
3rd Transnational Round Table on Magnonics, High-Frequency Spintronics, and Ultrafast Magnetism 

 
 

Dynamic stability in spin Hall micro-bars: Towards anti-magnon mediated magnon 

amplification 

A. Koujok,a H. Kurebayashi,b,c,d K. Yamamoto,e B. Heinz,a V. K. Kushwaha,f X. Hou,f A. Hamadeh,g T. 

Sekif,h,i and P. Pirroa 

 

a: Fachbereich Physik and Landesforschungszentrum OPTIMAS, Rheinland-Pfälzische Technische 

Universität, Kaiserslautern-Landau, Kaiserslautern, Germany  

b: London Centre for Nanotechnology, University College London, London, United Kingdom 

c: Department of Electronic and Electrical Engineering, University College London, London, United 

Kingdom 

d: WPI Advanced Institute for Materials Research, Tohoku University, Sendai, Japan 

e: Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Japan 

f: Institute for Materials Research, Tohoku University, Sendai, Japan 

g: Centre de Nanosciences et de Nanotechnologies, CNRS, Université Paris-Saclay, Palaiseau, France 

h: Center for Science and Innovation in Spintronics, Tohoku University, Sendai, Japan 

i: International Center for Synchrotron Radiation Innovation Smart, Tohoku University, Sendai, Japan 

 

Magnons, the quanta of spin waves, are quasi-particles whose excitation increases the magnetic 

energy of the system. Conversely, anti-magnons are the quasi-particles that decrease the magnetic 

energy of the system. Theoretically, such excitations can be realized in systems where the 

magnetization is brought to a dynamically stable yet energetically unfavourable state [1]. We conduct 

experiments employing micro-focused Brillouin light scattering spectroscopy (see Fig. 1 left side) that 

depict the aforementioned dynamically stable state in spin Hall micro-bars (see Fig. 1 right side). We 

follow this by micromagnetic simulations to show that we can use the dynamically stable state (anti-

magnonic state) to amplify magnons via magnon-anti-magnon coupling based on the magnonic Klein 

paradox [1, 2] (see Fig. 1 bottom part). Furthermore, we propose a method of amplifying propagating 

spin waves by means of spin torque oscillators operating in the anti-magnonic state. These findings 

open perspectives to experimentally investigate anti-magnon mediated magnon dynamics in similar 

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  (Top left) 
Experimental setup 
highlighting the employment 
of micro-focused Brillouin 
light scattering spectroscopy 
to investigate magnetization 
dynamics in 1.7 nm thin 
Cobalt-Iron-Boron (CoFeB) 
micro-bars. (Top right) Time 
resolved measurements 
showing the different states 
of magnetization prior to, 
during and post pulsed 
excitation. (Bottom) 
Simulated results depicting 
magnon signal amplification 
mediated by anti-magnon 
coupling. 
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