FISIC (*) : an experimental program of Atomic Physics
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FISIC : an experimental program of Atomic Physics
Main goals and motivations
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FISIC : an experimental program of Atomic Physics
Main goals and motivations

lon-ion collisions

From a pure 3-body system

» Determination of absolute
cross sections of elementary
collision processes

» with an ultimate control on N o
dressed orbitals of the 0—*
projectile AND the target ions WS

> Collision regime of interest: I ~ 1 . I B
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@ to benchmark the theoretical approaches

target

ionization , excitation , capture
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FISIC : an experimental program of Atomic Physics
Main goals and motivations

lon-ion collisions

» Determination of absolute
cross sections of elementary
collision processes

> with an ultimate control on
dressed orbitals of the
projectile AND the target ions

» Collision regime of interest: 1/ ~ 1

@ to benchmark the theoretical approaches

@ to explore the role of additional electrons
— one by one -
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From a pure 3-body system...

to a N-body system
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target

» effect of electron — electron interactions
» multiple processes... often neglected !
» role of Coulomb forces

» tuning closure of different channels



FISIC : an experimental program of Atomic Physics
Main goals and motivations

lon-ion collisions are barely known when ion stopping power is maximum

@ in plasmas

» stellar and interstellar

» inertial confinement fusion
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FISIC : an experimental program of Atomic Physics
Requirements

. FISIC
a crossed-beam device

High Energy (MeV/u) % Low Energy (keV/u) ion

ion beams (projectile) beams (target)

Beam parameters:

= |nitial energy

= |nitial charge state Q+ and g+
= Beam intensities

Experimental observables:

= Final charge states: Q+, (Qt1)+,... g+, (q+1)+,...
= Number of ions with a specific charge state

= Emission of photons, electrons

Journées FAIR France 17-18 May 2017 E. Lamour SPARC collaboration



" FISIC : an experimental program of Atomic Physics

Requirements
. FISIC
a crossed-beam device /r y
High Energy (MeV/u) % :;Z‘;Vr:::’tr:ry LI;(;V/U) ion

ion beams (projectile)

J Targets: Low Energy ion beams (keV/u)

lon source with its beam line:
stable device, easy to produce ions with E <20 q kV,
12<A<40and3<q<Z
with reasonable intensities

Charge state exchange on the residual gas important
= Control of the charge state before the interaction
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FISIC : an experimental program of Atomic Physics
Requirements

FISIC

a crossed-beam device ; /r

High Energy (MeV/u)
ion beams (projectile)

Low Energy (keV/u) ion
beams (target)

] Targets: Low Energy ion beams (keV/u)

cross sections to measure from 102° cm? to 101 cm? but challenging experiments due
to the very dilute target density (max a few 1014 cm3)

[ Projectiles: High Energy ion beams (MeV/u)

Very intense ion beams (1012 - 1014 pps) lon storage ring (effective target density
for single-pass experiments increased due to revolution frequency)

for multi-pass experiments

good optical quality, perfect selection of the ion charge state
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FISIC : an experimental program of Atomic Physics
Experimental set-up

HE ion beam Q+
(MeV/u)

@ AV
for energy shift to
tag the true events

LE ion beam g+

(9-1)se
Q+ T
(Q-1)+ €------m-m-mmmmmmm oo _
coincidences
Purification Interaction Charge/Energy
system zone Analyser
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‘ FISIC @SPIRAL2/S3 for single-pass experiments

High Energy lons
with charge Q+

Collider &
detection systems
7

/DFGVFit=FISIC

Low Energy \
lons with
charge g+ N -

High Energy ions

Q+ (Q£1)+
Detection




FISIC @SPIRAL2/S3 : single-pass experiments

HE ion beam
Q+ (MeV/u)

CPIER B

2015-2020
Vallée dela Seine

Collision systems available with injector A/q=3
Slow ions @ a few keV/u

1+ to fully stripped
Ne

0.9to 8.1 MeV/u

1.2 to 8.1 MeV/u

08+,7+,6+
Ne10+9+8+ 1.2 to 8.1 MeV/u
2.5 to 8.1 MeV/u

8.2 to 14.5 MeV/u

Ar18+,17+,16+,15+,14+

o)

C6+,5+,4+

Fast ions

Ni28+, 27+,.......
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| FISIC @CRYRING : multi-pass experiments

YR10

TROEEmA Ey [RTRING ESR

og

= Circumference: 51.63 m

» Max. Rigidity @ injection: 1.44 Tm (0.8 Tm)

= Max. Injection energy: 24 MeV/u for C5*
14.8 MeV/u for U%2*

= Vacuum (N, equivalent): 1012—-10"1! mbar
= Electron cooling for a well defined projectile beam
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| FISIC @CRYRING : multi-pass experiments

YR10

ﬁ':*" \‘ [RTRING ESR

FISIC LE branch can be installed in the ring
Beam parameters @ CRYRING fit to the FISIC requests
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FISIC : an experimental program of Atomic Physics

_ SPIRAL2/S3

Medium ions: He to Ar Heavier ions:...up tu U
Symmetric collision systems Asymmetric collision systems

Fast lon - Slow lon Collisions for a wide range of collision systems, i.e. Zp & Zt

Fundamental studies of quantum dynamics of N-body systems in atomic collisions
when ion stopping power is maximum
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The FISIC collaboration
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FISIC : Atomic Physics of ion-ion collisions

non-perturbative pertubative
Z
Z,
100 4
CDW -~

10 -

——\ P _ -
| MO \ ﬁ 12 318 s Born
-~
N 7
2HE, ”
/7 -
AJ I
0.1 -
0.1 1 10 100

a breakthrough in atomic collision physics
control of the electronic state on both the target and the projectile




