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Presentation Notes
The  heart  of TRIUMF is a 500 MeV  ~200 uA cyclotron. Although initially built for nuclear and particle physics the machine has applications in many different areas including medical physics, chemistry and condensed matter. In particular the cyclotron can be used as a driver to generate intense beams of polarized muons for muon spin rotation.  More recently it is also used be used to generate intense beams of  radioactive nuclei at the ISAC facility. Over the last few years we have been developing the technique of low energy beta-NMR which is closely related to muSR.   The principles are almost the same but the applications are quite different. In a particular conventional muSR is primarily a bulk probe of matter whereas low energy beta-NMR  can be used to probe materials on a nm length scale.     


- in the beginning

- scientific motivation

-principles of B-NMR

- early results


Presenter
Presentation Notes


I’ll start with a general introduction about interfaces  and why they are  interesting. 
Quick review of beta-NMR by way of comparison with NMR, mSR and LEmSR. Briefly dedcribe some essential parts of the instruments i.e  polarizer and spectometers. 

The remainder of the talk will be on  recent results which span a range of topics. Some are compeleted others in progress and a few just beginning. Much of  this can be found  on the website.
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First resonance on Pd foil July 11, 2000
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Comparison of magnetic resonance techniques
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betaNMR and LEM suitable for thin  films  NMR  not so good


General Scientific Motivation:
Exploring the collective behaviour of electrons near an interface.

B

-superconductor/vacuum, e.g. YBa2Cu30x
Insulator/vacuum, SrTiO3
-ferromagnet /metal, e.g. Ag/Fe,

-semiconductor/ferromagnet, spintronics e.g.
EuO/Si GaAs/Mn

-insulator/insulator SrTiO, /LaAlO3

\ / T superconductor/metal, proximity effect Ag/Nb

NMR LEuSR ARPES

Neutronspaosonant STM  topological insulators Bi2Se3, SmB6
USR
Xray scatt.

BNMR
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Particle physics is the study of the elementary excitations of the vacuum and their interactions. 
There are similarities with CMP.  Arrange atoms It is easy to justify the science

Hard condensed matter is  the study of collective many body effects associated with electrons  in any given material A.  
If you bring two materials together the behaviour of electrons near the interface within some length scale (LA+LB) is in general quite distinct from  that  Found in A or B. It is really a different system with its own distinct electronic and magnetic properties.  The chemical analogy is two atoms
They are important to understand  from a practical point of view since you can’t make any useful device  without  interfaces.  More than that they can have unsual and interesting properties.  



Properties of the muon and SLi

e TV 8li — 8Be + e + v,

_ 6

0
Spin =1/2 Spin=2, Q=33 mb
y =135.55MHz/T vy =6.30 MHz/T
<A>= (0.33 <A>=-0.30
Polarization = 95% Polarization= 70%

Lifetime = 2.19714(7) ps Lifetime=1.2s



s Schematic of a p-NMR Experiment
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Schematic 
polarized beam
sample in UHV
typically we apply some static magnetic field parallel to the initial polarization direction. The purpose is not to generate polarization but rather to hold it  since the probe spin will be rapdily relaxed in low  fields by low frequency dynamics from flutuations in nuclear dipoles.  
Simplest measurement  is 1/T1 which requires no RF. Simply pulse the beam and observe the polarization relax.
May apply small RF magnetic field applied perp to z to map out the resonance. 
Scintillators are positioned around the sample to detect the emitted high energy electron from beta decay  in the sample 



High Field NMR Spectrometer
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B-NMR of 8Li in 50nm film of Ag on SrTiO; at 5 keV
G.D. Morris et al, PRL 73, 15601 (2004).
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Schematic 
polarized beam
sample in UHV
typically we apply some static magnetic field parallel to the initial polarization direction. The purpose is not to generate polarization but rather to hold it  since the probe spin will be rapdily relaxed in low  fields by low frequency dynamics from flutuation nuclear dipoles.  
Simplest measurement  is 1/T1 which requires no RF. Simply pulse the beam and observe the polarization relax.
May apply small RF magnetic field applied perp to z to map out the resonance. 
Scintallators are positioned around the sample to detect the emitted high energy electron from beta decay  in the sample 
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of 8Li versus T in 50nm Ag on SrTiO,

Morris et al PRL 93, 157601 (2004).
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B-NMR setup at ISAC

Low-field
spectrometer
Tm _
| | B..=0-220 G _ _ _
> = Polarization direction

|

Phil Levy and Matt Pearson

i7ati : Y4 8 i <—p
Polarization region P TACT =
= A High-field
e —
Spectrometer
B.,=100 G- 6.5T
28 keV 8Li*
Na/Rb vapor neutralizer He re-ionizer gas Laser bench Optics

»  Optical pumping with a tuned laser is used to achieve ~70% of spin polarization.
»  Electrostatic deceleration is used to control the depth of the implanted ions (2-500nm)
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SrTiO,
-Simple cubic perovskite crystal structure .

-non magnetic insulator (but can easily be
doped by heating to remove O.)

-2"d order structural phase transition at 100K.

-used extensively as a substrate for thin
films.

-guantum paraelectric on verge of becoming
ferro-electric.
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PRL 96, 147601 (2006) PHYSICAL REVIEW LETTERS 14 APRIL. 2006

Near-Surface Structural Phase Transition of SrTi0Q; Studied with Zero-Field
p-Detected Nuclear Spin Relaxation and Resonance

Z. Salman etal PRL 96, 147601 (2006)
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Conclusion

The science motivation for betaNMR remains very
compelling. The electronic, magnetic, structural
properties(dynamics) of an interface/surface are distinct
from the bulk properties. Beta-NMR at TRIUMF is unigue and
IS one of the few methods which can explore these
properties.

When developing a new technigue making predictions about
what you will see is very difficult. We rarely observed what
was expected but it was almost always interesting.

| wish we had spent more time at the beginning of ISAC
making it a multi user facility that could deliver beam to
more than one experiment at time! The limited beamtime Is
a biggest challenge we face.
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