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Why optical / 
infrarred (IR)?
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• Spectroscopy and photometry 
(+polarimetry) provide 
additional information 

• Velocities, densities, 
orbital parameters… 

• Useful for modeling 

• Bright events can be 
interesting to be triggered 

• Novae, SNe, AGNs… 
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1. State Administration (Ministry of 
Science and Innovation)

2. Canary Islands Regional Government
3. University of La Laguna
4. Spain’s Scientific Research Council. 

² More than 60 collaborative agreements
active with institutions that operate
scientific facilities at the IAC’s
Observatories and other research
centers.

The IAC 
Severo Ochoa Center of Excellence

OT ORM

CALP

MAIN HEADQUARTERS

IACTEC

The IAC and the Observatories

Slide from Nayra Rodríguez Eugenio
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Observatories of the Canary Islands

Teide Observatory

Roque de los Muchachos
Observatory

The Observatories of the Canary Islands
Pioneers of Astronomy in Spain

Slide from Nayra Rodríguez Eugenio



Towards the
Cherenkov Telescope 

Array Observatory

Observatorio 
Roque de los Muchachos

L S T- 1

L S T- 4

L S T- 2

L S T- 3

MAGIC 1
MAGIC 2

@ORM



Observatorio 
Roque de los Muchachos

L S T- 1

L S T- 4

L S T- 2

L S T- 3

MAGIC 1
MAGIC 2

HEGRA (1987-2002) 
Particle detectors, gamma telescopes 

Showers above 1 TeV (detection of Mrk501 at 16 TeV) 
First stereo observations

HEGRA
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ASTRI Mini-Array @OT

Observatorio del Teide
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Observatories of the Canary Islands

Teide Observatory

Roque de los Muchachos
Observatory

The Observatories of the Canary Islands
Only observatory worldwide with access to all frequencies from Earth

Slide from Nayra Rodríguez Eugenio
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The Observatories of the Canary Islands
Pioneers of Astronomy in Spain

IAC

• Showed for the first time that high altitude sites provide clear advantages for 
astronomical observing. 


• Observations in Tenerife, from sea level to the Guajara mountain (2,717 m) and  
Altavista (3,250m) close the peak of Teide.


Piazzi Smyth 1856 
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The Observatories of the Canary Islands
Pioneers of Astronomy in Spain

IAC

• Purpose of observing the approach of Halley’s comet in Tenerife


• So satisfied with the conditions for astronomical observation on the mountains of 
Tenerife, that he proposed the setting up of an international observatory on  
Guajara mountain


Jean Mascart, 1910
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The Observatories of the Canary Islands

1964- 
1975

Pioneers of Astronomy in Spain

Slide from Nayra Rodríguez Eugenio

Solar eclipse, 1959 

• Studies were initiated of the 
astronomical conditions in 
the region of Izaña 

• the Teide Observatory was 
officially created

1st professional telescope, 1964 
from University of Bordeaux (France)
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Pioneers of Astronomy in Spain
The Observatories of the Canary Islands

Slide from Helmut Dannerbauer

 Agreement on Cooperation in Astrophysics 26 May 1979
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Pioneers of Astronomy in Spain
The Observatories of the Canary Islands

Slide from Helmut Dannerbauer

 Agreement on Cooperation in Astrophysics 26 May 1979
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Pioneers of Astronomy in Spain
The Observatories of the Canary Islands

Slide from Helmut Dannerbauer

 Agreement on Cooperation in Astrophysics 26 May 1979
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Pioneers of Astronomy in Spain
The Observatories of the Canary Islands

IAC, Teide and Roque Observatories officially inaugurated in 1985



The Observatories of the Canary Islands
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Pioneers of Astronomy in Spain

Slide adapted from Nayra Rodríguez Eugenio

Over the last 40 years:

> 60 institutions of 20 countries 

3 international consortia (institutes from 10 additional countries)

> 700 people directly working for Astrophysics in the Canary Islands

Austria

Belgium

Checz Rep.

Denmark

Finland

France 

Germany

Italy

Japan 

Mexico

Spain

Sweden

The Netherlands

United Kingdom
USA
Consortia:
ESA
MAGIC
CTA
TMT

The Observatories of the Canary Islands

6 
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Area of protection

A sky protected by law

Pioneers of Astronomy in Spain
The Observatories of the Canary Islands

Slide from Nayra Rodríguez Eugenio

• A pioneering law at national and international level 
• Approved by the Spanish Parliament in 1988 
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Spanish CAT
Time allocation

https://research.iac.es/OOCC/night-cat/



19

International Time Program
Time allocation

Slide from Helmut Dannerbauer

https://www.iac.es/en/observatorios-de-canarias/international-scientific-committee



International Time Program
Time allocation

https://www.iac.es/en/observatorios-de-canarias/international-scientific-committee
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e.g. Liverpool
Preparing your observations and products

Exposure calculator

Quicklook

Code

https://telescope.livjm.ac.uk/
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Telescopes at OCAN



23

The Observatories of the Canary Islands

IAC

TELESCOPIOS INSTALADOS EN LOS OCAN

DIÁMETRO TELESCOPIO
CILBO
AMOS-CI
AstMon

11 TIZON
20 Automatic Seeing Monitor (DIMMA)
40 GroundBIRD
43 COAST
50 MONS
61 PIRATE
70 Vacuum Tower Telescope
50, 43, 8 Optical Telescope Array
80 IZN-1
80x2 TTT
82 IAC-80 
90 THEMIS
100 SONG
100 OGS 
100 Artemis
100x2, 40x2 LCOGT
120x2 STELLA 
150 GREGOR

152 Telescopio Carlos Sánchez
225x2 QUIJOTE I – II
400 ASTRI

Laboratorio Solar: Mark-I, GONG

DIÁMETRO TELESCOPIO
CILBO
AMOS-CI

12x4 SuperWASP
20 Automatic Seeing Monitor (DIMMA)
30 Automatic Seeing Monitor (DIMMA)
36x16 CLASP
40x16 GOTO
45 Dutch Open Telescope
97 Swedish Solar Tower
100 Jacobus Kapteyn Telescope 

100 Super-WASP Alsubai Follow-up Telescope 
120 Mercator Telescope
200 Liverpool Telescope 
250 Isaac Newton Telescope
256 Nordic Optical Telescope  

300 First G-APD Cherenkov Telescope
350 Telescopio Nazionale Galileo 

420 William Herschel Telescope 
1040 Gran Telescopio Canarias 
1700x2 MAGIC I y II
2300 LST-1

OBSERVATORIO DEL ROQUE DE LOS MUCHACHOSOBSERVATORIO DEL TEIDE

from Álex Oscoz
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OBSERVATORIO DEL ROQUE DE LOS MUCHACHOSOBSERVATORIO DEL TEIDEOT ORM
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The Observatories of the Canary Islands

IAC
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Private, check if agreement
Operators

Operators

Robotic
Robotic
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The Observatories of the Canary Islands

IAC
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The Observatories of the Canary Islands

IAC
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Robotic
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Gran  
Telescopio  
Canarias
10.4 m Optical and Infrared  
telescope  
(largest worldwide)
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GTC

Slide from Pepa Becerra
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GTC

Material from Marcos Reyes
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GTC

Slide from Pepa Becerra
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GTC

Slide from Pepa Becerra

Slide from  
Pepa Becerra

GTC
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GTC

Slide from  
Pepa Becerra
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GTC

Slide from  
Pepa Becerra
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GTC

Slide from Pepa Becerra
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GTC

Slide from Pepa Becerra
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GTC

Slide from Pepa Becerra
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GTC

Slide from Pepa Becerra

Slide from  
Pepa Becerra
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GTC

Slide from Pepa Becerra

Slide from  
Pepa Becerra
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GTC

Slide from

 Marcos Reyes
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GTC

Slide from

 Marcos Reyes
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High-resolution spectroscopy



GTC/OSIRIS 
42

Supernovae

Aguado et al. in prep



SN 2023ixf

Closest (6.4 Mpc, z= 0.0008) and 
one of the brightest (10.9 mag) 
CCSNe in the last decade

• Extensive worldwide campaign


• DDT and ToO observations  
with several 
ORM and OT facilities  
triggered by IAC members Sn 2023ixf

M101

Discovery: May 19, 2023 
(by K. Itagaki, amateur)

GTC/OSIRIS 43



Core-collapse supernovae (CCSNe)
Flash spectroscopy  

measuring the ionized circumstellar material (CSM) / pre-outburst
Collapse of a massive star

From http://th.nao.ac.jp/MEMBER/suzuki/research.html 
. 

pre-SN  
outbursts

SN explosion:  
ionization

Adapted from Ofek et al. 2013 

From https://www.wynnjacobsongalan.com/research 44



Potential gamma-ray emission

45

Brose et al. 2022



SN 2023ixf: exploiting the Canary Island observatories at their fullest 
Spectroscopy

FIES @NOT (2.5m)

HARPS-N @TNG (3.6m)

Aguado et al. in prep

Earliest high-resolution 
spectra recorded!

MEGARA @GTC (10.4m)

+ GTC/MEGARA 
+ GTC/OSIRIS
Paper II in prep.

+Polarimetry
Poidevin et al. in prep

+ Gamma-rays  
(MAGIC+LST1)

ALO as CA in prep46



SN 2023ixf: exploiting the Canary Island observatories at their fullest 
Photometry

Aguado et al. in prep

IAC-80, TCS, Liverpool, TTT and Las Cumbres telescopes

Type: II-P 

47



SN 2023ixf: flash ionization

Aguado et al. in prep48



SN 2023ixf: radiative acceleration

Aguado et al. in prep

Radiative acceleration

See also: Smith et al. 2023, Zimmerman et al. 2023
49Aguado et al. in prep

PRELIMINARY
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Do I always need high-resolution?
No



Low-resolution

• Photometry and spectroscopy 


• Ritchey-Chrétien Cassegrain optics


• 2-m robotic telescope


• SPRAT: low resolution R=350 (18Å).
51

Liverpool
ORM



Low-resolution

• 1-m and 0.4-m telescopes at OT


• Photometry and spectroscopy  
(both low and high)

52

Las Cumbres
OT (+ worldwide)



Public data: Public photometry: American Association of 
Variable Star Observers (AAVSO)

• Amateur astronomers

53

AAVSO
( worldwide)

• https://www.aavso.org/LCGv2/



Low-resolution + public data

• Early-time low-resolution spectroscopy


• Photometry evolution -> public data: https://www.aavso.org/LCGv2/
54

LIVERPOOL AAVSO Photometry

MAGIC+LST in prep (ALO as CA)

PRELIMINARY

PRELIMINARY



Public alerts (& data): Transient Name Server
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• https://www.wis-tns.org/

• Official IAU mechanism for reporting new astronomical transients such as supernova candidates

https://www.wis-tns.org/


SN 2024bch
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SN 2024bch
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Slide from Andrea Simongini



SN 2024bch
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Slide from Andrea SimonginiSlide from Andrea Simongini

LST Coll subm.



SN 2024bch
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Slide from Andrea Simongini

LST Coll subm.



SN 2024bch

60

Slide from Andrea Simongini



Potential gamma-ray emission

61
Slide from Andrea Simongini



Superbossa/MPP62

Novae
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Credit: ESO / M. KornmesserCredit: ESO / M. Kornmesser

donor star 

gas stream

accretion disk

photosphere

WD

Classical novae 
Main sequence + WD

Symbiotic novae 
Red giant (RG) + WD

• Accretion from stellar wind

• Some novae show repeated outbursts within a human 

lifetime: recurrent novae (RN)

• Roche-lobe overflow

• Long (no) recurrency : > 104 years

Novae



RS Oph

Closest (6.4 Mpc, z= 0.0008) and one of the 
brightest (10.9 mag) CCSNe in the last decade 

• RS Oph is a Galactic recurrent symbiotic nova 

• WD + M0-2 III RG star

• major outbursts every ~15 years

• Nine eruptions between 1898 and 2021 

• Latest outburst: August 2021 

•

• First and only nova detected in 
the VHE regime  
(HESS coll 2022, MAGIC 2022, 

64 DESY/H.E.S.S., Science Communication Lab



RS Oph

Timelime of the events 

• Aug 08, 22:20 UT: RS Oph in outburst

• Aug 09, 00:35 UT: Optical notice (Geary, 

vsnet-alert 26131, Aug 8, 22:21 UT)

• Estimated mag= 5 

• Aug 09, 05:05: Fermi-LAT reports discovery at 
>100 MeV(ATel 14834)


• Aug 09 12:23 UT: MAGIC  ToO request


65
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RS Oph

Aug 09-12

Calima, 
moon  
&  

moon break

Acciari et al. 2022

(Symbiotic) novae established as  
a new type of VHE emitter
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RS Oph

Aug 09-12

Acciari et al. 2022
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RS Oph

Acciari et al. 2022

• During the nova outburst the photospheric emission creates the dominant 
radiation field 

• Photometry 

• Performed with TJO and ANS telescopes

• During the first 4 days (contemporaneous with MAGIC)  the emission can 

be described* by the photosphere temperature dropping from 
Tph = 10,800 K to 7,680 K and radius Rph = 200 R⊙ 

• Similar to those from 2006 outburst
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RS Oph

Acciari et al. 2022

• Spectroscopy: 

• Varese 0.84 m and Catania 0.91 m telescopes

• 4,500 ± 250 km s−1  for the ejecta expansion at the  

earliest stage (during the VHE gamma-ray detection by 
MAGIC). 
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RS Oph

Acciari et al. 2022

e-

p+

γ

π0

RG
WD

Photosphere

Thermal radiation

RG wind

Ejecta

• Protons:  pp interaction on nova ejecta (with some contribution from RG wind) 

• Electrons:  IC on thermal radiation of the WD photosphere  
• Modeling: particles are injected and either cool down completely (electrons) or we gather their emission during the 

acceleration time (protons) 
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RS Oph

Acciari et al. 2022

Hadronic Leptonic

• Joint Fermi-LAT +MAGIC spectrum can be described as a single, smooth component spanning 
 from 50 MeV to 250 GeV  

• Protons are favored
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RS Oph

Acciari et al. 2022

• VHE rougly flat, while HE decays faster: can be explained as hardening of the emission during its decay

• HE and optical emission show similar decay:  not expected in IC model, since the distance from the 

photosphere will evolve with time and hence IC emission should decay faster

• Protons are favored 

Fermi vs MAGIC Fermi vs optical



RS Oph

73

Superbossa/MPP
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• Closest known RN symbiotic nova, D = 0.91 +/- 0.02 kpc (Schaefer 2022) 
• Recurrency period of about  ~80 years 
• Two peaks 

• Optical first peak at mag~2  
• 3x closer than RS Oph; naively scale by distance => ~10x brighter?  

From T. Cheung (VGGRS VI)

Schaefer 2022

T CrB: when is it happening?
M4 III 

WD (1.37±0.13) M⦿

Gabriel Pérez/IAC

RN Symbiotic nova



• Increase in the accretion rate, but not in luminosity (ATel #17030)  
• The equivalent width of the hydrogen lines doubled from 21.01.2025 to 09.02.2025 
• Double-peaked shape with a central absorption to a single emission peak 
• Strong increase in the accretion rate, which will eventually result in a nova eruption,  

as predicted to occur this or next year (e.g., Schaefer et al. 2023). 

• No increase in the light curve has been observed so far 

• When? Expected eruption date according to literature: 

• 2024.4 ± 0.3 (Schaefer+ 2023) 
• 2025.5 ± 1.3 (Schaefer 2023) 
• 2025 Nov or June 2026 (Schneider 2025)

Inmediate future?: T CrB

75

Halpha

https://www.tls-tautenburg.de/en/news/
tautenburger-wissenschaftler-beobachten-
auffaellige-veraenderung-im-spektrum-der-
wiederkehrenden-nova-t-crb-und-bleiben-

wachsam-2



Inmediate future?: T CrB

76

Schaefer 2022 AAVSO (B band)



Stellar Intensity Interferometry

77



Stellar Intensity Interferometry

78



Public data: SED builder

79

• https://tools.ssdc.asi.it/SED/


• Specially used in the AGN community


• Be aware of data simultaneity

https://tools.ssdc.asi.it/SED/


Public data: SED builder

80• https://tools.ssdc.asi.it/SED/

https://tools.ssdc.asi.it/SED/


Public data: SED builder
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Láinez et al. 2025



AGNs: Triggering on optical

82
Adapted from Elina Linfors



CTAO: synergies with optical

83

Transients KSP (Science with Cherenkov Telescope Array)

Science with CTAO (arXiv:1709.07997) 



CTAO: synergies with optical

84

Transients KSP (Science with Cherenkov Telescope Array)

Science with CTAO (arXiv:1709.07997) 



The Vera Rubin (and large telescopes) era

85

Check the press release: https://noirlab.edu/public/news/noirlab2521/?nocache=true&


1 0  M I L L I O N  A L E R T S  P E R  N I G H T !

https://noirlab.edu/public/news/noirlab2521/?nocache=true&


The LSST (and large telescopes) era
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https://www.youtube.com/watch?v=kTBIU_8fBp4


The LSST (and large telescopes) era

87

https://www.youtube.com/watch?v=JrmISbL4yC4


The LSST (and large telescopes) era

88

Check the press release: https://noirlab.edu/public/news/noirlab2521/?nocache=true&


https://noirlab.edu/public/news/noirlab2521/?nocache=true&


Brokers: Fink
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• Processes time-domains alert streams and connects 
them with follow-up facilities and science teams


• Fink broker has been selected as a community broker 
to process the full stream of transient alerts from 
the Vera C. Rubin Observatory 

• Since 2020, processing the alert stream from the 
Zwicky Transient Facility (ZTF).

https://fink-broker.org/

https://lsst.org/
https://www.ztf.caltech.edu/
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Take-home message

• Canary Island observatories plenty of optical/IR facilities 

• Joint optical-gamma observations are key for many sources


• Special interest in the case of transient/variable events


• Optical can help you:


• Trigger your gamma-ray observations


• Constraint different parameters -> modeling


• Make use of public tools and pages (AAVSO, SED builder), alerts


aloramas@iac.es
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