
Fermi, Einstein Probe, SVOM

eXTP, CATCH, AXIS, 
THESEUS, ATHENA YES

Infrared NEOWISE, JWST

Radio VLA, AMI, ALMA,       
EVN, ATCA, GMRT

SKA-mid, ngVLA, 
DSA-2000, FAST-core-array YES





Budget nightmares  

Disclaimer: 

image from Reddit 



Conclusions

• Both CTAO and Rubin observatory will make a huge leap in sensitivity 


• Rubin has ToO capabilities! (for public neutrino alerts, not yet -ray)


• While majority of Rubin transients are not TeV sources…


• … Faint/rare optical transients are my best bet for new synergies


• How to filter for these in the Rubin alert stream?


• CTAO follow-up of potential KM3NeT neutrino sources is key:


• Non-detections possible for high X-ray photon densities 


• But (unexpected) detections will happen!

γ





Adding more messengers

WAVELENGTH CURRENT within 5 years WITHIN 15 YEARS

UV Swift, HST ULTRASAT      
(2026) UVEX (2030)

X-ray Swift, Chandra, XMM, 
NUSTAR, NICER, IXPE, Fermi

EP, SVOM, XRISM, 
COSI, CTA

eXTP? CATCH? AXIS? 
THESEUS? ATHENA

Infrared NEOWISE, JWST NEO Surveyor 
(2027)

Radio VLA, AMI, ALMA,       
EVN, ATCA, GMRT SKA-mid ngVLA, DSA-2000

GW LIGO/VIRGO/KAGRA Upgrades         Ligo India, Taiji,  LISA, Cosmic 
Explorer, Einstein Telescope

Neutrinos IceCube KM3NET           IceCube Gen2, 

TRIDENT?



Roman Space Telescope
Launch 2027

• Conduct two time-domain surveys:


• Very deep near-IR (m~25); 


• 10-30 sq. deg


• 150 epochs over 2 years 


• Main science goal: ~104 SNe Ia at z~1-2 


• 102 TDEs at these redshifts!


• Again, photometric classification only


• Lots of hot dust transients!



More optical observatories

• EUCLID (NIR imaging, single epoch, but good for host galaxies)


• SPHEREx (all-sky IR spectra)


• Chinese Space Station Telescope (Xuntian; December 2026) 


• Plato (2026)


• Roman Space Telescope (2027?)


• Ground-based specialists: 


• Now: ASAS-SN, ZTF, ATLAS, PS1, BlackGEM, WINTER, 
LS4, WFST …


• Future: Argus Array, and more  





How to measure black hole mass from transient light curves
One example 



Plateau

Decay

Optical/UV light curves
Rise

Plateau phase

• Accretion disk (!)

Data of PS-10jh Gezari et al. (2012, 2015); 
van Velzen et al. (2019)



Late-time plateaus are common

HST data

(vanVelzen+19)

Swift/UVOT data

PS1-10jh 

(Gezari+12)

ASASSN-15oi 

(Holoien+16)



Plateau luminosity correlates with host galaxy mass

• Strongest correlation of all 
lightcurve properties


• Significance:                       



• 0.33 dex scatter in mass-
direction


• Theory predicts black hole 
mass from plateau    
(Mummery & Balbus 2020;  
Mummery 2022)                  

p = 5 × 10−7 ∼ 5σ

Based on Mummery+23, 
updated with latest data



Accretion  
disk model

6 free parameters: 
 M∙ Mstar cos(i) a∙ β 𝒱

TDE scaling relationships 11
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Figure 5. The different trends of the late time luminosity with system parameters. Each panel is coloured by the system parameter of interest. Upper left: black
hole spin, upper right: inclination, lower left: stellar mass, lower right: orbital penetration parameter. The trend with each parameter is readily understandable
from standard disc theory, as we discuss in the main body of the text.

plateau, we compute the inverse-variance weighted mean forced
photometry flux using only the last year of observations (this win-
dow typically contains 35 observations in the g-band). We shall de-
note this measurement with flate.

The comparison galaxies should have no net late-time flux. Hence
collection of measurements of flate for these sources provides direct
insight into the accuracy and precision of the forced photometry. The
median flate all comparison galaxies is �0.28µJy. We find three
significant outliers relative to the sample variance. All three of these
outliers have a negative flux around �3µJy. For two of these com-
parison galaxies with negative late-time flux, the late-time TDE light
curve also shows a significant negative flux. This suggests the native
flux is caused by a problem with the calibration of some epochs of
the ZTF field that contains the TDE and its comparison galaxy.

Not all ZTF fields have this problem. After removing the three
outliers, the standard deviation of flate of the comparison galaxies
is 0.61µJy, which corresponds to a 2-� detection threshold of 23.4.
This is consistent with the expected improvement over the single-

epoch detection limit by a factor
p
N , with N = 35 the typical

number of observations at are used to compute flate.

Using the standard deviation of flate for the comparison galaxies
we estimate the significance of flate for both the TDEs and their
comparison galaxies. The result is shown in Fig. 6. Only one of the
comparison galaxies has a positive flate with a significance greater
than 2�, while 29 of the ZTF-detected TDEs pass this threshold.

To conclude, the experiment with comparison galaxies yields no
evidence that positive residuals in the difference images could lead
to spurious late-time TDE plateau detections. However, we do find
a modest negative offset in the typical late-time difference flux of
�0.3µJy, with occasional outliers up to �3µJy. Because the origin
of the negative late-time flux is currently unknown (and under inves-
tigation), we have not attempted to correct the TDE lightcurves for
this systematic effect. While this decreases our sensitivity to accre-
tion disk signatures in optical TDE light curves, we are still able to
obtain a large number of plateau detections, as discussed in the next
section.

MNRAS 000, 1–29 (2023)



Accretion  
disk model

After marginalizing: 

 

with  scatter

Lplateau ∼ M0.66
∙

0.4 dex

10 Andrew Mummery, et al.
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Figure 4. The results of our simulated TDE population, presented as plateau luminosity ⌫L⌫ (measured in the rest-frame g-band) as a function of black hole
mass M•. We see, as predicted by disc theory, a clear correlation between black hole mass and TDE plateau luminosity. In the left panel we display a density
plot of the total number of TDE systems in each mass and luminosity bin. This panel demonstrates that while the total spread in values of Lplat for a given
M• is formally large (as demonstrated by the outermost contour), the majority of points lie in a more compact central region of the plot (the red dashed curves
show the 1� region around the median, which is denoted by a red solid curve). The black dotted curve is ⌫L⌫ / M•2/3, exactly as predicted by disc theory
(appendix A). On the right we show example theoretical probability density functions of the central black hole masses which produce late time plateaus at the
levels displayed on each panel. Note that the width of the black hole mass distributions increase as the plateau luminosity decreases, a result of the contribution
of highly inclined high black hole mass systems which are not present at higher luminosities due to the Hills mass effect. The observed plateau luminosity can
be used to measure TDE black hole masses.

5.2 Photometry

Below we describe the details of the ZTF and UVOT data reduction.
The ZTF and UVOT/UV lightcurves that we obtain will be available
for download at the journal website.

5.2.1 Swift/UVOT

Of the 63 TDEs in our sample, 60 have been observed and detected
at UV wavelengths by the Neil Gehrels Swift Observatory. We down-
load the latest Swift/UVOT data for all sources and reprocess all
photometry (using the 20201215 UVOT calibration files). Follow-
ing van Velzen et al. (2019b,a), we estimate the host galaxy flux in
Swift/UVOT filters by fitting a stellar-population synthesis model to
the pre-TDE photometry. This baseline is subtracted from the aper-
ture photometry obtained from the Swift images and the uncertainty
on the baseline flux is propagated into the resulting difference flux.

5.2.2 ZTF forced photometry

Of the 63 TDE in our sample, 46 are detected in ZTF. For these
sources we obtained forced photometry (Masci et al. 2019) light
curves using ZTF DR18 (which was released in July 2023 and gives
access to ZTF forced photometry light curves up to May 2023). We
reduce the lightcurves following the steps outlined in Hammerstein
et al. (2022).

An important step in the forced photometry reduction is baseline
subtraction, which removes any residual flux of the host galaxy from

the difference images. The time window for the baseline is defined
from the observations obtained after the last image used to build
the reference frame and before the onset of the TDE (this onset is
assumed to be at most 100 days before the peak; for each source we
confirm this by visual inspection and adjust if needed). For each ZTF
field and filter combination, the median difference flux inside the
baseline window is subtracted from the entire difference flux light
curve. If fewer than 10 observations are available for the baseline
window we reject this field and filter combination. This requirement
removes all forced photometry data for two sources (AT2018zr and
AT2018hyz), for these we only use the near-peak ZTF photometry
as published in van Velzen et al. (2020b).

5.2.3 Flux addition in forced photometry

At a redshift of z = 0.1, the typical distance of ZTF TDEs, an op-
tical luminosity of 1041 erg s�1corresponds to a magnitude of 24.
This predicted plateau luminosity (Fig. 4) is much fainter compared
the ZTF single-epoch (5�) flux limit of m ⇡ 21. However, by com-
puting the mean forced photometry flux of ⇠ 102 observations, we
should be able to detect a source with m = 24 at a signal-to-noise
ratio (SNR) close to three.

To test the quality of our forced photometry lightcurves, we in-
troduce a collection of “comparison galaxies”. These are selected
to have a similar quality of the lightcurve compared to each TDE.
To achieve this, we pick the galaxy with nearest r-band flux within
10 arcmin of each TDE host. To mimic the detection of a late-time
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Extending the 
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Adding more messengers

WAVELENGTH CURRENT within 5 years WITHIN 15 YEARS

UV Swift, HST ULTRASAT      
(2026) UVEX (2030)

X-ray Swift, Chandra, XMM, 
NUSTAR, NICER, IXPE, Fermi

EP, SVOM, XRISM, 
COSI, CTA

eXTP? CATCH? AXIS? 
THESEUS? ATHENA

Infrared NEOWISE, JWST NEO Surveyor 
(2027)

Radio VLA, AMI, ALMA,       
EVN, ATCA, GMRT SKA-mid ngVLA, DSA-2000

GW LIGO/VIRGO/KAGRA Upgrades         Ligo India, Taiji,  LISA, Cosmic 
Explorer, Einstein Telescope

Neutrinos IceCube KM3NET           IceCube Gen2, 

TRIDENT?



Vera C. Rubin Observatory 
Extraordinary classification challenge

peak of 

Rubin TDEs
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Vera C. Rubin Observatory 
Extraordinary classification challenge

peak of 

Rubin TDEs 


😱

• Photometric classification 
required


• Machine learning;


• Need a training sample:


• From simulations? 


• Of known TDEs?


• Subset of Rubin data



Vera C. Rubin Observatory 
Limitations of photometric classification

peak of 

Rubin TDEs 


😱

• ML good at finding what we already 
know 

• Most TDE properties (jets, QPEs) were 
not predicted


• ML Anomaly detection (eg, self-
organizing maps, Isolation forests): 


• ML has yet to detect something 
truly new 


• How to examine the anomaly if 
the transient has faded?



Spectroscopic follow-up 



Wide field spectroscopic telescope
could become operational in Chile … after 2040


