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Perturbed Angular
Correlation spectroscopy

(PAC)
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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:
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

A collection of nuclear spins
randomly oriented at
room temperature. They are
all in an excited nuclear state.
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Measure the radiation emitted
at each decay with a fixed
detector “1”. Which nuclei have 
the highest probability to deposit
their radiation in this detector ?
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Perturbed Angular Correlation spectroscopy
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Imaginary ‘label’ the nuclei that were
detected by detector 1. They form
an oriented sub-ensemble. Can we
do experiments on this sub-ensemble
only ?

1

8

Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

The trick: take a nucleus
with a --cascade in its
decay scheme (two
subsequent -rays).

The life-time of the 
intermediate level should
be short compared to the
typical time between two
--events in the sample:
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

1

1. Detect 1. Therefore you know
that the orientation of its nucleus
is ‘good’.
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

1. Detect 1. Therefore you know
that the orientation of its nucleus
is ‘good’.

2. The 1-detection starts a clock.
3. Detect 2 by a second detector.

This stops the clock.

1

2

 If the measured time is small
enough, 1 and 2 most likely come
from the same nucleus.

11

Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Note : most of the radiation is
never detected. Reset the clock
if no 2 is found within 
5 lifetimes.

1
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

 Only events of this type
are stored (including their
time difference)

1
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”
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In the absence of any hyperfine interaction.

Questions:
• why an exponential decay ?
• why a different count rate ?
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Energy picture Vector picture

E = h
_

A hyperfine field splits the nuclear
levels by an energy                  . E = h

_

B

Nuclear spins precess with a 
frequency  about the hyperfine
field.
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”
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At t=0
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”
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After one quarter of the precession period:
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”
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After one half of the precession period:
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”
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The final result is an exponential decay,
modulated by a function with the periodicity
of the hyperfine interaction
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

1-2 time difference

N
um

be
r 

of
 

de
te

ct
or

 1
-2

ev
en

ts

1-2 time difference

N
um

be
r 

of
 

de
te

ct
or

 1
-3

ev
en

ts

W90

W180

1-2 time difference

R
(t

)

 the frequency is a direct
measure of the hyperfine
interaction
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Some of the (few) convenient isotopes:

Requirements for a good PAC isotope :

• suitable life-time of parent activity
• life-time of intermediate level not too short
• life-time of intermediate level not too long
• nuclear moments of intermediate level not too small
• nuclear moments of intermediate level not too large 
• anisotropy of radiation pattern sufficiently large
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Example of experimental
curves:

111Cd in single crystal hcp-Co

N.P. Barradas et al.,
Physical Review B 47 (1993) 8763
http://dx.doi.org/10.1103/PhysRevB.47.8763
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Example of experimental
curves:

100Rh impurities in fcc Ni :
In favourable cases, many oscillations
can be followed.

M. Rots et al.,
Hyperfine Interactions 35 (1987) 967

1 measurement ! 
(the time axis is continuous)
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Recent development :

24
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Perturbed Angular Correlation spectroscopy
“mimicking strong nuclear orientation at room temperature”

Very
clean
spectra !


