
So-called "Mössbauer nuclei" have a low-lying, long-lived excited state
•narrow resonance:
•recoil-less absorption (entire sample carries recoil momentum)
•inelastic spectroscopy (sensitive to magnetism via hyperfine splitting)
•resonant forward scattering (quantum beats)
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57Fe nuclei in a resonant cavity are coherently 
excited with SR: the super-radiant decay is 
accelerated by a factor 40-60 [3]. A) 2-photon excitation of 57Fe [9]

B) 14.4 keV photons from the SwissFEL
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Mössbauer nuclei [1]

Extremely photon- 
hungry [2]

Highlight: super-radiant Dicke state

High resonant flux [4] at 14.4 keV

Background-free pump-probe t-resolved experiments [4]

57Fe:
E0 = 14.4125 keV
τ = 141 ns
Γ = 5 neV

Fast magnetic switching pulse alters hyperfine levels and hence the Mössbauer decay.

B) Active modification of quantum beats [6]

3. XFEL Mössbauer ideas

Perform XFEL S(Q,t) measurements in the range of ns-ps.

C) Ultra-high resolution inelastic spectrometer [7]

Polarization filters and rotating  
Doppler 57Fe scatterer allow μeV 
resolution.

D) Nuclear Lighthouse Effect [8]

A) Coherent "filter-foil" spectroscopy [5]

Phase-matching of two 7.2 keV beams 
in Bragg diffraction allows accurate  
mapping of 57Fe in the crystal unit cell.

The "stop-band" resonance of a 
single diamond-crys tal 
monochromator produces a  
delayed X-ray pulse which can  
seed a second undulator 
section.

These are foreseen in the extended SwissFEL specifications.

C) self-seeding seeding at 14.4 keV [10]


	Slide Number 1

