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CTA high-level data analysis

Science analysis “a la Fermi/LAT"” - starting from Karl's event list FITS files ...

ctatools = ftools for CTA data analysis

ctatools
< SWIG
The CTA ftools Based on open source versatile
l gamma-ray astronomy GammalLib
toolbox
SWIG (instrument independent analysis tools)
Gammalib - Python
Versatile usage:

l - command line ftools
- put ftools in script (e.g. shell)
- use ctatools directly from Python

=0 - use CTA interface in GammalLib
directly from Python
N.XoXo) ctatools
| 4| » [ |G| |+ | hp://cta.irap.omp.eu/ctatools/index.htm (f;] I:P_Q' | love CTA ... WI
[0 &£ IRAP SPI CNRS SF2A CTAWCTA@IRAP GdR PCHE CDS VizieR ATEL Galileo »

CREPEMICDY TERS0002 ANTay

Home Download Installation Getting Started Documentation About
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CTA event list
simulator for single
array pointings

Binning of events in
direction (RA,DEC
or GLON,GLAT) and
logarithmic energy

Maximum likelihood
fitting of source
model (spatial &

spectral)

ctobssim

Event list

000 X/ fv: Summary.b-f:-crab_events.ﬁ:s in {Users/jurgen/dev/gammalib/inst/cta/test/data/

File Edit Tools Help |
Index Extension Type Dimension View
10 Primary Image o Header | | |
1 EVENTS Binary 25 cols X 4048 rows Header | Hist, ﬂIil Select | J
2 GTI Binary

2 cols X1 rows Headerl Hist | Plot | Al | Select |

ctbin

Counts
map

ctlike

anon N/ fv: Binary Table of crab_events.fits[1] in /Users/jurgen/dev/gammalib/inst/cta/test/data/
Fle Edit Tools Help
_| EVENT_ID _| TIME _| TLIVE _| MULTIP | TELMASK _| RA _| DEC
Select 1J 1D 1D 11 100X 1E 1E
| Al
Invert Modify Modify Modify Modify Modify Modify Modify |
1 0| 5.425710346553E+00 | 0.000000000000E+00 0 0] 8. 362704E+01 | 2. 209435E+01 :
z 1| 6.646309158917E+00 | 0.000000000000E+0D 0 0] 8.370232E+01 | 2. 207914E+01
3 2| 8.468063081524F+00 | 0.000000000000E+00 0 0] 8 384360E+01 | 2. 214674E+01
4 3| 9.820788547171E+00 | 0.000000000000E+0D 0 0] 8.363866E+01 | 2. 203957E+01
a 4| 9.6364B1165246E+00 | 0.000000000000E+00 0 0] 8. 354006E+01 | 2. 213213E+01
6 5] 1.124937995701E+01 | 0.000000000000E+00 0 0] 8. 376R45E+01 | 2.199320E+01
T 6| 1.531159444190E+01 | 0.000000000000E+00 0 0] 8 366822E+01 | 2.19688BE+01
il 7| 2.165080543683E+01 | 0.000000000000E+0D 0 0] 8.3516B1E+01 | 2. 205562E+01
9 8] 2.321834584450E+01 | 0.000000000000E+00 0 01 8 380760E+01 | 2. 200837E+01
=l

Rl I
Go to: Eciit cell:

g L

Event list

—  Set of counts maps as

I 20000000

05 1 15 2 25 3 35

function of energy
(3D data cube)
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cta tools

therenk:

CTA event list
simulator for single
array pointings

Selection of region
of interest
(acceptance cone,
time interval,
energy range)

Maximum likelihood
fitting of source
model (spatial &

spectral)

ctobssim

Event list <

ctselect

Selected

: <«
event list

ctlike

Unbinned analysis flow

X/ fv: Summar\;.gcrab_events.ﬁ:s in {Users/jurgen/dev/gammalib/inst/cta/test/data/

File Edit Tools
Index Extension Type Dimension View
0 Primary Image 0 Header | | |
o1 EVENTS Binary 25 cols X 4048 rows Header | uist | Plot il Select J
e GTI Binary 2 cols X1 rows

Hearder | Hist | Flot Al Select |

anon N/ fv: Binary Table of crab_events.fits[1] in /Users/jurgen/dev/gammalib/inst/cta/test/data/
Fle Edit Tools Help |
_| EVENT_ID _| TIME _| TLIVE _| MULTIP | TELMASK _| RA _| DEC
Select 1J 1D 1D 11 100X 1E 1E
| Al
Invert Modify Modify Modify Modify Modify Modify Modify |
1 0| 5.425710346553E+00 | 0.000000000000E+00 0 0] 8. 362704E+01 | 2. 209435E+01 :
z 1| 6.646309158917E+00 | 0.000000000000E+0D 0 0] 8.370232E+01 | 2. 207914E+01
3 2| 8.468063081524F+00 | 0.000000000000E+00 0 0] 8 384360E+01 | 2. 214674E+01
4 3| 9.820788547171E+00 | 0.000000000000E+0D 0 0] 8.363866E+01 | 2. 203957E+01
a 4| 9.6364B1165246E+00 | 0.000000000000E+00 0 0] 8. 354006E+01 | 2. 213213E+01
6 5] 1.124937995701E+01 | 0.000000000000E+00 0 0] 8. 376R45E+01 | 2.199320E+01
T 6| 1.531159444190E+01 | 0.000000000000E+00 0 0] 8 366822E+01 | 2.19688BE+01
il 7| 2.165080543683E+01 | 0.000000000000E+0D 0 0] 8.3516B1E+01 | 2. 205562E+01
9 8] 2.321834584450E+01 | 0.000000000000E+00 0 01 8 380760E+01 | 2. 200837E+01
Fl | =

Go to:

[ Eeteem| y
Event list

N.Yale) N fv: Binary Table of crab_events_2.fits[1] in /Users/jurgen/Desktop/
Fle Edit Tools Help ‘
_| E¥ENT_ID _| TIME _| TLIVE _| MULTIP _| TELMASK _| RA _| DEC
Select 1J 1D 1D 11 100 1E 1E
Al
Invert Modify Modify Modify Modify Modify Modify Modify |
1 0] 5.425710346553E+00 | 0.000000000000E+00 o 0] 8 362794E+01 | 2. 209435E+01 :
F4 4| 9.636481165246E+00 | 0. 000000000000E+00 1} 0] 8 354906E+01 | 2.213213E+01
3 51 1.124937995701E+01 | 0.000000000000E+00 a 0] 8 376645E+01 | 2.199320E+01
4 T ] 2.165930543683E+01 | 0. 000000000000E+0D 1} 0] & 351681E+01 | 2. 20556ZE+01
3 12 | 2.851707829825E+01 | 0.000000000000E+00 a 01 8 362120E+01 | 2. 201219E+01
6 14 | 4. 2T195571790109E+01 | 0. 000000000000E+00 1} 0] & 358897E+01 | 2.196080E+01
T 15 | 4.439733418063E+01 | 0.000000000000E+00 a 01 8 366011E+01 | 2. 201821E+01
il 19 ] 4.727407422731E+01 | 0. 000000000000E+00 1} 0] & 351104E+01 | 2.208334E+01
a9 22 | 5. 609526608452E+01 | 0. 000000000000E+00 1} 0] 8 355431E+01 | 2.197705E+01
| i

Go to: |— Edilcell:l— 4
Selected event list
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Radial Acceptance [norm]

ctobssim - principle

105 MC simulated photon spectrum (0.1-100.0 TeV)

104

10° b

102 b

Number of incident photons

Step 1: Throw photons accordingly to a spectral

| law and spatial distribution

{62 Spectrum (summed over all pixels)

102 L

Energy (TeV)
Radial acceptance model A AR
o H.E.S.S. data o o Energv(Te\f)ml o
s ) Model
" from G. Pedaletti | Performance files)
g See— 20 25

Offset ¥*

Gaussian in offset?
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Offset (summed over all energies)

® ® data

— MAGIC Crab (Albert et al. 2008)
—— Background

— total

0.10 015 020 025 030

Offset (deg™2)

Step 2: Accept photons (using MC decision)
depending on energy dependent effective area
and point spread function (based on Konrad's

Step 3: Add background counts based on MC

sampling of radial acceptance model




ctobssim - models

50 h, source with Crab flux, background from configuration E

Point source Disk source
log scaling

Il Spatial models
Choice of 4 axisymmetric
parametric models

Spectral models

Two flavours of single power

law

(intensity or flux normalised -
PowerLaw and PowerLaw?2 for

. ———o """ Fermi/LAT users)

Gaussian source Shell source

lin scaling lin scaling

127 143 1 3 ki 0 102
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ctlike - validation

Pull distributions: (fitted-expected)/error
30 min, Crab on-axis, background from configuration E

Binned ctlike (20 logarithmically spaced energy bins; 0.1-100 TeV)

Prefact: Prefactor gma

05

||||||||||||||||||||||

Source Background

Unbinned ctlike (3° ROI)

———————————————————————
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP

Source Background

Pull distribution script from Christoph Deil
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ctlike - validation

5 hour, Crab spectrum
N

dE
Extension 0.25

E —248 1
0.3 TeV

— INPUT

Configuration E-IFAE-
OFFSET

-« Daniel's tool v6.3 (extended)

OUTPUT

an, =(5.66+0.07)x 10"
dE 0.3 TeV

=57x10""(

TeV cm’s

~248=001
E 1

)

TeV cm’s

Significance: 75 o

From Emma's tool v1.0

[Eve tMpE ergy  0.03 TeV

100 TeV

Results of the Fit

Sigma :0.25+/-0.01
SigmaPSF :0.093

dN oy B 2 1 5 hour, Crab spectrum
—=5.7X10"
dE (0.3 TeV TeVem’s € INPUT
Extension 0.25
OUTPUT
dN 10 E —249+0.01 1
—=(5.69£0.06)X10 " (———
dE e ! (0'3 TeV ) TeV cm’s

Extension 0.248 + 0.001

Maximum log likelihood, source -708419

Maximum log likelihood, no source -725513

Spectral fitting using PHYS scripts
developed by D. Mazin provides same
results as ctlike spectral fits

Spatial fitting using PHYS tool
developed by E. de Ona Wilhelmi
provides same extension as ctlike

Work done by G. Pedaletti, E. de Ona Wilhelmi,
D. Mazin and D. Torres
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Current limitations

Response functions

- no offset angle dependence

- no zenith angle dependence

- PSF represented by single Gaussian

Background

- radial acceptance represented by single Gaussian in offset?
- no energy dependence

- no zenith angle dependence

Models

- only axisymmetric parametric spatial models

- no FITS maps supported

- N0 mapcubes supported

- Event simulator only supports power law spectral shapes (ctlike supports more ...)

Tools
- no significance maps yet

CTA Consortium Meeting 16-20 May 2011, Toulouse



Next steps

Response functions
- add offset angle dependence

Background

Models
- add FITS map support (for extended source analysis)
- add event simulator support for more spectral shapes

Tools

... more testing by CTA consortium members required
... more physics validation required

Special thanks to:

Christoph Deil for extensive help on sorting out installation problems on
various platforms and for the implementation of the shell model
Giovanna Pedaletti for doing the comparisons with the PHYS tools

... and all the others that provided useful feedback
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