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Multiwavelength data
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Multi-messenger astronomy
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AGNs, SNRs, GRBs... *
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Multi-wavelength astronomy
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Multi-wavelength astronomy

Cosmic microwave background, ~3 mm
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Absorption, extinction,...

Put in your model or correct your data for it

Radio: Synchrotron self-absorption

IR - UV: Interstellar extinction

Optical: Host galaxy contribution

H#  observed

X-rays: Interstellar medium grain absorption 1020 s

Gamma rays: Gamma-gamma absorption

10-11 4

* Extragalactic background light

e2dnde [ergs~lcm™?]

10-12 4

* Internal photon fields, e.g. accretion disk photons
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Gamma-rays

High-energy gamma-rays

Fermi

Credit: NASA

Lea Heckmann

Very high-energy gamma-rays
<100 GeV

Cherenkov

Air shower arrays
telescopes

HAWC LHAASO

Credit: HAWC Credit: LHAASO
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Fermi

Incoming gamma ray
L}

Tracker

LARGE AREA TELESCOPE

Electron-positron
calorimeter

Sodium iodide

detectors

GAMMA-RAY -
BURST MONITOR S

Credit: David J. Thompson et al. 2012, Physics today

Lea Heckmann

LAT:

20 MeV 1o >300 GeV

covers the whole sky every 3 hrs
— Gamma-ray spectra and
localizations

GBM:

8 keV to 40 MeV

covers the full unocculted sky
— GRBs and fast transients

21-05-2026



Fermi

* More info: https://fermi.gsfc.nasa.gov/
* Data acess: https://fermi.gsfc.nasa.gov/ssc/data/access/
* Data calatogs:

* 4FGL-DR4
14 years of LAT data



https://fermi.gsfc.nasa.gov/ssc/data/access/

Fermi-LAT data analysis

3D fits

36°

[=)]
Counts

main analysis pipeline

Counts

30°

Fractional Residual

2.0 25 3.0 35 40 45 5.0 55
0 Energy [log1o(E/MeV)]

python wrapper
Also readable with Gammapy

Important:

* Choose the appropiate IRFs (see )

* Choose the appropiate

* Choose which parameters/sources to leave free in the fit


https://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_essentials.html
https://github.com/fermi-lat/AnalysisThreads/blob/master/SourceAnalysis/1.BinnedLikelihood/binned_likelihood_tutorial.ipynb
https://fermipy.readthedocs.io/en/master/
https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Data_Exploration/Data_preparation.html
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html

INTEGRAL AstroSat
NuSTAR



X-rays

* Swift-XRT
* 0.3-10 keV
* fast repointing, medium imaging and spectroscopy
— Transients, bright AGN,...
* Swift-BAT:
* 15-150 keV
* Large field of view 1.4 sr

— GRB triggers, all-sky survey hard-X-ray transients
¢ +UV




X-rays

* Swift-XRT
* 0.3-10 keV
* fast repointing, medium imaging and spectroscopy
— Transients, bright AGN,...
* Swift-BAT:
* 15-150 keV
* Large field of view 1.4 sr

— GRB triggers, all-sky survey hard-X-ray transients
* +UV

* Public data access without proprietary period

* Target of Opportunity triggers (ToO)

* Observation Proposal usually due around Sept
* Data analysis overview and instructions


https://www.swift.ac.uk/swift_portal/
https://www.swift.psu.edu/toop/too.php
https://swift.gsfc.nasa.gov/analysis/

X-rays

Chandra

* 0.1-10 keV
* High-resolution of 0.5 arcsec
— optimized for X-ray images



X-rays

Chandra

* 0.1-10 keV
High-resolution of 0.5 arcsec
— optimized for X-ray images

Public data access

* Proprietary period varies, usually 1year

Target of Opportunity triggers (ToO) more rare (connected
to proposals)

Observation Proposal usually due around March

Data analysis overview and instructions


https://cxc.harvard.edu/cda/
https://cxc.harvard.edu/ciao/

X-rays
SN

NICER
e 0.2-12 keV
* High-precision timing + spectra
— observations of neutron stars, pulsars




X-rays

n*e:e‘ ~grd d

QU

NICER
e 0.2-12 keV
* High-precision timing + spectra
— observations of neutron stars, pulsars

Public data access

* No proprietary period, but validation period 2 weeks
Target of Opportunity triggers (ToO)

Observation Proposal usually due around March

Data analysis overview and instructions


https://heasarc.gsfc.nasa.gov/docs/nicer/analysis_threads/access-data/
https://heasarc.gsfc.nasa.gov/docs/nicer/proposals/too_policy.html
https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_analysis.html

X-rays

eROSITA
* 0.2-10 keV
* All-sky survey, field of view 1.03 deg



https://erosita.mpe.mpg.de/dr1/index.html

X-rays

eROSITA
* 0.2-10 keV
All-sky survey, field of view 1.03 deg

German/Russian collaboration

Public data releases of the German data (Western sky)
First 6 months released with analysis instructions
* more too come?


https://erosita.mpe.mpg.de/dr1/index.html
https://erosita.mpe.mpg.de/dr1/index.html

X-rays

XMM-Newton:
* 0.15-10 keV
* Wide field of view (30 arc min)
* High resolutions spectra (E/dE = 100-500)
— Observations of faint or extended sources £




X-rays

XMM-Newton:

e 0.15-10 keV

* Wide field of view (30 arc min)

High resolutions spectra (E/dE = 100-500)

— Observations of faint or extended sources V.

Public data access or

* Some with a proprietary period of 1year

Target of Opportunity triggers (ToO) are rare, link
Observation Proposal usually due around October
Data analysis overview and instructions ,
quick look interactive analysis


https://www.cosmos.esa.int/web/xmm-newton/xsa#access
https://nxsa.esac.esa.int/nxsa-web/#home
https://www.cosmos.esa.int/web/xmm-newton/too-details
https://www.cosmos.esa.int/web/xmm-newton/sas
https://nxsa.esac.esa.int/nxsa-web/#risaHelp

X-rays

NuSTAR:
* 3-79 keV, hard X-rays
* Focused imaging + spectra
— Observations of higher energy X-rays, AGN




X-rays

NuSTAR:
* 3-79 keV, hard X-rays
* Focused imaging + spectra
— Observations of higher energy X-rays, AGN

Public data access , some with a proprietary period of 1year
Target of Opportunity triggers (ToO) are rare, link

Observation Proposal usually due around January

Data analysis overview and instructions here, quick start guide

@



https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3table.pl?tablehead=name%3Dnumaster&Action=More+Options
https://nustarsoc.caltech.edu/NuSTAR_Public/GO/GOsubmit.php
https://heasarc.gsfc.nasa.gov/docs/nustar/analysis/
https://heasarc.gsfc.nasa.gov/docs/nustar/analysis/nustar_quickstart_guide.pdf

X-rays

AstroSat:
* 0.3-200 keV, up to hard X-rays
e + UV
* High time resolution
— MWL observations and time-domain studies




X-rays

AstroSat:

* 0.3-200 keV, up to hard X-rays

e + UV

High time resolution

— MWL observations and time-domain studies

Public data access , proprietary period of 1year
Target of Opportunity triggers (ToO) for Indian proposers
Observation Proposal usually due around March

Data analysis instructions | /



https://astrobrowse.issdc.gov.in/astro_archive/archive/Home.jsp
http://astrosat-ssc.iucaa.in/ToO
http://astrosat-ssc.iucaa.in/data_and_analysis

X-rays

INTEGRAL:
* 15 keV to 10 MeV - up to gamma-rays
+ X-ray (3-35 keV) & optical (V-band)
* stopped in 2025
— public archive



https://www.cosmos.esa.int/web/integral/integral-data-archives

X-rays

I XPE:
e 2-8 keV

* First X-ray polarization measurements




X-rays

I XPE:
e 2-8 keV

* First X-ray polarization measurements

Public data access within 1 week

Target of Opportunity triggers (ToO)

Observation Proposal usually due around September
Data analysis overview and instructions ,

quick start guide



https://heasarc.gsfc.nasa.gov/docs/ixpe/archive/
https://ixpe.msfc.nasa.gov/for_scientists/too.html
https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/
https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/ixpe_quickstart.pdf

X-rays

Table 28: Comparison of XMM-Newton with other X-ray satellites

Satellite Mirror PSF |Mirror PSF| E range A. at 1 keV |Orbital target Energy resolution
FWHM [ ]| HEW [ "] [keV] [cm?]- visibility [hr] at 1 keV [eV]
XMM-Newton 6 15 0.15-12 4650 36.7¢ 4 (RGS)
Chandra 0.24 0.5 0.1-10 555 (ACIS-S) 44 4+ 1 (HETG)
ROSAT 3.5 7 0.1-24 400 1.3 500
ASCA 73 174 0.5-10 350 0.9 100
Suzaku 96 -120 108 - 138 0.2 - 600 1760 (XIS) 0.72 50
BXTE n.a.s n.a.- 2-250 n.a.s 1: n.a.s
Swift 8.8 187 0.2-10 (XRT) 133.5 ~0.8¢ 70
NuSTAR 18 58 3-79 n.a.” ~0.8 n.a.”
Credit: ESA,

https://xmm-tools.cosmos.esa.int/external /xmm_user_support/documentation/uhb/xmmcomp.html

Credit: Wikipeda
Lea Heckmann 21-05-2026
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Uv

* Swift-UVOT
* 6 filters (3 UV, 3 optical)
* Follow-up of XRT and BAT

* AstroSat-UVIT
* 3 UV channels
* Follow-up of X-rays instruments

* Hubble
* high-resolution UV imaging & spectroscopy

60
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D
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4000 6000
Wavelength (R)



Optial

Public all-sky surveys:

* ZIF
* Scanning the Northern sky since 2018
* Public data release here

. ATLAS Credit: ZTF
* Hawaii x2, Chile, South Africa starting in 2015 (sourthern sky a bit later)
* Public data access (queue, login needed) here

* Pan-STARRS
* Placed in Hawai since 2019
* Public data access here

¢ ASAS-SN
* Hawaii, Texas, two in Chile, South Africa, and China starting in 2013/14
* Public data access here

* LSST - Vera Rubin: to begin soon
Lea Heckmann 21-05-2026



https://www.ztf.caltech.edu/ztf-public-releases.html
https://fallingstar-data.com/forcedphot/
https://outerspace.stsci.edu/spaces/PANSTARRS/pages/298812201/Pan-STARRS1+data+archive+home+page
https://asas-sn.osu.edu/photometry

70

Optial | a
) ) ) ) 2wl E g (b !i "y
Time-domain Monitoring : n (! ?.ia dd
. . g 20 P Ye < 1
* Tuorla: Data in the R-band since 2002 ) ‘ Hq ‘ ij .‘l ;ief“ ]
* Data access on request, but overview of sources Rl
« GASP-WEBT: Huge network of telesocpes AT W T Tl 0

* Optical photometry + polarization
* Private data access, but archival data can be asked for here

Robopol: Optical photometry and polarization
* Public data release 2013-2017

CANICA: Near Infrared
* Not public, but open to collaborate usually, find the PI

SALT: Southern sky optical observatory
* Public data archive


https://tuorlablazar.utu.fi/
https://www.oato.inaf.it/blazars/webt/the-webt-archive/
https://robopol.physics.uoc.gr/data
https://astro.inaoep.mx/en/observatories/oagh/near-infrared-imaging-camera-canica/manual
https://astronomers.salt.ac.za/

Radio

Surveys

* Canadian Galactic Plane Survey, link

* THOR northern Galactic plane survey, link
* NRAO VLA Sky Survey, sky north of -40 deg dec, link
* DAME CO survey covering most of the sky, link

* FUGIN survey of parts of the galactic plane, link

* Southern Galactic Plane Survey (SGPS), link



https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/cgps/
https://beuther.www3.mpia.de/thor//Overview.html
https://www.cv.nrao.edu/nvss/
https://lweb.cfa.harvard.edu/rtdc/CO/
https://nro-fugin.github.io/
https://cade.irap.omp.eu/dokuwiki/doku.php?id=sgps

Radio

Surveys o e s N 3
* Canadian Galactic Plane Survey, link £
* THOR northern Galactic plane survey, link '
* NRAO VLA Sky Survey, sky north of -40 deg dec, link
* DAME CO survey covering most of the sky, link

* FUGIN survey of parts of the galactic plane, link

* Southern Galactic Plane Survey (SGPS), link

. .
Exploded Star

2008 2010 2012 2014 2016 2018 2020
] ] ] ]

L 11 |
J1504+1029

Time-domain monitoring: 5: Z E r’v’ﬂ
* OVRO Radio monitoring of blazar at 15 GHz z2 I
* Data access rules here, on request 5 2 ] w

* Metsahovi Radio monitoring of blazar at 37 GHz l l . 1 1
° Da_l_G access on reques‘l’ 55000 56000 57000 58000 59000

* Telamon (Effelsberg) radio monitoring of AGN + polarizamion
* Data access on request

MJD


https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/cgps/
https://beuther.www3.mpia.de/thor//Overview.html
https://www.cv.nrao.edu/nvss/
https://lweb.cfa.harvard.edu/rtdc/CO/
https://nro-fugin.github.io/
https://cade.irap.omp.eu/dokuwiki/doku.php?id=sgps
http://springbok.caltech.edu:88/40m_website/data.php?page=data_query
https://www.aalto.fi/en/metsahovi-radio-observatory/active-galaxies
https://telamon.astro.uni-wuerzburg.de/sources

Tools tfor data access/overview

CADE, link

Fermi LC repo, link

SED builder, link

Markarian MWL Data Center, link

Astrocolibri (see Sylvia's slides)


https://cade.irap.omp.eu/dokuwiki/doku.php
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/
https://tools.ssdc.asi.it/SED/
https://mmdc.am/

ACME

Workshop/School The gravitational wave sky and complementary observations (04/2025) Video playlist, Slides
* Past training material, link h
G S rq I n I n g G e rl G 4 I n e re Workshop/School Multimessenger Citizen Science: Training Event for Amateur Astronomers (06/2025) Video playlist, Slides
Workshop/School ACME training Workshop on Swift and XMM-Newton data analysis (10/2025) Video playlist, Slides
Workshop/School 15t MAGIC Open Data-Analysis School Video day 1/day 2, Materials
. Date v Name of the event p Location (Country) Category b
* Fut ts, link h
uture events, lin ere
2026/11/03 —
ACME Inter-Disciplinary Underground Science and Technology (I-DUST) Apt (France) Workshop
2026/11/05 i
2026/11/02 — .
Cherenkov Astronomy Data School 2026 Paris (France) School
2026/11/06
20261012 — s
Hands-On Observational School in Optical Follow-Up of Transients Aslago (ltaly) school
2026/10/16
2026/09/16 —
The 8th LOFAR Data School Dwingeloo (Netherlands) School
2026/09/23

Jun Jun

4

* Hands-on, link here N

Thursday

Jun  Astro-COLIBRI: Overview and Key Features Jun  Design an IACT for VHE gamma-rays
3 Wed 3 Jun, 14:00 - 16:30 4 Thu 4 Jun, 14:00 - 17:00

Jun Jun

12 16

Friday Tuesday

Jun  Kilonova: Theory and Modelling Jun  From Counts to Physics: Simulating and Fitting Gamma-
12 iz Jun, 10:00 - 16:00 16 rayData
Tue 16 Jun, 14:00 - 16:00

Lea Heckmann


https://www.acme-astro.eu/training-events/training-material/
https://www.acme-astro.eu/training-events/events/
https://www.acme-astro.eu/hands-on-sessions/

Gammapy & MWL data

* Works nicely for gamma-ray data

and joint instrument fits:

T

E?-d¢/dE/(ergcm™2s71)

10-10 5

10711 5

10-12 5

Meyer et al. (2010)
Fermi-LAT

MAGIC

VERITAS

FACT

H.E.S.S.

joint fit

1071 100

E/TeV




Gammapy & MWL data

* Works nicely for gamma-ray data
and joint instrument fits:

* Extension to X-rays:

https://github.com/registerrier/gammapy-ogip-spectra

ny=5x10Z2cem™2, ES, = 1000 TeV

0=

“]—lii

E. %% dN/dE, [TeV em™271]

= Best-fit spectrum

—— B =1.30u4G (30 ul)
— B =093pG (20 ul)
— B =0.54pG (loul)

/\ XMM-Newton fit range

-1

1078 10-° 10~ 1072
E, [TeV]

L. Giunti et al. 2022, A&A 667, A130

Lea Heckmann

10°

C. Nigro et al. 2019, A&A 625, Al0

Iso see e.g.:
10_10'; et haronian et al. 2024,
= 1 \ 686, A308
‘T‘U)
3
W o q0-114 " Meyer et al. (2010)
ol i —-- Fermi-LAT
m : MAGIC
s 1 =-- VERITAS
: ~—- FACT
w1024 ___ HEss.
{1 — joint fit
b | LN R ) LN R R | LI I 8 | LAY |
1072 1071 100 10! 102
E/TeV
21-05 -2026



Gammapy & MWL data

* Works nicely for gamma-ray data
and joint instrument fits:

* Extension to X-rays:

https://github.com/registerrier/gammapy-ogip-spectra
ny=5x10Z2cem™2, ES, = 1000 TeV

0=

JdE, [TeV em™2571]

N

10-13

E.2xd

Best-fit spectrum

B = 1.304G (30 ul)
B =083pG (20 ul)
B =0.534 4G (lo ul)
XMM-Newton fit range

-1

L. Giunti et al. 2022, A&A 667, A130

1078 10-6

Lea Heckmann

10~ 1072 10°
E, [TeV]

C. Nigro et al. 2019, A&A 625, Al0
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—== Fermi-LAT
MAGIC

—== VERITAS

-—-- FACT

] --- H.ESS.
{1 — joint fit

Meyer et al. (2010)

Iso see e.g.:
haronian et al. 2024,
\ 686, A308

* Extension to UV/ optical:

1072 1071t

100 10! 102
E/TeV

https://github.com/mireianievas/gammapy_mwl_workflow

T T
[ Liverpool 10:0 (+extinction)
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Gammapy & MWL data

* Gammapy-mwl W
Public git repo: https://github.com/gammapy/gammapy-mwil

Subproject of Gammapy - Managed by Fabio

In development
* Less easy to install yet as Gammapy

* Changing constantly

But works nicely to do joint fits of data on events/counts not fluxes, which avoid bias

* See my miniprojects groups presentation fomorrow


https://github.com/gammapy/gammapy-mwl
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