





ISOLDE at CERN

¢ Isotope Separator OnlLine DEvice

€ First ISOL facility worldwide!

© Produces Radioactive lon Beams (RIBs)

¢ Approved by the CERN council in 1964
¢ Initially used 600 MeV protons from SC

© Then used 1.0 GeV (later 1.4 GeV)
protons from the PSB

¢ A small facility with a big impact!
4 of the CERN budget
® ~7% of the CERN scientists
¢ ~50% of the CERN protons
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ISOLDE at CERN
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ISOLDE at CERN

¢ Operates ~8 months/year, 24/7 & ~50 staff/students/fellows
& ~450 users for physics 4 Maintain and operate the facility
¢ ~100 ongoing experiments
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The nuclear playground

¢ ISOLDE is a radioactive ion beam facility where the nuclear
chart is our playground!
©® We use high-energy protons to produce radioactive ions

¢ These radioactive isotopes are then sent to a variety of different
experiments

¢ There are 3 stages of preparation before the radioactive
isotopes are delivered to the experiments —

¢ Production
¢ lonization
¢ Separation
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‘ Production: Modern-day alchemy

¢ High energy (1.4 GeV) protons are impacted onto a thick target e.g. 238U

© The protons split up the heavy nucleus in one of three ways
¢ Fission

¢ Fragmentation
¢ Spallation
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Production: Targets

@ Primary beam -
O RadioiSotopes '

® lons

*picture and animation courtesy of M. Delonca

© Over 120 materials have been tested and/or used as ISOL targets
¢ Choice of target material and ionizer dependent on radioactive beam of interest

¢ Target material and transfer tube heated to 1500 - 2000 degrees
¢ Operated by robots due to radiation
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ISOLDE Robots




‘ lonization: The 3 options

¢ The radioactive products are the ionized in one of three ways
¢ Surface ionization - alkali metals, elements with low ionization potential

¢ Plasma ionization - gases
& Laser ionization (RILIS) - 48 elements and counting!
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lonization: RILIS

¢ Resonance lonization Laser lon Source
© Uses lasers to selectively ionize a particular element (isotope/isomer)

auto-ionizing state

target ion source extractor mass separation
== ionization potential

J#Jg?m — Rydberg state
—4 Q laser beams
: . % excited states
. experiments —S
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@< 15eparation: where is the
ion of interest?
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Radioactive
isotopes
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‘ Separation: the isotopes of interest

¢ All produced ions are extracted by electrostatic field
(up to 60kV)

¢ The radioactive products are then mass-separated
using a magnet

¢ The ions are bent by the magnetic field of the
magnet by the ratio (A/q)
©® The heavier isotopes are bent less that the lighter ones
©® So we can choose what mass (A) to study
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‘ Production: Targets




‘ What is produced at ISOLDE?

& ~6000 isotopes predicted by theory

¢ ~3000 isotopes already discovered 126

2 isotopes produced by ISOLDE l

¢ 74 different elements ... ready to be studied! - j T

¢ At ISOLDE we study:
@ Nuclear physics
@ Nuclear astrophysics
¢ Solid state physics
¢ Bio-physics
4 Fundamental physics

¢ ISOLDE can produce isotopes that live between 1 ms and 10'2 years

4 Production rates range from < a few per hour to >10? a second
4 y
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‘ What is studied at ISOLDE?

Nuclear physics Material science
and and
atomic physics life sciences

Fundamental Nuclear
interactions astrophysics




y The ISOLDE facility
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¢ 1.4 GeV
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Experiments at ISOLDE
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‘ Studying nuclear structure

¢ The atomic hyperfine structure gives you information on: AA I
@ Nuclear spin A

¢ Magnetic moment I u Ex_‘
¢ Quadrupole moment r\f\f’ —Q , | 11
¢ Relative charge radii 14 §(r<) GS

® Method: COLLAPS, CRIS (laser spectroscopy)

g

¢ The mass of the nucleus gives you information on:
¢ Binding energy -

¢ Proton and neutron separation energy )
® Method: ISOLTRAP (mass spectrometry) ol

¢ Spectroscopy of the nucleus gives you information o#~"
¢ Life time
¢ Decay mechanism
¢ Branching ratio
¢ Nuclear reactions, ...

© Method: IDS, MINIBALL, ISS, SEC, TAS

A variety of experimental methods can provide
complementary information on the structure of the nucleus|




HIE-ISOLDE upgrade
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¢ High Intensity and Energy ISOLDE
© Energy upgrade: 10 MeV/u with construction of SC LINAC
¢ Intensity upgrade: 2 GeV protons with LINAC4 + PSB

® Increasing energy of REX-ISOLDE (3 MeV/u) to provide higher energy

radioactive ion beams
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MINIBALL
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¢ Coulomb excitation
@ Inelastic scattering of nuclei with EM force only
© Nuclei never collide
© Miniball
¢ Si detectors for scattered particles
¢ High-purity Ge detectors for y-ray decay

® Cross-section of - .
reaction depends on

the nuclear shape.

Oblate Prolate Octupole
e.g. pumpkin e.g. watermelon e g. pear



ISOLDE Solenoid Spectrometer

¢ MRI magnet from Uni. Queensland, Australia m

¢ Transfer reactions: adding or removing nucleons

4 Outgoing charged particle follows helical orbit,
returning to axis after one orbit

4 Position and energy detected in Si detectors

Recoil
Beam detector

4T solenoid Silicon array

1%9%
[ \ ISOLDE Solenoidal
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Solid State Physics

¢ In addition to studying the radioactive ion beam produced by ISOLDE
@ For nuclear (astro)physics, fundamental physics, etc.
© Use the radioactive ion as a probe to characterize different materials

PL
Optical and electronic
Diffusion properties ASPlF
: Versatile system to study
Thermal motion of ;
: surfaces and interfaces
particles
DLTS
Study concentration of SSP PAC
clecrrlicallyhactivc defec;_s techniques EFG and BHF, charge
/analyze the content o symmetry from 10 to 1500
deep level defects in the at 'SO LDE lg 4
material since
1976-1991
...and much more!
Hall effect, capacity- EC
voltage, electrical Ms Lattice location
conductivity, paramagnetic EFG and BHF, charge
1esOnance sPeCtroscopy symmetry, binding
properties

y
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ISOLDE Solid State Physics




‘ Perturbed Angular Correlations (PAC)

Courtesy: J. Schell, A. Fenta and The ©8mCu/8Cu isotope as a new probe

G. Correia for hyperfine studies: The nuclear moments
A. Fentaetal. EPL 115 (2016) 62002

Detectors

© PAC delivers local information on:

¢ Magnetic and electric hyperfine fields
¢ Chemical bonds
¢ Structural and electromagnetic phase ‘
transitions 1 **Cu:Ni(foil)
¢ Probe-atom lattice site location -0.2 ———t—
¢ Probe-atoms diffusion on hosts... and much 0 20 40 60

time (ns

Material Science at ISOLDE contact: Juliana Schell juliana.schell@cern.ch . “

ISOLDE Solid State Physics

more!




Emission Channeling (EC)

Courtesy: U. Wahl and L. Pereira Lattice Location of Mg in GaN:

A Fresh Look at Doping Limitations
U. Wahletal. PRL118 (2017) 095501
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ISOLDE Solid State Physics

© EC delivers information on:

€ Precise probe atom lattice site
location as function of
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MEDICIS

-

¢ MEDical Isotopes Collected from ISOLDE

¢ The new MEDICIS facility will provide beam for studies dedicated to medical
applications of radioisotopes

hzaicio



MEDICIS

© 80% of the proton beam goes through the
ISOLDE target unaffected

¢ MEDICIS makes use of these (free!) protons to
create more radioisotopes
¢ These radioisotopes are dedicated to medical
applications

@ Pure samples can then be sent to hospitals for
further studies

€ ‘Receptor-targeted’radiopharmaceuticals consist
of a radionuclide attached to a carrier that
selectively delivers it to tumour cells

¢ Used in 2 ways:
¢ Nuclear medical imaging
& Targeted radionuclide therapy

@ Collections are performed on promising new
isotopes e.g. terbium

¢ Terbium is the ‘swiss-army knife of nuclear Tb749 | Tbi152 | To155 || To1et
. . . . m 41n m 6
medicine’ where different isotopes can be used for g .n'é_- ;:ff . |
. ol e
the full range of medical procedures E:.’.'f P | athd
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Summary

¢ ISOLDE is the world’s first ISOL-type facility and is still providing radioactive ion
beams over 50 years later

¢ ISOLDE is host to a dozen permanent experiments (and many travelling setups)

studying: | _ﬁﬁ
@ Nuclear physics -
@ Nuclear astrophysics #U‘
¢ Solid state physics : :
¢ Bio-physics
¢ Fundamental physics

The new facility MEDI
applications

radioactive isotopes dedicated to medical

will provide high-energy beams of up to 10 MeV/u




‘ Safety rules in the ISOLDE hall

¢ Don’t touch anything!
© No food & drinks allowed, leave your bag here!
¢ Always follow the guide, don’t wander off!

¢ Everyone must wear flat, closed or block-heeled shoes!

¢ No entry for people:
¢ Younger than 16
© Who are pregnant

€ Who have devices sensitive to magnetic fields including pacemakers,
blood-glucose monitor, insulin pumps, etc







