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OUTLOOK

Possibility to generate resonant gamma-rays for the Mossbauer
experiments - parametric gamma-radiation (PGR) - was proposed in our
report before and specific features of this radiation were analyzed
gualitatively.

PGR intensity is proportional to the absorption length which is rather
small for the resonant gamma-radiation.

The absorption length increases essentially at the diffraction condition
due to the Borrmann effect and this effect is very important for the
resonant gamma-quanta moving in the Mossbauer crystals.

Characteristics of PGR in the case of the dynamical diffraction are
considered in order to find the optimal conditions for increase of the
PGR intensity.

Hyperfine splitting of the PGR peaks due to internal magnetic field in the
Mossbauer crystals is considered



Mossbauer effect

In 1957, Rudolf Mdssbauer discovered that, in some circumstances, if the
nucleus is bound in a crystal lattice, the whole crystal recoils rather than the
individual nucleus. Due to the much greater mass involved in recoil the energy
of the emitted ray is very close to that of the difference in energy between the

nuclear energy levels, and resonant absorption is possible.
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Magnetic splitting of the nuclear energy
levels and the corresponding Méssbauer

spectrum

Mossbauer spectroscopy is

limited by the need for a

suitable gamma-ray source. And
samples must be solid (frozen)
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Family of Mossbauer isotopes

Small grey circles represent the
Isotopes examined with the
standard Mossbauer effect.

From: T. Roth, PhD Thesis, 2005



PROSPECTS

Mossbauer spectroscopy can probe the hyperfine fields, measuring
local properties of materials (structural and magnetic)

Hyperfine interactions: interactions between a nucleus and its
environment (isomer shift, quadrupole splitting, magnetic splitting)

Conversion electron Mossbauer spectroscopy allows to study
magnetic properties of nanostructure of smono-layer thickness

Accelerator-based Mossbauer spectroscopy can provide spectra in
time domain to addition of energy domain (standard MS)

Accelerator-based Mossbauer spectroscopy can provide polarized
photons necessary for magnetic measurements

Accelerator-based Mossbauer spectroscopy can deal with non-
conventional Mossbauer isotopes



Mossbauer spectra in energy and time
domains

Nucleus embedded in lattice:

v

O
Qe
O O O
O
Energy domain :
100 - osuev |
5 80 A
2 60
(V]
€ 401
20 - J l
0+ . . : .
-100 -50 0 50 100

energy — 14.4 keV (')

| = 3/2 po—
M1
| = 1 / 2 By
Time domain :
10000
1000 1
>
2
g 100
- _
10 +
1 7 | T ™ . .J
0 50 100 150 200

time (ns)

quantum beats

due to hyperfine splitting of nuclear states



Main parameters and vectors for
formation of PGR
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PGR spectral density in thick crystal is defined by formula
(Borrmann effect is most essential for sigma-polarization)
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Maximum of the spectral corresponds to the angular parameters,
that are defined from the equations:
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Increase of the PGR intensity due to anomalous transmission
(Borrmann effect) in comparison with kinematical theory is defined

by the value:
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Polarizabilities of the crystal near resonance:
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Formal solution of the equations; crystal thickness
L =0.1 cm (solid line); L=1.0 cm (dashed line)
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Relative increase of the PGR intensity in the physically
permitted range; dashed line corresponds to the electron
energy E =855 MeV, crystal thickness L = 0.1 cm




NUMERICAL RESULTS FOR FE CRYSTAL WITHOUT
SPLITTING OF RESONANT LEVELS (4)

W= ulp: t=op =10

02 = y‘z 1 Og(L)

Angular distribution of the PGR intensity at the resonance
X =-0.04



Maossbauer crystal Fe includes six resonant lines with splitting:
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It leads to 6 peaks in the x-ray polarizability
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These peaks demonstrate that PGR can be applied for
MoOssbauer spectroscopy in energy domain




COMPARISON OF SR AND PGR
SPECTRAL BRIGHTNESS

Yz [photons -s! - mrad™* - (0.1% BW) ']
~ 1.3 x 10" E* [GeV] ] [A],

Yper [photons -s~! - mrad * - (0.1%BW)™]
~3.1 x 10" E* [GeV] ] [A].

One can see that the brightness of the PGR Mdossbauer source
could exceed analogous value for the SR Mdssbauer source if the
same electron current is considered. Unfortunately the characteris-
tic electron current in the linear accelerators used for PGR is sev-
eral order less than the average electron current in the storage
rings used for SR. However, advantage of the PGR source can be
conditioned by the fact that the same parameters of the radiation
are obtained with essentially less electron energy than for SR.



Role of the dynamical diffraction effects in PGR was
Investigated in detail. The influence of the anomalous
decrease of the absorption of the emitted resonant quanta on
the PGR formation was considered.

It was shown that this effect leads to increase of the intensity
and to decrease of the angular width of a PGR peak.

The spectral brightness of the PGR source at “low” energy
accelerator is comparable with the synchrotron Mossbauer
source at 5 GeV beam energy.

PGR source can provide similar information as SMS with
much lower dose deposit at the target, that is extremely
Important for biomedical samples
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