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Nuclear Magnetic Resonance
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Nuclear Magnetic Resonance
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Periodic table of NMR active nuclei

National Ultrahigh-field NMR Facility for Solids. http://www.nmr900.ca/, Rider University NMR Facility,
http://www-usr.rider.edu/~grushow/nmr/NMR tutor/periodic table/nmr pt frameset.html




NMR vs. B-NMR

Polarization
Probing particle/nuclei

Sensitivity
Detection Method
1/T, range (s%)

Resolution mechanism

NMR
<1%

1H, 13C, 57|:e’ 170
10'7 spins
EM inductive decay

10> - 107

Gradient fields
(typically >> nm)

B-NMR
>70%

8|_i+, 9Li+’ 31Mg+
104 spins
Anisotropic beta decay

102 -10?

lon beam implantation
depth (1 -100 nm)

5Li > SBe+ e +V,

=2, g=+31.4 mb,t=1.21s



Vacuum

Crystal

B decay as a means of detection
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B-NMR Setup at TRIUMF

High Voltage Platform
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Asymmetry

Continuous Wave Measurements
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Pulsed Beam Measurements
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Example — Ag/MgO
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Example — Nb film
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Example — Ag/Fe Heterostructures

o
00 O R 000,
©0060~ 00 Ooooo‘DOoooo‘:’\o o0 OOOOOOOOOOOOOOOOO o700 O
o OOOOOoo /OO'O
b ?
0, J

L " 1 " Ocij " 1 " ]
25820 25830 25840 25850 25860

Freauency (kHz)

T.A. Keeler, et al. Physica B, 374-375, 79 (2006) 12



Example — YBa,Cu,0,
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T}Tc

Example — Pb film

Evidence of the
Meissner effect
above T,
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E. Morenzoni, et al. Phys Rev B, 85, 220501 (2012)
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Challenges

e Backscattering

e Depth profile
— Accuracy of TRIM
— Channeling effects

e 3Li*in a magnetic field

— Not a simple trajectory
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Beamspot

Size of sample

8 x 10 mm?
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Radius of Curvature

R = WV 20 keV 8Li vs. 6 MeV electron
qB ina 9T field
Radius of
curvature (R) R(8Li) = 6.4 mm
R(e’) =0.92 mm

e

\ -
@& Uniform
> C_j magnetic

_y / field

\_|//

Feynman Lectures 17

0..
L4 .
a .
.........

Non-uniform A\
magnetic /

H FIELD STROMNGER
fleld HERE

m




Conclusions

e B-NMR is a technique capable of studying various materials
and phenomena
— Superconductors
— Polymers
— Heterostructures

e Currently there are challenges associated with very low
energy measurements (< 1 keV)
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