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8Li 8B

Properties of the muon and 8Li

μ + e+ + ν + ν 8Li    8Be + e- + νe
μ + e+ +    νe + νμ

θθ

Spin    = 1/2
= 135 55MHz/T

Spin=2, Q=33 mb
 6 30 MH /Tγ = 135.55MHz/T 

<A>= 0.33 
Polarization = 95%
Lifetime = 2 19714(7) μs

γ =6.30 MHz/T
<A>=-0.30  
Polarization= 70%
Lifetime= 1 2sLifetime = 2.19714(7)  μs Lifetime= 1.2s



Part II: Applications

-applications  of low energy  μSR
direct measure of the field profile and magnetic penetration-direct measure of the field profile and magnetic penetration 

depth in the Meissner state  of superconductors i.e YBa2Cu3Ox
CoxBaFe2-xAs2

applications of β NMR-applications of β-NMR
-superconducting critical fluctuations  in Ag/Nb and Pb films 
- magnetic phase  transition in STO/LAO multilayers
- spin diffusion across EuO/Si

-conclusions



Direct measure of field profile in Meissner state of a 
superconductor with LEμSRp μ

B= 0 – 30 mT ⊗
B= 0 – 300mT  ↑

Cold finger
T=2.5-320 K



Meissner effect and the London penetration depthp p

2 4/1 nsπλ = 2/1
mc

λ =



YBa2Cu3O6 92 mozaic made at UBCYBa2Cu3O6.92 mozaic made at  UBC 

S l YB C O●Sample: YBa2Cu3O6.92
● >95% detwinned
●Tc=94.1 K, ΔTc<0.1Kc c
●Area: ~55 mm2



Implantation profiles of LE-μ YBa2Cu3O7
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YBa2Cu3O6.92 B=9.46 mT par to a-axis

110  K

8K



YBa2Cu3O6.92 B=9.46 mT par to a-axis



Crystal structure of YBa Cu OCrystal structure of YBa2Cu3O7
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YBa2Cu3O6.92 B=9.46 mT par to a-axis



YBa Cu O B=5 mTYBa2Cu3O6.995 B=5 mT



Summary  of results on YBCO



Single Xl of Ba(Co0.074Fe0.926)2As2
Tc=21.7 K B=4.7mTTc 21.7 K  B 4.7mT



Field profile in  Ba(Co0.074Fe0.926)2As2
T=5 K B=4.7mTT 5 K  B 4.7mT

λ=253(3) nm
d=14.5(9) nm



Temperature dependence  of λ  (top) and 
1/λ2   (bottom) in Ba(Co0 074Fe0 926)2As21/λ (bottom) in  Ba(Co0.074Fe0.926)2As2



Superconducting Proximity effect
– The sc order parameter  in N is non-zero,  even without any the pairing 
interaction The decay length of the sc order parameter into N is set by theinteraction. The decay length of the sc order parameter into N is set by the 
properties N. For a free electron gas it diverges as 1/T.    
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Tunneling electron spectroscopy in CuAl wires

)T(Nξ length scale of proximity effect in conventional S can be large ~ 100 nm
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Density of Al
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Junction
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S. Guéron et al., PRL, 77, 3025 (1996)



Meissner screening  in

Al Nb



ISAC Low Field β-NMR Spectrometer 
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β-NMR  of 8Li   in 50nm  film of Ag on SrTiO3    at 5 keV
G.D. Morris et al, PRL 73, 15601 (2004).
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Stopping profile of 8Li in Ag/Nb film E=4 keV
D. Wang



Low field β-NMR resonance in Ag(40nm)/Nb(270nm)  filmβ g( 0 )/ ( 0 )
Tc Nb=9.0K,  D. Wang
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T dependence of β-NMR resonance  in Ag/Nb film, D. Wang



Fluctuation Peak in 1/T1 in 120nmAg/270nmNb
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Critical slowing down of  fluctuations in 
the induced SC order parameter.
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Meissner screening   in 300 nm Pb
Tc=7 0KTc 7.0K



Meissner screening and critical fluctuations 
in 300 nm Pb Tc=7 0Kin 300 nm Pb Tc 7.0K
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Spin relaxation in  an  STO/LAO multilayer 
(10 unit cells STO +8 unit cells of LAO  uc STO) ( )
M1226 ,Zaher Salman’s abstract
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Magnetic ProximityEffect and SpinDiffusion  in a EuO/Si
S. Dunsiger et al 2010  M1165, M1176
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Larmor Frequency in EuO/Si deviceLarmor Frequency  in EuO/Si device
E=28 keV,  d=170 nm , B=2.2T   

Sarah Dunsiger

TcTc

31



Low Energy μSR  Collaborators

Z S l E M i H S d i A S tZ. Salman,  E. Morenzoni, H. Saadaoui, A. Suter, 
T. Prokscha, B. Wojek ( PSI)
M.D. Hossain , Jordon Baglo, Walter Hardy(UBC PHAS)
W.A. MacFarlane, (UBC Chemistry), ( y)
G.D. Morris (TRIUMF)
S.R. Dunsiger (Tech.U.Munich),

SAMPLES:

YBCO XL’s D. Bonn, W. Hardy,  R. Liang (UBC PHAS)
Al/Nb, Ag/Nb films     E. Kirk, (PSI )
CoFeAs P. Canfield, A Thaler Ames Lab 



β-NMR Collaborators

M D Hossain T A Keeler A Morello (now UNSW) H Saadaoui M SmadellaM.D. Hossain, T.A. Keeler, A. Morello (now UNSW), H. Saadaoui, M. Smadella,
Q. Song, D. Wang (UBC PHAS)
W.A. MacFarlane, T.J. Parolin (UBC Chemistry)
Z. Salman (now at PSI ), G.D. Morris (TRIUMF)
K.H. Chow, I. Fan, A. Mansour(Alberta, Physics)
D. Arseneau, S. Daviel, S.R. Kreitzman, C.D.P. Levy, M. Pearson, (TRIUMF)
S.R. Dunsiger (Tech.U.Munich).

SAMPLES:

L.H. Greene (Urbana), T. Hibma, S. Hak (Groningen), B. Heinrich (B. 
Kardasz, and O. Mosendz (SFU), Y. Maeno (Kyoto), J. Buriak
(Alberta) P. Fournier (Sherbrooke), J. Wei (Toronto), J.W. Brill 
(Kentucky) J Chakhalian (MPI-Stuttgart U Arkansas) G Condorelli(Kentucky), J. Chakhalian (MPI Stuttgart, U.Arkansas), G. Condorelli, 
R. Sessoli (Florence) , D. Bonn, W. Hardy,  R. Liang (UBC PHAS)



Conclusion 

- The electronic and magnetic properties of an interface are 
distinct  from those of the two materials involved.  They  y
will play crucial role in  development of future devices 
which continue to shrink in size. 
There are fe methods to reall probe s ch properties- There are few methods to really probe such properties. 
Low energy β-NMR  and LE-μSR provide unique way to 
measure  magnetic properties in a depth dependent 
manner on nm length scale. The much different lifetimes of 
the muon and 8Li means that they are sensitive to much 
different timescales and are thus very complementary.different timescales and are thus very complementary. 

- The  potential to discover something new and interesting  
is high. 


