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~ Imaging Atmospheric Cherenkov Telescopes(IACTs) |
— Next-generation IACTs: the Cherenkov Telescope Array (CTA) :
and the ASTRI mini- array

INAF Act|V|t|es on CTA Data Management
— CTA Data Model and Data Management Organlzatlon g |
— ASTRI Prototype Data Model Pipelines &Archlve
~ — Miniarray / Pathflnder (pre- productlon for CTA’P)
e Real T|me AnaIyS| & chk Look R '

2019 ICT Workshop, 2‘1—‘25 Qctober 2019, Milano, Itaiy,



<« INAF

Gamma-ray instruments @ e
at HE/VVHE (HE>-~50MeV | VHE > ~50 GeV)

and others...
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Imaging Atmospheric Cherenkov @ Soieherzio
Technique
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Imaging Atmospheric Cherenkov
Technique

FOR ASTROPHYSICS

4 Gamma ray source 4 Shower maximum
/ " ~ 10 km

N _ Particle shower

Y
-

Gamma-rays (and charged cosmic rays)
produce showers Iin the atmosphere. The
charged particles in the shower emit
Cherenkov light that can be detected by
ground-based Cherenkov Telescopes.
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Imaging Atmospheric Cherenkov @ sruneERa
Technique

- Shower maximum
~ 10 km

Stereoscopy = Dbetter determination of:
* Energy of primary

* Direction of primary

* Kind of primary

= Higher Sensitivity = Less Data

2019 ICT Workshop, 21-25 October 2019, Milano, Italy ACCIUIrEd
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Imaging Atmospheric Cherenkov @ -

&> FOR ASTROPHYSICS

Technique

* Typical exposures on sources:
from tens of minutes to hundreds Py N Shower maximum
of hours (depending on the flux of the sources) ~ 10 km

e DAQ rate >~ 103showers/second

e 1 shower = multiple images

(depending on the number of telescopes and the
energy/impact-parameter of the shower)

* 1image = >-~10ssignal+time/pixels/telescopes

¢ Nys/Nhadrons <~10+4
(even for bright sources like the Crab Nebula)

e Monte Carlo simulations

e Data reduction (for each recorded shower):
— Pixels’ signals calibration
— Images’ parametrization of the images
— Merging of information of different images
— Reconstruction of the shower properties
— Generation of gamma-like showers’ event-list

— High-level scientific products: sky-maps, spectra, light-
curves, ...
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The Cherenkov Telescope

Science optimization under budget constraints: N
different telescope sizes for different energy ranges

* Southern Site (~4km?): ~ + Northern Site (~0.4km?):
=4 Large-size Telescopes (LSTs) - | e -4 Large S|ze Telescopes (LSTs) |
2D I\/Iedi'ur:n-Size Telescopes (I\/ISTS) " .15 I\/Iedlum slze Telescopes (I\/ISTS)

- MSTs .
e g o
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INAF flagshlp prolect selected as
“precursor/pathfinder of CTA f.
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On Site Off Site Outside World

Alerts from Other Observatories

Observation
Scheduling &
Telescope
Control

£

Other
Observatories

€

Proposal

Real-Time Self Alerts Handling

Real-Time

Analysis Alerts
e
~1000 " Data Data Users
PB/year cquisition Processing (Scientists)

& Reduction

Science
Data
Archive

On-Site
Storage

Raw Data
Archive

~10-100
- TB/year
~3
PB/year
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C.T.A. Data-Life Cycle

4

Observation Control and
Planning Acquisition

Realtime
Proposal Processing
Handling

Next-Day

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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Three LOGICAL UNIT in C.T.. DM

e ACADA - Data Control & Acquisition

(Obs Scheduling, Array/Tel Control and Data Acquisition,
Real Time Analysis & QuickLook)

e DPPS - Data Processing & Preservation
(Pipeline Analysis, Simulation and low-level Archive
= Bulk Archive)

e SUSS - Science User Support
(Obs Planning, Proposal Handling, Science support,
Science Gateway + high-level Archive

= Science Archive)
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ARCHIVE for ASTRI & MiniArray . Ceeneey

PROCESSING
DATA

GIVING ACCESS ANALYSING
TO DATA DATA

PRESERVING
DATA

2019 ICT Workshop, 21-25 October 2019, Milano, Italy

<> FOR ASTROPHYSICS

In the scientific data lifecycle of any OBSERVATORY the role of the Archive is
central.

The major aim of a Scientific Archive is to guarantee data preservation and
access information for the Long Term
and for all data science products.

The archived information must be also usable by different user categories
(data consumers) who are separate in time, space and background from the
data producers.

Archive MUST be accessible well beyond the end of the operational life of the
observatory and MUST follow the O.A.l.S Standard

: Data Producers and Data Consumers
Ecsos re rigidly separated by the Archi

== The Consullative Comitee for Space Data Systems

Recommendation for Space Data System Practices

Data
REFERENCE MODEL FOR AN - acquisition §
OPEN ARCHIVAL | subsystem B 1 1 00 s

INFORMATION SYSTEM (OAIS)

Archive
Database

RECOMMENDED PRACTICE Pipeline
- processing §
| subsystem §

!

CCSDS 650.0-M-2

Priviledged Users
Normal Users

Archive
Repository

MAGENTA BOOK
June 2012

it
|
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Prototype for CTA ARCHIVE ol A

direct access to CTA cloud

Grid Providers

[V L"WEJ

CTA Storage
QNZ)ATA

a2 F'r Syt
.

#G?, . ON=JATA

> [ .i1%=2 Zone
" ﬁ\n'%% UM-JBIIEWUH

Scientist / End-users

Broker
%Eﬁtﬁm

L-PCTA

fim JﬂT < .
- Provider iz DNIEJEATA

Grid Scheduler (+ VOMS)

CTA end USERS
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Prototype for CTA ARCHIVE @ SRzt
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CTA Collaboration & Community participated to the INDIGO-Data Cloud
H2020 Project AS "Use Case” for the INDIGO infrastructure.

The aim of our commitment was the very fruitful multi-disciplinar collaboration with INDIGO
Communities in order to include the BigData challenges coming from the CTA Archive as

an INTERNAL INDIGO Use CASE / Case Study
— to be investigated with a distributed approach «

direct access to CTA cloud

Grid Providers

CTA Storage

Scientist / End-users

i dhye = 0N

,-_------
>
B
D
=
=4

Zone

INDIGO - DataCloud

- #ca :
MGt

i2 ONE)ATA
LHC | :

"
Grid Scheduler (+ VOMS) Q?
. v CTA end USERS
INDIGO solution effort

In the Distributed
Federation of Storage OneDATA solutions are ready for CTA A&A

2019 ICT Workshop, 21-25 October 2019, Milano, Italy 15



Prototype for CTA ARCHIVE

ONE MANAGE ACCOUNT

AUTHENTICATION SETTINGS Vv
USER ALIAS b 4
DATA SPACE MANAGEMENT A
@ CTADATASPACE

8 ssocy,

8 mprc

T Get support

ACCESS TOKENS

GO TO YOUR FILES

Few Snapshots

from CTA workspace

DISTRIBUTED it
ARCHIVE B

Prototype — Onedata's REST API's as well as oneclient command line tool for
mounting virtual Onedata filesystem on the local machine

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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Prototype for Miniarray ARCHIVE
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Archive Prototype testbed ... (REAL+SIMUL ASTRI&CHEC DATA)

, @OAR
et s — ey

/( ASTRI Upgrade HW
i Archive ~800TB

SSDC mLNE
@ T fhﬁ“
£ E 2 J

C g Archive \'fll k é Archive }
.l"“‘-.q_;'\-q /‘ll \-_- -
1
EB—al
Archs <\ : DataGrid
Science Tools H_.M'__@LHE-DHE

2019 ICT Workshop, 21-25 October 2019, Milano, Italy

Currently working the Archive Prototype Solution
using:

— the ASTRI camera real data A g T “

— the INAF-PRIN ASTRI CTA Data Challenge (AC-DC) for
mini-array based simulation

Astri/CTA Data Challenge

— the CHEC-M Camera Data

since in last weeks CHEC-M
Camera was hosted to the

ASTRI prototype design and
The ASTRI Archive is going
to manage and store CHEC
real data. Three CTA SST:

GATE (left), ASTRI (centre),

SST-1M (right).

17
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DATA SIZE TO BE Handled, Reduced @ e
& Provided by ent-to-end Miniarray

: @OAR .
et s — =
Without data compression &
ASTRI =g Upgrade HW assuming 165 operational nights/yr:
\\ Archive ~800TB
e B | ASTRIProt.  — ~0.8 TB/night
— ~0.3 PBl/year
Mini-Array — ~3 TB/night

— ~6.1 TB/night A.R.
— ~1.0 PB/year A.R.

@SS5DC

... and for CTA ?
A pessimistic scenario can

. , \.I J I.Bi.S.Co involve more than 100PB/year!
C Archive x — triggering systems?
L\ j — data reduction on site?

or...
— challenging with big data

Archs g &\ L .= ~520 kEuro PON INFN |
Science Tools — @LHC-One +1PB Memorandum Of Understanding
~1500 cores (INAF < INFN)

2019 ICT Workshop, 21-25 October 2019, Milano, Italy 18
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Welcome, stefano (Profile) | Logout 4§
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ast000 003 000020 000 0102.Iv0 astri_000_01_003_00001_R_000020_000_0102.Iv0.gz_(0.1MB) — 2018-03-10 ASTRI GATEWAY

ast000 003 000019 000 0101.1vD astri_000_01_003_00001_R_000019_000_0101.vD.gz (0.0ME) — 2018-03-10

|| ast0DD_D03_000DE2_000_0101.1v0.qe astri_000_01_003_00001_F_000962_000_0101.Iv0.gz (0.1MB]  — 2018-03-10 A
e B B oglfs (mirvmax): Orits Craw Cme

|| astD0D_0D3_000DGTZ_000_0201.v0.qz astri_000_01_003_00001_F_000672_000_0201.Iv0.gz_ (32 4MB) — 2018-03-10 DateObs: i (min/max): order by: | extension:

’—| Origin_ID: (min/max): [pate A [An 4

|| astD0D_0D3_00DGT1 000 _0201.Iv0.qz astri_000_01_003_00001_F_000671_000_0201.Iv0.gz (57.0MB] — 20180310 v

|| astD0D 003 000023 DOO 0201.v0.qz astri_000_01_003_00001_R_000023_000_0201Iv0.gz (10.4MB) — 2012-03-10

— You have selected 6 files.

|| astDDD D03 000024 00D 0202.1v0.ge astri_000_01_003_00001_R_000024_000_0202.v0.gz (21.0MB) — 2018-03-10

A BACKGROUND automatic script is NOW creating a downloadable
.tar archive containing the following files:
astri_000_01_003_00001_R_000596_000_0201.lv0.gz
astri_000_01_003_00001_R_000022_001_0104.lv0.gz
astri_000_01_003_00001_R_000021_001_0103.lv0.gz
astri_000_01_003_00001_R_000021_000_0103.lv0.gz
astri_000_01_003_00001_R_000020_000_0102.lv0.gz
astri_000_01_003_00001_R_000019_000_0101.lv0.gz

get selected dats

ano Gallozzi_&

INAF s’

This action can take several minutes : You will be notified at your e-mail address where it will
be possible to donwnload the archive.

PLEASE CLOSE THIS WINDOW
Thank you for using our service.
ASTRI Archive Team

back

QUERY & SELECT DATA RETRIEVE & SAVE

(from levO to lev5 / photon list) ALL LEVEL
DATASETs
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¢ INAF

USER Data ACCESS SR

&> FOR ASTROPHYSICS

Welcome, stefano (Profile) | Logout 4§
Welcome, stefano (Profile) | Logout 1§

Home = Proposals =Download Data
= Sched.Runs =Browse Data Home = Proposals =Download Data
= Targets =Extract Metadata = Sched.Runs =Browse Data

= Targets sExtract Metadata

ASTRI GATEWAY

BROWSE, INSPECT

0 min / max 9
Y — ASTRIGATEWAY

DateObs: Target ID: RunID : I order by: | extension:
search reset B H Proposal ID: dataset_20180510145437.csv

DateObs: : .

aleObs: Target ID: which is: €5V document (194 bytes)
EXTRACT—METADATA s Origin 1D from: http://astriweb.oa-roma.inaf.it

34527 , astri_016_23_003_00062_R_016093_001 0201.1v2b.gz , ast016_003 016893 001 6201.1v2b.gz , Lv2b

34528 , astri_016_23_003_00002_R_016094_001 6201.1v2b.gz , ast016_003 016894 001 6201.1v2b.gz , Lv2b c T

34529 , astri_016 23 083 08002 R 016695 001 6201.1v2b.gz , ast®16_003 016095 001 0201.lv2b.gz , lvzb puiationlRRR D ddel R

34530 , astri_016_23_003_00002_R_016096_001 6201.1v2b.gz , ast016_003 016896 001 6201.1v2b.gz , Lu2b —

34531 , astri_016_23_003_00062_R_016097 001 8201.1v2b.gz , ast016_003 016897 001 6201.1v2b.gz , Lu2b EXTRACT METADATA ©/Open with, | Libreoffice Calc (default) v

34532 , astri_016_23_083 08002 R 016698 001 0201.1v2b.gz , ast®l6_003 016098 001 0201.lv2b.gz |, 34527 , astri_816 23 003 00002 R 016893 001 |

34533 | astri 016 23003 0002 R 016099 001 0201.1v2b.gz , asto16 003 016089 001 0201.1u2b gz | 34528 , astri_015_23 003 00002 R_016094_601 | SaveFile

34534 | astri 016 23003 00002 R 016100 001 0201.1v2b.gz , ast016 003016100 001 0201.1v2b.gz | 34520 , astri 16 23 063 %0062 R 616095 GoL ' 2

34535 , astri 016 23 003 00002 R 016101 001 0201.1v2b.gz , astl6 003 016101 001 0201.1v2b.qz | , astri 016 23 003 00002 | 001 ) ) .

31335 | astri 016 23 093 03002 R 016102 00 D201.1vab g2 | a+c0ld 003 016102 081 0201, lvzb s astri_B16 23 003 80002 R 616097 001 1 Do this automatically for files like this from now on.
! 016 23 003 ( R 081 0201 Lv2b. 003 | 891 0201, 1v2b a2 | astri_016_23_003_00002_R_0816098_001 |

34537 | astri 016 23 003 00002 R 016103 001 0281.1vZb.gz , astol6 003 016103 001 0201.1v2b gz | e Do oL

34538 , astri 016 23 003 0002 R 016104 001 8201.lv2b.qz
34530 , astri 016 23 003 0002 R 016105 001 8201.lv2b.qz
34540 , astri 016 23 003 0002 R 016106 001 8201.lv2b.gz
34541 , astri 016 23 003 0002 R 016107 001 8201.lv2b.qz
34542 , astri 016 23 003 0002 R 016108 001 8201.lv2b.qz

astel6 003 016104 091 0201.1v2b.gz ,
astel6 003 016105 091 0201.1v2b.gz ,
astel6 003 016106 091 0201.1v2b.gz ,
astel6 003 016107 091 0201.1v2b.gz ,
astel6 003 016108 091 0201.1v2b.gz ,

astri 016 23 003 00002 R 016108 01 |
astri 016 23 003 00002 R 016101 0A1 | -
astri_16_23_003_0A0O2_R_816102 001 | Cancel Ok
astri_016_23_003_00002_R 016103 001 |

Eal el el ol ol il bl el el

X X . . . . .
34543 | astri 016 23 003 00002 R 16109 01 6201.1v2b.gz , ast0l6 003 016100 001 0201.1v2b.gz o Hgg 2 B oo {ﬁbﬁ 2o {ﬁbﬁ e
34544, astri 010 23 003 00002 R 016110 001 0201.lvab.gz , astolo 003 010110 061 0201.Wvab.gz ! astri 816 23 093 00002 R 016106 001 0201.lv2b.gz , ast0ls 803 816105 001 6201.1v2b.gz , lvzb , 4.1
;g:g . :i::i—gig—gg—ggg—ggggg —gigig—gg}—gggi‘lgb‘gi :ﬁgig—ggg—gigH;—gg%—ggg}'lgb‘gi : . astri_ol6_23_A03_0AA2_R 16107 01 0201.1v2b.qz , astdl6_pe3 816167 001 0201.1v2b.gz , lv2b , 4.1
T T T T e | e R T ¢ » astri_p16_23_003_00662_R 016108001 0201.1v2b.gz , ast0l6 003 016108 001 6201.1v2b.gz , 1v2b , 4.1
o R LKA LARK] (o CRETLED: LM CHAR G CREROE M ¢ , astri_p16_23_003_00B62_R 016109001 0201.1v2b.gz , ast016 603 016109 001 6201.1v2b.gz , 1v2b , 4.1
34548 , astri 016 23 063 06002 R 016114 001 0261.lv2b.gz , ast6l6 003 016114 001 0201.1v2b.gz , astri 016 23 603 08802 R ©16118 001 6201.1vZb.gz , ast@l6 083 016110 001 06201.1vzb.qz , lvzb , 4.1
34549, astri 016 23 063 06002 R 016115 001 0261.lv2b.gz , ast6l6 003 016115 001 0201.1v2b.gz , » astri 816 23 083 00982 R 816111 001 201.Llv2b.gz , astols 6a3 016111 A1 8201.1v2b.gz . Lvzb , 4.1
34550 , astri_016_23 003 00002 R 016116_001 6261.1v2b.gz , astdl6_003 016116 001 6201.1v2b.gz , » astri_016_23 083 00AA2_R 816112 0B1 201 lv2b gz . astdls pa3 016112 AA1 8201 1v2b.gz . Luzb , 4.1
;g;; : :2:;;-3:2-;;-33;-33335 -g:g:};-ggi-ggg}‘{gg"ii gitgig-ggg-mHg-ggi-ggg:'%352"35 : . astri_016_23_083_60002_R 016113 081 0201.lv2b.gz , astAl6 083 816113 001 6201.1v2b.gz , lv2b , 4.1
L T D O o002 R Dl6MIp g0 Dann. ab.o L6 003 16710 001 0201, luab.gz . astri_p16_23_003_00B62_R 016114001 0201.1v2b.gz , ast016 603 016114 001 6201.1v2b.gz , 1v2b , 4.1
o EBAL AL ey Lol g Ll GPAUTARAE o Eall o8 Lot IR ¢ , astri 816 237003 00802 R B16115 001 0201.lv2b.gz , ast016 003 016115 001 0201.1v2b.gz , lv2b , 4.1
34554, astri 016 23 063 06002 R 016120 001 0261.1v2b.gz , ast6l6 003 016126 001 0201.1v2b.gz , , astri_Bl6 23 03 60062 R 16116 601 0201.lv2b.qz , astdl6 603 016116 601 6201.1vzb.gz , lv2b , 4.1
34555 , astri_016_23 003 00002 R 016121 001 6261.1v2b.gz , astdl6_003 016121 001 0201.1v2b.gz , . astri_ol6_23_003_008A2 R 16117 01 201.1v2b.qz , astdl6_pe3 816117 01 6201.1v2b.gz , lv2b , 4.1
34552 , astri 016 23_003_600B2 R 016118601 6201.1v2b.gz , ast016 603 016118 001 6201.1v2b.gz , 1v2b , 4.1
a A ECrRECEEEaEE0 34553 , astri 016 23_003_60002 R 016119601 6201.1v2b.gz , ast016 603 016119 001 6201.1v2b.gz , 1v2b , 4.1
34554 , astri 816 23 693 69982 R 616126 091 0201.1v2b.gz , astol6 603 816126 691 6201.lv2b.gz , lvzb , 4.1
34555 , astri 816 23 603 60982 R 016121 01 0201.lv2b.gz , ast0ls 603 816121 601 6201.lv2b.gz , lvzb , 4.1
Copyright ® 2015, Stef
g

— META-DATA SETs

ndSd00N AR 3V0SKNy ZXRUTi Mt O0dn

File Edit View Search Termina

y f )

e, Mount locally a VIRTUAL
SR D FS related to token auth
EER 1o o OneData Client: get a token

TR to access to DATA SETs related

1 cta cta 271 Oct ad extendedatt
1 cta cta 353 Oct 11 14:42 cdmi_env
. 23 ctacta 4696 Oct 11 14:42 ..

InKrvr-x. 2 cta cta 4096 0ct L1 14:42 .
Irv-r-r--, 1 cta cta 938890 Gct 11 15:54 myData.\vd
ctaglocalhost m.&ﬁ& o a c u s o m q u e ry
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Data Processing in ASTRI-Mini Array
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« INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE
FOR ASTROPHYSICS

- Snge-tel-wise
data

llllll Array-wise
data
B
rea data
B
MC data

Auxiliary inputs:
CAL1; LUTL,;
LUT2 ; IRF2

Mono pipeline:
LUT2 not applicable

Stereo pipeline:
LUT1 optional

SPIE 991315 (2016); SPIE 107070 (2018);

2019 ICT Workshop, 21-25 October 2019, Milano, Italy

Breakdown stages; Basic functionalities; Pipeline modules; 1/0 data levels.
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¢ INAF

Data Processing in ASTRI-Mini Array @ e

&> FOR ASTROPHYSICS

- RO (raw data streaming from telescope cameras) &

e Level 0 (DLO): raw data from the hardware/software data acquisition components that are permanently
archived; + stereo info

e Level 1 (DL1): telescope-wise reconstructed data (reconstructed shower parameters per telescope).
Specific to ASTRI data model, the following sub-data levels are defined:
— Level 1a (DL1a): telescope-wise calibrated data;
— Level 1b (DL1b): telescope-wise cleaned and parameterized data (telescope-wise image parameters);

— Level 1c (DL1e): telescope-wise fully reconstructed data (telescope-wise energy, arrival direction,
particle identity discrimination parameters per telescope)

e Level 2 (DL2): array-wise reconstructed data (reconstructed shower parameters per event).
Specific to the ASTRI data model, the following sub-data levels are defined:
— Level 2a (DL2a): array-wise merged data (array-wise event parameters);

— Level 2b (DL2b): array-wise fully reconstructed data (array-wise energy, arrival direction, particle
identity discrimination parameters per event)

e Level 3 (DL3): reduced data (selected list of events plus corresponding instrument response functions);

e Level 4 (DL4): science data (high-level scientific data products);

e Level 5 (DL5): observatory data (legacy observatory data and catalogs).
FITS data format at all levels from DLO

2019 ICT Workshop, 21-25 October 2019, Milano, Italy 23
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Functional Overview @ SRR

<> FOR ASTROPHYSICS

Data Processing

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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Data Processing in ASTRI-Mini Array @ Sinehezioa

+ EVTn (scientific event-list data): EVT(0,1a,1b,1c,23a,2b,3)
» from raw data to high-level fully reduced event-list data
+ MCn (Monte Carlo event-list data): similar definitions as in EVTn
+ CALn (calibration data): CAL(0,1,2)
» used for cameras, optics, and array calibrations
+ MC-CALn (Monte Carlo calibration data): similar definitions as in CALn

+ SCI-TECHn (set of technical data for scientific data reduction)

+ LUTn (look-up-tables data): LUT(1,2)

> used for telescope-/array-wise event reconstruction

+ IRFn (instrument response functions data): IRF(2,3)

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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The CTA Real-Time Analysis (@ OAS-Bo) @ surRpERvas

10° el S R T v rrrrr
= E =25 GeV
10" ===+ E =40 GeV
e The Real-Time Analysis (RTA) is a software system 108 sl
= = E=250GeV

that analyse CTA data during the observation. The
CTA data rate is 2-5 GB/s.

e On-site with the telescopes

e The RTA must be capable of issuing science alerts
when new transient phenomena are detected, with
a latency of 30s

e The RTA must search for transient phenomena on
different timescales from 10 seconds to 30 minutes,

e The sensitivity of the analysis is required not to be
worse than the one of the final analysis by more than
a factor of 2

e INAF/OAS leads activities of the CTA Real-Time Rl . ity monioring | Science monitoring [ PSS

4 orders of magnitude

Yera

l..
Ty
-
----------
e
T

] |J Lo IIlJuJ lllill]l IIIIL|||| LI

www.cta-observalory.org/science/cta-performance/ (prod3b-v1)

DTy

LR

llllllllllllllllllll
------

.-.-‘”-;.

-, -
------
o TP e T TR e ded T Y T3
""""""""""""""

--------

10 1

Differential Flux Sensitivity E°dN/dE (erg cm™ s

observation :
Analysis and CTA short-term sensitivity e
e The CTA Real-Time Analysis is the key system in the
. . : Generate science
context of multi-messenger and multi-wavelength ?S-Data Quality alerts
astronomy. (DY / \ RTA-SCI
To provide feedbacks during

observation to external (from T To alert the

other observatories) science =3 = '.’ astrophysical
alerts, to change the ' " community
observation strategy immediately 2(
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¢ INAF

The CTA Real-Time Analysis (@ OAS-Bo) “«Co - -

<> FOR ASTROPHYSICS

e The RTA-SCI is the software component that
performs real-time scientific analyzes on CTA
data, starting from the reconstructed event list

e The RTA-SCI produces different scientific
output: Light Curves, Counts Maps, Alerts,
Detections and TS Maps.

e The RTA-SCI runs multiple analysis in parallel:
for this reason it requires a framework for
scalability and flexibility

e The RTA-GUI queries the results database to
show the results of the RTA-SCI using plots

2019 ICT Workshop, 21-25 October 2019, Milano, Italy 27



¢ INAF

Real Time Data Quality & Quick Look .

&> FOR ASTROPHYSICS

e During the reconstruction and the data S {(ZSt .
quality analysis we have high data por reammg
volume and data rate (kHz/s, GB/s). aiscretized stream processing

e The data output from different batches .,
reconstruction steps must be stored or records (RDDs) d —
buffered to run data quality analysis d ; Spark

batches =
e The data reduction streaming process processed LL
can be done in parallel using with tasks i

framework like Spark in order to scale records processed in batches with short tasks
the application on a Cluster each batchis a RDD (partitioned dataset)

e The RTA-DQ-GUI shows to the
operator the results of the DQ checks:
warning, alarms and plots.

Camera for single event Camera for aggregated events
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INAF AAl in CTA (@ OA-Ct)

CTAC Members
CTAO Members

« INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE
FOR ASTROPHYSICS

CTA Guest Observer

(Federated Access)

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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CTA Data Dissemination
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User Req - Research Infra @  invrenae

DI ASTROFISICA

NATIONAL INSTITUTE
<> FOR ASTROPHYSICS

Authentication
Capabilities

[ Security } Interfaces

Authorization Capabilities

TA A&A
User Requirement:

Today over 1000

@CTA-OBSERVATORY.ORG

provisioned identities

Persistent &
non-reassignable ID

Manage/define groups using
Set Operations

INAF-CTA Authentication

&Authorization Infrastructure (AAl)
Consent functionalities

Managemen®. Group Administration

user interface

. ) Group Administration
Attribute Authority

\

J‘ s

v

v

S ° ' Proposal Handling Interface

A 4

WebServices

bervices

Data Distiller ' vdatoire
e Paris

CTA INAF Science Gateway

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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INAF CTA Science Gateway @ -

https://cta-sg.oact.inaf.it/

* Offers an environment to orchestrate scientific applications and
tools with little concern for learning and managing the underlying
e-infrastructures to execute them through a Workflow
Management System.

* A demonstrator has been implemented following a typical CTA
analysis performed with the Fermi Science Tools.

* Allows interactive tasks performed by a virtual desktop
environment (ACID).

* Connected to the INAF CTA AAI
* Recently part of EHUGAIN Service Providers
* See a Demo at: https://youtu.be/Qru6joO-Vw8

2019 ICT Workshop, 21-25 October 2019, Milano, Italy


https://cta-sg.oact.inaf.it/
https://youtu.be/Qru6joO-Vw8

« INAF

INAF CTA Science Gateway -o -

<> FOR ASTROPHYSICS

https://cta-sg.oact.inaf.it/

‘ &ggmnww Monte Carlo simulations Data Distiller Data Reduction NAF CTA portal ASTRI Proposal Handling m

INAE . CTA portal

About CTA Statistics Documentation Publications

About CTA

About the CTA Project

The CTA project is an initiative to build the next generation ground-based very high energy gamma-ray instrument. It will serve as an open observatory to a wide astrophysics community and will provide a deep
insight into the non-thermal high-energy universe.

The present generation of imaging atmospheric Cherenkov telescopes (H.E.5.5.. MAGIC and VERITAS) has in recent years opened the realm of ground-based gamma ray astronomy in the energy range above a
few tens of GeV. The Cherenkov Telescope Array (CTA) will explore our Universe in depth in Very High Energy (VHE, E = 10 GeV) gamma-rays and investigate cosmic non-thermal processes, in close cooperation
with observatories operating at other wavelength ranges of the electromagnetic spectrum, and those using other messengers such as cosmic rays and neutrinos.

Besides anticipated high-energy astrophysics results, CTA will have a large discovery potential in key areas of astronomy, astrophysics and fundamental physics research. These include the study of the origin of
cosmic rays and their impact on the constituents of the Universe, the investigation of the nature and variety of black hole particle accelerators, and the inquiry into the ultimate nature of matter and physics beyond the
Standard Model, searching for dark matter and effects of quantum gravity.

Links:

« CTA Homepage
« CTA Indico Portal

« CTA SharePoint Portal

please send an email to eva.sciacca@oact.inaf.it to create a new account

Powered By Liferay

Contacts: support This is a Service Provider of:
Privacy Policy | Terms of Use y .
- 4 m
® leduGAIN  Jidem

v Based on LIFERAY

v" Integrates a workflow management system (gUSE/WS-PGRADE) executing jobs on the major DCls
v" Integrated with the other CTA web applications

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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« INAF

The ASTRI Archive System @ -

<> FOR ASTROPHYSICS

REPOSITORIES DATABASES (physical & logical)
(mySQL & mongo)
+ couch-base

+' RAW-DATA|
L. ASTRI |

ASTRI ARCHIVE
v

ASTRI
DATA MODEL

1

/_
ﬁmm

) §
ASTRI DAEMON ;
- MONITORING
Y-\
: . /]
\ // ___________ _--_-__'“____‘._-_;___
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ASTRI Logical and Physical Archives @ e

~SYSTEM Archive .

2019 ICT Workshop, 21-25 October 2019, Milano, Italy
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« INAF

Knowledge Discovery DBs - -

<> FOR ASTROPHYSICS

-..testing databases technology using ASTRI data-model...

Auth & Authz,
DAP Server,

P m——— L F
_______ 0B-EXECUTION USER ACCEs . :
! v 2
! 1 I v
i o T
T e T T TE D === 1 : v
T graph DB
1
o
' DMRAFILE BBLE 1 1 ;

social/semantic zone

P A o
' ‘ o fileHK/sci- TECHD
E RADMAUlIotif .ChannelDDS
- AoL/FoL
~ p rmance
EVENTS & VO | line
MONITORING sqQL
‘_F/_,_—‘-r-‘ performance
line

—
CALIB FILES

scale to complexity
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OneData Overview

OneData system virtualizes storage systems
provided by storage resource providers distributed
globally.

The most important concepts of the platform are:

Spaces - distributed virtual volumes, where users
can organize their data

Providers - entities who support spaces with
actual storage resources

Zones - federations of providers which enable
creation of <closed or interconnected
communities.

Reguesting
support g

ONZ)ATA Zone

/
/
Space 1 Space 2

/ Quota: 20 TB Quota: 8T8

|
v 7 A

i /7 7
| QuoTA / QUOTA / QUOTA 7 \ QUOTA
\ STBI 15TB | 6TB | 278

Provider 1

L} I I

Provider 2 Provider 3




AN N

CTA OneZone

OneZone is the gateway for users to the OneData
system. It is responsible for connecting to the
authentication and authorization infrastructure.

It allows users to:
Ccreate user spaces
generate space support tokens, that can be used to
support user spaces with storage from a dedicated
storage provider
monitor availability of storage providers that
support user spaces
see the geographical distribution of storage
providers
choose storage provider for spaces
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CTA end USERS



Spaces

Providers

AUTHENTICATION SETTINGS

USER ALIAS

DATA SPACE MANAGEMENT

. CTADATASPACE
g $SDC,
g mrc
-
1) Get support
ﬁ (Create new space
° Join a space

You can also become a [

support your own space

ACCESS TOKENS

(Generate new token to get ac

using command line client or REST AP

Create new access toke

GO TO YOUR FILES

v

A

CTA OneZone

MANAGE ACCOUNT




CTA OneProvider(s)

* OneProvider exposes storage resources. It is
deployed in a data or computing center, on the nodes
equipped with high speed connections to storage

resources.
LA II-I.‘
‘ " : Provider

2
&£ Oneprovider b g OM'JH‘E‘W
Frotocols POSIX VFS ' ::: - :
4% ‘qiﬁﬁ = Or- ONZIATA A< )
_____ :53,:80,:443 ovide lz Dr:" JﬂTﬂ
remote Da::anﬂ;,:r :;5; Storage Access

CTA end USERS

Direct Access
if possible
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Parallel Processing Modes using POSIX oneclient, COMI Ceph 53 MFS Lustre
or REST



CTA OneProvider(s)

File distribution

Distribution of file blocks among providers for file
astri 000 41 001 00001 _R_000005 000 1002.Iv0

Provider File blocks

sSDC ——




CTA OneClient

* OneClient s a command-line
based application for accessing

and managing user spaces via

virtual file system. CTA Archive
* User spaces are mounted in the i1 v
local file system tree (i.e. in a Grid - ates o L ON=JATE
Storage-Element FS as well). Gmdys=w -ONZATA
#C3 ]

< .

i2 ON=JATA

CTA end USERS



Metadata

Metadata in OneData are organized into 3 levels:

v Filesystem attributes - basic metadata related to file system operations such as
file size, creation and modification timestamps, POSIX access rights, etc.,

v Extended attributes - these attributes enable assigning custom key-value pairs.

v User metadata - this level provides most flexibility and OneData itself does not
assume any schema related with these metadata. For each resource, user can assign

a separate document in one of supported metadata formats (currently JSON and
RDF).

The filesystem and extended level attributes are accessible via REST-API and CDMI or
directly through queries to the embedded database.



Metadata

ON=JATA

& crroaTaseace

Root directory

Providers

FILES
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Metadata

Sample Ingestion

Sample indexing function

Query using a REST-API call
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References

CTA web page: http://www.cta-observatory.org/

ASTRI web page: http://www.brera.inaf.it/astri/

YouTube demo: https://voutu.be/UnOWnJlulgE

INDIGO Data Cloud: https://www.indigo-datacloud.eu
OneData documentation: https://onedata.org/docs/index.html
OneData @ docker hub: https://hub.docker.com/u/onedata/

INDIGO SERVICE CATALOGUE

download INDIGO open-source components

O
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https://youtu.be/UhOWnJluIgE
https://www.indigo-datacloud.eu/
https://onedata.org/docs/index.html
https://hub.docker.com/u/onedata/

SSDC as server of CTA data products

* The ASI-SSDC (Space Science Data Center):

— wide experience as MWL data center, both for low-level data products
(AGILE data center, Fermi-LAT/SWIFT/... data mirror center) and high-level
data, data products and catalogs.

— Data and data products integrated in a fully MWL environment (MMIA:
Multi-Mission Interactive Archive).

— Possibility to perform cross-catalog searches betweeen resident and
external catalogs.

— Powerful tools to extract SED of sources and modelization.

— VHE catalog products from literature already integrated in the TeGeV
Catalogue.
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