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PURPOSE & OUTLINE OF THIS TALK

• Review of the internal survey for external data needs.

!

• A quick look into the different CTA science cases.

!

• Some comments on specific bands.

!
• Possible ways forward.
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The purpose of this talk is to present the potential synergies between 
CTA science and data from other bands of the observational spectrum, 
in order to identify cooperation links between CTA and external facilities 
and research groups.



BASELINE DOCUMENT

3

A complete outlook on the CTA 
science and potentials. 
!
Now available as a book by World 
Scientific.

!
Open access in astro-ph:

arXiv:1709.07997
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• Consortium Internal-time Key 
Science Projects!

– Providing the first fundamental 
observations, surveys and legacy 
data sets!

• Heavy time-demand projects !
• Reference for follow-up 

science!
– Open-up the discovery space for 

the next generation of VHE science!
• New sources and source 

classes!
• New phenomena and probing 

capabilities!
– Require MWL & MM linkages for 

reaching their goals!
• Associated data sets, 

catalogues, and follow-up, 
monitoring or ToO 
observational programmes
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THE CTA KEY SCIENCE PROJECTS
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TIME BUDGET FOR CTA OBSERVATORY
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EXTERNAL NEEDS MATRIX

FROM ICRC 2019 PRESENTATION

8
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Band or 
Messenger

Astrophysical 
Probes

Galactic 
Plane 

Survey
LMC & 
SFRs

CRs &!
Diffuse!

Emission
Galactic 

Transients
Starburst!
& Galaxy!
Clusters

GRBs AGNs Radio 
Galaxies Redshifts GWs & 

Neutrinos

Radio 
Particle and magnetic-

field density probe. 
Transients. Pulsar timing.

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

(Sub)Millimetre
Interstellar gas mapping. 
Matter ionisation levels. 
High-res interferometry.

✔ ✔ ✔ ✔ ✔ ✔

IR/Optical
Thermal emission. 

Variable non-thermal 
emission. Polarisation.

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Transient 
Factories

Wide-field monitoring & 
transients detection. Multi-

messenger follow-ups.
✔ ✔ ✔

X-rays
Accretion and outflows. 
Particle acceleration. 
Plasma properties.

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

MeV-GeV 
Gamma-rays

High-energy transients. 
Pion-decay signature. 

Inverse-Compton process
✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Other VHE
Particle detectors for 

100% duty cycle 
monitoring of TeV sky.

✔ ✔ ✔ ✔ ✔

Neutrinos
Probe of cosmic-ray 

acceleration sites. Probe 
of PeV energy processes.

✔ ✔ ✔

Gravitational 
Waves

Mergers of compact 
objects (Neutron Stars). 

Gamma-ray Bursts.
✔✔

✔✔

Figure 3: Matrix of CTA Science Cases and associated MWL / multi-messenger synergies. The science cases listed refer to the core science programme
of CTA, to be developed within the Consortium proprietary time. Some comments on the astrophysical capabilities from each band are also added. Ticks
marked in red are to indicate the principal synergies of each science case.
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SUMMARY OF EXTERNAL NEEDS I
4. Global Summary Statistics 

4.1 The table below indicates the total time demand breakdown per band and per 
science case for all the KSP time, from early-phase to the last year of KSP full-array 
operations, 10 years into the project.


Note - Please, observe that, since this table makes no distinction between the phase of 
the KSP time, and given that the different science cases have time demands which 
evolved along the 10 years of proprietary CTA time, it should be used only as an 
illustrative estimation of the external needs. A more accurate view of the yearly time-
demand is presented in the table of item 4.3 below. In fact, the numbers quoted in the 
present table refer to the average demand over the first three years of proprietary time 
with the full CTA array, when the demand for external data is the highest. 


Science 
Case

KSP 
Phase

VLBI Radio 
cm

Radio 
mm

Optical 
OST

Optical 
(2+ m)

Optical 
Polar.

X-rays Gamma

AGN 
Flares

Full KSP 52 h/y 1600h/y 640 h/y 280 h/y 1776h/y 500 h/y surveys

AGN 
Monitor

Full KSP 288 h/y 13 h/y 390 h/y 148 h/y 64 h/y 1490h/y 288 h/y surveys

AGN 
Pop.

Early-
phase

3 h/y 13 h/y 5 h/y 113 h/y 10 h/y 42 h/y surveys

AGN 
Spectra

Early-
phase

8 h/y 210 h/y 210 h/y 110 h/y 210 h/y surveys

AGN-z Y1-3 full 
array

50 h/y 40 h/y

Radio 
Galaxy

Y1-3 full 
array

12 h/y 24 h/y 18 h/y surveys

Extr-
Trans.

Early / 
Full

150 h/y 500 h/y 240 h/y 240 h/y 75 h/y surveys

X-Gal 
Survey

pre-KSP TBC TBC TBC

Diffuse / 
CRs

pre-KSP

GPS pre-KSP TBC TBC TBC

Gal. 
Trans

Early-Y3 
/ Full (?)

50 h/y 10 h/y 100 h/y 60 h/y 60 h/y 180 h/y surveys

SFRs & 
LMC

pre-KSP TBC

Multi-
Mess.

Early / 
Full

16 h/y 150 h/y 150 h/y 150 h/y 50 h/y surveys

Serend. Early / 
Full

TBC 25 h/y 250 h/y 200 h/y 100 h/y 100 h/y 50 h/y TBC
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SUMMARY OF EXTERNAL NEEDS II

4. Global Summary Statistics 

4.1 The table below indicates the total time demand breakdown per band and per 
science case for all the KSP time, from early-phase to the last year of KSP full-array 
operations, 10 years into the project.


Note - Please, observe that, since this table makes no distinction between the phase of 
the KSP time, and given that the different science cases have time demands which 
evolved along the 10 years of proprietary CTA time, it should be used only as an 
illustrative estimation of the external needs. A more accurate view of the yearly time-
demand is presented in the table of item 4.3 below. In fact, the numbers quoted in the 
present table refer to the average demand over the first three years of proprietary time 
with the full CTA array, when the demand for external data is the highest. 


Total 
North

140 h/y 1633h/y 795 h/y 582 h/y 2252h/y

Total 
South

137 h/y 1580h/y 725 h/y 591 h/y 1594h/y

Toral 
Time

350 h/y 277 h/y 3213h/y 1520h/y 1183 h/y 3826h/y 1415h/y surveys

4. Global Summary Statistics 

4.1 The table below indicates the total time demand breakdown per band and per 
science case for all the KSP time, from early-phase to the last year of KSP full-array 
operations, 10 years into the project.


Note - Please, observe that, since this table makes no distinction between the phase of 
the KSP time, and given that the different science cases have time demands which 
evolved along the 10 years of proprietary CTA time, it should be used only as an 
illustrative estimation of the external needs. A more accurate view of the yearly time-
demand is presented in the table of item 4.3 below. In fact, the numbers quoted in the 
present table refer to the average demand over the first three years of proprietary time 
with the full CTA array, when the demand for external data is the highest. 


Science 
Case

KSP 
Phase

VLBI Radio 
cm

Radio 
mm

Optical 
OST

Optical 
(2+ m)

Optical 
Polar.

X-rays Gamma

• Presented are the global needs (telescope time) from each band per science 
case

• These are “general values”, not refined for:


• Evolution of time demand over Key Science Project time

• Estimates of what is already available “off the shelf” in terms of open data  


• Not all data demands have the same level of relevance, but here all demands are 
summed up


• Overlap time demands from different science cases are considered in the total time 
budget.


• GeV gamma-ray data is considered for the current scenario with major survey 
instruments available, e.g. Fermi-LAT

10CTA Linkages — Ulisses Barres — Adelaide 2019



TIMELINE OF EXTERNAL DATA NEEDS

4.2 The image below indicates the timeline of the external data demands, for each 
science case and according to the different phases in which the KSP time is 
organised. 

!
4.3 Following the detailed time demands of each KSP (section 3) and their temporal 
distribution as indicated in item 4.2, we arrive at the following final distribution of the 
time demand for external data for each year of CTA KSP science, necessary to plan 
the data access.


11CTA Linkages — Ulisses Barres — Adelaide 2019

• The observational needs for CTA will vary over time for the first decade over which 
the KSPs will be carried out. 


• Below, a breakdown is presented of the different phases for the different KSPs and data 
access needs.



TEMPORAL BREAKDOWN OF NEEDS

4.2 The image below indicates the timeline of the external data demands, for each 
science case and according to the different phases in which the KSP time is 
organised. 

!
4.3 Following the detailed time demands of each KSP (section 3) and their temporal 
distribution as indicated in item 4.2, we arrive at the following final distribution of the 
time demand for external data for each year of CTA KSP science, necessary to plan 
the data access.


Pre-KSP 
Time

Early-
phase

Full Array 
Y1-2

Full Array 
Y3

Full Array 
Y4-5

Full Array 
Y6-10

Radio cm-band North 95 h/y 137 h/y 125 h/y 122 h/y 112 h/y

South 105 h/y 70 h/y 58 h/y 50 h/y 40 h/y

Radio mm-band North 450 h/y 1658 h/y 1320 h/y 1208 h/y 930 h/y

South 550 h/y 1555 h/y 1222 h/y 1076 h/y 822 h/y

Radio VLBI North 223 h/y 223 h/y 211 h/y 153 h/y

South 50 h/y 127 h/y 127 h/y 97 h/y 49 h/y

Optical OST North 25 h/y 100 h/y 850 h/y 671 h/y 531 h/y 374 h/y

South 25 h/y 100 h/y 724 h/y 646 h/y 426 h/y 285 h/y

Optical (2+ m) North 20 h/y 245 h/y 598 h/y 523 h/y 419 h/y 357 h/y

South 20 h/y 305 h/y 578 h/y 504 h/y 404 h/y 340 h/y

Polarimetry OST North 245 h/y 2232 h/y 1861 h/y 1861 h/y 1349 h/y

South 305 h/y 1594 h/y 1225 h/y 1195 h/y 794 h/y

X-rays 355 h/y 1413 h/y 1166 h/y 848 h/y 530 h/y

GeV Gammas — — — —

VHE Gammas — — — — 12



SUMMARY STATISTICS

Note - Some time estimations which contribute to the total values presented in the 
tables 4.1 and 4.3 are very sensitive to the choice of the specific observing 
instrument, specially in the radio band. Additionally, for some science cases, such as 
extreme-extragalactic transients, multi-messenger follow-ups, galactic transients and 
serendipitous source follow-ups, the estimations of observation time required have a 
fair degree of uncertainty (usually upper limits are provided based on the maximum 
CTA available time for these science cases). All this considered, the times quoted in 
these summary tables may up to around 20% in reality. Therefore, when time comes 
to draft specific time requests for external instruments, a more thorough exercise 
(science-case based) may be required. Nevertheless, within these uncertainty range, 
the time demand estimates should be accurate enough, and offer a solid view of 
global CTA demand on external data. 
!
4.4 To conclude, the summary plots below illustrate the total time demand for external 
data, in function of band, hemisphere and period of CTA KSP internal time.


Figure 6. Summary plots illustrating the total time demand for external data, in function of 
band, hemisphere and period of CTA KSP internal time.


!
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!

COMMENTS ON SPECIFIC 
BANDS
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MAPPED RADIO FACILITIES

Low Frequency Radio

Mid-Hi Frequency Radio

mm /sub-mm Radio

monitoring / follow-up?

GMRT

FAST

Qitai

MWA

LOFAR

UTMOST

MeerKAT

ATCA
ASKAP

Itapetinga

Nançay
JVLAVLBA

EAVN
RATAN

Ryle 
AMI

EVN

eMerlin

LLAMA
ALMA

NOEMA

IRAM
OVRO

Metsahövi

Medicina

Noto

Parkes
AVN

AMT



Transient Factories

Major OIR Facilities

Polarimetric Capability

LSST 
DES 

BLakcGEM

PanSTARRS

ZTF

SALTSOAR 
La Silla 

GMT

eELT 
VLT

TMT 
Keck

GTC 
WHT 
NOT

Lick

Liverpool

Calar Alto

MAPPED OPTICAL FACILITIES

CASLEO
ANU

AAT

OPD
SAAO Zadko



SATELLITE-BASED FACILITIES
4.2 The image below indicates the timeline of the external data demands, for each 
science case and according to the different phases in which the KSP time is 
organised. 

!
4.3 Following the detailed time demands of each KSP (section 3) and their temporal 
distribution as indicated in item 4.2, we arrive at the following final distribution of the 
time demand for external data for each year of CTA KSP science, necessary to plan 
the data access.


HST
JWST
SPICA
NICER
ASTROSAT
HXMT
Chandra
XMM
NuSTAR
Swift
eROSITA
XRISM
SVOM
IXPE
ISS-TAO
Einstein Probe
eXTP
TAP
ATHENA
THESEUS

DAMPE
AGILE
INTEGRAL
Fermi
Gamma-400
AMEGO

Nimble
Burstcubes



DEMANDS ON RADIO SURVEYS

18

Radio survey data has been identified as an essential 
complement to several science cases of the CTA Key Science 
Programmes:  


The study of galactic sources and diffuse emission, the 
LMC survey, as well as radio galaxies, galaxy clusters and 
starburst galaxies in the extragalactic realm.

!
!
Extragalactic: 
!
		 Minimum starburst targets for CTA KSP include            
M82,  NGC 253, M31, Arp 220 — continuum, plus 21 cm 
and CO line data requested. 

		 Potential Galaxy Cluster sources are Perseus (300 h            
CTA time), plus Ophiuchus, Coma, Norma, Centaurus and 
Virgo — MHz-GHz continuum data requested.

	

CTA Linkages — Ulisses Barres — Adelaide 2019

Perseus Cluster seen in radio 
contours and Fermi-LAT.



DEMANDS ON RADIO SURVEYS
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Radio survey data has been identified as an essential 
complement to several science cases of the CTA Key Science 
Programmes:  


The study of galactic sources and diffuse emission, the 
LMC survey, as well as radio galaxies, galaxy clusters and 
starburst galaxies in the extragalactic realm.

	

!
SFR & LMC: 
!
		 Low-Freq Radio Continuum survey — available            
sensitivity with MWA likely not sufficient for Wd1 region 

		 Wd1 & Carina / Wd 2 regions — availability? request            
(e.g. SKA1-Low) if not available

		 Cygnus region — e.g. with LOFAR?	 
           
		 LMC survey data — include in GASKAP (HI / OH)            
plus NANTEN data (accessibility?)

CTA Linkages — Ulisses Barres — Adelaide 2019

Simulated view of the LMC by CTA 
superposed to HI survey data.



OPTICAL MONITORING & 
FOLLOW-UP NEEDS

I - Optical data will be crucial in the monitoring and follow-up of VHE 
transients detected by CTA, especially those of extragalactic nature such as 
AGNs  
Optical support telescope on site is likely to provide baseline coverage for 
flare follow-up and regular monitoring of circa 10 selected sources. 
• Important to identify facilities which can complement this baseline coverage, with probable 

demand of several 10s h/year monitoring time in a 2-m class telescope + up to 100 h/year ToO 
time with response capability < day

20

II - Polarimetry is a particularly important complement to be (likely) provided 
by an OST on site, given high demands on monitoring time.

• Complementary longitude spread of the observational data is nevertheless 
important to complement e.g. AGN in flaring states.

III - Transient factories broker access / set-up essential to optimise CTA 
follow-up of transients.

CTA Linkages — Ulisses Barres — Adelaide 2019



RADIO MONITORING & 
FOLLOW-UP NEEDS

Radio follow-up and monitoring requirements from both Galactic 
Transients, and AGN sources.

21

Additional radio interferometry needs:  
• VLBI monitoring of the Radio Galaxy M 87 is particularly important.

• Monitoring programmes available: EAVN Hada et al.; EVN Giroletti et al.


• Plus joint monitoring of circa 15 pre-selected AGN sources to be followed by 
CTA for 10 years, with monthly cadence in VLBI.

• 10-year monitoring programme of 
15 (11 N + 4 S) prominent sources


• plus ToO follow-up of active 
sources over extended (2-month 
period), with < week coverage: 
expected number of flares up to 
100 per year.

!
3.9.4 The measurement of pulsar signals is detailed below


Binaries < 10 < 80 h 2 20 h few days /!
few weeks

Novae SKA, AMI 
eMerlin,

< 10 < 80 h 2 20 h few days /!
few weeks

uquasars GMRT,ATCA!
JVLA, ALMA

< 2 < 80 h 2 20 h few days /!
few weeks

magnetars,!
HMXBs +

MeerKAT,!
LOFAR

< 10 < 50 h 1 20 h few days /!
few weeks

msec 
pulsars

< 10 < 50 h 1 20 h few days /!
few weeks

< 40 < 340 h 8 100 h

3.9 Galactic Transients Science 

Contact points: Paul Bordas, Arache Djnnati-Ataï, Sylvain Chatti and A. Papitto 

3.9.1. The last group of science cases we consider are the galactic transients. CTA will 
be triggered by and will also start observations with external facilities. Data will be 
from ToO observations of activity follow-up or the monitoring of known transient 
objects.


3.9.2 The table below lists the demands for a number of variable galactic objects.


Science !
Case

Preferred !
Facilities

Triggers 
by CTA

External!
Time

Triggers 
to CTA*

CTA 
Time

Follow-up

CTA Linkages — Ulisses Barres — Adelaide 2019



WAYS FORWARD

CTA, for the first 10 years (2025-35) will have 40% of its time dedicated to 
internal consortium Key Science Projects 
• The successful completion of these science cases will demand cooperation 

with external data at many fronts

• surveys and catalogues

• alerts and follow-ups

• intense monitoring of transients


• Identification of facilitates that can provide such data (through MoUs, scientific 
cooperations on existing programmes, regular time demands) is a priority for 
CTA.

Particularly relevant for the near-term (as of now!) is to complement or identify 
missing survey data from radio, IR and X-rays that is crucial for some galactic and 
extragalactic science cases.

Let us establish the links to achieve some of these (mutual) goals through 
cooperation with Australian groups and facilities!

CTA Linkages — Ulisses Barres — Adelaide 2019 22



THANK YOU!

Thank you very much!

Contact me for MWL & Multi-messenger 
cooperation: ulisses@cbpf.br

mailto:ulisses@cbpf.br


!

EXAMPLE SCIENCE CASES
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GALACTIC PLANE SURVEY

25

To be performed down to ~ 2 mCrab in the inner Galaxy -15º < l < 15º  and Cygnus SF 
Region, and ~ 4 mCrab elsewhere in the GP

	 Provide a complete census of Galactic VHE source populations
    
	 Allow for a detailed study of the diffuse emission at the VHEs
    
	 Production of multi-purpose catalogue and data sets    

Multi-wavelength synergies:

Mostly archival data (catalogues and survey data) will be necessary to complement the 
VHE data;

It is expected that new discoveries may prompt additional observations from other bands, 
but this will be known only after the first results of the KSP, few years within CTA operation;

Specific science cases require specific data that if missing should be sought after as early 
as from next year, before the start of CTA operations


CTA Linkages — Ulisses Barres — Adelaide 2019

CTA MWL & MM Perspectives Ulisses Barres de Almeida

2. The Galaxy with CTA

The foundation for Galactic science with CTA will be provided by the Galactic Plane Survey

(GPS), which will fulfil a number of goals, of which the most basic one will be to provide a
census of Galactic very high-energy (VHE) gamma-ray source populations, such as supernova
remnants (SNRs), pulsar-wind nebulae (PWNe), and binary systems, substantially increasing the
source count thanks to the CTA improved sensitivity (see Figure 1). In performing the GPS– which
will consist of a deep survey down to ⇠ 2 mCrab of the inner Galaxy and the Cygnus regions, plus
a shallower survey (down to ⇠ 4 mCrab) of the entire Galactic plane – determining the properties
of the Galactic diffuse emission will also be an important goal. Finally, the survey will produce a
multi-purpose, legacy data set of long-lasting value to the entire astronomical community.

Special attention will be dispensed to the inner Galaxy within the GPS. Deeper exposures of
the inner few degrees of the Galaxy will be performed for a detailed study of the Galactic Centre.
These observations will be complemented by an extended survey to explore regions not yet covered
by existing VHE telescopes, at high latitudes, to the edge of the bulge emission, including the
base of the Fermi Bubbles and interesting sources such as the Kepler SNR. The core goal of the
Galactic Centre Survey is to provide unprecedented spatial and spectral sensitivity of this crucial
regions of the Galaxy which may allow us to identify the central source [5] and decide between
the models proposed to explain the extended emission [4], thus providing a deeper understanding
of the capability for cosmic ray acceleration in the Galaxy [14]. The Galactic Center is also a top
Dark Matter target for CTA.

The search for the sources of petaelectronvolt protons (the so-called PeVatrons) will be an-
other main focus of the GPS. It is well known that SNRs are able to satisfy the cosmic-ray energy
requirement [15], via diffusive shock acceleration at the expanding SNR shocks [11]. However,
it is still unclear whether or not they can act as cosmic-ray PeVatrons, given uncertainties in the
mechanisms of magnetic field amplification [9]. The observation of Star-Forming Regions with
CTA will help unveil the relation between cosmic rays and star formation. Among the prime re-
gions for such study are the Carina and Cygnus regions and the massive stellar cluster Westerlund
1. Outside the Galaxy, the Large Magellanic Cloud (LMC) will be target of a dedicated survey.

1. Introduction to CTA Science 1.1 Key Characteristics & Capabilities

• Extragalactic Survey (Chapter 8) – covering 1/4 of the sky to a depth of ⇠6 mCrab. No extragalac-
tic survey has ever been performed using IACTs, and the existing VHE surveys using ground-level
particle detectors [10, 11] have modest sensitivity, limited angular and energy resolution, and lim-
ited energy range. A 1000 hour CTA survey of such a region will reach the same sensitivity as the
decade long H.E.S.S. programme of inner Galaxy observations and will cover a solid angle ⇠40
times larger, providing a snapshot of activity in an unbiased sample of active galactic nuclei (AGN)
(see Figure 1.3).

• Galactic Plane Survey (GPS) (Chapter 6) – consisting of a deep survey (⇠2 mCrab) of the inner
galaxy and the Cygnus region, coupled with a somewhat shallower survey (⇠4 mCrab) of the entire
Galactic plane. For the typical luminosity of known Milky Way TeV sources of 1033�34 erg/s, the
CTA GPS will provide a distance reach of ⇠ 20 kpc, detecting essentially the entire population of
such objects in our galaxy and providing a large sample of objects one order of magnitude fainter.
The excellent angular resolution of CTA is critical here to avoid being limited by source confusion
rather than flux (see Figure 1.2).

• Survey of the Large Magellanic Cloud (LMC) (Chapter 7) – providing a face-on view of an entire
star-forming galaxy, resolving regions down to 20 pc in size with sensitivity down to luminosities of
⇠ 1034 erg/s. CTA aims to map the diffuse LMC emission as well as individual objects, providing
information on relativistic particle transport.

These surveys will establish the populations of VHE emitters in Galactic and extragalactic space, pro-
viding large enough samples of objects to understand source evolution and/or duty cycle. Data products
from the survey KSPs include catalogues and flux maps which will serve as valuable long term resources
to a wide community.

Some other KSPs are also effectively surveys due to the wide field of view. For example, a deep
observation of the Perseus Cluster is envisaged (see Chapter 13) providing a sample of low redshift
galaxies and with sensitivity to the low end of the luminosity function of active galaxies as well as to
diffuse emission associated with accelerated hadrons or dark matter annihilation.

The search for an annihilation signature of dark matter, throwing light on the nature of the dark matter
particles, is a key part of the CTA research programme. The prime targets are the Galactic Centre
(Chapter 5) and Milky Way satellite galaxies, but the surveys introduced above will probe concentrations
of dark matter in the LMC and Milky Way, providing complementary datasets. The strategy for dark
matter detection with CTA is introduced in Chapter 4.

Figure 1.2 – Top: simulated CTA image of the Galactic plane for the inner region, �80� < l < 80�, adopting
the proposed GPS KSP observation strategy and a source model incorporating both supernova remnant and
pulsar wind nebula populations, as well as diffuse emission. Bottom: a zoom of an example 20� region in
Galactic longitude.

Surveys will in general be conducted in a mode with telescopes co-pointed, but a divergent mode is also
possible and under consideration for the Extragalactic Survey, offering increased instantaneous field of
view (⇠ 20�� 20�) and survey depth at the expense of angular and energy resolution.

Cherenkov Telescope Array
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Figure 1: (Top) Simulated CTA image of the Galactic plane inner region, �80� < l < 80�, adopting the
proposed GPS KSP observation strategy and a source model incorporating both SNR and PWNe populations,
as well as diffuse emission. (Bottom) Zoomed image of a sample 20� region in Galactic longitude [10].
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COSMIC-RAYS AND DIFFUSE 
EMISSION

Cosmic-ray physics is one of the principal science cases for CTA, 
and will be studied in multiple environments: 

• Fermi bubbles;

• Diffuse gamma-ray emission;

• Search for PeVatron sources— e.g., RXJ1713-3946

!

• All supplementary data is expected to be obtainable from already-available 
catalogued or survey data, and include:

• CO+CS molecular gas data from entire GP, to trace CR target matter;


(e.g., CGPS, MOPRA, JCMT, Nobeyama, APEX, CfA)


• OH, HI atomic gas data to trace cold gas tracing;

(e.g., CGPS, GASKAP HI/OH, THOR HI/OH, HI4PI) 


• 500 MHz Radio recombination line data, for tracing ionised gas;

(e.g., MWA, LOFAR, ATCA)


• IR dust emission;
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Final remarks

• CTA Key Science Projects → tremendous push to our understanding of 
the Milky Way at VHE
• first complete VHE survey with angular resolution of few arcmin, 

increase number of sources by an order of magnitude
• deep survey of Galactic centre region, probing particle 

acceleration and transport on multiple spatial scales
• search for Galactic transients in the multiwavelength/

multimessenger context  
• next talks: specific topics of particular relevance for CR origin/transport

• massive-star clusters → Rui Zhi
• PeVatrons → Sabrina
• SNRs → Pierre

 23

GALACTIC TRANSIENTS
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CTA Triggers Follow-up  
strategy

CTA  
Time estimate

Binaries < 10
2-3 day  

cadence, for  
few weeks

20 h 

Novae < 10
2-3 day  

cadence, for  
few weeks

20 h

uQuasars < 5
2-3 day  

cadence, for  
few weeks

80 h

magnetar/ 
HMXBs < 10 days to weeks 30 h

msec pulsars < 10 weekly, for few months 20 h

PWNe Flares ? daily, for few weeks 10 h

• External triggers as well as 
serendipitous detections 
by CTA during the GPS are 
to be followed-up by MWL 
facilities.


• Radio e.g., SKA*, ATCA, 
MeerKAT, AMI, eMerlin, 
GMRT, JVLA, ALMA, 
LOFAR.


• Optical e.g., Montsec, 
Calar Alto, GCT, ING, VLT, 
ESO, SALT, Keck.
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The coming of age of VHE astronomy

 2

• original motivation: find the sources of CRs, 
probably SNRs

• today astonishing variety of sources, of 
which many in the Milky Way: SNRs, SNR/
molecular clouds, PWNe, pulsars, binary 
systems, massive-star forming regions, 
diffuse emission, Galactic centre

Slide adapted from Rene Ong
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Galactic Science: questions

 3

Origin and role of relativistic particles Probing extreme environments

Sites and mechanisms of CR acceleration

CR propagation and feedback on 
star-forming systems/Milky Way

Physical processes close to neutron 
stars and black holes 

Relativistic jets, winds, and explosions
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GAMMA-RAY BURSTS. 
FRBS & MM TRIGGERS
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* Others include, in addition to FRBs, other X-ray / optical / radio transients not 
associated to multi-messenger events, GRBs or AGN flares, such as TDEs. Rate and 
follow-up time estimations are very uncertain.

* Neutrinos times are hard to predict given the uncertain nature of counterpart, e.g. blazar 
flares, which would be absorbed in the AGN science cases.


Band Science 
Case

CTA year 
triggers

Prompt CTA 
Observation

Est. CTA 
Detection

Detection 
Follow-up

Max. Time 
Exploration

CTA!
Follow-up

GWs 10+ (N+S) 2 h / trigger 2 per year 2h daily 
untill fade

Early: 20 h/site !
KSP:    5 h/site

of FRBs / 
others*

10+ (N+S) 2 h / trigger O(1) year ? Early: 50 h/site!
KSP: 10 h/site  

Primary!
Triggers

GRBs 24 (N+S) 2 h / trigger 4 per year 30h per 
trigger

Early: 50 h/site!
KSP:  50 h/site  

Neutrinos 10+ (N+S) 2 h / trigger 1-2 / year ? Early: 20 h/site!
KSP:    5 h/site

CTA!
Follow-up

GWs 10+ (N+S) 2 h / trigger 2 per year 2h daily 
until fade

Early: 20 h/site !
KSP:    5 h/site

of FRBs / 
others*

— — O(1) year — —

GeV!
Triggers

GRBs 24 (N+S) 2 h / trigger 4 per year 30h per 
trigger

Early: 50 h/site!
KSP:  50 h/site  

Neutrinos — — 1-2 / year — —

GWs — — 2 per year 25 hours N.A.

X-rays FRBs / 
others*

— — O(1) year match CTA   
(c. 15 h/y)

N.A.

Follow-up GRBs — — 4 GRB/
year

15 h per 
GRB

30 h/year/site 
(total time)

Neutrinos — — 1-2 / year ? N.A.

GWs — — 2 per year 25 hours 
+50h mon.

N.A.

Optical FRBs / 
others*

— — O(1) year 50 h/y/site;!
10 h/y/site

N.A.

Follow-up GRBs — — 4 GRB / 
year

50 h per 
GRB

100 h/year/site 
(total time)

Neutrinos — — 1-2 / year ? N.A.

GWs — — 2 per year 25 hours 
+50h mon.

N.A.

Radio FRBs / 
others*

— — O(1) year 100 h/y/site!
20 h/y/site

N.A.

Follow-up GRBs — — 4 GRB/
year

100 h per 
GRB

200 h/year/site 
(total time)

Neutrinos — — 1-2 / year ? N.A.

The table below includes serendipitous 
detection estimates (not only from 
external triggers).

!
— MWL Follow-up only for CTA-
detected sources.

— FRB and neutrinos estimate very 
uncertain.

Issues under discussion:

Relation to brokers and 
MWL alert networks;

Necessity of MoU for non-
public alerts?

Access to data from 
transient factories.

Access to cosmic-ray and 
neutrino archival data?


