


Andromede is an
interdisciplinary platform of the
IJCLAB  (UMR 9012) which
contribute to the scientific and
technical skills development of
Paris Saclay University.

https://andromede.in2p3.fr

It is open to the academic and industrial world in the
fields of nuclear physics; biology, biochemistry;

astrophysics and astro-chemistry; molecular
chemistry; and chemistry and physics of materials.
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TECHNOLOGIES

// Accelerator and ion source

The ion beams are accelerated at high energy by a 4MV NEC Pelletron® accelerator. The voltage can
be adjusted from 500 kV to 4 MV. The terminal of this accelerator is designed to receive two kinds of

ion sources, an electron cyclotron resonance (ECR) source and a liquid metal ion source (LMIS). The
accelerator delivered proton to nanoparticle beams.
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TEAM

SERGE DELLA NEGRA ISABELLE RIBAUD FRANCOIS DAUBISSE

CNRS Research Director, Scientific CNRS Engineer of the Research University Paris-Saclay Assistant
Manager of the Andromede platform Division of IPNO, Specialties: Engineer. Accelerator’s operator,

Expertise: Nuclear physics, particle- Experimental Biology and Quality set up of experiments, source tests for
matter interaction, surface analysis, Control, Development of Multi- new beams, maintenance

mass spectrometry, ion sources, Technical Surface Analysis Experiments
applications in chemistry, biology and with Andromede.
astrochemistry. Interim Operational Manager ! DOMINIQUE JACQUET

MARIN CHABOT
CNRS Research Directors, Physicists

Andromede gathers a team of 20 researchers on its site of the Faculty of Orsay.
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Equipex-ANR-10-EQPX-23

[niree exoerirnents

Two new experiments 2019

November 2016 June 2017

nucleosynthesis lonic | .
Carbon burning Molecular Fragmentation _ onicimaging
Atomic molecules collision Biology,Health, Exobiology
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Astrochemistry
Meteorites
Prebiotic molecules

Chemical preparation
R&D lon Source
Surface Analysis
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Fundamental Research

the wide range of ions, delivered by Andromede, permits to adress many
fields of fundamental researches: very low energy nuclear physics,
astrochemistry molecule-gas interaction, nanoparticle-solid interaction
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MULTIDISCIPLINARY RESEARCH/APPLICATIONS

In the field of nanotechnologies and surfaces, Andromede responds to the great need of very
high resolution surface analysis tools both in mass spectrometry and in ion imaging. Access to
the chemical characterization of a nanometric volume is envisaged.
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APPLICATIONS

BIOLOGIE, ASTRO-CHEMISTRY, COSMO-MATERIALS,
HEALTH, IONIC IMAGING ION IMAGING
The use of nanoparticle beam (Nanoparticle Probe in Biology The availability of cluster beams and high energy
(NPB)) as a probe in biology is the results of research on nanoparticles make it possible to simultaneously determine
particle-matter-secondary emission interaction conducted at the elemental and molecular composition of a complex
IPNO in the last surface such as meteorites.
few decades. The offer of analysis was then opened to bio- These analyses of cosmo-materials by mass spectrometry
organic surfaces with the emergence of metallic cluster and ion imaging can be supplemented
beam and molecular beams. by simulation to obtain analogs in the laboratory.
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APPLICATIONS

IMPLANTATION IN MATERIALS

Andromede provides the scientific community molecular

beams of methane, fullerenes and metal clusters for

studying the behavior of materials under irradiation. The

scientific fields studied are the modification of materials

under irradiation or implantation, the aging of materials,
study of solid physics, microelectronics, cosmo-materials and

earth sciences.

The Andromeda platform has two sets of ion source
development. a filtered NAPIS ionic column dedicated to R
& D around LMIS, LICIS and vacuum electro-spray type
sources for the production of cluster beams or molecular
beams with great brightness. TANCREDE beam line for ion
beam developments with ECR type sources.

These two systems are available for all new developments
with our support and the contribution of our expertise on
these kinds of source.

R&D SOURCES D’IONS
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Primary lons

EVE

Nanoscale ion imaging

Electr SREGIFA. Nuclear astrophysics
Proton Emission
Microscope
yi

TOF Mass spectrometer

Secondary lons
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What is the volume of
emission ?

Controlled parameters:

v Incident ions
number

v' Material thickness

v' Sputtered Volume
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The sputtered Volume has been measured with
Dextrat XT A from Brucker Nanosurface division

The total ejected volume is: 11200 pm3
of PMMA for 1.2 1019 Au,,,* ions

Max. ejection voxel ~10° nm?
=) Typical size (R,h)~ 100 nm, 30nm

Profile measurement is possible
with the EPEM localisation >>> 3D ion imaging
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What is the track diameter ?
Graphene 6 ML

nm 2(nm

80.2 88.2

_ 74.5 93.5
70.2 93.1

Nion UltraSTEM 200 operated at 60 keV,
Beam settings: 30 pA current, 34 mrad half angle convergence, 350 meV energy spread
In coll. With Luiz Galvao-Tisei and Fuhui Shao from LPS, Orsay
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H- Auj, low energy

Auj’, High energy Bradykinin (M-H)






Andromede is crucial for achieving a major objective,
nanoscale co-localization of tagged proteins in cell
membranes. Is it possible ?

Comparison with other techniques:
keV Bismuth clusters IONTOF V
Pegase 500 keV Nanoparticles beams
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Counts

Eosin Antiody Conjugated

12 MeV Au,,,** projectile

520 keV Au,,,** projectile

lonToF (LAMS) Biz*, 25 keV : Y(Br) =
0,003 ions/impact
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Br and I- peaks in coincidence with F
A mean value of 3 F- emitted per impact

voxel
(thousands proteins of 150 000 Daltons)

F and |- peaks in coincidence with "°Br-
A mean value of 4 °Br emitted per impact. 25
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CERN'’s accelerator complex

27 km

Cu-OFE

Large Hadron Collider (LHC) - the world's largest and most powerful particle collider

https://fr.wikipedia.org/wiki/Grand collisionneur de hadrons
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https://fr.wikipedia.org/wiki/Grand_collisionneur_de_hadrons

LHC beam screen
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Cu - OFE
. Electron
lon induced -
d . stimulated
esorption )
desorption

The beam emittance increases, the luminosity deteriorates and the beam becomes instable.

Surface conditioning by the electron flux decreases the emission of secondary electrons

Surface modification
Desorption and conditioning mechanisms
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124 Deposit similar to "hydrogenated" graphene

A

Graphene (6 monolayers, 2 nm)
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Before e- irradiation
After e- irradiation

C.H,, peaksincrease
Cu speed and intensity ‘ A deposit is accumulated on the surface

decrease

CuO-, CuOH-, CuO,’, CuO,H" disappear

65Cu Y
—
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https://andromede.in2p3.fr

Andromede set-up is , With its capability to perform molecular
analysis at the nanoscale with detection limits that are near a single molecule (for MW below

1,500 Da). Yet to be implemented is a molecular imaging capability which promises again to
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Andromede team
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e Mewe Platform/low maintenance machine for 5 next
YESrS

e Strong multidisciplinary expertises
nuclear phwsics, wacuum and surfaces, material s
science, physics and astro-chemistry, biology

# Originality of beams (atomic, aggregates, nanoparticles)

# Unique performance of nanoparticle beams: ion
emission efficiency fimpactanalysis [chemical
environment, co-localization, 3D ionimaging, etc.)

e Complementarity of our platformewith local, national
and international ones

® Inique international researchinfrastructure

# Local, national andinternational partnerships

# Lab unification /Technical supportJCLab

® niversity Paris-Saclay finterdisciplinary programs
focus on training MMeet My Platform

e ZATTS RE&D andtechnology transfer

e Jpenness of the EMIR federation to the scope of
analysis| B

Strategic Hurman Resources Plan

thesis and post-doc supervision
strategy for future projectsubmission

e Operatingand maintenance funding
# Chronic dwindling of hurman andfinancial

FESOUICES
e recognition for multidisciplinary Platforms

e Sustainability of the platform due to mainly
unpaid collaborations

o Change of ASH rules
e Barriers to delivering programs that would no
l[onger be free inthe academic community
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Publications related to Andromede, Nanoparticles beams and feasibility studies

Andromede: 1

Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and
Atoms, 51( décembre 2015) Volume 365, Part A, Pages 367-370

Stella: 4

Nucl.Instrum.Meth.A, 2018, 903, pp.1-7.

Agat: 2

A&A 628, A75 (2019)1-14

Instrumentation : 3

Rev. Sci. Instrum. 84, 103706 (2013)

lon-Solid Interaction : 4

The Journal of Chemical Physics 146, 054305 (2017); doi: http://dx.doi.orq/10.1063/1.4975171
Biological surface Analysis: 6 publications
Scientific Reports volume 9, Article number: 1928 (2019)
Astrochemistry : 3

Life 2019, 9, 44; doi:10.3390/life9020044



http://dx.doi.org/10.1063/1.4975171
https://www.nature.com/srep

Oral Presentation:

Permanents, Postdocs, doctorants

2019 : SMAP 2019 keynote (T.L.Lai), IBA2019 (T.L. Lai- I. Ribaud), SIMS22(S. Della Negra)

2018: SNEAP2018 invited talk (S. Della Negra)

2017 : SIMS21 (S. Della Negra), (T.Fu), Pittcon 2017 (T. Fu)

2016 : SIMSEUROPE2016 (T. Fu)

2015 : SIMS20 invited talk (S. Della Negra)

2015 : 16th International Conference on lon Sources (O. De Castro)

2014 : 9™ INTERNATIONAL CONFERENCE ON CHARGED PARTICLE OPTICS (O. De Castro)
(M.S. Verruno), Desorption 2014 (M. Eller) (M. Noun)

2013 : PASI2013 (M.Eller), 61 ASMS (M. Noun)

37



Internship and practical work in the Master2 large instruments (S. Kazamias)
2017 2018

4 practical work, 1 intern.

1 BTS Biology Intern in 2017

Theses 7 including 1 in progress within the framework of the PHENIICS doctoral school
international co-supervision or joint supervision

IN2P3 Bio Network I. Ribaud
GDR I. Ribaud
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Estimated ANDROMEDE service costs

Particle beam production : 1280 h/year

Personal costs

Nom Prénom ETP (%) Grade Codt exploitation
Ribaud Isabelle 30 IR 23 472,00 €
Daubisse Francois 100 Al 63 257,00 €
30 IR 3912,00 €
Maintenance: 2 months 70 Al 7 379,98 €

Sub-total : 98 020,98 €

Personal environment

Sub-total: 78 416,79 €

Total: 176 437,77 €

Operating costs:

-40 000 € + 20 000 € (estimates of fluid and electricity costs)

Accelerator depreciation: (3 M€ / 120 months)

- 250 000 € (8 months of operation + 2 months of maintenance)




Estimated costs of ANDROMEDE services

Types of services | Actual Costs | Pricest

Internal (excluding External
HR)
Irradiation 380 €/h 300 €/h 475 €/h
Irradiation + Analyses? Irradiation prices + scientific expertise

14+ 20% margin in the case of laboratory direct debit (under discussion)

2 The fees for scientific expertise (ion beam analyses + analysis report) will be calculated later
and will be subject to a quote

Note: An inventory of the different calculation and deduction policies on the services of the old laboratories is
in progress. Once the rate and the sampling base will be fixed by the management of the 1JCLab, the file for
the validation of the rates will be sent to the DR4.



TECHNOLOGIES

// R&D ion sources

In addition to the accelerator platform, ionic columns equipped with the ECR source and the NAPIS
source are available to test source developments and to produce new beams. These devices are also
available for analysis and material modifications in the low energy range (a few keV)

Promotion: DR4 - University of Paris Sud and SATT
Patent under evaluation and Polyions maturation project with SATT in collaboration with ICMMO
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TECHNOLOGIES

// lon beams and characteristics - Source ECR Microgan

The ions produced by this source are selected at the accelerator terminal by a Wien filter.

PRESS KIT
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TECHNOLOGIES

// lon beams and
characteristics
— Sources LMIS NAPIS

The NAPIS column is equipped with a
LMIS (Liquid Metal lon Source)
providing beams of metallic atomic
ions, clusters and nanoparticles.

PRESS KIT
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Positive ions Negative ions-

Bradykinin




Very high mass resolution and determination of the
molecular structure

Orbitrap Thermo Résolution >240 000
Préecision 0.3 ppm
Or
Spectro Brucker lon mobility+ trap+ OToF
Résolution > 30 000, MS/MS & Software







ATLANTA, Georgia - May 31, 2019: At the 67th American Society for Mass
Spectrometry Conference (ASMS) being held June 2-6 in Atlanta, Bruker is
announcing highly innovative new mass spectrometry products and workflows:

HE Nanoparticle beams



CPER - IGLEX

» Réhabilitation Igloo pour ThomX et Androméde : 2,1 + 0.3 M€ : terminé
11 lots, 15 entreprises,
non realisés, : tests en charge 11 k€, faux plancher ThomX 30 k€
pris sur projet : chemin cables, contrble acces
» Marché PSS+radioprotection : 272 619,86 + 381.728 €
» Projet Fresque : ravalement facade igloo + peinture : 500k€? : 2019-2020
projet fresque abouti (Beton Puzzle)

» Déménagement Androméde : 80 k€ (NEC) + 5 k€ (BOVIS) : 2020 (prix 2016)






