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Motivation

“* Limitation of a single-experiment analysis in astrophysics

¢ Follow FAIR principles:

o findable
o accessible
o interoperable

o reusable

¢ Creation of the first open-science enabled repository with

scientific analysis from KM3NeT

“* Provide integration with European Open Science Cloud (EOSC)

ESCAPE cell services
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https://www.go-fair.org/fair-principles/
https://eosc-portal.eu/

Multi-messenger particles (vandy) carry

information about the origin of distant sources

Leptonic

Inverse Compton (1C)
et +y-»ef+y

Emission No neutrinos!
scenario
Neutrinos play a key role Pions Decay (PD)
to disentangle two 0
emission scenarios p+N-o>m -2y

+ + = ke
Ln——>e—+v"+v,,+(73 .
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Astrophysical telescopes <Ensc Fuure A EAU

KM3NeT (neutrino)

KM3NeT (cubic kilometer neutrino telescope) J.Phys. G43 (2016) 084001

s lar /o s (Oscillation ‘esearch with osmics in the 2 byss)
determination of the neutrino mass hierarchy

(E, ~ MeV - GeV) low energy neutrinos
Depth - 2500 m - offshore Toulon (France)

s g/ A5 C 2 (Lstroparticle [‘esearch with “osmics in the 2 byss)
discovery and observation of HE cosmic neutrino sources

(E, ~ GeV-PeV) high energy neutrinos

Depth - 3500 m - offshore Sicily (Italy)

France Switzerland > <% '. FAnOSY
"‘-"’ :”‘.b' Slovenia i . ¢ ) Romania ' : = . J =
.Croatia Bosnia and i JU = DU 2
Herzegovina', Serbia : o v
- : o r o
“Andorra Ita |y J { iz o o= ‘
North 7, ~
Maccdonja 3 ¢ o ;2
Albania | =
DU distance 90 m 20m g has 16 DU i
. # > s B J;Z :, -]
DOM spacing 36m 9m T . : i g1,
DU height ~800m  ~200m - MERrgAal s, 0
" Instrumented 2%500 7 Mton | TR :% T I;IL'
mass Mton 1< J_
Amount of DUs 115%2 115
Current status 21 19
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https://iopscience.iop.org/article/10.1088/0954-3899/43/8/084001

Astrophysical telescopes

CTA (gamma)

CTAO (Cherenkou Telescope Array Observatory) ICRC21

CIA ) larinigre gii2 La Palma in the Canary Islands, Spain.
Altitude 2180 m. Low and mid E, (20 GeV - 5 TeV)
Extragalactic physics

* 4large-sized telescopes (low gammas)

* 9 medium-sized telescopes (mid gammas)

'_EE' [ CTA Northern Array
§ - (Alpha) !
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<§n§c Future d “‘% |,,;/A,é\\\u

I, Soliiriorr st Paranal Observatoryin the Atacama
Desert, Chile. Altitude 2150 m, several km?. Mid and high E,
(150 GeV - 300 TeV). Galactic sources

* 37 small-sized telescopes (high gammas)

* 14 medium-sized telescopes (mid gammas
* 4large-sized ???

B

S = MY =il <Ge g
Alpha Config 2020 | 2021 | 2022 | 2023 | 2024 2025 | 2026 | 2027 | 2028 2029 | 2030
Comissioning and Operation of LST1
LST North Operation as 4 LST Array
CDR Deployment of LST2-4
MST North Design and Finance INFRA | Construction of 9MSTs Observatory Operation
" Construction and Deplyment of 14 MSTs
Array config, Finance
CTA South Y . é’DR INFRA
an Construction and Deployment of 37 SSTs
Extension 2020 2021 | 2022 2023 | 2024 | 2025 2026 | 2027 | 2028 | 2029 | 2030
LST South Finance / CDR Construction of 4 LSTs 777 Operation 777
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https://arxiv.org/pdf/2108.04512.pdf
https://indico.in2p3.fr/event/28466/contributions/121574/

Gammapy python package

Open-source software for CTA

https://gammapy.org/ Data access & selection
A Python package for
gamma-ray astronomy

IRFs

Data reduction
Sky maps
Datasets

Modelling & Fitting

Estimators

M. Smirnov 29 August 2023 6


https://gammapy.org/

Structure of the analysis < astun(d ®-—EAU

Performed by Tim Unbehaun et. al

Combined Analysis of KM3NeT and CTA data with Gammapy. Neutrino 2022

RX J1713.7-3946 Selulicss
Create KM3NeT IRF (MC data) ¥ g Vela X
% ] RX J1713.7-3946
e
) ] Westerlund 1
Take CTA IRF (public) % 1072 § —— ICHt (2 /Nuy = 2459) | LepLoflic eHWC J1907+063
X ] —— PDfit (x*/Ngr = 2.520) Hadronic
i) 4 HES.S.(2018)
T 1 1 T N
. . 0.1 | 10 100 v.(g)ni
Generation flux input model E[TeV) TS = —=2InL(§) = -2 E In ‘_' - exp[—v;(&)]
; n;.
=1
Vela X
Creation of data sets ; e x 80 X CTAonly
- 103 KM3NeT X KM3NeT only
% | 1 10 years 60 - —— Combined
c . . § 0.1 , === Combined (CTA)
Likelihood anal\/5|s 2§ Tt E 40 - — == Combined (KM3NeT)
= 001 3
% 103 .; v background Sum 20 - 0 Jo=1
S 104 i —=—=- ubackground ¢  Fakedata :
o ¥ = Signa
Results production e Y o | X300 xR '
0.1 I 10 100 10° +

0.0 0.2 0.4 0.6 0.8 1.0

E[TeV]
[ = hhag [/ (hag + Lep)
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https://zenodo.org/record/6785224#.ZBm7p3bMKBw

EOSC/ESCAPE introduction

=AU

Science Clusters in (O Astrophysics Particle &

CD eOSC FAIR Y nuclear physics

{ Social sciences J

S

ESCAP

lllllllllllllllllllllllllllllll 1)
Particle physics ESFRI research Infrastructures

I Environmental sciences

’ Life sciences

l Materials Health Energy

l Astronomy Particle physics HPC I el

https://projectescape.eu/
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https://projectescape.eu/

r

» ESCAPE AAI _
AAI Federated with EOSC S
provisioned compute,

& HPC

EOSC/ESCAPE test science < asu(g) M- FAU
rojects (TSPs)

\ /" TSPs
. o Dark Matter
ESCAPE o Extreme

Curcpaan Sciencs Cluster of atronom, 8 Universe and

Gravitational
ESCAPE Vela X
\_ Waves % - - oo

Data Lake X KM31‘:T[;'¥nnly

(Federated Research 7 “—~ Comtnt
. £ 40 === Combined (KM3NeT)
— \;l storage) __ Environment 2 .
e ¥ Includes EOSC (old VRE) 1 :
‘RUCIO Exchange I st

provisioned storage

f = thaa [ (g + hiep)

VRE: ~r v @ VRE@

GitLab CERN Software
é 5; ESCAPOPEEI\-&.UJILES:EHL fic Software . . Re OSlto ry
Software https://vre-hub.qithub.io/ . P L m
Repo: Archive of reusable pipelines:
Onboarded to EOSC marketplace
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https://escape2020.pages.in2p3.fr/virtual-environment/home/index.html
https://vre-hub.github.io/

Repository with combined \E\".Si"”‘""’ﬁ . EAU
analysis CTA plus KM3NeT

Analysis is based on gammapy v0.17 and python 3.8

Jupyter notebooks,
/ analysis_config.yml
| Outcome: plots,

’ intermediate data
IRFs (.fits),

bkg of km3net .dat

-\ P\/thon Scripts ATEa 1, e, dy : ‘: B, 3 i i,{ %
\ , - SauE S

DOI 10.5281/zen0d0.8298096
https://qgithub.com/KM3NeT/Analysis-galactic-sources-CTA-KM3NeT

environment.yml,

conda and venv
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https://github.com/KM3NeT/Analysis-galactic-sources-CTA-KM3NeT
https://doi.org/10.5281/zenodo.8298096

Integration

with EOSC/ESCAPE

REANA

DatalLake
Rucio

Deployment
VRE github

Rep

reana

roducible research data analysis pla
Sign in with CERN Single Sign-On

Note that you need to hold an official CERN account in order to
use this service.

tform

B reana_cta_dataset.yml [} 864 bytes

A_VelaX_288h_p4.fits.gz

https://reanahub.io/

M. Smirnov
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https://reanahub.io/

Integration
with EOSC/ESCAPE

[EOSC Future

reana
REANA Your REANA token

In order to use your token, make sure you have reana-client installed and run:

o0

% export REANA SERVER URL=https://reana.cern.ch

D ata La ke $ export REANA_Access_Token=|EEGTGTGNNENEGEGEGNGEEEEEE

Rucio

Deployment
VRE github

https://reanahub.io/

29 August 2023 12


https://reanahub.io/

Integration <Ensc ruturea D= EAU
with EOSC/ESCAPE

kﬂ =~ Refreshed at 12:23:37 UTC
REANA Your RE Your workflows

Sign i Search... Q
In order to
Note that you neec Status - Show deleted runs Latest first
% export
DatalLake § oxport  © km3net dataset 427 fnisnedinen s
o step

Finished 2 months ago

Rucio

® km3net _dataset #26 finished in 3h 22m 48s
s step 1/1

Finished 2 months ago

Deployment
VRE github

https://reanahub.io/
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https://reanahub.io/

Integration
with EOSC/ESCAPE

& EAU
ECARE e [l —\

[EOSC Future

reana = Jupyter
kfl
R EA N A YO ur RE Yourwor o Files Running Clusters

Sign | Search... Select items to perform actions on them.

In order to |
Note that you neec Status - (D0 | ~ | M/ results /| KM3NeT VelaX_10y

% export 0.

D ata La ke : jupyter 7 ’ 0O [ KM3NeT_velax_10y_data_nu1 fits

O [3 KM3NeT_Velax_10y_data_nu2.fits

. _ _ O [ kM3NeT Velax_10y_data_nu3.fits
u C' 0 Files Running Clusters

O 0 KIM3NeT_VelaX_10y_data_nu4 fits

Select items to perform actions on them.
O O KM3NeT_WVelaX_10y_data_nu5.fits

] 0 KM3NeT_VelaX_10y_data_nu6.fits

o ~

O [3 KM3NeT_Velax_10y_data_nu7 fits
O [ analysis

D e p I OV m e nt O 0O gat o0 KM3NeT_VelaxX_10y_datasets.yaml
ata

O [3 KM3NeT_Velax_10y_models.yam
O 3 results

. O O KM3NeT VelaX_ 10y_models_covariance. dat
VRE github 0 S

https://reanahub.io/
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https://reanahub.io/

A

[EOSC Future

Integration
with EOSC/ESCAPE

Server Options

O] Minimal environment
Based on jupyter/scipy-notebook (active reana-client)

R E A N A O ROOT environment
ROOT v6.26.10, a G++ kernel is implemented too - DASK testing

O Minimal environment - python 3.9.13
Contains a REANA client

O Virtual Observatory environment
Contains Jupyter Notebooks examples with the basic usage of the IVOA tools

O Indirect Dark Matter Detection Environment
Contains a GCC compiler and the MLFermiLATDwarfs and fermitools libraries - not fermipy
Datalake
@] Common gamma analysis tools

Contains a GCC compiler and astropy, sherpa, agnpy, gammapy libraries

e
R u ‘ | 0 O Wavelet Detection Filter (WDF) project environment
Contains the full WDF env

(@] Compact stars Science Project environment
Contains the matchmaker library

Q KM3NeT Science Project environment

Contains the common gamma analysis tools and the km3io, km3pipe and km3irf libraries

O KM3NeT & CTA combined analyses

D e p I 0 V m e n l Compatible environament with gammapy and the km3io, km3pipe and km3irf libraries (env testing)

ERLANGEN CENTRE
FOR ASTROPARTIGLE
PHYSICS

=AU




Integration
with EOSC/ESCAPE

‘% FOR ASTHOPART GLE :AU
e I

Server Options

O] Minimal environment
Based on jupyter/scipy-notebook (active reana-client)

R E A N A O ROOT environment
ROOT v6.26.10, a G++ kernel is implemented too - DASK testing

-~ File Edit View Run Kernel Tabs Settings Help

O Minimal environment - python 3.9.13
Contains a REANA client o [Z Launcher
= %RUCIO
O Virtual Observatory environment
Contains Jupyter Notebooks examples with t
o EXPLORE  NOTEBOOK + fe cta-and-km3net
O Indirect Dark Matter Detection Environme
Conta\ng a GCC compiler and the MLFermiL i |E| Notebook
dldLadKe
Search g . ) »
@] Common gamma analysis tools ] ava

Contains a GCC compiler and astropy, sherp ¥ SEARCH RESULTS - - a ﬁ a

e B VOA_ASTRON_TEAM
u ( | 0 @] Wavelet Detection Filter (WDF) project en * KM2NET ECAP SPFits.Files.KM3NE
Contains the full WDF env - - B KM3NET_ECAP_MS Pythan 3. comb_cta
@ KM3NET_ECAP_SP:aefffits (ipykernel)
@] Compact stars Science Project environme B KM3NET_ECAP_SP
Contains the matchmaker library
E3 KM3NET_ECAP_TGAL Console
Q KM3NeT Science Project environment B3 KM2NET FAU JSCHNABEL
Contains the common gamma analysis tools - -
B KM3NET_FAU_SP
O KM3NeT & CTA combined analyses
D e I 0 m e n t Compatible environament with gammapy anc (=] KM3NET_NIKHEF_MBOUWHUIS
— e e e - h Pythaon 3 comb_cta
(ipykernel)

VRE github




Integration

e

with EOSC/ESCAPE

[EOSC Future

. EAU
@ Ll [/ —\

REANA

Virtual Research Environment

. - . . . Foll
VRE@ Analysis platform developed at CERN within the EOSC Future project to promote open science and collaboration between

CERN . . .
astroparticle physics communities.

R4 6 followers O Switzerland 69 https://eoscfuture.eu W @coscruture co https://vre-hub.githubio/ [ escape-cemn-ops@cern.ch

DatalLake
Rucio

Deployment
VRE github

README . md

Virtual Research Environment

The Virtual Research Environment is an analysis platform developed at CERN serving the needs of scientific
communities involved in European Projects. Its scope is to facilitate the development of end-to-end physics
workflows, providing researchers with access to an infrastructure and to the digital content necessary to
produce and preserve a scientific result in compliance with FAIR principles. The platform’s development is
aimed at demonstrating how sciences spanning from ¥ High Energy Physics 4 to £ Astrophysics i
could benefit from the usage of common technclegies, initially born to satisfy CERN's exabyte-scale data

management needs.
VRE Hub Structure
/ e \

wre environments science-projects vre-hub.github.io vre-dev E
Infrastructure Code Motebook Profiles Example Science Frojects Documentation Dev Cluster < ] G i >

v Q

>

A Find the VRE documentation and overview here.
£ Any contribution is welcome! Feel free to create issues and start discussions! Find our wiki here.

The platform development effort (s part of the EQSC Future Project, an EU-funded H2020 project implementing
the European Open Science Cloud (EOSC).

@ View as: Public ~

You are viewing the README and pinned
repositories as a public user.

Top discussions this past month

Discussions are for sharing
announcements, creating O I d VR E

conversation in your community,
answering questions, and more.

Start a new discussion

https://github.com/vre-hub

Top languages

Shell @C++ @HTML @ HCL
@ Jupyter Notebook



https://github.com/vre-hub
https://escape2020.pages.in2p3.fr/virtual-environment/home/

km3irf package .. EAU

Available in PYPI pip install km3irf

[EOSC Future

km3irf 0.3.1.dev1+g09c35be APIReference Examples Changelog Code Coverage &

Welcome to km3irf's documentation! _
o IRF generation for

©® Note

This project is under active development. pOI nt' I I ke SO u rces

o Compatible with
Contents oo . P
API Reference KM3NeT instrument response function gammapy

km3irf

Examples This project provides a versatile tool that can be used to quickly analyze the sensitivity of the KM3NeT detector for various

Collection of Examples source models. Currently it considers only point-like sources. The main feature of the tool is deep targeting to gammapy O O utp ut

Changelog software. For further analysis in gammapy , km3irf provides next modules:
Unreleased changes o gvent lis o DL3 format with
Version 0 * Instrument response function (IRF)

Code Coverage * Data set EventLiSt and IRFs

Installation o DataSet

It is recommended to first create an isolated virtualenvironment to not interfere with other Python projects:

git clone https://git.km3net.de/km3py/km3irf
cd km3irf

python3 -m venv venv

. venv/bin/activate

M. Smirnov 29 August 2023



km3irf: example NO1

Production of combined IRF .fits file

Example NC 1 Describing workflow

This example produces Effective Area (Aeff), Point Spread Function (PSF), Energy Dispersion (Edisp) files

in .fits format from original KM3NeT simulation dst.root file. And finally merge them into one I n p Ut d St . I‘OOt fl I es

common .fits file.

ata import data_path

L Create DataContainer object

mport fits
import merge_fits

warnings.simplefilter(“ignore™) Processi n g Aeff .fits

— Processineg PSF .fits
https://doi.org/10.1016/j.cpc.2020.107477 5

sea level

Processing Edisp .fits
Reconstruction

Merge in combined .fits

pro?iﬁi?ion Check content with gammapy

Example of track event simulation

M. Smirnov 29 August 2023


https://doi.org/10.1016/j.cpc.2020.107477

km3irf: example NO1

Production of combined IRF .fits file

=AU

Example NC 1 Describing workflow

This example produces Effective Area (Aeff), Point Spread Function (PSF), Energy Dispersion (Edisp) files

in .fits format from original KM3NeT simulation dst.root file. And finally merge them into one I n p Ut d St . I‘OOt fl | es

common .fits file.

ata import data_path . .
el Create DataContainer object
import merge_fits

6 8

g . 7 . § Processing Aeff .fits
© 2 © Se ©
o | ) — 5 o 2 2
2 o Sielto st | 2 | =L ez z , ¢ Processing PSF fits
£ | cos(6)=0.42 | £ | —— log(E)=3.94 =14 £
— cos(6)=-0.25 | 5 _,| — log(E)=5.94 3 2%
° e .= S - o . 5 .

" sl e Processing Edisp .fits

é 3 4 5 6 7 8 -1.0 —6.5 0.'0 0.'5 1.0 —6.5 OtO 0.'5
log(E) [GeV] cos(6) cos(0)
k J Merge in combined .fits
Data .
production Check content with gammapy

Example of track event simulation

M. Smirnov 29 August 2023


https://doi.org/10.1016/j.cpc.2020.107477
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Thank you
for your attention!
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https://indico.cern.ch/event/1199289/contributions/5493547/

Backup / analysis scheme in Enstha »..EAU

BdMMmapy
DL3 » DL4 » DLb5

v-like events Binned data Science products

Data reduction Likelihood fitting Source Catalogs

Name | Flux Size

Analysis Workflow SR [1e1z [0

PWN | 1e-11 0.2 deg

EventList 7’7"- GRB | 1e-10 | 0 deg

IRFs .modeling

Fit, Models, SkyModel Flux & TS Maps
FoVBackgroundModel

etc.

i Y e

.data .makers .datasets
DataStore MapDatasetMaker Datasets ,‘)/; z SEDs & Lightcurves
Observations SafeMaskMaker MapDataset .estimators
Observation F?VBackgroundI\/Iaker MapDatasetOnOff FluxPointsEstimator
GTI RingBackgroundMaker etc. Bl s
etc.
etc.
L |
| |
YAML | s r)/ﬂ
.analysis

M. Smirnov
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