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Å Introduction to someaspects of solidstate physics
ÅWhyuse radioactive isotopes? 
Å Techniques
Å Examplesof recentresults
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Some aspects of solid state physics

Doping in semiconductors

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

What form of material produces a particular effect? 

Multiferroics e.g. BiFeO3

{ǳǊŦŀŎŜ ǎǘǳŘƛŜǎ ƻŦ ƭƻǿ ŘƛƳŜƴǎƛƻƴŀƭ ƳŀǘŜǊƛŀƭǎΧ



/ǳǊǊŜƴǘ άƘƻǘέ ǘƻǇƛŎǎ

Defects in diamond

Quantum bits: 
control and application

How can radioactive ion beams help? 



ÅChemically selective and isotope specific

ÅExtremely good detection limit
Åamong the most sensitive methods,

no reaction cross section limitation 
Å1015 - 1018 probes/cm3

Å1011 - 1012 probe atoms

ÅDepth distribution and concentration control
ÅIon energy and ion fluence control
ÅCircumventing solubility and diffusion limits

ÅHighly local Information
ÅNucleus-size sensors for local magnetic and electric 

fields
Electric Field Gradient ~ r -3
Emission channeling: ~ 0.02 nm position resolution 

Unique features of radioactive probe atoms
for SSP applications

Why radioactive probes ? Sensitive ïSelective - Controllable ïLocal

Often relatively easy isotopes for RIB facilities to produce (not always a good thingé)
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ISOLDE today offers the largest range 
of available isotopes of  any ISOL 
facility worldwide. 
ü 1000 isotopes of >70 elements 
ü CƻǊ ƳŀǘŜǊƛŀƭǎ ǎŎƛŜƴŎŜΧȅƛŜƭŘǎ 

typically >1e7 s-1



Applying radioactivity to solid state physics/biophysics



ISOLDE table of elements 

Isotopes of this element 
used for solid state 

physics 
or life science

NiCoCr

Pt

Workhorse probes: 

111Cd, 199Hg, 117Cd, 57Mn, 73As 

New promising probes: 

68Cu, 149Gd, 172Lu, 151Gd, 197Hg

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



Overviewof techniques for «applied» nuclearphysicsI: local probes/channelling

Perturbedangular
correlation

Mossbauereffect

Beta-NMR

Very sensitive probes to the local environmentof a material/protein etc, magneticinteractions, dynamical
processes. Very intense (and often unique) beamsavailableat ISOLDE 

Emission channelling: 

Almostunique to ISOLDE. 4 ordersof 
magnitude more sensitive than RBS. 

Ability to utilise low concentrations to 
determineposition: increasingly
ƛƳǇƻǊǘŀƴǘΧ single crystal position-sensitive detector



Overviewof techniques for «applied» nuclearphysicsII: Tracer methods

Most generalapproachΧΦtrackinghalf-life of implanted isotopes or their daughters

Can be appliedto almostany«typical» laboratory technique: offers unique sensitivity

Photoluminescence spectroscopy



HRS

GPS

MEDICIS

Belgium        CERN         Denmark      Spain             Finland         France          Germany          Greece           Italy            Norway       Romania       Sweden        S. Africa    Slovakia    U. Kingdom       Poland

 
 

  

 

 

 

 

x angle [ ]̄

y
 a

n
g

le
 [

]̄

-2 -1 0 1

-1

0

1

2

 

 

P+: 1.4 GeVLUCRECIA

ISS

Medical

Isotopes

ISS



Online
Offline



Offline labs at ISOLDE: chemistry; spectroscopy; characterisation
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Perturbed angular 
correlation @ 
ISOLDE

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

ÅElectron gamma unique to 
ISOLDE. 

ÅRange of novel isotopes 
also only useable at ISOLDE: 
allows for varied programme
in materials physics, 
biophysics and beyond 



PAC: not sensitiveto chemicalshift, but more
flexible than Mossbauer for temperature and
environmentin whichcanbe measured.

Newsetupsto measurein magneticfield andfor
surfacescienceon horizon

Perturbed angular 
correlation @ 
ISOLDE





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

PAC: hyperfine studiesof multiferroics

Persistenceof polar ςphase clusters up to 500C 


