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Abstract:

In the 4d-electron layered calcium ruthenate series Ca[n+1]Ru[n]O[3n+1], a complex interplay between equivalent spin-orbit coupling

(SOC) and electron correlation energies foster exotic physics, an area of physics that has shown significant growth in recent years. In 5d-

electron systems, competition between SOC and electron correlations results in a wide array of unconventional electronic phases, which

can be generally described in terms of an effective J pseudospin moment arising from crystal field splitting and mixed spin-orbit (S-L)

states. In 4d-electron systems on the other side, far less is known about the role of SOC. Indeed, many prior studies consider orbital order

to  play  a  dominant  role,  with  SOC  as  a  perturbative  effect,  similar  to  3d-electron  systems.  Our  recent  work  on  Ca2RuO4,  however,

points  to  a  more  significant  role  of  SOC  in  the  ground  state.  Here  we  propose  to  explore  the   evolution  the  role  of  SOC  in

Ca[n+1]Ru[n]O[3n+1] as the dimensionality increases and a more metallic state is approached by studying magnetic excitation spectrum

of the bilayer Ca3Ru2O7 using the triple axis spectrometer IN8 at the ILL, Grenoble.
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Introduction
In the 4d-electron layered calcium ruthenate series Can+1RunO3n+1, a complex interplay between 
equivalent spin-orbit coupling (SOC) and electron correlation energies foster exotic physics, an 
area of physics that has shown significant growth in recent years [1]. While many prior studies of 
this series consider orbital order to play a dominant role with SOC as a perturbative effect, similar 
to 3d-electron systems [2], our recent work on Ca2RuO4 points to a more significant role of SOC in 
the ground state [3,4,5]. For this experiment we extended our study to the next member in the 
series, Ca3Ru2O7, to investigate the evolution the role of SOC as the dimensionality increases 
and a more metallic state is approached.

Setup
The inelastic neutron spectrometer IN8 with flatcone detector was utilised to studying the magnetic 
excitation spectrum of the bilayer system. The flatcone detector was configured to use the Si 
analyser with kf = 3Å. We also used the recently commissioned Si111 monochromator in order to 
reduce signal contamination as compared with pyrolytic graphic monochromator option. A crystal 
array was mounted on a silicon plate and mounted in the ab-orientation to access the (HK0) 
scattering plane.

�
Fig 1. Magnon dispersion in Ca3Ru2O7 measured on IN8 with a flatcone detector. 

Constant-E maps in the HK0 plane around (1,1,L) at (a) 7meV (b) 10meV and (c) 16meV. 
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Results
Constant energy cuts of S(Q,w) around the magnetic zone centre (-1-10) were measured from 5 
meV up to 25 meV. The signal was strong and did not require temperature subtraction to reveal a 
trend. Measurements conducted at T=2K are shown in Figure 1, reveal a clearly dispersion 
feature. The results show a gap of 6meV that disperses in the HK-plane up to an energy of 22meV. 
Full measurements of the dispersion were conducted at T=50K and T=2K, as well as additional 
measurements to track the evolution with temperature at 10 meV. Further analysis of the data in 
order to extract the salient correlation parameters of the magnon dispersion is currently ongoing.

Outlook
Ca3Ru2O7 is very sensitivity to external perturbation. Even with a nominal x=0.003 Ti substitution in 
Ca3(Ru1-xTix)2O7 is enough to push the system from a correlated metallic system into a Mott 
insulating state, concomitant with a magnetic structural transition and ferromagnetic to 
antiferromagnetic correlations. This current dataset will provide the basis for our study into the 
underlying changes to the electron correlations that arise with Ti-doping.
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