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The Cherenkov Telescope Array ( Cta

The next generation of IACTs is currently under development, led by the
Cherenkov Telescope Array (CTA).

CTA will provide unprecedented insights into the y-ray sky from 20 GeV to 300
TeV, improving the sensitivity of current IACTs by more than an order of
magnitude.

CTA will be composed of two observatories providing (near to) full-sky coverage.
One array will be located in the Northern Hemisphere at La Palma (Spain) and a
second array in the Southern Hemisphere at Paranal (Chile).

The Northern array (hereafter, CTA-N) is planned to be compdsed:by 4 Large-
Sized Telescopes (LST) and 15 Medium-Sized Telescopes (MST); whereas the
Séuth€tn array (hereafter, CTA-S) is planned to be larger, composed by 4 [STS, 25




Why bother? ( cta

1.I’'m mad(as you've probably guessed by now).

2.1 didn’t get a job(see reason 1) and someone has to

3. The large collection area of IACTs makes up for the limited payload of space telescopes,
allowing us to explore shorter variability time scales with an improved sensitivity for
moderate observation times .

4. It’s rather fun using LAT source catalogues to make population predictions for a ground
based instrument.




Using the 3FHL catalogue ( Cta

The Fermi-LAT collaboration released a new catalog of 1,556 sources detected in the
10 GeV — 2 TeV range by the Large Area Telescope (LAT) in the first 7 years of its
operation (the 3FHL catalog).

This catalog is currently the most appropriate description of the sky that will be
energetically accessible to CTA.

Most of these sources 1,231 (79% of the total catalog) are associated with sources of
extragalactic nature, and 526 (43% of the extragalactic sources) have a known
redshift. Note that only 72 of the 3FHL extragalactic sources have been already
detected by ground-based telescopes.

Knowing the redshifts is quite important.....because of




The Extragalactic Background Light (EBL)
is all the accumulated radiation from star
formation processes in the Universe.
Very high energy photons coming from
cosmological distances interact with and
get attenuated EBL photons by the
process of pair production.

Can find intrinsic spectrum from observed
spectrum.

Here’s the optical depth and flux
attenuation versus observed photon
energy for sources at different redshifts
for the Dominguez model we use.
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Ctools ( Cta

The ctools are a software package developed for the scientific analysis of Cherenkov
Telescope Array (CTA) data.

They are based on Gammalib, a C++ library interfaced to Python that provides a
framework for instrument independent analysis of gamma ray data.

A general data analysis using Ctools involves producing images, spectra and light

curves.




Fermi tools vs Ctools

Fermi

| Photon Database |

Simulation
gtorbsim
gtobssim
gtmodel
gtpst

Event data
Spacecraft data

Utilities
gtirfs
gtltsum
gtmktime
gtobspsft

Data selection
gtselect

Light curves Likelihood Pulsar GRB
Count maps Analysis Analysis gtburstfit
Spectra gtlike gtbary gtrspgen
gtbin gtltcube gtpsearch XSPEC
gtbindef gtexpcube gtpspec
gtexposure modeleditor gtophase

gtbkg gtpphase
gtdiffrsp gtephem
gtexpmap gtpulsardb
gtfindsrc gtptest

ctools

Database access
cscaldb
csiactdata
csiactobs
csfindobs
csiactcopy

Inspection and
Preparation
csobsinfo
csobsselect
csmodelinfo

csmodelmerge

Data Selection
ctselect

Binning
ctbin
ctcubemask
ctexpcube
ctpsfcube
ctedispcube
ctbkgcube

Simulation
csobs2caldb
csroot2caldb
csobsdef
ctobssim

v v v y

Imaging analysis
ctskymap
cssrcdetect

Spectral analysis Likelihood
csspec analysis
ctlike
ctbutterfly
ctulimit
cterror
cttsmap
ctmodel
csresmap

Timing analysis
cslightcrv

Utilities
csinfo
cstsmapsplit
cstsmapmerge
csworkflow
cstsdist
cssens
cspull
ctmaocube




Pre-analysis and detection conditions ( Cta

To handle the unknown spectrum above ~60 — 100 GeV we must extrapolate.

For this we use different functions like power law(most optimistic), power law with
exponential cut off and log parabola.

For each of these we use the Dominguez model for flux attenuation.

Resulting data stored in .dat file. Also create xml file from 3FHL catalogue.

Conditions for detection: A source is detectable if S > 50 (off-to-on source exposure ratio
of 5), excess > 10 and 5 times larger than 1% of the background.




Analysis inputs

(X X ]
B < >

k?xml version="1.e" standalone="no"?>
<source_library title="source library">
<source name="3FHL_J1216.0-0242" type="PointSource" tscalc="1">

input_datafile.xml ) No Selection

</spectrum>
<spatialModel type="SkyDirFunction">

1
2
3
4
5 <parameter name="Normalization" value=
6
7
8 RA" value

<parameter nam 184.0193" scale="1" min=

36 </source>
</source_library>

<spectrum type="FileFunction" file="spectra_3FHL_J1216.0-0242.dat">
" error="@" scale="1" min="1e-87" max="1000"

360" max="360"

9 <parameter name="DEC" value="-2.713768" scale="1" min="-90" max="90"

10 </spatialModel>

1" </source>

12 <source name="3FHL_J1218.0-0028" type="PointSource" tscalc="1">

13 <spectrum type="FileFunction" file="spectra_3FHL_J1218.0-0028.dat">

1% <parameter name="Normalization" value="1" error="@" scale="1" min="1e-07" max="1000"
15 </spectrum>

16 <spatialModel type="SkyDirFunction">

17 <parameter nam RA" value="184.51953" scale="1" min="-360" max="36

" error="@" scale="1" min="le-@7" max="1000"

18 <parameter name="DEC" value="-0.47823864" scale="1" min="-90" max=
19 </spatialModel>

20 </source>

2 <source name="3FHL_J1219.7-8312" type="PointSource" tscalc="1">

22 <spectrum type="FileFunction" file="spectra_3FHL_J1219.7-0312.dat">

23 <parameter name="Normalization" value=

24 </spectrum>

25 <spatialModel type="SkyDirFunction">

26 <parameter nam RA" value="184.92714" scale="1"

27 <parameter name="DEC" value="-3.2129219" scale=

28 </spatialModel>

29 </source>

30 <source name="CTABackgroundModel" type="CTAIrfBackground" instrument="CTA">
31 <spectrum type="PowerLaw">

32 <parameter name="Prefactor" scale="1.8" value="1.8" min="1e-3"
33 <parameter nam Index" scale="1.0" value="0.0"

34 <parameter nam PivotEnergy" scale="1le6" value="1.0"

35 </spectrum>

| input_datafile.xml

free=

90"

free=

/>
/>

max="1e+3"

max="+5.0"
max="1000.0"

spectra_3FHL_J1216.0-0242.dat

7.49e-15
5.93e-15
4.685e-15
3.691e-15
2.899%e-15
2.269e-15
1.769e-15
1.371e-15
1.056e-15
8.034e-16
6.015e-16
4.411e-16
3.144e-16
2.172e-16
1.437e-16
9.141e-17
5.501e-17
3.164e-17
1.724e-17
8.953e-18
4.492e-18
2.193e-18
1.066e-18
5.188e-19

|| spectra_3FHL_J1218.0-0028.dat -
9.358e-15
7.097e-15
5.368e-15
4.047e-15
3.041e-15
2.275e-15
1.694e-15
1.253e-15

5.049e-17
2.787e-17
1.459%e-17
7.167e-18
3.36e-18
1.509e-18
6.638e-19
2.904e-19
1.28e-19
5.829e-20
1017970.00 2.765e-20
1172080.00 1.382e-20
1349530.00 7.132e-21
1553840.00 3.762e-21

Left: Xml file created from 3FHL catalogue describing the source and background models.
Right: data file containing the simulated energy in MeV and photon flux in photons cm= st MeV-1.




Analysis Chain ( cta

CTA events are simulated based on certain dummy instrument properties(IRFs) plus
source and background model. IRF used is from prod2 database.

Mars bar question: How to decide which one among CTA N/CTA S to use for a particular
source?(Hint: Think where and what)

We then restrict the region of interest to 3 degrees around object as well as extract a

5/20hour slice in the required energy range.

Fit using ctlike which produces a xml output file which contains the fit results as well as
the statistical uncertainties for each fitted parameter.

Ctbutterfly gives all spectral models statistically compatible with the data and can
generate a butterfly diagram.
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Preliminary Results
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Extrapolated
spectra from the
3FHL catalog
attenuated by the
Dominguez model.
Black dashed line

marks the CTA
performance
sensitivity for the
Southern array and
50hr
observations.




More Results Cta

Left :Number of 3FHL extragalactic sources detectable by
CTA under different extrapolation schemes and two
different observation times. From each sub-sample of

detectable sources, the number of these objects already
detected by the current generation of IACTs is shown in
parenthesis.

CTA-N | CTA-N | CTA-S | CTA-S | CTA-N/S | CTA-N/S

(5h) (20h) (5h) (20h) (5h) (20h)
PL | 261 (50) | 383 (54) | 272(37) | 381 (40) || 395 (63) | 566 (69)
PLE | 190 (47) | 339(52) | 190 (37) | 336 (39) || 304 (62) | 498 (66)
BPL | 142 (45) | 302 (53) | 142(45) | 322(39) || 238 (57) | 470 (68)
LP | 67(37) | 139(47) | 75(27) | 161(37) | 111(50) | 230(62)

Right : Skymaps of the predicted extragalactic sources

detectable by the CTA Observatory (either CTA-N or

CTA-S), under the PLE extrapolation scheme, at S > 50

in 20 h . Different symbols and colours are used for

different source populations. % BL Lacs ¢ FSRQs 0 Unc. Blazars + Other EGAL O TeVCat




Conclusions ( Cta

These results show the CTA potential to expand our understanding of the
extragalactic populations of y -ray emitters and their evolution over redshift.

CTA will not only dramatically increase the amount of detectable blazars in their

average state, it will also enable their spectral study over more than five decades in
energy by combining its observations with Fermi-LAT data.

We have also shown the CTA potential in discovering new source populations of hard
spectra and low fluxes.

Information provided by the Fermi-LAT will be key to optimising follow-up
observations strategies for CTA.
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