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Classification of nuclear methods

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

o « Nuclear Magnetic Resonance (NMR)
* Nuclear Quadrupole Resonance (NQR)

@ - laser spectroscopy
« Electron Paramagnetic Resonance (EPR)

— e * Low-Temperature Nuclear Orientation (LTNO)
E— * NMR on Oriented Nuclei (NMR/ON)

6 « forward scattering of synchrotron radiation

- » Mdssbauer Spectrocopy (MS)

« Conversion Electron Mdssbauer Spectrocopy (CEMS|
« Perturbed Angular Correlation spectroscopy (PAC)
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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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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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Imaginary ‘label’ the nuclei that were
detected by detector 1. They form

an oriented sub-ensemble. Can we
do experiments on this sub-ensemble
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The trick: take a nucleus l,
with a y-y-cascade in its Y
decay scheme (two
subsequent y-rays).

The life-time of the

intermediate level should

be short compared to the I
typical time between two
v-y-events in the sample:

non

B,
hv,
T2 h
hv,

time
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is ‘good’.

/ 1. Detect y,. Therefore you know
that the orientation of its nucleus

stefaan.cottenier@ugent.be




www.hyperfinecourse.org

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

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

/ 2. The y,-detection starts a clock.

/ 3. Detect v, by a second detector.

This stops the clock.
> If the measured time is small

enough, v, and y, most likely come
from the same nucleus.
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7,: not detected
-

Note : most of the radiation is
never detected. Reset the clock
if no v, is found within
5 lifetimes.
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’ = Only events of this type
B are stored (including their
/ time difference)
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_ * ~ In the absence of any hyperfine interaction.

Questions:
« why an exponential decay ?
« why a different count rate ?

detector 1-3 events

11, time difference 117, time difference
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Energy picture Vector picture
B
AE = Ao
A hyperfine field splits the nuclear Nuclear spins precess with a
levels by an energy AE = Ao . frequency o about the hyperfine
field.
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Be

_ , - After one quarter of the precession period:

detector 1-2 events
detector 1-3 events

Number of
Number of

11, time difference 117, time difference
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Be
_ * ~ After one half of the precession period:
53 52
25 55
€8 €8
23 23
T T 11, time difference T 112 time difference.
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Be
The final result is an exponential decay,
modulated by a function with the periodicity
of the hyperfine interaction
e
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11, time difference 117, time difference
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=> the frequency is a direct
measure of the hyperfine
117, time difference interaction
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Some of the (few) convenient isotopes:

W) = - 0765525

W) = +4.324(8) py
Q24 =0.076(20) b
Agp =075

1008

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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FIG. 2. Spectra taken between 493 and 613 K, with the ¢ axis
perpendicular 1o the detectors’ plane. The transition from the
“2w; 1o the w, frequencies” indicates the transition of the mag-
nctization from the ¢ axis to the basal planc. At 613 K only the
“w, frequencies™ are seen, which shows that the magnetization
I8 in one single direction (sec text).
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Example of experimental .
curves:
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100Rh impurities in fcc Ni @
In favourable cases, many oscillations
can be followed.

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

1 measurement !
. o . 49.3. The time spectrum observed for
(the time axis is continUOUS)  *“%nu: measurea at room tesperature.
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Recent development :
REVIEW OF SCIENTIFIC INSTRUMENTS 81, 073501 (2010)
A new all-digital time differential y~y angular correlation spectrometer
Matthias Nagl,* Ulrich Vetter, Michael Uhrmacher, and Hans Hofsass"
1. Physikalisches org-August-Universitlit Gottingen, Friedrich-Hund-Plat; |
37077 Gartingen,
(Received 16 January 2010; accepted 21 May 2010; published online 14 July 2010)
me differential perturbed correlation spes ed o measure the
incidence time betw Is, here correlated ¥ photons, is
ted. The system overcomes limil . I proaches and features improved
performance and handling. By consequenily separating the data r fing and evaluation, it permits
the simultancous measurement of decays with several y-ray cascades
on. Tests showed that the spect
d Luy Y8104 Ce (LYSO) scintillat
100 ps]. an energy res is equivalent to the limit of the wsed scintillation
» capability o han 200 000 y quanta per detector and second, Other
presented methods include nuclear spectroscopy. positron emission
tomography, time of flight studies, lidar, and radar. © 2010 American Institute of Physics
[doi: 10.1063/1.3455186]
FIG. 4. (Color online) A photo of the current setup. In the two mobile racks
are the four recording computers and the server as well as network,
voltage. and control devices. On the left side the four detectors a
around a sample are visible. 24
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Very
clean
spectra !
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