DL3: AN OPEN HIGH-LEVEL FORMAT
FOR GAMMA-RAY ASTRONOMY

T. Hassan, J. Rico
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Exciting times for gamma-ray astronomy!
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* Except Fermi-LAT, all VHE gamma-ray instruments have been operating as
experiments:

4

* This will change with the future Cherenkov Telescope Array (CTA)

CURRENT PARADIGM

* Collect private data, distributed only within collaborators

* Proprietary software (analysis tools)

* Private data formats, not usable by the community

* Will operate as an open observatory
* Open source software (analysis and science tools)

e Data will become public as FITS files (DL3 format)
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* DL3 is the high-level product (FITS format) resulting from the
analysis of collected data containing:

DL3 DATA FORMAT

* Event lists (event-wise energy, RA, DEC, time...) of
gamma-like events

* IRFs describing the instrument performance
(Eff. Area, BG rate, direction/energy dispersion)

 TECH data describing details of the observations
(pointing, obs. conditions, etc..)

[ DL3 ]:[ EVTs + RF3 TECHS
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DL3 DATA FORMAT

* Fermi-LAT uses this (very successful) approach:

e Scientists download event lists (EVT3) + spacecraft data
(~TECH3)

* Together with LAT IRFs (IRF3), gtools performs the
high-level analysis

Event Data
SpaceCraft Data

Data Selection ]
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Light Curves
Counts Maps
Spectra

Likelihood Timing
Analysis Analysis
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* [nitiative to develop an open DL3 data format (C. Deil)

DL3 OBJECTIVES

« Common effort to define an open DL3 format by current IACT
experiments:

* Combined IACT analysis I I
e Cross-calibration

 Data archive K @FA C T
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DL3 OBJECTIVES

* [nitiative to develop an open DL3 data format (C. Deil)

« Common effort to define an open DL3 format by current IACT
experiments:

* Combined IACT analysis * Use case identification

 Cross-calibration e DL3 format validation
e Data archive e Science tools validation

cta

cherenkov telescope array
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OPEN DATA WITH OPEN TOOLS ‘(@

Experiment
pipelines DL3

+

ctools

cherenkov telescope array S C | e n Ce tO O I S J ; i

By J. Knddlseder et al. By C. Deil et al.

Data Selection

Sant Suves Likelihood Timing
S P Analysis Analysis
pectra
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OPEN DATA WITH OPEN TOOLS ‘(ﬁ?

Experiment
pipelines { DL3 ]

+
Fermi-LAT =~
H.E.S.S. Science tools | 7 i
MAGIC
VIE:ig'IAS ot al. By C. Deil et al.
HAWC Data Selection

i (e Likelihood Timing
Counts Maps Analysis Analysis
Spectra
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DL3 DEVELOPMENT

* On-going effort to define the specs of an open gamma-ray
data format:

https://github.com/open—-gamma-ray—astro/gamma—-astro-data-formats.git

* Development of an open source C++ FITS IRF3 generator:

https://github.com/cta-observatory/flexIRF.git

e Served as prototype for the future CTA software

* May be used by any experiment generating DL3 data
(currently used for MAGIC DL3 data)
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* Developed first MAGIC DL3 converter (private repo)

DL3 DEVELOPMENT

* Recently validated by MAGIC Software Board

 Starting to test and validate science tools
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DL3 DEVELOPMENT
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* First MAGIC spectrum W|thout “MARS” (usmg gammapy)
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* Developed first MAGIC DL3 converter (private repo)

DL3 DEVELOPMENT

* Recently validated by MAGIC Software Board
e Starting to test and validate science tools

e Currently working on a method paper to show the benefits of
using the DL3 format:

 Joint analysis of the Crab Nebula spectrum with data from
several experiments

* The objective is to encourage the use of DL3 in other
experiments, openly releasing the data used and allow a
common, reproducible analysis with open source tools
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CONCLUSIONS

* The development of DL3 format specifications is still on-going,
gaining from its use within some experiments

* Current generation of IACTs are starting to dedicate some man
power to export their data to DL3 (mainly for multi-experiment
analysis and data archive)

* A method paper is under development to encourage the use of
this format, and allow a multi-experiment, reproducible, open-
source analysis

* DL3 format seems to be a natural point to converge between
different “event-based” experiments
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DL3 DEVELOPMENT - EVENT LISTS’:@

Event list

B EVENT_ID B TIME B RA B DEC B EMERGY B DETX

Select 1E 1E 1E 1E 1E 1E

Al ms deqg deqg TeV¥ deq

Invert Modify Modify Modity Modify Modify Modify
1 2. 102000E+03 | -1. 235358E+04 | 8. 300000E+01 | 2. 200000E+01 § 4. 158058E-02 | -3. TE82977E-01 :
2 2. 128000E+03 | -1.235348E+04 | 8. 300000E+01 | 2. 200000E+01 § 2. 006359E-01 | 7.463800E-0Z
3 2 132000E+03 | -1. 235347E+04 | 8. 300000E+01 | 2.100000E+01 | 5. 360562E-02 | 2. TER988E-01
4 2. 233000E+03 | -1.235303E+04 | 8 S00000E+01 | 2. 200000E+01 § 5 S53TO0BE-0Z2 | 3.413140E-01
a 2. 251000E+03 | -1. 235205E+04 | 8. 200000E+01 | 2.100000E+01 § 1.010068E-01 |-1.937702E-01
6 2 ZeZ000E+03 | -1.235201E+04 | 8. 400000E+01 | 2. 200000E+01 | 5.455283E-02 | 4. 099209E-01
7 2 263000E+03 | -1. 235201E+04 | 5. 400000E+01 | 2. 200000E+01 | 2. 786112E-01 | -1.931930E-02
(i 2, 2T2000E+03 | -1.2352838E+04 | 2. 400000E+01 | 2.100000E+01 § 4. 362389E-0Z2 | 4. 822T730E-01
9 2. 303000E+03 | -1. 235270E+04 | 8. 300000E+01 | 2. 200000E+01 | 4. 249199E-02 | -7. 881756E-02
10 2 361000E+03 | -1. 235245E+04 | 5. 300000E+01 | 2. 200000E+01 | 3. 423890E-02 | -3. 592524E-01
11 2. 3T8000E+03 | -1.235238E+04 | 2. 400000E+01 | 2. 200000E+01 § 3. T49027E-0Z | 4. 004T16E-01
12 2 405000E+03 | -1. 235224E+04 | 8. 300000E+01 | 2. 100000E+01 | 3. 146259E-01 | 7. 247214E-01
13 2.427000E+03 | -1. 235213E+04 | & 300000E+01 | 2. 200000E+01 | 2. 106351E-01 | -4. 061462E-01
14 2. 550000E+03 | -1.235168E+04 | 8. 200000E+01 | 2. 300000E+01 § 3. 580425E-01 | -1. 2¥401B8E+00
15 2. 596000E+03 | -1. 235140E+04 | 2. 400000E+01 | 2.100000E+01 § 9. 79155eE-0Z | 9. 428387E-01
16 2 610000E+03 | -1. 235133E+04 | 5. 400000E+01 | 2. 200000E+01 | 8. 045276E-02 | -4. 927695E-01
17 2.617000E+03 | -1.235130E+04 | 8. 300000E+01 | 2. 200000E+01 § 1. 284512E-01 | -3.097619E-01
18 2. 6ZE000E+03 | -1.235127E+04 | 2. 300000E+01 | 2. 200000E+01 § 5. E80448E-0Z2 | L. 282T74E5E-0Z2
19 2 B3IE000E+03 | -1. 235123E+04 | 8. 300000E+01 | 2. 200000E+01 | 6. B52181E-02 | -1. 694564E-01
20 2 GEO000E+03 | -1.235113E+04 | & 300000E+01 | 2. 200000E+01 | 7. 210232E-02 | -7. 135937E-01
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FERMI-LAT ANALYSIS SCHEME

Photon Simulation
Database gtorbsim
\ gtocbssim
Event Data
Spacecraft Data
Utilities
l gtvcut
gtirfs
Data Selection gtltsum
gtselect — Jgtpsf
gtmktime gtsrcid
Y Y Y Y Y
Light Curves Likelihood Timing GRBs Solar System
Counts Maps Analysis Analysis gtbin Analysis
Spectra gtlike gthary gtrspgen gtltcubesun
gthin gtltcube gtpsearch gtbkg gtltsumsun
gtbindef gtexpcube? gtpspec gtburst gtexphpsun
gtexposure gtexpmap gtophase gtburstfit gtsuntemp
gtsrcmaps gtpphase XSFPEC
gttsmap gtephem
gtmodel gtpulsardb
gtdiffrsp gtptest
gtfindsrc
gtsrcprob
modeleditor




MAGIC DL3 FITS FILE
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ETENS10H-
BITRIZ
HATIS
Har1si
WATIS2
BrOUHT
BGOYHT
TFIELDZ
TTTREL
TPORN]
TZERD1
TSCALL
TTTEEZ
TEORHE
TTTRED
TR
TTTPEL
TFORNA
TTTEES
TEORHS
TTTEEE
TFORMNG
TTTPET
TPORNT
EETHAME
nsTTel
DSUHT1
DEWALL
DSEEF1
naTTER
DSONI2
DSYALS
naTTEd
n30NT3
NS¥AL3
WDIEETS
DREATOR
TELESGOP-
0B2_I0 =
DATE_0RS-
TINE_DES-
DATE_EHD=
TIHE_EAT-
TSTART =

maman -

k1

Index Extension T',"FE Dimension View
| D Primary Image 0 Header
1 EVENTS Binary 7 cols X 513913 rows Header Hist | Plot All Select
2 GTI Binary 2 cols X1 rows Header | Hist | Plot | Al | Select
'BINTHELE " / binocy teble extenaion
B / B-bikt byptes
2 / E-dimen=icmal binary table
12 / width of table in bytes
EEg e e B lg?ab]_a | EVENT_ID | TIME RA DEC EHERGY DETH | DETY
0 / =ize of =pecizl dats area Splect 14 i 1E 1E 1E 1E 1E
1 / ome data gr rrequired kewword)
1 ¢ mmbec of fﬁds in each row & - : - -
‘EYENT_10° ¢ lebel Eor field 1 Invert hbodify Modify Modify Modify bodify odify Bty
12 ! /4 dobn focwat of field. 4-byte INIEDER
2147483848 ¢ offeet For wnsigned integera 1 1 2. S0TETEOL4PIEE-DE B.353593E+01 B E15344F+01 B.455203E-02 1. 434T10E-01 | -8. T1?04ATE-O2
e - U Tobel Far Field E z % | 7 ESSORPABTALE-01 | B.339653E+01 | B LGSEOLEOL | 6. TE04A3E-02 | -5 7ROSETE-OF | -8 20AGE4E-01
:éllg ; / fzﬁalfgcna} o{dfmld: §-byte DOUELE 3 % | . SEEESEVDEOSEE-UL | %.365013E+01 | 2 COZEGIE+OL | 2.4975T9E-01 | 1. BELFLEE-OZ | 2. TOOATIE-DZ
E ; P Eni;atfzf Field 4-hyre REAL 4 4| 8 eooiasevovase-ol | 8 3m2saze.01 | 2 1ooooiwen: | 1oessise-o1 | -1 soedree-nz | A e3oesne-nz
'DEG ' ¢ Llabel foo field 4 5 5| 7 oEEEEOOEIETIECO0 | & 3EE00SE01 | B 167774me0l | 4. 3135118-01 | -3 2EESEEE-0E | -8 TETTOZE-D4
'1E ' / dekes Eocm=t of field: 4-byis FEAL
T © # lekel for field £ B € | 3.4DEZEEEMZTIESO0 | %.364409dE-01 | 2 LOBDESEOL | 1.2991958+00 | -0 076370E-02 | 1.384T18E-0Z
e ﬁ S F0a T B AROER eiiiad it 7 7| 3.c7serveceeETE-00 | B.3838038+01 | = E0ETESE.OL | 6.0109B42-02 | 5 74mslcE-02 | 1.927AT4E-01
=, (== ie,
IE ' / fnke Eoowat of field 4-bepte REAL B 2| 3 seazervzazorenn | & aceasesani | 2 ziaerement | & anisez-02 | 1 3erecex-ni | -5 TimcnoE-nz
'OETY ' ¢ label Foc field 7
= : e et e an e q O | 3. EOODMELDLEIEE-00 | ©. 366623801 | 2 LDETEEE.DL | 9.4531968-02 | -4. 27ELESE-OE | 3. J506TAE-02
'EVENTS ° / neme of I:,hl,-__. eEtEna1on 10 10 3. TE42CORRL 2CTE+DOD B.359533E+01 2 10E31E+01 2.49T413F-01 | -2. eEE3SEE-O2 | -3. 1219TGE-O2
L ¢ Data eelection typs 1 11 | 4 =10z7245ecczEe0n | 8. 364003E.01 | 2 Z0CEE0Z.OL | 0.2164102-02 | 8. SELLELT-OZ | -T.410150E-02
5 / Demks selectiom wnit
'TROLE ¢ Dk zelection walue 12 12 | 4. S4PREELELIBLE-00 | 0.396J425E-01 | E 1BGRGGE~DL | 5. 602T10E-01 | -4. 033671E-0E | 3. S400TiE-03
.égggﬂg . ﬁ gaEa SB%B°21°M i*fBIBﬂEB 13 13 | 4. DECT30230B0EE+DD | B.356156E+01 | 2 POGBTEE+DL | 3.910G54TE-01 | 4. B77LECE-O2 | -5. 342TTRE-02
ates =selection ‘_r’PE
T ‘ ¢ Dofn selection wit 14 14 | 5. EDEEADETEOTOE-00 | 8.360130E+01 | E EOSZEEE+DL | 2.080768E-01 | 2. DEESOEE-DE | -2, 6604CIE-02
AT S f o pelockm yalue 15 35 | 5. EECADBEARE10E-00 | 8. 362759E-00 | & LSAGLLE-OL | 2. 995012801 | -6 J06574E-0E | -2, Ca0968E-03
IS;EELE(S; - 5; Dﬁtg :rlrcflo:_um:t 5 16 16 | 6. 1T7R44BIBRESELND | A 36TTAIE+01 | B EOS4BEE+DL | 7. 104060E+00 | 4 4BERTAE-0E | 4. 414161E-02
f . LBy b}
_ T} b of dute zeleqtions 17 17 | & CODDEETTLEZDE-O0 | 2.262808E+01 | & 10BEEFE+OL | 2.07TEE21E-00 | 1. 442E4EE 02 | 2. #014CTE 03
jg;l:whb' ; griam which created the file 10 18 | b EL7OL7197EOSESO0 | A.36407T1E+01 | £ E04BFAEsDL | 3. 1100HGE+00 | 3 BFEF0FE-LE | 6. GA9ZIAE-04
BlEEBCOPE
0 ¢ Dbsorvetaon identifior 19 19| & oer7adi0ee0nE 00 | 6. 3eseifE+0l | 2 19300%EeD1 | . 42osziz-0z | -7 sEimdoe-0z | 3. 1TodTSE-n2
AL AL ¢ \DaeEEHSlE S G 20 20 | 7. 42EE4ZTARTEEE-00 | &.365555E-01 | 2 10d0iTE.0i | 2. 972213E-02 | -6 0EEEATE-DE | 3. 207Ti%E-02
*11:59:56" / Oheecvation start time
*3000-01-01- / Dheecvestion end date 21 21 7. 5T114926960BE+DOD B.355811E+01 E 1901EFE+D1 1.928910E8-01 | -1. 0EYELEE-DL | -6. GE996LE-D2
'15:58 55" / [b=ecvobicn end time N ~ . 5 -
AT o e e e e 5 S 22 22 | 7 7edrTinEeasiE<0n | . 360066E+01 | 2 1R4GLRE.DL | 6. TEo20sE-02 | -1 G3RLSEE-OL [ -2. T22R0RE-02
ATAAAARAAANNT 04 4 Fol Uimmdn bime nf md f s e 21 23 | B. S3ETBZESOEBLE-DD | &.345876E+01 | 2 17BdSEE+Dl | 5.452184E-02 | -2 44RBEEE-DL | -1. 590407E-01
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