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Some aspects of solid state physics

Conduction
s

p-type

Doping in semiconductors

What causes doping (element, or defect)?
Where does it sit in the lattice?

Multiferroics e.g. BiFeO3
What form of material produces a particular effect?
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Ferroelectrics

Magnetoelastic Effect

@ How can radioactive ion beams help?

AO [ ABO; ],
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Quantum bits
control and application

Spin or superconducting fluctuations




Unique features of radioactive probe atoms
for SSP applications

A Chemically selective and isotope specific

A Extremely good detection limit

A among the most sensitive methods,
no reaction cross section limitation

A 1015 - 1018 probes/cm?3
A 101 - 10'2 probe atoms

A Depth distribution and concentration control
A lon energy and ion fluence control
A Circumventing solubility and diffusion limits

A Highly local Information

A }\_Iulgleus-size sensors for local magnetic and electric
ields
Electric Field Gradient ~r -3 N _
Emission channeling: ~ 0.02 nm position resolution
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Why radioactive probes ? Sensitive i Selective - Controllable i Local
Often relatively easy I sotopes for RIB

f

a

C




Semiconductor Spectroscopy
sensitive to chemical nature $: or electronic properties
(some require radioactive istopes @& )
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Nuclear chart for ISOLDE

|
ISOLDE today offers the largest range
of available isotopes of any ISOL

facility worldwide.
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Applying radioactivity to solid state physics/biophysics

Nuclear probes Interactions Methods
Radioactive _ MoRbauer effect
Nuclei Hyperfl_ne vy angularcorrelation PAC
>ap Interaction Nuclear Magnetic resonance
¥ Nuclear orientation
Radioactive
decay DLTS
\ Hall effect
Myons Photoluminescence
> R+ Tracer Diffusion
Coulomb

Solid state physics
Life sciences
applications

Nuclear
Physics

- i Backscattering
Scattering, . .
Diffraction Elastic Recoil
Resonant Scattering

Neutron Scattering

Interaction
Emission Channeling
lon Channeling
lons | /

Neutrons T

Reaction ™~ "NyclearReaction Analysis

Positron Annihilation
Positron Angular Distribution
Positron Energy Distribution
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ISOLDE table of elements
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Workhorse probes:
111Cd,199Hg,117Cd,57Mn’ 73AS
New promising probes:

68Cu ’149Gd ’ 17 y , 151Gd ’ 197Hg

Isotopes of this element
used for solid state

physics

or life science

Solid state demandshave been a
driver in the developmentof new
beamsat ISOLDE



Overviewof techniques for applied> nuclearphysicd: local probesthannelling

11/2- 396.214
Perturbedangular 48.54 m
) 150.824 E3
correlation
52+ | 245.395
Mossbauereffect 245395 E2
172+
BetaNMR stable
111
47 Cd

Very sensitive probes to the locahvironmentof amaterial protein etc, magneticinteractions, dynamical
processesVery intense (andften unique)beamsavailableat ISOLDE

Emissiorchannelling

Almostunique to ISOLDE.otdersof
magnitude more sensitivihan RBS.

Ability to utilise low concentrations to
determineposition:increasingly
AYLIR NI ydX




Overviewof techniques for applied> nuclearphysicdl: Tracemethods

Photoluminescencepectroscopy

DIFFUSION

Most generalapproachX @ackinghalf-life of implanted isotopes ortheir daughters

Canbe appliedto almostany «typicab» laboratory technique:offers unique sensitivity
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Offline labs at ISOLDE: chemistry; spectroscopy,; characterisation
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Perturbed anguls
correlation @

ISOLDE

A Most established
technique at ISOLDE:
benefitting from upgrade of
spectrometers in recent years
and improved relation to
theory.

A Electron gamma unique to
ISOLDE.

v detector 2

A Range of novel isotopes =" et W magnetic lens

also only useable at ISOLDE: TR~ & § y detector 1
allows for variegorogramme S W B EEar

in materials physics, ; 8 =8 B o somallator) vacuum chamber

biophysics and beyond AV RN T A B coils - lead shielding

magnetic lens



Perturbed anguls

correlation @

ISOLDE

Electric quadrupole interaction
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PAC not sensitiveto chemical shift, but more
flexible than Mossbauerfor temperature and
environmentin whichcanbe measured

Newsetupsto measurein magneticfield andfor
surfacescienceon horizon



“ PAC - Perturbed Angular Correlations
M —> Mossbauer Effect
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PAC: hyperfinestudiesof multiferroics

Probing multiferroic materials with PACon
the atomic scale revealing the atomic
changespehind the transitionsfrom polar to
ferroelectricbehaviour

Persistencef polarg phase clusters up to 500C



