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Coherent control of nuclear excitations has been a long-time goal in nuclear physics, as it is related
to a number of promising applications such as nuclear quantum optics, isomer triggering or nuclear
lasers. An interesting aspect of coherent control has been already achieved more than a decade ago in
nuclear forward scattering (NFS) of x-ray light by exploiting the properties of delocalized excitations
in systems of identical particles. The coherent cooperative decay of nuclei excited by monochromatized
synchrotron radiation in NFS was switched on and off by changing the direction of the hyperfine field
in a magnetic sample [1].
Based on this switching technique, we investigate more advanced coherent control schemes and show
that the accelerated nuclear forward scattering allows for the generation of two correlated coherent
decay pulses out of one excitation, providing single-photon entanglement in the keV regime [2]. With
a proper choice of switching parameters, specific transitions between hyperfine levels can be restored
thus controlling the polarization of the emitted x-ray light [3].
As a further aspect, we address the possibility to control the nuclear population in typical nuclear
three-level systems that are suitable for isomer depletion. Using the magnetic switching technique,
one can steer the nuclear x-ray pumping and nuclear dynamics in NFS in a nuclear Λ three-level
system where only one of the transitions is driven by x-ray radiation. We show that the collective
nuclear dynamics renders the coherent control of the cooperative nuclear branching ratio possible [4].
Apart from NFS setups, another possibility is offered by the advent of new coherent x-ray sources
as the X-ray Free Electron Laser. Inspired by atomic quantum optics techniques, we investigate the
possibility of coherent nuclear population transfer between two ground states in a Λ-level scheme using
two overlapping coherent x-ray light beams in a stimulated Raman adiabatic passage (STIRAP) setup
[5]. We show that with temporally coherent pump and Stokes laser fields, and acceleration of the target
nuclei to achieve the resonance condition, significant coherent nuclear population transfer is achieved
at intensities within the present designed values. As relevant application, the controlled pumping or
release of energy stored in long-lived nuclear states is discussed.

Figure 1: (a) The relevant nuclear scheme for 97Tc. The initial nuclear population is concentrated in
the isomeric state |1〉. The pump laser P drives the transition from |1〉 to |3〉, and the Stokes laser S
drives the transition |2〉 to |3〉, resulting in coherent population transfer between states |1〉 and |2〉. (b)
The two partially overlapping x-ray laser pulses interact with relativistically accelerated nuclei. The
Doppler effect ensures that laser and nuclear transition frequencies are in resonance.
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