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Analysing ion velocity distribution function for parameters relevant to 

observations for low frequency radio emisions, we showed that depending on the 

mutual directions of the magnetic field, the beam and the radiation, the radiation 

frequency can be higher than the local ion cyclotron frequency, and related that to 

some observations and observational tools. 

 

Magnetic activity of distant objects can manifest itself in electron cyclotron radio 

emission. While it was detected from a large number of stellar objects (including pulsars) 

brown dwarfs and most of the solar system planets, and the search for it from exoplanets 

continues, not detection does not necessarily mean it does not occur. Being a highly directed 

radiation, it leaves the magnetospheres shaped as hollow cones centered around magnetic 

poles, which rotate with the object and get detected when the beam points towards the Earth. 

Hence, geometry of rotation can make it invisible from Earth. Ion cyclotron emission, 

Electromagnetic Ion Cyclotron (EMIC) waves, which are also expected to happen on the 

same objects, would be directed differently and hence could provide an alternative root to 

detecting the objects' magnetic activities. The expected frequency of radiation though is 

much lower than for electron cyclotron emission, if expecing it to be close to ion cyclotron 

frequency, which makes it more difficult to detect.  

While many different effects of instabilities and plasma-wave interactions are involved 

in ion cyclotron waves, we focus here on the waves which are potentially observable from a 

remote distance, i.e. electromagnetic waves, omitting acoustic waves and local-effect 

instabilities which are only available to in-situ observations.  

Here we analyse the range of frequencies which can be expected from ion cyclotron 

radio emission, based on a horseshoe-shaped magnetically confined velocity distribution 

function. Such a distribution was reported EMIC emissions in the magnetosphere of Earth 

(Bingham et al. 1999, Chang & Coppi 1981). Since coming out at a different frequency and 
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direction from those of electron cyclotron emission from the same object, it can be 

potentially observable even when the electron cyclotron signals were not detected from that 

object. We analyse the possibilities of such detection based on expected frequency of 

radiation.  

Ion cyclotron maser instability based on magnetic confinement is considered, similar 

to electron cyclotron emission from astrophysical bodies (Vorgul et al. 2011). Parallel 

energy gained from an accelerating electric field is converted to additional perpendicular (to 

the trapped by magnetic field beam)  energy by magnetic mirror force, producing anisotropic 

velocity distribution unstable to cyclotron emission. Similarly to the electron cyclotron 

maser emission, EMIC radiation is a collective effect produced by ions. If expecting it at a 

frequency close to the ion cyclotron frequency, by analogy with electrons, it would be in the 

range of  
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where 𝑞 = 𝑧 ∙ 𝑒 is the dimentionless ions’ relative charge, M is a dimensionless relative ion 

mass, and the magnetic field B is measured in Gauss. 

If particles’ beam moves into gradually stronger magnetic field (from B0 to B), its 

velocity distribution function will be magnetically confined. An initially drifting Maxwellian 

distribution will then transform into a horseshoe-shape one, due to energy and magnetic 

momentum conservation (Bingham 2000), 
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The resonant emission then happens when the cyclotron resonance condition circle, 
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alligns with a high gradient path through the distribution function given by (2). Fittting the 

cyclotron resonance condition circle around the peak of the distribution function would pick 

up the wave travelling perpendicular to the beam with a frequency close to the cyclotron 

one.  
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Ions distribution 

function is however 

wider than electrons’ 

one, and the path of the 

highest gradient in 

perpendicular direction 

is visible shifted from 

the centre (Fig.1). The 

red line in Fig.1 shows 

the cyclotron resonance 

circle passingh though 

maximum of the 

distribution function, 

while the green line is 

the resonant condition 

circle passing through 

the highest gradient of 

it in perpendicular 

direction. We found 

out that the frequency 

of it can be different 

from the local ion cyclotron frequency, when the emission is radiated not perpendicularly to 

the magnetic field. The frequency of radiation corresponding to the maximum gradient of the 

velocity distribution function can be found by substituting tha parallel velocity at which the 

maximum occurs, 𝑣|| =
!
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While electron cyclotron maser radiation is known to be emitted in a direction nearly 

perpendicular to the beam, the ion cyclotron emission was not reported strongly following 

Fig.1. Typical contour plot os the gradient of velocity distribution function 

with cyclotron resonance condition circles in red and green passing through 

highest values of the function and its gradient, correspondingly. Parameters 

were taken as B/B0=4.5 for the magnetic compression, and the thermal 

spread of the ions beam T= 250 K. The green line of the resonance circle 

corresponds to the radiation frequency 10 times higher than the local ion 

cyclotron frequency. 
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that pattern. We explore a possibility to explain the electromagnetic low-frequency emission 

detected from 67P Chyuryumov-Gerasimenko comet by Rosetta mission in 2014-2015 

(Richter et l. 2016), taking into consideration the reported parameters. 

H2O+ as the most abundant ion species in 67P’s plasma would not produce the ion 

cyclotron frequency radiation at the observed frequency in a range between 40 Hz to 70 Hz, 

only coming up to around 10 Hz for the expected local magnetic field in the range of a few 

nT.  However, the radiation was observed rather angled to the beam than perpendicular to it. 

Our analysis shows that for the angles under 450 the frequency of the emission can be up to 

ten times higher than the local ion cyclotron frequency. This shifts the H2O+ ions radiation 

frequency  upward to be within the observed range. 

Up-shifted, compared to the ion cyclotron frequency, radiation frequency for EMIC 

waves, makes it being observable by a wide range of the existing radio telescopes, for 

different astrophysical objects with magnetic field ranging from a fraction of Gauss 

(potentially observable with ALMA telescope in Chili and LWA telescope in USA) to a 

range of 106 Gauss potentially observable by most of the major radio telescopes. 

 and the results show that the frequency of ion cyclotron emission can be significantly 

different from the local cyclotron frequency. Some combinations of parameters provide up to 

ten times higher frequency of the emission, when the radiation direction is substantially 

different from normal to the beam. This is in line with some observations, and suggests a 

number of instruments will be capable of detecting such emission from Brown Dwarfs.  
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