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Report: 
 
Introduction: There have been many studies of acoustic modes in fluids, including supercritical fluids, 
which have established the existence of the longitudinal acoustic modes and also of some transverse acoustic 
modes. Most of these have focussed on the shape of the excitation spectrum including the dependence of 
peak width on temperature [1]. The qualitatively new aspect of this experiment is the idea that the transverse 
acoustic modes exist over a range of frequencies, with the lower-limit of this range increasing with 
temperature so that the range becomes narrower on heating [2]. This experiment was aimed specifically at 
trying to observe this effect. 
 
Experimental: P1=30 bar,  T1=223, 233 K;  P2=70bar, T2=223, 233, 243, 253, 263, 273, 283, 293 K. Each 
map collected with 8 analysers. The range of frequencies up to 15 meV and wave vectors Q up to 25 nm–1. 
 
Results:  
 
No transverse acoustic modes found. 
 
Although CO2 has the perfect critical pressure and temperature (72.9 atm, 304.2 K) and very safe for 
experiment, it turns out CO2 is different and complicated in the way to detect transverse and longitudinal 
acoustic modes.  
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Fig 1. IXS spectra of liquid and supercritical CO2 

 
Future Plan:  

1. MD simulation. We have begun supporting molecular dynamics simulations based on a new model 
for the intermolecular forces. Our plan is to simulate the inelastic scattering spectrum, and to identify 
the contributions to the scattering from rotational motions and the acoustic modes which is the 
objective of our experimental study. Then we will compare MD simulation results with experiment 
data. 

 
2. Liquid Ga. We propose to measure a simple liquid -- liquid Ga instead of CO2, because this is a well-

documented liquid where transverse modes have been measured [3]. Moreover, the boiling point of 
Ga is very high, enabling us to span a wide range of the liquid state in this system. 

 
References: 

1. S Hosokawa, M Inui, Y Kajihara, S Tsutsui & AQR. Baron, J. Phys. Condens. Matt. 27, 194104 
(2015) 

2. C Yang, MT Dove, VV Brazhkin & K Trachenko, Phys. Rev. Letters 118, 215502 (2017) 
3. VM Giordano & G Monaco, Phys. Rev. B 84, 052201 (2011) 

 


