Joint proposals with » . "
optical telescopes "+ ..
Alicia Lopez Oramas . . . | .o

P4 aloramas@iac.es

2nd CTAO School M o - LB,
. ' GT OSIRIS

This work is part of the
Project

Financiado por Plan de Recuperacién, RYC2021-032991-,

funded by MICIU/AEI/

W ¥ GOBERNO  MINISTERIO la Union Europea Transformacion 10.13039/50110001103

OO & DEESPANA DE CIENCIA
77 B S 3, and the European

E INNOVACION * * ‘ Resili =
: esiliencia
N eXtG ene ratl on E U y INVESTIGACION “NextGeneratio;JEU”/



Why optical /

Infrarred (I R)?  Spectroscopy and photometry

(+polarimetry) provide
additional information

 Velocities, densities,
orbital parameters...

* Useful for modeling

* Bright events can be
interesting to be triggered

* Novae, SNe, AGNSs...



The IAC and the Observatories

Public research consortium

1.

LD

State Administration (Ministry of
Science and Innovation)

Canary Islands Regional Government
University of La Laguna

Spain’s Scientific Research Council

International cooperation

¢

More than 60 collaborative agreements

active with institutions that operate
scientific  facilities at the 1AC’s

Observatories and other research
centers.

OBIERNO MINISTERIO

E ESPANA DE CIENCIA
E INNOVACION
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Pioneers of Astronomy in Spain

The Observatories of the Canary Islands

Teide Observatory

Roque de los Muchachos

Observatory

g
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Slide from Nayra Rodriguez Eugenio
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Towards the
Cherenkov Telescope
Array Observatory

CTA

@ORM

Observatorio
Roqgue de los Muchachos
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HEGRA (1987-2002)
Particle detectors, gamma telescopes
Showers above 1 TeV (detection of Mrk501 at 16 TeV)
First stereo observations

Observatorio
Roqgue de los Muchachos
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The Observatories of the Canary Islands

Only observatory worldwide with access to all frequencies from Earth

Teide Observatory
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The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

Piazzi Smyth 1856

 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. AC



The Observatories of the Canary Islands

Pioneers of Astronomy in Spa

Jean Mascart, 1910

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

e 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 AC



The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

olar eclipse, 1959 1964
1975

1st professional telescope, 1964
from University of Bordeaux (France

o Studies were initiated of the

astronomical conditions In
the region of |zana

 the Teide Observatory was
officially created

Slide from Nayra Rodriguez Eugenio



The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

Agreement on Cooperation in Astrophysics 26 May 1979

I. Disposiciones generales

MINISTERIO
DE ASUNTOS EXTERIORES

ACUERDO de Cooperacion en materia de Astrofi-
sica y Protocolo entre los Gobiernos del Reino de
Espana, del Reino de Dinamarca, del Reino Unido
de Gran Bretana e Irlanda del Norte y del Reino
de Suecia, hechos en Santa Cruz de la Palma (Ca-
narias) el 26 de mayo de 1979.

ACUERDO DE COOPERACION EN MATERIA
DE ASTROFISICA

Los Gobiernos del Reino de Espaia, del Reino de Dinamar-
ca, del Reino Unido de Gran Bretafa e Irlanda del Norte y
del Reino de Suecia:

16122

— Deseosos de fomentar las relaciones de cooperacién cienti-
fica entre estos paises;

- Conscientes de la importancia de esta cooperaciéon para el
mejor desarrollo de sus relaciones;

— Teniendo en cuenta su comun interés en el fomenfo de la
investigaciéon en el campo de la Astrofisica;

Reconociendo las ven:ajas que puede aportar a la Ciencia
una estrecha cooperacion internacional;

Reconociendo que en Espana, especialmente en Tenerife y
La Palma, existen areas que ofrecen condiciones unicas pa-
ra la observacion astronémica;

— Teniendo presente el gran interés manifestado por diversas
Instituciones Cientificas europeas en la instalacion de po-
tentes telescopios en las Islas Canarias;

Considerando la decision del Gobierno del Reino de Espana
de facilitar el uso de los Observatorios del Instituto de As-
trofisica de Canarias a la comunidad cientifica internacional
en las Islas Canarias y, de acuerdo con esta decisi6én, de
autorizar el uso por las Institucioneg Cientificas de las Par-
tes Contratantes de tales Observatorios con fines de inves-
tigacion asirofisica en los términos establecidos en el pre-
sente Acuerdo, y supuesto que los Organismos firmantes
sefialados en el articulo 3 establezcan un Protocolo con el
Consejo Superior de Investigaciones Cientificas de Espana
(en lo sucesivo denominado C. S. 1. C.);

— Han acordado lo siguiente:

ARTICULO 1

En el presente Acuerdo se utiligarén'los' términos que a
continuacion se expresan en el sentido con que se definen en
este articulo:

(1) «Instituto de Astrofisica de Canarias» (en lo sucesivo
denominado I. A. C.): Institucion Cientifica perteneciente al
C.S.1.C. y establecida por él, con la colaboracién de la Uni-
versidad de La Laguna y la Mancomunidad Provincial Inter-
insular de Cabildos de Santa Cruz de Tenerife, con el fin de
promover la investigacion astrofisica en lasg Islag Canarias, y

que comprende los laboratorios y equipos situados en La lLa-
guna y los Observatorios delimitadcs en el Anejo al presente
Acuerdo. '

(2) «Instalacién telescopica»: Colectores de radiaciones y
servicios instrumentales que le son propios y se hallen insta-
lados en el mismo edificio.

(3) «Organismo firmantes»: Organismo que, estando esta-
blecido en el territorio de una de las Paries Contratantes y os-
tentando su nacionalidad, es firmante del Protocolo mencio-
nado en el articulo 3 del presente Acuerdo.

(49) «Instituciéon usuarias: El 1. A.C. y aquellas Organiza-
ciones cientificas que, estando establecidas en el territorio de
una de las Paries Contratantes y ostentando su nacionalidad,
son autorizadas para utilizar las instalaciones y servicios del
I. A. C. para la investigacion astrofisica mediante la firma de
un acuerdo sobre instalaciones telescopicas con el I. A.C.

(5) «Servicios comunes»: Los servicios necesarios en los Ob-
servatorios para soporte de su infraestructura y de sus insta-

 laciones telescopicas.

ARTICULO 2

Las Partes Contratantes fomentaran la cooperacién para
fines pacificos en el campo de la investigacién astrofisica en-
tre los Organismos cientificos de sus respectivos paises,

ARTICULO 3

(1) Para el desarrollo de esta cooperacion se concluira un
Protocolo que regulara los aspectos concretos de la misma en-
tre los Organismos que se indican a continuacion y que os-
tentan la nacionalidad de las respectivas Partes Contratantes:

— E1 Consejo Superior de Investigaciones Cientificas, de
Espana.

— La Secretaria para la Investigaciéon, de Dinamarca.

— El Consejo de Investigacién Cientifica, del Reino Unido.

— La Real Academia de Ciencias, de Suecia.

(2) La firma del presente Acuerdo por las Partes Contra-
tantes supone la aprobacién del Protocolo por las Autoridades
competentes de cada una de las Partes Contratantes de con-
formidad con los procedimientos establecidos en sus respecti-
vOS paises,

(3) El Protocolo podra ser modificado por acuerdo unani-
me de los Organismos firmantes.

ARTICULO 4

La cooperacién en materia de Astrofisica podra realizarse,
entre otras, de las siguientes formas:

(a) Intercambio de informacién sobre le investigacion cien-
tifica en Astrofisica.

(b) Intercambio de cientificos, expertos y personal técnico.

(¢) Realizacién comun y coordinada de programas de in-
vestigacion tecnolégica.

(d) Utilizacion comin y coordinada de instalaciones clen-
tificas o técnicas.

(e) La instalaciéon y uso de telescopios e instrumentos en
los Observatorios del 1. A. C. ,

from B.O.E 161, 6J llly 1979 (Law/Official Gazette of the Spanisch Government)

Slide from Helmut Dannerbauer



The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

Agreement on Cooperation in Astrophysics 26 May 1979

Agreement on Cooperation in Astrophysics 26 May 1979

between Spain, Denmark, UK and Sweden

* Recognizing that there are in Spain, especially in
Tenerife and La Palma, areas providing unique
conditions for astronomical observations.

Bearing in mind the great interest shown by
various European scientific Institutions in the
installation of powerful telescopes on the Canary
Islands.

16 Articles, setting the general framework for
astrophysical collaborations between Spain and
international partners.

Slide from Helmut Dannerbauer



The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

Agreement on Cooperation in Astrophysics 26 May 1979

Agreement on Cooperation in Astrophysics 26 May 1979

between Spain, Denmark, UK and Sweden

Article Sb, allocation of observing time:

i) Spain shall have at its disposal at least 20% of the
observing time of each of the telescopes and instruments
installed in the observatories...

The allocation of at least an additional 5% of the
observing time of each of the telescope installations ...
-> see later International Time Programme

Slide from Helmut Dannerbauer



The Observatories of the Canary Islands 445

Pioneers of Astronomy in Spain =

L_3

JAC, Teide and Roque Observatories officially inaugurated in 1985

La clencia, la tecnologla y la

innovaciéon en el epicentro del
desarrolio econémico y social




The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

Over the last 40 years:
> 60 institutions of 20 countries

6 international consortia (institutes from 10 additional countries)

> 700 people directly working for Astrophysics in the Canary Islands

Austria . Mexico

Belgium Spain

Checz Rep. Sweden

o
e "\ Y
Denmark — h \ The Netherlands
\ ':1
——

Finland A United Kingdom
France USA

Germany Consortia:

Italy

Japan

TMT
Slide adapted from Nayra Rodriguez Eugenio



The Observatories of the Canary Islands

Pioneers of Astronomy in Spain

A Sky prOteCted by |aW DECLARATION
~ DEFENCE or tae NIGHT

SKY s e RIGHT 10
STARLIGHT

<l .}7.‘\4‘, <
= e

Area of protection Slide from Nayra Rodriguez Eugenio

* A pioneering law at national and international level
 Approved by the Spanish Parliament in 1988



Time allocation
Spanish CAT

A ROFLS;
2R
% ’;.,: INSTITUTO DE ASTROFISICA DE CANARIAS
Observatories Observing Tools IAC Managed Telescopes About

Observing Time

Home
Night CAT news

CALL FOR PROPOSALS
Standard call - Semester 2025B

The night “Comision de Asignacion de Tiempos” (CAT) evaluates the observing proposals that guarantee to the Spanish community access
to the majority of the night telescopes at the “Observatorios de Canarias” (OOCC): GTC, WHT, INT, TNG, NOT, Mercator, and Liverpool on

La Palma, and Stella and TTT on Tenerife. Likewise, the CAT distributes the time allotted to Spain on the GTC, in the same way that it

jointly manages, together with Mexico, the 2.5% of GTC time in collaboration with this international partner.
Telescope time is offered and allocated twice a year in periods of 6 months. Detailed information will be provided in the Call for Proposals.

Applying for night CAT time
Regular and large proposals
Allocation periods run differently depending on the telescope as indicated next:
Period

DDT GTC
Telescope

DDT WHT, INT, NOT, TNG
January - August*

Semester
Liverpool, TTT*

Spanish Service Time
February - July

Other schemes for proposals
Semesters A
INT, Stella, TCS
March - August

Due date: 3 Oct 2025, 21:59 UT (2026A)

How to submit
GTC
April - September

Night CAT members
CAT meeting: end of November.
NOT, TNG, Mercator
May - October

Telescope Time Allocation
CAT Service and DDT nights
WHT
July - February*

Current Service Proposals
Liverpool, TTT*
August - January

CAT Override programs
Semesters B
INT, Stella, TCS
September - February

ToO policy at GTC
Due date: 1 Apr 2024, 21:59 UT (2025B)

Acknowledgements
GTC
October - March

CAT meeting: end of May.
NOT, TNG, Mercator
November - April

WHT

https://research.iac.es/00CC/night-cat/



Time allocation

International Time Program

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

I'TP — International Time Programme

5% of observing time at each available telescope: GTC, WHT, TNG,
NOT, LT, STELLA and Mercator

call is once per year end of February/begin of March
80hrs resp. 15nights per telescope facility per semester
encouraged to request several telescopes

proposers from any country can lead proposals, proposing team
must contains astronomers from at least three CCI countries

any Spanish institution shall have the right to join approved
programmes if it wishes and has the approval of the IAC

Slide from Helmut Dannerbauer



Time allocation

International Time Program

https://www.1ac.es/en/observatorios—de—canarias/international-scientific—committee

Any country can request permission to install its telescopes at the Observatorios de Canarias (OOCC) by subscribing to the International
Agreement and Protocol and signing a (Third Level) Agreement with the IAC specifying the instrument to be installed. Under the terms of
this agreement, Spain provides the site in return for a package that includes at least 20% of the available observing time.

ITP proposal submission now open: 5% of observing time at each telescope will be available for the International Time Programme
(ITP): CALL FOR PROPOSALS (pdf) and APPLICATION FORM (docx), which is open to all research organizations. The deadline for
proposals for the ITP for 2025-26 is 7 March 2025 at 23:59 UTC.

By submitting a proposal for the ITP time, all proposers and co-proposers\declare that they have read, and agree to abide by, the CCI
ITP Code of Conduct.

SHORT TITLE OF PROPOSAL:

Observing Period: 2025B & 2026A (and 2026B & 2027A if requesting 2

(Awards will be communicated in June, 2025)

Principal Researcher; Please, fill in all the information.
Family Name:
Name:

Degree:

Present position:



Preparing your observations and products

e.g. Liverpool Quicklook

Raster image of L1 IMAGE and extracted spectra
v s 20170203 14 1 0 2.fits G193 74

Exposure calculator

The : D LIVE STATUS LATEST
¢ 18 Jun 15:14 UT Encl fault.

LlVGl’pOOl Telescope Enclosure CLOSED reosure e

Observing robotically since 2004

Homé > Telescope + Instruments > Exposure Calculator

Liverpool Telescope : - Plotting with astropy, specutils and matplotlib
Exposure Time Calculator Following is @ minimal example of using specutils and Astropy to plot SPRAT spectra in Python.

from astropy.io import fits
from astropy import units as u
1 from matplotlib import pyplot as plt
Imaglng from astropy.visualization import quantity_support
import astropy.wcs as fitswcs
import specutils as sp
quantity_support()

Live Status

Exposure Time Calculator - Spectroscopy

|
200 f=fits.open("FILENAME.FITS")

—— SNR =10 # For SPRAT and LOTUS this is the Sky Subtracted Spectrum.
— SNR =100 ; T o # Other extensions are available!

SNR = 25 -  SPEC _NONSS | extension = 3

—— SNR = 50 e SPEC S5 # FITS are stored as 2D NAXIS1 x 1 arrays. Read and convert to a 1D NAXIS vector.
. ’ specarray = f[extension].data

specdata = specarray[0]

specheader = f[extension].header

f.close()

flux = specdata * u.Unit("adu")

# create WCS Wavelength Calibration, picking the required keywords from the fits header

my_wcs = fitswcs.WCS(header={'CTYPE1l':specheader['CTYPE1'], 'CUNIT1':'Angstrom',
'CRVAL1':specheader['CRVAL1'], 'CDELT1':specheader['CDELT1'],
'CRPIX1':specheader['CRPIX1'] })

Limiting Magnitude
Intensity (counts)

spld = sp.SpectrumlD(flux=flux,wcs=my_wcs) # create SpectrumlD object
plt.plot(spld.spectral_axis,spld.flux)
plt.show()

O 1 1 1 ] ] ] ] ;
4000 4500 5000 5500 6000 6500 7000 7500 8000
100 le—15

— OKE90 |
1 — FLUX

Wavelength (A)

)

Exposure time (s)

. ¥

9 o

S cm

Log x-AXxis: @o0ff (_on Plot Mode: SNR
Instrument: SPRAT SNR: 10, 25, 50, 100

Slit: SPRAT 2 arcsec slit Seeing (arcsec): .
Spectrometer arm: SPRAT Red region Sky Brightness: .

Magnitude Min < Magnitude Max Exposure Time Max 200

Flux density (erg s

0 ] ] ] ] ] ] ]
4000 4500 5000 5500 6000 6500 7000 7500 8000
Wavelength (A)

https://telescope. livjm.ac.uk/




Telescopes at OCAN




The Observatories of the Canary Islands

from Alex Oscoz
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The Observatories of the Canary Islands

Private, check if agreement
Operators

Robotic
Robotic

Operators

from Alex Oscoz
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The Observatories of the Canary Islands

from Alex Oscoz
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The Observatories of the Canary Islands

from Alex Oscoz
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10.4 m Optical and Infrared
telescope

(largest worldwide)




GTC Gran Telescopio Canarias (GTC)

10.4 m Optical and Infrared telescope

Located at 2267 m a.s.l.

GTC telescope is an initiative of the Instituto de Astrofisica
de Canarias (IAC). Start of the operation in 2009

Funded by Spain (90%), México (5%), and the University of ! N
Florida (2.5-5%) g 2

Effective collecting area 73 m2. Largest optical telescope
in the world

Effective focal length 169.9 m —> plate scale 1.21 arcsec mm-!

Slide from Pepa Becerra



GTC

GTC instruments (2009-2028)

T

2023 COALA (TECH) "'4 |/
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Material from Marcos Reyes



GTC

GTC instrumentation timeline (updated 01/11/2024)

|
OSIRIS T Cassegrain

HORuS * Nasmyth-B
CanariCam

EMIR Nasmyth-A

| S —
' [ ———

MEGARA Folded Cass-F
O ———

GTCAO+FRIDA Nasmyth-B

MIRADAS | Folded Cass-E

CanariCam MIRADAS HiPERCAM

Legend: | =first light
* Transparent bars indicate that the
focus may alternately host various

instruments
e *\Visitor instrument

Slide from Pepa Becerra



Sl  OSIRIS/OSIRIS+

Spectral Range

0.36-1.00 um
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magnitude (S/N=3)

0.125 arcsec pix?
Point source, S/N=3,

Field of view

e dark moon, seeing 1”.0

1 2 3 R 5 6 7 8 9 10

Imaging modes

exposure time (h)
OSIRIS limiting magnitudes (spectroscopy mode)

Broad-band

Medium band
Tunable Filters

R2500L) = v v s
R2S00V ssssssss
R2500R
R2500|
R20003
R10008 --
RIDDOR <= omsiem
R5008 - - -
e L RS00R < wesr
s o iy, — R3003
S A gie ves any -

.....

........

Fast photometry

Spectroscopic
modes

long-slit
mask MOS

Maz “(‘!xp = 3600s ; S"N=5)

Spectral resolution

300 to 2500

H 1 1 1 1 1 | 1 1 | | 1 1
4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500
wavelength (A)

Slide from
Pepa Becerra



1 OSIRIS/OSIRIS+

L ¥

Slide from
Pepa Becerra




GTC

Normalized Flux

OSIRIS+ (new detector)

@ Notable sensitivity gain

improvement in the red.

08 F

06 |

04}

0.2

FARCARTN

s | a0
R

Felge1 10 spectrophotometno standard

OLD CCD s
NEW CCD s

N N

4

-

0 1 1 1 L
3500 4500 5500 6500 7500

Wavelength (angstroms

Filter

Sloan u
Sloan g
Sloan r

16

at bluer wavelengths (0.5-1.2 mags) but also some

Surface mag limits
(3sigma; 10"x10"
boxes) mag/arsec2
(1.5 h on source)

30.3
31.5
31.0

Limiting magnitude
(5sigma; r=1")
mag
(1.5 h on source)

26.0
27.3
26.6

Slide from
Pepa Becerra




GTC m3vil:

NIR imager and multi-object spectrograph

:
5 A

Spectral Range  |0.9-2.5um[1.1-2.5um] MOS mode

Detector HAWAI2 20482 I OAVA 6.7 x 4 arcmin? (55 slitlets)

1000 (YJ, HK) K~20.1 in 2h @ S/N=5
5000,4250,4000 (JHK) (continuum)

Spectral resolution

Sensitivity
18 2
Spectral coverage |1 single window/exp. gfll\lx=160 (":S/ s/cm?/A @
Imaging modes  |Broad/narrow band Imaging mode

Plate Scale 0.2 arcsec pix? F.O.V. 6.7 X 6.7 arcmin?

K~22.0 in 1h, for S/N=3 &
0.6 arcsec aperture

Image quality O30 < 0.3 arcsec Sensitivity

epa Becerra



EMIR (detector upgrade 2023)

NIR imager and multi-object spectrograph

n Ty L

Slide from Pepa Becerra



CII®} MEGARA

Optical medium-res multi-object spectrograph

* i e

Common-user instrument since 2018 (FCass-F).

Dispersed Bundle (MOS)

Spectral range 0.365-1.000 pum
Detector E2V CCD231-84-1-E74
IFU field of view | 12.5 x 11.3 arcsec?

Large Compact Bundle

IFU spaxel size 0.62 arcsec
MOS 92 x 7-fiber mini-IFUs*

MOS field of view | 3.5 x 3.5 arcmin?

Spectral
resolution

12.5" x 11.3"

6000 to 20000

# of spectra

N aaacocaaso.
R rtras.
cccc«""{o’( 3
p(’('”\ TS,

i
Slide from Pepa Becerra



GTC

CHORUS

Canary Hybrid Optical High-Resolution Ultra-stable Spectrograph

Developed by National Observatories of Chinese Academy of Sciences (NAOC-NIAOT) within
the framework of our 2016 Collaboration Agreement.

Subsystems

Location

Below Nasmyth Platform B

Coude room

Fiber configuration

({1.2” aperture on the sky

D1.2” aperture on the sky

SCI-C SCI-A, SCI-B
Spectral resolution R225,000 R2110,000
Wavelength coverage 310-420nm 420-780nm

Wavelength calibration precision

~ 10cm/s with LFC

. Calibration

| Ordinary single fiber calibration

Sim.-Calibration, Sky subtraction

Instrument daily stability

Inside Instrument Vacuum Chamber
at~16° C(+2° C) £0.001° C /night
Operation pressure in IVC £0.001 mbar

Instrument  efficiency (from

input fiber to detector front)

2 17% at peak,

2 5% at minimum

2 17% at peak,

2 8% at minimum

RER

- S

1 - L

I . -

1 P >
N g A

1 L e

|

Slide from
Pepa Becerra



CHORUS
Canary Hybrid Optical High-Resolution Ultra-stable Spectrograph

Two separated bands:

UV @ 310 -420nm (R > 25000)
Visible @ 420 - 780nm (R>110000)

Nasmyth Plateform

GTCAO

Fiber Link Subsystem

CAS officially approved the funding for _f

CHORUS. PDR at IAC held in Sept 2023. ‘b ! ,‘ T g —
\ Floor - 03 ‘

Instrument delivery 2027. ( LT

S-8m

Visible spectrograph

6-8m

FL3 — Nasmyth
Platform

FL2 - Cable wrap

FL1 - Coude room

Slide from

Pepa Becerra



Instrumentacion parael GTC
| = . ' : - : ‘. (TR e, S —

~

> & - -

GTC

efor'male Mirror

-'\“l‘ | b/ ~
j ] :
K-system 7% | b Tl )

Calibration
Adaptive Optics NGS + LGS | system

DM-373 actuators, pupil conjugated
FoV: 1.5 arcmin

WEFS: Shack-Harmann 20x20
GTC M2 for tip-tilt correction
First light: 2023

Slide from
Marcos Reyes




GTC Instrumentamon para el GTC

FRIDA

» Main scientific aims: Instrument for GTCAO. High redshift at kpc scales. Study of galaxies in the
near Universe with high spatial resolution. Studies of a large number of galactic sources.
Resolve stars in Andromeda.

» Participant Institutions: Main Partner: UNAM (México). IAC. UF. UCM.

» |AC Responsibility: Design, integration and tests of the detector unit, based on a H2RG, DetalI of the IFU in FRIDA durlng AlV
2048x2048 pix. High Level Control Software. e w—— e '/
S d o

» Main technical characteristics:

» Imaging Mode: Scales: 0.01, 0.02 and 0.04 “/pix,
FOV: 20.48”x20.48" (J, H bands); 40.96"x40.96"” (K band)

» Spectroscopy (IFS): Scales: 0.01x0.02, 0.02x0.04, 0.04x0.08 arcsec/pix
(30 slices, 64x2 px/slice) FOV: 0.60x0.64, 1.20x1.32, 2.40x2.64 arcsec?
R: 1,500, 4,000 and 30,000

» Status, milestones and plan:
» Engineering grade detector and software for AlV in operation, jun-2024

» Plan: Integration and test of Science grade detector: T2 2025. Complete laboratory AlV: T4
2025.



High-resolution spectroscopy




Aguado et al. in prep ' ey, 2 ' GTC/0SIRIS




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

e DDT and ToO observations
with several

ORM and OT facilities
triggered by IAC members

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

"o

,

Sn 2023ixf

..
k-

»
P .
»

«
GTC/0SIRIS



Core-collapse supernovae (CCSNe)

Flash spectroscopy

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

CORE COLLAPSE

pre-SN SN explosion:
outbursts lonization

\\\arrOWHQ
CORE BOUNCE

»

r=~2x10""cm
M =~ 10M

°Fe+ ¥ —13%He+4n
‘He+ r —2p+2n
P+ — Vetn

SHOCK PROPAGATION | IOC:3X'|O14[g/C_C_]
[\

SHOCK BREAKOUT

7

Frrrrrrrrryryrrrryr rirTruTrga
Hydrogen |+

Helium A

—— Carbon || *

/| L A B B S S B S
,J'» —\
;"; _—

/) ) WA\\

~  Supernova 2023ixf .

~  +2.6 days post-explosion i
[N T N T T T T T T N T N T Ay

) 5 7000 3000 9000

5000 6000 [ JIX §
Rest Wavelength [Angstroms]

Nitrogen |

wtive Flux
[

SN EXPLOSION Q

UV/X-ray flash
=) post shock ~0.1keV

Rel

10000

v Optical

From http://th.nao.ac.jp/MEMBER/suzuki/research.html “rom https://www.wynnjacobsongalan.com/research



Potential gamma-ray emission

HESS Stellar unabsorbed - HESS Stellar absorbed
Fermi Stellar unabsorbed - = Fermi Stellar absorbed

N,
HESS Stellar unabsorbed - HESS Stellar absorbed
Fermi Stellar unabsorbed - = Fermi Stellar absorbed |

-

101 10¢ 10~ : 10+
Time[days] Time[days]

Brose et al. 2022



SN 2023ixf: exploiting the Canary Island observatories at their fullest
Spectroscopy MEGARA @GTC (10.4m).

Hs Hy' Hell HB el oW Nel telurie & Earliest high-resolution T - .
CoH&K J spectra recorded! e s v 2 i gt =7 \

o™ ""-.\ A v'.‘_______.___'.',-»_ . o l\\-—g_
To+2.1d (MEGARA) |

Tm"w
. To+2.2d (FIES) ,
To+3.1d | |

To+4.1d

“% 4 GTC/MEGARA
%4+ GTC/OSIRIS

Paper II 1in prep.

To+5.2d
To+6.2d S )
— +Polarimetry

Poidevin et al. 1n prep
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0 P

4000 4500 5000 5500 6000 6500
Rest Frame Wavelength [A]

Aguado et al. 1n prep

: ALO as CA 1n prep



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

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

B-IAC80 +12 r-TCS +0 SDSSI-LIVERPOOL +16 g-LCOGT +4
& V-IAC80 +12 z-TCS +0 SDSSg-LIVERPOOL +16 I-LOGT +4
t . ‘ . R-IAC80 +12 B-LIVERPOOL +16 SDSSr-LIVERPOOL +16 r-LCOGT +4
I-IAC80 +12 V-LIVERPOOL +16 g-TTT +8 Zz-LCOGT +4
g-TCS +0 SDSSu-LIVERPOOL +16 I-TTT +8 u-LCOGT +4
I-TCS +0 SDSSz-LIVERPOOL +16 r-TTT +8 y-LCOGT +4

s 5 *
i ERELLE
* —» MEGARA

*
: * * * ox —» FIES

1, .;oo *e ehese gepenececene ..L Type: "'P N

N
=
Ul

v
©
2
€24.5
S
=

N
~
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g EETITTLY. o
. RREES H E .
_: .:.,.__.'__... -: sgsg=-2 ¢

30 35 40 45 50 55 o0 65 /0 75 80 85
Days after explosion

Aguado et al. 1n prep



SN 2023|xf flash ionization

Clil Clll I
NIII‘ NIl 5 1 "t CIV CIv '

To+1.2d | To+2.1d
SPRAT | MEGARA

NIV NIV

~ v ! \ A - I O | 2 . 1 d

pnd ' ' Vi, . !

A ' ' A - N ,

MA AN f‘\'m""-Nﬁ"'“ \V ' ' v Vv N “\"vx/\‘\f\v'- AN~ M '

MAANAAAMAAY VWY y X '

i A | | MEGARA !

[
B ' - - - FN
' ' [ ~‘/ Y

To+2.2d h - IS YN

FIES
I M h ,H
M“H,m HM ﬁ“w il 'M M "‘ ”W f"’www' Ih WJH *

e

N
O

i 4
To+2.1d

MEGARA |

'uw

L To+2.2d
LFIES

A A W i il M

"To+3.1d

?‘—‘_

8

i

Arbitro ry F|u><

X
=
L

>

O

2.0 O

—
~
QO

—
<

Arbitrary Flux

P

O

e R

i
I

0.0 MWWW»WWMWMWWMM W” A é MWNW

‘ MH, '1 M FIES “ WWWWLW“WWMMWWWMWWMWW 'FlES
| < e, 5750 5800 5850 7080 7115 7150

M' T o ; .
‘y\ h “W’ 0.5 HARPS - :

4610 4640 4670 4700 4730 Rest Wavelength [A] Rest Wavelength [A]
Rest Frame Wavelength [A]

B |

PR —— e

Aguado et al. 1n prep



SN 2023ixf: radiative acceleration

Arbitary Flux
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See also: Smith et al. 2023, Zimmerman et al. 2023



Do | always need high-resolution?
No



Low-resolution

H\V/TgeTelo] M In operation
« IO:0
Optical Wide Field Camera
« RISE
Fast-readout Wide Field Camera
« SPRAT
SPectrograph for the Rapid Acquisition of Transients
« FRODOSpec
Fibre-fed RObotic Dual-beam Optical Spectrograph [currently offline]
« MOPTOP
Multicolour OPTimised Optical Polarimeter
o LIRIC
Liverpool Infra-Red Imaging Camera [currently offline]
« SkyCam
o SkyCamA: fixed 180° FOV all-sky camera mounted inside telescope enclosure
o SkyCamO: fixed 180° FOV all-sky camera mounted outside telescope enclosure
o SkyCamT: piggyback medium FOV (10-20°) camera with telephoto lens, co-pointed with LT
o SkyCamZ: piggyback 1° camera in 200mm Newtonian telescope, co-pointed with LT.

he Telescope Autoguider is described on the Telescope Specifications page.

 Photometry and spectroscopy

* Ritchey-Chretien Cassegrain optics

e 2-m robotic telescope

» SPRAT: low resolution R=350 (18A).



Low-resolution

Las Cumbres
OT (+ worldwide

 1-m and 0.4-m telescopes at OT

 Photometry and spectroscopy
both low and high

Science Imagers

Name Telescope Class Pixel scale "/pix Field of view Overhead per frame Filter options
(std. binning)

MuSCAT 2-meter 0.27 (bin 1x1) 9.1'x9.1" 6s or 46s SDSS g'r'i'zs fixed

Sinistro 1-meter 0.389 (bin 1x1) 26'x26' 28s 21

QHY600 0.4-meter (Delta Rho 350) ~0.74 (bin 1x1) 19°x1.2° 4s 13

Inventoried instruments

SBIG6303 0.4-meter 0.571 (bin 1x1) 29'x19'
Spectral 2-meter 0.300 (bin 2x2) 10'x10'
Merope 2-meter 0.278 (bin 2x2) 5'x5'

SBIG 1-meter 0.464 (bin 2x2) 15.8'x15.8"

FLOYDS (2-meter)

FLOYDS is a cross-dispersed, low resolution spectrograph, installed at both 2-m telescopes. The wavelength coverage is extremely broad -- with
540-1000nmiin first order and 320-570nm in second order, recorded in a single exposure. Resolution varies from R=400 to R=700, and is
roughly 0.35 nm/pixel in 1st order and 0.17 nm/pixel in second order. Each FLOYDS has a set of four (30" long) slits with widths of 1.2",1.6", 2.0",
and 6.0". These project to 3.5, 4.4, 4.9, and 14.4 pixels respectively on the detector. Acquisition and guiding is done robotically via a separate
camera which images the slit and produces a 6.4'x4.3’ field of view.

| FLOYDS DETAILED DESCRIPTION FLOYDS PIPELINE

NRES (1-meter)

LCO's Network of Robotic Echelle Spectrographs (NRES) consists of four identical high-resolution (R~53,000), precise (<3 m/s design goal),
optical (380-860 nm) echelle spectrographs, each fiber-fed (~2.9" per fiber width) by one of two 1 meter telescopes and a ThAr calibration
source. The anticipated long-term accuracy for NRES is better than 3 m/s in less than an hour for stars brighter than V = 11. Like all instruments at
LCO, scheduling, observing, and data reduction are autonomous, and all data will be publicly available after a proprietary period. NRES nodes are
installed at our sites in in Chile, Texas, Israel, and South Africa and are currently available for science observations.

| NRES PERFORMANCE | NRES DATA PIPELINE | NRES DIAGNOSTIC PLOTS
| NRES INSTALLATION | NRES DESIGN AND MOTIVATION | NRES TARGET ACQUISITION
| NRES WAVELENGTHS BY ORDER

Filters

The Sinistro imagers on LCQO's 1m telescopes use 75mm square filters in 18 or 21 capacity filterwheels. Standard loadout is a complete Johnson-
Cousins/Bessell set (UBVRI) and a SDSS/PanSTARRS set (U'g'r'i’'zsYw).

The QHY600 imagers on LCO's 0.4m telescopes use 50mm diameter round filters. The available filters are Johnson-Cousins/Bessell UV, and the
SDSS/PanSTARRS set (u'g'r'i'zsw) with the exception of Pan-STARRS Y.




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

AAVSO
( worldwide)

(371) 4|
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Plot a light curve
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e Amateur astronomers

» https://www.aavso.org/LCGv2/



Low-resolution + public data

LIVERPOOL AAVSO Photometry
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MAGIC+LST in prep (ALO as CA)
» Early-time low-resolution spectroscopy

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



Public alerts (& data): Transient Name Server

TRANSIENT
NAME SERVER

Search AstroNotes Groups Bots LVK GW Stats News

SN 2023ixf

RA/DEC (2000) Type Redshift
14:03:38.562 +54:18:41.94 SNIl 0.0008
210.910674637 +54.3116510708

@ Classification Report

Reporting Group Discovering Data Source Discovery Date TNS AT Publ Host Nam
None None 2023-05-19 17:27:15.000 Y Y M101
Discovery Mag Filter

149 Clear-

Reporter/s

Koichi Itagaki

Classifier/s

2023-07-25
20:23:59

Danéel Verihac Daniel Verilhac and colo astromath

2023-05-20
11:53:06

Ofer Yaron Ofer Yaron, on behalf of ZTF

2023-05-25 Etienne
09:44:02 Bertrand

Etienne Bertrand
2023-05-25 Rishabh Singh Rishabh Singh Teja (Indkan Institute of Astrophysics, lIA), GC Anupama (IlA), DK Sahu
08:09:05 Teja {I1A), Muichand Kurre(llA), Pramod (lIIA)

2023-05-19
23:35:34

Daniel Perley Daniel Perley (LUMU), Avishay Gal-Yam (Welzmann)

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

Classification

0.000804

Reduced with Demetra classified with Gelato

Flash ienization emission lines gone; reverting the classification back to the comect Type Il

We observed the spectra on JD2460085.378 and JD2460087.263 with 2-m HCT at IAO. The spectra were checked with GELATO for classification. We found the spectra
matched well with Type lin SN 1998S.

The spectrum shows a series of high equivalent width fiash lonization lines of H, He, C, and N, typical of Type Il SNe in the flash ienization phase (e.g. Yaron et al. 2017).
The redshift is the catalogued redshift of the the heost galaxy (M101).

ADS Bibcode

2023TNSCR1788...

2023TNSCR1267.....

2023TNSCR1231.....

2023TNSCR1233....

2023TNSCR1164.....

Zoom Full J Auto Zoom

Mouse hovers at WL

Light curves

60080 60100

Observed Wavelength(A)

6005

Binning factor: 1

7008 5006

(rounded {o nearest integer >1)

1475.67 (rest) 848235 (observed)

&0280

| SN_2023i¢
| SN_2023if
SN_202%ixf
| SN_20230
| SN_202%
SN_2023ixf

Select all spectra

2023.07-21 21:44:00 Other { Other (None)
2023.05-25 08:42:58 PGS0 / SEDM (ZTF)
2023.05.22 23:50:00 Other / Other (None)
2023-05.22 18:31:41 HCT-2m / HFOSC (None)
2023.05-20 21:04:19 HCT-2m / HFOSC (Ncne)
20230518 22:23:45 LT / SPRAT (None)

wp) ‘Bey sqy
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z=0.0008
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| ShowOat
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- l Show
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_ || Show [O 1] at
) l Show OV at
||} show O VI at
| ShowNaat
_ | show Mg at
Il show Mg Il at
_ || Show Sill at
_ ' Show Sl at
||l Show Ca Il at
| Show [Call] at
. l Show Fe ll at
|_Ill Show Fe Il at

__ | Show Telurics
| show Galaxy lines ot
LIl Show WRAWN at

|| Show WR-WCJ/O at

z=0.0008
z=0.0008
z=0.0008
z=0.0008
z=0.0008
z=0.0008
z=0.0008
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Select all light curves [l Clear light curves selection
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Clear spactra selection Ji} Download selected ASCII i} Reload

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


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

SN 2024bch in NGC 3206
& .

SN 2024bch

LCOGT node at Teide Observatory, Tenerite, Spain
1m0-01 telescope and Sinistro camera

SDSS g filter, 15 sec .
2024-01-2922:56:39 U
Perez-Fournon and Poidevin (IAC and ULL), SGLF




SN 2024bch

SN 2024bch

.« CCSN oftype IIn-L. . =
 TO=Jan 28,2024
« D =17-20Mpc .
e 14hofLsT-1 over 6 nights.
* Qurfirsts:
v’ FirstULson a IIn-L SN | ‘

v’ First ULs down to 100 GeV

Slide from Andrea Simongini



SN 2024bch

How to use UlLs

<+ Night-wise

We apply a simple toy model to +  Stacked

derive physical parameters

from our differential flux ULs.
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We use optical data to
constrainthe properties ofthe

ejecta, the progenitor andthe

Observation date

photosphere. LST Coll subm.

Slide from Andrea Simongini



SN 2024bch

Modelling

=

o
Py
w

* Bolometric
e Pseudo-bolometric

=

—

Pcsm X N Fy(EO' L, d)

Log L [erg s71]
'
4

We derive the relative density of the CSM from our
gamma-flux ULs. This puts constraints on the nature
of the CSM and the pre-explosion mass ejection of
the progenitor. The evolution of the photosphere is

an indication of what to expect from gamma-gamma

absorption.

20 40 60 80 100
Days after to = 60337.39

LST Coll subm.

Slide from Andrea Simongini



SN 2024bch

Results

« We constrain pgy < 107% "o = indicating a low density CsM.

yr Kkm

 The photospheric evolution Suggests that at the bulk of LST-1

observations (TO+20 days), the gamma-gamma attenuation could

have had a minimum impact.

 Lrom optical analysis we constrained progenitor’s properties:

combining optical + VHE results we conclude that the progenitor was

a Red super Giant.

Slide from Andrea Simongini



Potential gamma-ray emission

Is there hope?

ad
-
—

» Theexpected horizon of
—— Type Ilp analytical

detectability of CTAO isaround 7-10 Type IIp numerical
—— Type IIn analytical

—— Type IIn numerical

s from TO+20

e
-
'w\

Mpc for type I1I-P and 70 Mpc for
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-
N

type 1In.

e CurrentIACTscan still makethe
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difference:the improved sensitivity

pud
-
O

and lower energy threshold of the
10!
MAGIC+LST-1 configuration may Distance (Mpc)

catch a big explosion!

Slide from Andrea Simonginil
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Novae

Classical novae Symbiotic novae
Main sequence + WD Red giant (RG) + WD

donor star

"

gas stream

—

Credit: ESO / M. Kornmesser

* Roche-lobe overflow  Accretion from stellar wind

* Long (no) recurrency : > 104 years «  Some novae show repeated outbursts within a human
lifetime: recurrent novae (RN)



RS Oph s

Closest (6.4 Mpc, z= 0.0008) and one of the Con T Ls o S
brightest (10.9 mag) CCSNe in the last decade L o -
» RS Oph is a Galactic recurrent symbiotic nova . G A : .'
+ WD + MO-2 Il RG star R B
* major outbursts every ~15 years S i o
» Nine eruptions between 1898 and 2021 NS B
» Latest outburst: August 2021 - N B
. ': .‘ ' mpniéétion 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




RS Oph

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

e 10.80 h Time after eruption [d]
Aug 09-12 Non = 3975; N_ =3085.4 = 31.7 10 20
e e - 1320 & MAGIC daily
# MAGIC joint

Calima,
moon

&
moon break
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-
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Acclarl et al. 2022



Aug 09-12

n

Time =10.80 h
N,, = 3975; Noﬁ =3085.4 +31.7

N., = 889.6 = 70.6
Significance (Li&Ma) = 13.2¢

o

Time after eruption [d]

10

30

Integral flux (E > 100 GeV)
[x107 cm~2 s71]

(9

@ MAGIC daily
# MAGIC joint

Integral flux (E > 100 MeV)
[x107® cm~2 s71]

V Magnitude

NS

w

N

A Fermi-LAT daily
¢ Fermi-LAT 3-day

Acclarl et al. 2022




RS Oph

* 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 Ro

 Similar to those from 2006 outburst

®
o
=
—
=
an
=
E
m

40
days from MJD = 58434.93

Acclarl et al. 2022



RS Oph

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).

Expansion velocity = 4250 km s~

Hel 5876 A

—-4000 -2000 O 2000 4000
Velocity (km s™')

Expansion velocity = 3000 km s~

—4000 -2000 O 2000 4000
Velocity (km s7')

Expansion velocity = 4600 km s™'

-4000 -2000 O 2000 4000
Velocity (km s™')

Expansion velocity = 2400 km s~

Expansion Velocity (km s™')

—4000 -2000 O 2000 4000
Velocity (km s7')

Expansion velocity = 4750 km s~

—4000 -2000 O 2000 4000
Velocity (km s™')

10
days from MJD = 59434.93

Acclarl et al. 2022



RS Oph

™\

RG wind

* 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)
Acciari et al. 2022



RS Oph
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-2.21+ 0.08 _-E /(257+45)GeV
p e

% Fermi-LAT
¢ MAGIC
“cmrpp = 7’y
pp =~ T —> e —y

— Sum

2N, =13.1/12

3
log (Energy / GeV)

2 log (Ene3rgy / GeV)

log (E? dN/dE ) [erg s™ cm?]

dN/dE, ~ E.°% %% E<(16+1)GeV
dN/dE, ~ E>"°* %% E>(16+1)GeV

$ Fermi-LAT
¢ MAGIC
S— e' —_ .Y

2N, =27.5/11

log (Energy / GeV)

2 log (Ene?’rgy / GeV)

* Joint Fermi-LAT +MAGIC spectrum can be described as a single, smooth component spanning

from 50 MeV to 250 GeV
Protons are favored

Acclarl et al. 2022



RS Oph

Fermi vs MAGIC Fermi vs optical

[107® cm~2 s71]
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A=

x2/ndf = 12.7/3 x?/ndf = 9.8/7

3 4 5 100 150 200
Integral flux (E > 100 GeV) V-Band Flux Density [Jy]
[1071 cm~2 s71]

* 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

Acclarl et al. 2022



RS Oph

Superbossa/MPP



T CrB: when is it ha

ppening? — N RN Symbiotic nova
WD (1.37+0.13) M@ b -

12 T 7T
' A LAT-dbtected I |
10 i A Symbjotic
! O non-detected
: recu}eent-
__ 8f : | symbiotic
O .
s
§ 6 - Gabriel-Pérez/IAC
v
k% : RS Oph. 7
&)
4r ¥+ I 1 N Cb 7
i | T I
| "N 8
2T /’3’ 4, 1o
- \/547 Vel | of 202x? o
- PR T T NN TR TRNN THNN NN TN SN S NN TN SN S NN S S S SN S S S S W W - -c 9
0 -
16 14 12 10 8 6 4 2 =
Peak Optical (V mag) go 10
Data from Schaefer (2022), except V~5 inferred in V959 Mon 2012; added V407 Cyg 2010 (25
From T. Cheung (VGGRS VI) 11
* Closest known RN symbiotic nova, D =0.91 +/- 0.02 kpc (Schaefer 2022)
* Recurrency period of about ~80 years 12
* Two peaks
* Optical first peak at mag~2 1941 1942 1943 1944 1945 1946 1947
» 3x closer than RS Oph; naively scale by distance => ~10x brightere Year

r Schaefer 2022



Inmediate future?: T CrB

* 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 cenftral 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:

e 2024.4+ 0.3 (Sc
e 2025.5+ 1.3 (Sc
« 2025 Nov or June 2026 (Schneider 2025)

Table 1 Predicted days of eruption occurrence in 2024, 2025, 2026 and 2027
using 2431861 + N*227.5687

haefer+ 2023)

haefer 2023)

N | Julian day | Civil date

126 | 2460535 12 Aug 2024

127 | 2460762 27 March 2025
128 | 2460990 10 November 2025
129 | 2461217 25 June 2026

75

1
2025-01-11T04:37:16.000
ol 2025-01-18T05:42:05.000
2025-01-19T04:28:29.000
2025-01-21T03:18:12.000
2025-02-04T03:34:48.000
2025-02-05T05:14:45.000
2025-02-08T05:35:33.000
2025-02-09T04:08:24.000

6530 6540 6550 6560 6570 6580 6590
wavelength [A]

Magnitude

12.5

Year

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

7 9.8 T T | | "
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2 11.6
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12.0
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Year
Schaefer 2022 AAVSO (B band)
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Stellar Intensity Interferometry

White paper in prep. Data Challenge in prep.

* Not included as KSP in CTA Consortium 2018

- Working towards implementation in CTAO

 submas measurements of star’s diameters

Coherence of a solar-type
star with ~100 micro-
arcsec spots on the
surface (inset)

L. Zampieri, CTAO Symposium

PRELIMINARY

60 80 100
Projected baseline [m]

PRELIMINARY

60 80 100
Projected baseline [m]

M2LST1 channel
M1M2 channel
MI1LST1 channel

M2LST1 channel

M1M2 channel

M1LST1 channel
\

J. Cortina, CTAO Symposium




Stellar Intensity Interferometry

Status of Sl in MAGIC and CTAO-LST1

Among science cases:

|
8

Novae 10% error in diameter -

”

BeStarS ]O_]————-——T/F’—-—————/ﬁ//-

Colliding wind binaries

”’
. ”’
”’
¢ .
”
’
”’

//,, *\C
{ M\"b
i N o

MAGIC+LST-1 T Crb observations. 10 min snapshots. Assumed 3.3 mag g >(\ ﬁ‘-\

Shock velocity 3000 km / s \k .
Y

Shock velocity 4500 km / s > k
Shock velocity 6000 km / s : 2 \\
\ ] 3 A\ ¢
Baseline too large to determine diameter. P ™
” »
MAGIC+LST-1 10 min measurements ’

Dark-time sensitivity (2.5h)
Sensitivity during Full-Moon

3 4 5 6
B mag
S. Abe, et al. 2024

Ay JEPTR PSSP R PR € iy 4 D) Sl < UTE S el o N

Slide from PHYS report CTAO Meeting




Public data: SED builder

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

@ oo o » Specially used in the AGN community

 Be aware of data simultaneity

: 166.1138 , 38.20883

Explore Data Build SED



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

Public data: SED builder

MRK421 Ra=166.11380 deg Dec=38.20883 deg (NH=1.3E20 cm~-2) > S —

Duplicate Sec

Bibliegraphic search

Redshift: ¥4 (g0 ] Frame: Observed
X Axis: | Frequency (Hz) v Y Axis: | nuFnu (erg/cm”~2js) ~
Plot Type: ' Default

Update Plot

Input Data Time Flltering Energy Filtering Fit Functions Instr Sensitivity Plot options

Existing SEDs Export VO Teols

SSDC-resident Catalogs o

Expand al Coliagae all

s | R B R TS [

Rado

nivired
Ogtical UV
Sot X-Ray
Hard X.-Ray

Gamma-Ray

Log vf(v) (ergcm™-2 s™-1)

(CHCJ B4

VHE

SSDC-resident data from published papers

Data citation policy - please read

i e —— — —— L W i
ARGO

Spectra 2011Ap).THL110B 20154pJ). 812 0B v vu

HESS Spectra 2005A8A. 43T, 95A 201540812808 vu

TACTIC Spectra 2000JPRO.ATIS201C 2015Ap).. 212, 408 vu

Log v (Hz)
TACTIC Spectra 2012)PRG0.. 3945201C 2015Ap).. 812, €08 vu

TACTIC Spectra 01ISNMPATTO. A28 2015Ap). 312408 vu

TIBEY Spectra 2003Ap).. 594 2424 2015Ap). 8126068 vu
VERITAS Spectra 2011AJ. T38. 254 2015Ap). 812608 vu

IXPE Polarzation 2022ApJ _SIEL..TD 2023NalAs.. 712450 2024A8A E31A.12K vu

<< H<

BeppoSAX Spectra 2002babtas. conl.. £30 vu

Data from external services and catalogs

e ———( ————————————————————————— —

BSDC-MAGIC u

BSDC Verites U

Catalna RTS U

NED IMRK421 : vy

VizieR photometry vu
IMASS
8085813
SDssT
UXIDSSE VO

USNO AZ0

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



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

Public data: SED builder

4FGL J0013.9-1854 (z=0.09)
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VizieR phot. Swift-XRT

NVSS Swift-XRT (SSDC)
WISE XMM
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Lainez et al. 2025



AGNs: Triggering on optical

MAGIC and HESS have dedicated optical support telescopes:
KVA and ATOM

Has been particularly useful for blazar observations

Photometric long-term monitoring: to study the long term
behavior, to define the flare conditions

Before the Fermi era, the optical telescope was the main
source of alerts for flaring AGN: e.g. with MAGIC >50% of
blazar discoveries result of optical trigger

PG 1553+113: Fermi-LAT quasi-periodicity quasi-periodicity in other bands? « MAGIC has been

. . 540954465
triggering from - R-band, Tuorla blazar monitoring program

+ ++ . [ 1.1'2006  1.1:22007 1.1:20 112009 112010 112011 112012 112013 1.1:2014 11;2015 ] Optical

1 =2 . ’ ¢ ' i - Discovery of
" +++ L $ TIURCAR U £ S : | observations since VHIE Garnerays
0t W, 414' LT PRI | o e . 2005

+ + 4% 12t . M Many discoveries
o } ‘ : (Mrk180
W hl 3 ,
e St Tt T 1ES1011+496,

' — S50716+714,
B32247+381,
ON325,

T W +++ ¢+ L + * *%
S W ﬁw% W o, ;» b1
o o AT TR H1722+119.

MJD 53500 0 54000 0 54500 0 55000 0 55500 0 56000 0 56500 0 57000 0

MJD
+ 0.1 '
540954+65) 54000 54500 55000 55500 56000 56500 57000

Ackermann et al. 2015, ApJ, 813, 41

Adapted from Elina Linfors




CTAO: synergies with optical

Transients KSP (Science with Cherenkov Telescope Array)

Table 9.1 — Summary table of proposed maximum observation times for follow-up targets in the Transients
KSP. Observations of Galactic transients could be extended beyond Year 3 of regular operations if new source
classes with fast variability are discovered. The early phase, prior to array completion, is assumed to last for
two years.

Observation times (h yr—* site™1)
Priority Target class Early phase Years1-2 Years 3-10 Years 1-10
GW transients 20 5 5
HE neutrino transients 20 S S

Serendipitous VHE transients 100 25 25

GRBs 50 50 50
X-ray/optical/radio transients 50 10 10

Galactic transients 150 30 0(?)

Total per site (h yr—! site™1) 390 125 95

Total both sites (h yr—1) 780 250 190

Total in different CTA phases (h) 1560 500 1520 2020

Science with CTAO (arXiv:1709.07997)



CTAO: synergies with optical
Transients KSP (Science with Cherenkov Telescope Array)

Simultaneous MWL follow-up observations should be arranged for all targets to maximize the scientific
output. The best approach would be to collaborate with existing teams of experts (internal or external
to CTA) that already have granted observing time in multiple facilities. Efforts are warranted to estab-
lish collaborations with such teams prior to the early science phase. Furthermore, a dedicated, on-site,
0.5-1 m class optical telescope can provide important benefits, including coordinated optical photom-
etry to clarify various thermal and non-thermal processes and possibly polarimetry to obtain valuable
complementary information on magnetic fields, density of ambient gas, etc.

C) X-ray, optical, and radio transients: To exploit the potential of X-ray, optical, and radio transient
factories, we suggest 50 h/yr/site during the early phase to test and tune the filter and trigger response
system based on responding to promising bright transients. Thereafter, we consider 10 h/yr/site during
regular operations to use the tuned filters to follow up on the many new transient alerts we expect to
receive.

The systems for responding to X-ray alerts from Swift, INTEGRAL or SVOM are already well established
for current IACTs and can be generally followed for CTA as well. Based on existing data, we do not ex-
pect the rate of alerts for transients of interest such as TDEs or SSBs to exceed those of GRBs. On the
other hand, planning concrete strategies at this moment for follow-up to optical or radio transient factory
alerts is challenging, due to numerous uncertainties concerning the actual performance of each facility,
the latency for receiving different types of alerts, and the extent of the information that will be available.
This is especially the case for fast transients such as FRBs. Nevertheless, a sketch of some possible
strategies can be outlined for the relatively slower, Galactic transients. For example, optical transient
factories are expected to discover large numbers of novae. Several novae have been detected by Fermi-
LAT in HE gamma rays [288], and current IACTs are searching for VHE gamma rays from these objects,
as predicted in some hadronic models. We expect that observations conducted by these and other
high-energy facilities during the following years will provide a clearer picture as to what the best trigger
conditions may be for follow-up with CTA. Possible filtering criteria could be based on optical magnitude
(to select nearby objects), nova type (nature of the companion and expected physical behaviour), prop-
erties of the HE gamma rays detected by Fermi, etc. Similar exercises will also be conducted for other
types of objects during the following years and prior to the early science of CTA, such that the optimal
methodology can be developed for selecting the particular types of transient factory alerts that are most

interesting for our aims. Science with CTAO (arXiv:1709.07997)




The Vera Rubin (and large telescopes) era

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

The LSST (and large telescopes) era



https://www.youtube.com/watch?v=kTBIU_8fBp4

The LSST (and large telescopes) era



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

The LSST (and large telescopes) era

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

There is much more to explore on
rubinobservatory.org

The unique Rubin Observatory will produce the greatest movie of the night
sky with tens of billions of celestial objects, including over 5 million asteroids.

This movie, LSST, will bring the ever-changing Universe to life!

Rubin Obs. website  Skyviewer link

THANK YOU ALL

FOR BEING WITH US TODAY!

And please stay with us
for at least next 10 years!

—
<IN


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

- - We want Fink to be able to filter, aggregate, enrich, consume incoming data streams or
ro e rs H I n otherwise transform into new streams for further consumption or follow-up processing.

Following LSST LDM-612, Fink's ultimate objectives are (no specific order):

* Processes time-domains alert streams and connects redistributing alert packets
them with follow-up facilities and science teams fitering alerts

cross-correlating alerts with other static catalogs or alert stream

classifying events scientifically

 Fink broker has been selected as a community broker e B
tO prOCGSS the fu" Stream Of tranSient alerts from coordinating scientific activity among collaborators
the Vera C- RUbin Observatory triggering followup observing

for users with appropriate data rights, facilitating followup queries and/or user-
generated processing within the corresponding Data Access Center

e Since 2020, processing the alert stream from the o .
Zwicky Transient Facility (ZTF). o "

collecting classification and other information gathered by the scientific community

I Fink broker Home  Portal News Publications Team  Joinus About §

Data-driven analytical
descriptions for LSST light...

Jun 18, 2025 Jun 10, 2025

classifiers for Rubin

for optimising supernova...

. A~ 4 | | |
First real-time active learning S ::g Preparing machine learning
“\ d & ) A —~
>4 ’

o e https://fink-broker.org/



https://lsst.org/
https://www.ztf.caltech.edu/

Take-home message

 Canary Island observatories plenty of optical/IR facilities
* Joint optical-gamma observations are key for many sources
e Special interest in the case of transient/variable events
e Optical can help yo'u:
e [rigger your gamma-ray observations
* Constraint different parameters -> modeling

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

B aloramas@iac.es



