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Some experimental questions:

1) How do you measure temperature in an experiment at 100 K? 
Can you distinguish between 90 K and 100 K in this way ?

2) How do you measure temperature in an experiment at 10 mK ?
Can you distinguish between 9 mK and 10 mK in this way?

3) How do you study isolated impurity atoms in a bulk matrix ?

?
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• Nuclear Magnetic Resonance (NMR)
• Nuclear Quadrupole Resonance (NQR)

• Low-Temperature Nuclear Orientation (LTNO)
• NMR on Oriented Nuclei (NMR/ON)
• forward scattering of synchrotron radiation
• Mössbauer Spectrocopy (MS)
• Conversion Electron Mössbauer Spectrocopy (CEMS)
• Perturbed Angular Correlation spectroscopy (PAC)

• laser spectroscopy
• Electron Paramagnetic Resonance (EPR)

Classification of nuclear methods

I3

I1=1/2

I2=3/2

These 3 energy scales distinguish
3 different classes of experimental methods:















www.hyperfinecourse.org

stefaan.cottenier@ugent.be 2

4

Orientation of a nuclear ensemble

for kBT: eV  mK   (milli-Kelvin)
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Orientation and radiation

Nuclear decay from I2  I1 , with emission of (-, -, -)radiation :
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How is the emission direction of the radiation related to the 
absolute orientation of I in space ?
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Orientation and radiation

Dipole radiation: intensity is highest in directions parallel to the spin :
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Orientation and radiation

Conclusion:

If temperature drops towards the mK region, nuclear orientation sets in
and the count rates of detectors parallel and perpendicular to the z-axis
become different from each other.

// intensity
 intensity
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Low Temperature Nuclear Orientation

E : Proportional to :
• nuclear moment ( or Q)
• electronic property (hff or EFG)

occupation depends on:
• E 
• temperature T

observed anisotropy in radiation depends on
• nuclear decay properties 

(different transitions provide different anisotropies at the same E and T)

12



www.hyperfinecourse.org

stefaan.cottenier@ugent.be 5

13

Low Temperature Nuclear Orientation

E : Proportional to :
• nuclear moment ( or Q)
• electronic property (hff or EFG)

occupation depends on:
• E 
• temperature T

observed anisotropy in radiation depends on
• nuclear decay properties 

(different transitions provide different anistropies at the same E and T)

LTNO = • measure anisotropy as a function of T
• determine E if T is known

• determine nuclear/electronic property if electronic/nuclear property is known
• determine T if E is known (nuclear thermometer)
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Low Temperature Nuclear Orientation
Example :

Host material: NdNi (orthorhombic: abc)

Isotope: 147Nd (I=5/2), 531 keV transition
external field = 0.7 T, // a-axis

a

b

c

Bext

detector // b or // c

detector // a

W = “hot” counts (1) minus counts
in the same direction at temperature T.

T = 40 mK

coldhot

T = 12.5 mK

theoretical fit function

0
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Low Temperature Nuclear Orientation

Nuclear thermometers:

• Previous page: changes of a few mK strongly change the anisotropy.
• Invert this argument: measuring the anisotropy for a known case provides

a T-measurement in the mK-region

advantages of nuclear thermometers:

• other thermometry in this range is
often unreliable

• various sensitivity ranges possible
• can be done under high applied field
• requires no electrical contacts with
outside of cryostat

• a tiny extra sample (e.g. hcp-Co) does the job
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Low Temperature Nuclear Orientation
A somewhat older but still very instructive overview :
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