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IN2P3 in space: past and present (discussed today)
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Instrumental deliveries
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Space instruments instrumental deliveries

Contributions in various technical domains for space instruments construction:
- conception, realisation and delivery of detection systems

- mechanics for flight models: design and fabrication

- electronics & computing for on-board processing unit

- electronics for on-board cryogenic systems

LAT calorimeter -
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LABORATORIES DEVELOPMENT

e IN2P3 contribution to the instrument construction
e Design phase
o Carbon fiber structure (LLR, from CMS)
o Crystal wrapping (LLR)
o Photodiode size and bonding (C. Chapron, PCC)
e  Structure fabrication (O. Fereira, LLR) |
o Purchase of an autoclave (180 k€) to improve polymerizatior
clean room
o Metrology (LLR) + vibration tests (externalized)
o 24 structures delivered to NRL (-2 per month)

®  Quality/system engineering:
o Standard in spatial activities
> Akind of revolution for IN2P3
o 2 engineers were hired
= P Prat (PCC)
= S. Couturier (LLR)

£AZ - Data Processing Unit (DPU)

UPM
» development and construction of the Planck-HFI DPU

works alse on the
Fi

ermi), maki

=< « Electronics for cryogeny

- electronic for the sorption cooler (SCE-20K)

- electronic for 100mK dilution valve control (DCE)
- 20 ingénieurs et - control command (SCE-20K) (soft & validation tests)
cryo-harness (SCE-50K)

techniciens durant la




Space instruments AIT/AIV/Calibration

Large involvements of IN2P3 teams in characterisation and calibration of instruments
from component level characterisation
to integrated level calibration operations in cold environment (in dedicated cryostats)

design, fabrication and deliveries of Ground Segment Equipment for such activities
till in-flight calibration operations

ﬁ_ . Planck @ IN2P3 . 4o
Beam tests and calibration ground segment hardware - i

« Participation to the ground pre-flight HFI calibration

Several beam tests (SLAC, CERN) during design phase (LLR, PCC)

v i V4 - construction of the polarisation wheel and source
Vs V4 calibration sources
For calibration and performance validation (IN2P3 lead): v P4 control command of the calibration setup cryogenics
e GANIL, GSI (CENBG) o . o AL VX - measurement of time constants, non-linearity, cross-talk
o MIP peak of cosmic ions useful for on-orbit calibration P frg ts
o Beam tests found anti-quenching for light ions (alpha, C, O) in relativistic domain . e SRSERISISIES
e CERN PS+SPS (CENBG, LLR, LUPM) V. Az - impact of cosmic rays on detector (using particle beam)

o Test of the Calibration unit (2.5 towers)
o Photons and electrons
o Check direction and energy measurement

« Data taking
. £AL V=< - participation to calibration phases (2004 & 2006 & 2008)
*A ZAZ =X - participation to the Dally Tele-Communication Period

Software for the in-flight calibration (LUPM)
e  Selection of MIP cosmic ions that are used for the
inter-calibration of the 2 crystal ends

Verification of the GPS timing (CENBG

o Bug fix thanks o cross-checkwy CONtribution Francaise (Performances)

Nombreuses contributions a I'étude et a I'optimisation des performances des
‘ détecteurs. Quelques exemples :

* Reconstruction de la carte d'indice des tuiles du
radiateur AGL a partir des données de vol :
s ™




Data Analysis & simulations

IN2P3

data analysis #1

+ Simulations
pipeline construction and support

of modules for effects
« Data pr ing and sy di
study of glitch impact on data and method for removal
model for non-linearity of the detector response (from ADC)

studies of systematics for polarisation (induding impact of NL ADC)
time constant models

« responsible for Timeline pr g
development of time processing pipeline and algorithms
[¢ , detector I ity, variation dec

Data validation, cleaned timeline production

» responsible for Map-Making and calibration
development of map-making algorithm (destriping)
upgrades to include identified systematics (as templates)
inflight calibration in temperat d po ration

map production
(for public rel
esa Software
e The IN2P3 is responsible for
the coordination of the
deployment, integration and
production of Euclid

simulations at the French
part of the Euclid Data
Center (SDC-Fr-CC) -
CPPM
e The IN2P3 is responsible for
the deployment, integration &
production of simulations
(SC3, SC456, SC7 et SC8) -
CPPM/CCIN2P3/APC
e The IN2P3 develops two of
the major Euclid simulators:
EXT (LSST, KIDS,
DES)-APC
TIPS - NISP
Spectroscopy - CPPM

Sky sources /~ Optical parameters
tips.SkySource tips.Grism
* Position * Sensibility of all optics

« Shape
+ Spectrum

« Dispersion function
* PSF for all optics

«Qmsm)
| ;
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Figure 6: Schematic view of TIPS.

Detector parameters

tips.Detector

* QE.Dark, RN
« Poisson noise
* Exposure time

o

Code to simulate
The detector effects|

(Python)

:

image
(electrons)

Data analysis activities in close link with instrumental developments
Simulations, production, data processing,
Instrumental systematics & the end of the statistics dominated error bars
Close interactions between scientific and technical teams

Key role of CC-IN2P3 data center for some missions

(not to mention shifts, participation in 10T...)

o
Event reconstruction/selection

Energy reconstruction (the calorimeter is only 8.6 X0 but longitudinally segmented)
e Development of several algorithms (PCC,LLR) to cover the full energy range (2 TeV)

Data version timeline
® Pass 6: developed before launch
Meets performance requirements
First data: effective area loss (10-30%) due to off-time pile-up of cosmic protons
e Simulation changed to include pile-up
Correction of the Instrument Response Functions

e Pass 7: same reconstruction, optimized selection -

o Public release in 2011

o Reprocessing with improved calibration (2013) a—
e Pass 8: full reworking of the reconstruction (2015)

o New tracking + clustering in calorimeter - i

o Increased energy range ) =

o >+25% of effective area e : - s

o Data partition according to direction quality : N
e  Strong IN2P3 contribution to these developments 13

 —————————————
Simulation at CC-IN2P3

sucsccs P

e LAT pipeline branch at CC-IN2P3 (LUPM):

Prware et
development, exp & | .
© 1300 to 1600 cores at any time v et www
o Virtualization (Singularity containers) in ooTD e i BG———x R E
Y ey o
2017-2018 i | Seatuy
’ | o
)
5 - . oy ws —
e All MC simulations performed at CC-IN2P3 since ) e
launch: = g
Event reconstruction optimization, IRFs T

production, backgrounds
380 millions of CPU hours (HS06 units)
Number of running jobs (09/2015-04/2017):
e CNES support: 4 engineering >
contractors at LUPM in 10 years

o IN2P3 in-kind contribution to the LAT
common funds: ~1.9 M€ since 2009




Astroparticles physics: results ! and prospects

- Better characterise and hence understand the physical processes at the origin of
the cosmic messengers: gamma rays, neutrinos, cosmic rays, gravitational waves...
- constrain the models of SN, Pulsars, AGN/Blazars, ...

- hopefully get insiders to the nature of Dark Matter.

1 particule par m? par milliard d’années

——————————————————————
Multi-messengers

Burst Advocates:
3 e monitor LIGO-Virgo alerts and check the
automatic analyses by the LAT GW pipelines

LIGO-Virgo O3 run

LIGO-Virgo

The positron flux appears to be in agreement with predictions
from a 1.2 TeV Dark Matter model (J. kopp, Phys. Rev. D 38, 076013 (2013))

& 25 r T T T T
% [+ Data 2018 (1.9 million positrons)
SL’ 20 r - Dark Matter Model
K - —Cosmic Ray Collisions
::.m C APJ 729, 106 (2011)
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e 11 LAT GCN circulars (flux upper limits) during

LAT scan (in -5 ks) of the error localization contour (~14700 deg’) of
S19090 1ap (86% Binary Neutron Star merger, 24080 Mpc) detected by

Flare Advocates.

monitor IceCube neutrino alerts, look for possible
LAT counterparts in the error region

run dedicated analyses on the candidates (over
various timescales) and issue ATels or GCNs

Fermi-LAT detection of enhanced gamma-ray activity and
hard spectrum of TXS 0506+056, located inside the
IceCube-170922A error region
ATel #11410; Roopesh Ojha (NASA/GSFC/UMBC), and Janeth Valverde
(LLR/Ecale Polytochnique) on bobalf of the Fermi Large Arca Toloscopo
Coltaboraton
on 14 Mar 2018; 20:16 UT

25

Dark matter

e Dwarf spheroidal galaxies are DM-dominated objects in the DM halo of our Galaxy
No gas or cosmic-ray content — no expected conventional gamma-ray signal
The DM content is rather well constrained — simple relation between WIMP annihilation
cross-section and gamma-ray signal
The number of dSphs increases with time thanks to
m  Sloan Digital Sky Survey, Dark Energy Survey, Pan-STARRS survey, LSS1




+ Accélération

Cosmology: results ! and prospects B

/ACDM and precision cosmological physics

- Tests of robustness of the concordance model
- Dark Matter and Neutrino sector constraints through cosmo
- Further constrain inflation and reheating physics (coupled with hep physics)

Understand the accelerated expansion: a new energy component with a repulsive action,
or a modification of general relativity
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:’;?‘:om - more than a factor 2 on errors for basic ACDM parameters wrt WMAP

+ Very stable with time
+ Precision cosmology (below 1% error bar for most of them)
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Return of Experience

- Learn from past experience to build the future
Space methodology in instrumental work (quality, new procedures...)

- Confidence of space agencies in IN2P3 labs / CNES Space label for IN2P3 labs ?
- The Pl/consortium wrt Spokesman/collaboration model

- Importance of hardware delivery to be part of core teams

- The pressure of open data and scientific results deadlines

- Data: properties of Pl at the end of the mission ?

The relation with other partners in France and its evolution with time
- ...... Alot to be digested and thought further ...

‘Planck@INzes o (&) Retrospective SWOT analysis

planck
« Planck Management 1998 A posteriori assessment
very centralised decision process through the Planck Science Team (PST)
PST or PI In charge of membership, taks in confere er leaders, hardware and software Strengths Expertise n particle physics (detector design to event | It worked very well in all aspects and contnbuted

analysis) much to our successful integration in the
collaboration

Manck Collaboration within the proprietary period were organised in

its h i on oth the instrument and the data-analysis, IN2P3 was not
Weaknesses No spatial label for instrument construction nor data T'he starung phase has been difficult but we were able
exploitation. to remain in the proj
Major responsibilities (including PST positions and WG leaders) were decided at the beginning of the Plo o P

represented in P
project (the few changes were directly agreed at the PST leved), with no rotation of responsibiities over label both on the i

1 ’ -
Moving from first generations Cherenkov telescopes | It actually seems th AMS : retour d’expenence (1 /2)
of sources) (o a success-guaranteed Fermi
P X20 better than AMS projet spatial unique
* Projet construit autour d'une communauté avec une expertise forte de
I'instrumentation HE mais sans expérience spatiale.

the years.

Opportunities

« Visibility
Paper leads were decided by the PST with only a few soence papers being led by IN2P3 people
ta analysis and the scence interpretation

me specific person » APC/IN2P3 level: Yes, but IN2P3/CN

he project treme level of Bre - ¢ B , CNES) Yes, but now it hag .
* Extreme level of n"ﬂ‘m'“ + m'?wﬂ“»ﬂ a globa ng o It turned out not tal * Partage du financement et des responsabilités entre la NASA et la DOE
the instrument and the mission is necessary y la collaboration responsable de la réalisation de I'instrument et son
esa . . tion: crucial to be part of u[n,- core team developing opération, le retour scientifique
he ent & an access Lo the releva atic o,
the instrument & an access to the relevant information * Réle majeure du précurseur AMS-01 pour le projet, bien au dela de la
« Importance of an t ) ¢ (as FACe), in - §
validation des concepts instrumentaux :
particular for in-flight preparation and operations
; x" civati 4 X [”( &' ) ' * Crédibilité de la collaboration aupres des agences
« Active participation to the ( 1 \ preparation )
* Préparation de I'analyse.
effort and exercises
e Human r support to capitalise on acquired experience and * Premiers retours scientifiques, nombreuses publications
*stabilise’ skills (instrumentation, simulations, data analysis, etc.) * Renforce la visibilité et I'attractivité du projet, essentiel pour la
NES: "¢ & contracts for technical formation des étudiants
NRS/IP to'epame’n port & 4 * Rodle clé pour consolider une collaboration malgré les délais et un

futur qui a été longtemps compromis.



adapted from Astronomische Nachrichten, Volume: 338, Issue: 9-10, Pages: 978-983, First published: 28 November 2017, DOI: (10.1002/asna.201713415)

discussed today

2016 2017 2018 2019 2020 2021

Year

Cosmic rays

Neutrinos

y-rays

X-rays

Multi
wavelength

Visible and
near infrared

Infrared

submm

Radio waves

Gravitational
Waves

Ground/space complementarity

JEM-EUSO

IceCube

HESS CTA

FERMI
Wukong

INTEGRAL
NuSTAR
XMM-Newton

2022 2023 2024 2025 2026 2027 2028 2029 2030

SVOM
Swift
HST
LSST
JWST
LA B-54
BIRD

OFAR

| IndGO_
Advanced Virgo

A 2 O

Advanced O

- Coherent scientific
program combining
ground and space
(and balloon)
experiments

> astroparticles

> cosmology



For next Scientific Council ..... More Space @ IN2P3 ...
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adapted from Astronomische Nachrichten, Volume: 338, Issue: 9-10, Pages: 978-983, First published: 28 November 2017, DOI: (10.1002/asna.201713415)

discussed today § for next CS More Space @ IN2P3 ...and beyond !
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Cosmic rays [EAS€E]=E]
Neutrinos IceCibe
HESS
FERMI
Y-rays Wukong
INTEGRAL
Xerays NuSTAR ]
XMM-Newton
Multi SVOM
wavelength Swift
. — Ground space
complementarity on
Visible and Large Scale Surveys Cosmology with the
near infrared T . .
polarized Cosmic
D Microwave Background
Infrared JW.
LA B-54
submm e
Radio waves ;
OFAR
The future of the Gravitational
Gravitational : Waves observatories
Waves Advanced LIGO
Lisa Pathfinder Einstein Telescope




Thanks a lot to all the speakers and referees
....Not yet finished: private session of the CS tomorrow

And let’s keep in touch in autumn |

The scientific council members



