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*Efekt Mossbauera w synchrotronie

*Koherentne elastyczne rozpraszanie jadrowe:

20 lat pozniej: Pola nadsubtelne na powierzchni Fe
* NIS - .Anty-Efekt Mossbauera”
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Méossbauer spectroscopy:
Recoilless, resonance adsorption of y-radiation

structural, chemical and electronic information
on a local scale
(mainly 37Fe)



Conventional (energy-domain) MS
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Only one transition is excited at the same time, therefore
the resultant spectrum is the incoherent sum of the
indivitual transitions (the intensities are added).



Tunable source of EM radiation
in Mossbauer transition range




Hyperfine splitting of nuclear levels
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is hf spectroscopy with SR possible?

hf spectroscopy in energy domain requires a tuneable

source of X-rays with energy monochromatization ~5 neV
(feasible is 0.5 meV) 7



Hyperfine spectroscopy with SR? - YES
- however not in energy -
- but in time-domain -
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Nuclear Resonance Scattering of SR - NRS

Reproduced from:
R. Rohlsherger, Nuclear Condensed Matter Physics with Synchrotron Radiation, g

Springer 2004



(a) Diffraction in position—momentum space
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(b) Diffraction in energy—time space
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Methodology

SEPARATION OF ELECTRONIC AND NUCLEAR SCATTERING:

pulsed structure
of synchrotron radiation:

A

° ~0.1 ns

counts

I

Time gating

Delayed scattering: nuclear
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Nuclear Resonance Scattering of SR - NRS

Nuclear Inelastic Scattering of SR - NIS
(precisely - Inelastic Nuclear Resonant Adsorption)
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Instrumentation
ID 18, ESRF Grenoble
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High-heat-load premonochromator and
high-resolution nested monochromator
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Méssbauer isotopes with used in
synchrotron-based experiments

Multi

Isotope  E, a Iy T Ty I, I, Mg Mo
(keV) (%) (neV) (ns) (107%’m?) polarity  (uy) (n)
1817y 623 999 0.067 9870 1.099 772 92  El 2.360 5.220
9Tm 841 100 114 538 0.242 12 32 Ml —0.232  0.520
8Ky 940 120 33 212 1.226 972 7/2 Ml —0.967 —0.939
TFe 1441 2.1 47 141 2.464 12 32 Ml 0.090 —0.155
BlEy 21.53 478 470 14.1 0.243 52 72 Ml 3.464 2.590
9Sm 2249 138 64.1 103 0.120 772 512 Ml —0.665 —0.622
119Gn 2387 86 257 257 1.381 12 32 M1 —1.046 0.685
8lpy 2665 189 162 408 1.110 52 52 El —0.470 0.558

R. Rohilsberger et al. Phys. Rev. B 67, 245412 (2003)
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Instrumentation
ID 18, ESRF Grenoble

High Resolution

Monochromator
Storage ring M Rse:;:‘r;clxg’r
High-heat-load
monochromator M
Citins fﬁ% -
phhbbhh === collimation

undulator  focussing
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Instrumentatio
ID 18, ESRF Grenoble

SR-beam

NRS chamber
on 2-circle
gohiometer

detector



Density of Phonon States in

Iron at High Pressure

R. Liibbers,! H. F. Griinsteudel,Z A. I. Chumakov,Z G. Wortmann*
18 FEBRUARY 2000 WOL 287 SCIENCE

SR Source CRL PM
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:J;_;f 15/ \b oghiskowanie
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Nuclear Resonance Scattering of SR - NRS

Intensity
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Nuclear Resonance Scattering of SR - NRS

9’Fe Mossbauer isotope
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Geometry of GI-NRS 94 "
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Polarization
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Orientation of the hyperfine field
(the “Smirnov figures")
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Geometry

Time spectrum
o — unpolarized
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Depth selectivity
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Model systemFe(110)/W(110)

- Large lattice mismatch ~10% -layer-by-layer growth
- Pseudomorphic 15t (?) and 2" (??) Fe atomic layer

- Complex strained Fe structure beyond 2" AL

- Complex magnetic structure with several transitions

200x200nm?

200x2000° @D s
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57Fe(110) probe layer
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NRS movie - growth of Fe on W(110)
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AFM order at the Fe/W(110) interface



Nuclear Inelastic Scattering of SR - NIS
(precisely - Inelastic Nuclear Resonant Adsorption)
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Analiza danych
doéwiadczalnych Czagstkowe DOS-y dla Fe g(E,s)
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Monowarstwowa sonda °’Fe
w epitaksjalnej warstwie Fe(110) na W(110)

57Fe(110) probe layer
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Widma czasowe
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Modelowanie
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J. tazewski, J. Korecki, K. Parlinski,
Phys. Rev. B, 2007
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Czy przyblizenie Debye
pracuje na powierzchni?
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Wiasciwosci termo-elastyczne

S S-1 D Bulk

Kierunek [1-10] [001]

wiazki X

Vex2> [A]

T| 0077 0.082 0.066 0.064 0.064

<y>
[N/m]

T| 132.0 119.7 185.3 174.0 171.2

Entropia
[kg/atom]

T| 346 3.63 2.99 3.04 3.09

Stata sitowa
V(&) =< w? > M = 2’; [g(Es)EdE

Whioski:

brak widocznego ttumienia fononéw
‘powierzchnia jest harmoniczna.
‘powierzchniowe drgania normalne sq miekkie

Dynasync, submitted

37



Synchrotronowe
zaburzone korelacje
katowe

SRPAC detector
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SRPAC - dynamika w fazie ciektej (f ,—0)

Log intensity I(t)
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~rotational dynamics
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Dynamics with
nuclear resonant scattering of x rays:

e translational diffusion
e rotational diffusion
e atomic vibrations

frequency [Hz]
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Sensitivity (No. of atoms)
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