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SIRIUS Facility
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National Network of accelerators for irradiation and analysis of molecules and materials
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STQ.US SIRIUS Facility

ACCELERATOR

The important particularity of SIRIUS :

« The NEC Pelletron accelerator
« Adjustable energy (150 keV - 2.5 MeV) and current (10 nA - 50 pA).
» The accelerator is equipped with several irradiation set-ups.
» Two beamlines.
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Application fields :

2= 4 Glasses
;“I'.“f Polymers
a5 Semiconductors
L Ceramics

Metal
Superconductors
Nuclear fuel
Solid state physics
Solar cell
Cements
others
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SIRIUS

Interaction with the atom as a whole Soft collisions b>>a
Exciting the atom or ionizing it by ejecting a valence electron, the atom receives a small amount of energy
The most probable type of interactions; accounts for about half of energy transferred to the medium

Interaction with a single atomic electron Hard collisions b~a

Ejected electron with high kinetic energy
Less probable but the fraction of primary particle’s energy that is spent by this process

Is comparable to the soft one.

Coulomb interactions with nuclear field a>>b
In 2-3% of cases electron loses almost all of its energy through inelastic radiative (Bremsstrahlung) interaction

UNDISTURBED TRAJECTORY @

Bremsstrahlung (X, v)
Generated by sample holder or other materials

Different from the sample
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Displacement damage

SIRIUS

1 MeV electrons a

Displacement damage T-e0eV  ——— Isolated defects

I e b, Electrons produce low energy PKAs
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o.feecccococeee %=§¥J\‘fa“'°“s—( - The defect density in cluster or cascade
subcluster or subcascade will be much higher

Ballistic collision than that of 1 MeV electron irradiation.

1MeV neutrons -
T=35keV

Figure 5 Differencein damage morphology, displacement
efficiency, and average recoil energy for 1 MeV particles of
different types incident on nickel. Reproduced from

Was, G. S.; Allen, T. R. Mater. Char. 1994, 32, 239.
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Fig. 5. Pictorial relating the initial defect configuration to the primary knock-on atom energy in Si material. Note from the plot of the number of interactions
(N) versus incident proton energy that most interactions are Coulomb events producing isolated defects. For recoil energies above ~2 keV. the overall damage
structure is relatively unchanged due to the formation of cascades and subcascades (after [140]).



SIRIUS
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STIEIUS SIRIUS Facility: Stopping power ISI

ESTAR : Stopping Power and Range Tables for Electrons
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SIRIUS Facility: NIEL

SIRIUS
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SIRIUS Facility: Cells

SIRIUS
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CIRANO

SIRIUS

Parameter Values

Current beam <40 pA
e (LTTTTTTILTIY Temperature 300 K<T<600K
SR Standard sample @ 28 (or 19) mm
— | Atmosphere (vacuum, air, hélium, argon)

Optical aperture for in situ UV-VIS absorption




CIRANO

SIRIUS

Sample holder 1
e-
Faraday Cup I
Window
Thermocouple
cooling circuit
Sample holder 2 e-

Thermocouple




Sleius

Low He atmosphere to allow the sample to heat up.

66% of the current on the sample and 33% on the diaphragm.
2.5 MeV

Samples not thick enough to stop electrons.
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STIEIUS After irradiation

= 127 The samples can be irradiated by varying the

> 08 beam energy to reconstruct the NIEL curve.
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Magnetic field (Gauss)

A. Alessi et al. INCS 423-424 (2015) 41-44 Study the processes Of precipltatlon or
aggregation of different elements in different
materials.

B. Radiguet et al, Nuclear Instruments and Methods in Physics —
Research B 267 (2009) 1496-1499 _—————————
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SIRIUS

IRRAPLAST

Sample holder
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Parameter Values
Current beam < few pA
Temperature 300 K

Standard sample 20%x120 mm

Atmosphere (vacuum, air, hélium, argon)
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STI?IUS GRANDE SURFACE |5|

Connections for IV
measurements

Motors for
XY Translations

Glass window
$ forillumination




GRANDE SURFACE

SIRIUS

Parameter Values
Current beam <40 pA i
Temperature 100 K< T<300K Connectlons fOI"
Standard sample 180x170 mm IV and T measurements
Atmosphere (vacuum, air, helium, argon)
Optical window Solar simulator, IV curves

Glass window

A
_ ) Heat exchanger
Solar Simulator XY Motors support
window
Faraday Cup

Diaphragm




GRANDE SURFACE

SIRIUS

OUTER ZONE

Different irradiation and lighting
conditions depending on the mission.
e the mission to Jupiter provides for 3.5%

TRAEED AN NS | ewr2e) ELECTRON BELTS illumination that to Mars 10%.

PROTON BELTS
E > 34 MeV




GRANDE SURFACE

SIRIUS
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GRANDE SURFACE

SIRIUS

Dark IV curve can depend on irradiation -
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SIRIUS

Parameter Values
Current beam <5 YA (optional up to10 pA)
Temperature 22 K
Standard sample 5 mm
Atmosphere Sample immersed in liquid H;
Electrical Resistivity

25} Sam'ple R1 /
In-situ resistivity at 22 K ‘

* Blue arrows indicate
annealing at 300 K.

00 05 1.0 ‘1.52 20 2t
Dose (C/cm®)

K. Cho et. Using controlled disorder to probe the interplay
between charge order and superconductivity in NbSe2
Nature Communications 9, 2796, 2018.




SIRIUS

The Mott transition is a quantum phase in which electron-electron (e-e) interactions in a solid
lead to an insulating phase whereas band theory predicts a metallic phase. In Mott insulators

external excitation (thermal, electrical, optical, mechanical, etc...) can switch the system back
to a metallic phase.
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SIRIUS SIRIUS Facility

Water cooling
connections

Optical fiber
conncetions

Photo- and Chato-luminescence



SIRIUS
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T=300K

Water-cooled sample holder
Photoluminescence
Time-resolved photoluminecence
Cathodoluminescence

Standard sample : @ ~10 mm
ICCD and InGaAs camera: 250 nm -1.7 um

Data provided by N. Ollier

CL intensity (a.u)
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SIRIUS

<5uA
4 K<T<300K
Vacuum

sample : @ 5 mm e A
| /




S5l Other SPECTROSCOPY

Form=1/2 E= %geﬁB
EPR spectrometer: JEOL JES-X310

Microwave frequency: 8.75-9.65 GHz (X-Band) o0

Microwave power : 100nW - 200mW e R, hv=g.pB
Maximum Magnetic field : 650 mT

Modulation frequency : 25 KHz, 50 KHz and 100 KHz 1
Measurement Temperature : From ~110 to ~ 450 K Form=-1/2 E=-g.BB

>

Magnetic field

Renishaw 488 nm Raman instrument coupled with an Andor sr-303i spectrometer and an Andor DU420-OE CCD camera
to investigate structural modifications.

Virtual

energy A
states

)\1,1*@;( Anti-Stokes

A /WW Raman Scattering

A-, o < A'.Ju-t

Catle

Vibrational
energy states

a
3 Stokes Raman
V 2 Scattering Rayleigh
f v 1 Ascamer > Maser Scattering
o Ascatter = A
Infrared Rayleigh Stokes Anti-Stokes scatter — "Maser

absorption scattering Raman Raman
scattering scattering
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