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Abstract: In this comment on the article “Locating the source field lines of Jovian decametric radio emissions” by Wang YM et al., 2020,
we discuss the assumptions used by the authors to compute the beaming angle of Jupiter’s decametric emissions induced by the moon
Io. Their method, relying on multi-point radio observations, was applied to a single event observed on 14th March 2014 by Wind and both
STEREO A/B spacecraft from ~5 to ~16 MHz. They have erroneously identified the emission as a northern (Io-B type) instead of a southern
one (Io-D type). We encourage the authors to update their results with the correct hemisphere of origin and to test their method on a
larger sample of Jupiter-Io emissions.
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1.  Introduction
In  a  study  published  in  2020,  (Locating  the  source  field  lines  of
Jovian  decametric  radio  emissions, Wang  YM  et  al.,  2020, here-
after W20) proposed a method based on multi-point radio obser-
vations  of  Jovian  decametric  emissions  induced  by  Io  (hereafter
Io-DAM) to accurately locate the position of Io-DAM radiosources,
their host magnetic field line, and the wave emission angle at the
source.  Adopting  the  formalism  proposed  by Hess  et  al.  (2008),
replicated in Equation (2) of W20, the authors then converted the
wave  emission  angle  into  the  kinetic  energy  of  electrons  driving
the radiation through the Cyclotron Maser Instability, assuming a
loss cone electron distribution as its free energy source.

The  proposed  method  is  interesting  and  has  broad  implications.
Differing  from  past  studies,  the  authors  used  the  up-to-date
JRM09  magnetic  field  model  computed  from  Juno in  situ data
(Connerney et al., 2018), complemented by a current sheet model
still based on Voyager in situ data (Connerney et al., 1981), to min-
imize uncertainties in the calculated quantities.

To illustrate/validate their method, W20 applied it in their Section

3 to a  single case of  Io-DAM emission,  observed nearly  simultan-

eously  on  14th March  2014  by  the  radio  instruments  onboard

three  space  probes,  namely  Wind/Waves  (Bougeret  et  al.,  1995)

and  STEREO-A  and  -B/Waves  (Bougeret  et  al.,  2008),  from  ~5  to

~16  MHz.  These  observations  are  shown  in Figure  1,  replicated

from Fig. 1 of W20. Assuming that the Io-DAM source region lay in

the  north  (hence  corresponding  to  the  Io-B  class  of  emission),

W20 determined that the footprint of the magnetic field line host-

ing  the  radio  emission  lay  ahead  of  the  average  Io  UV  footprint

(Bonfond  et  al.,  2009)  by  a  32°  lead  angle.  They  derived  roughly

constant emission angles within 61.5°−63.5°, from which they ob-

tained electron kinetic energies varying within 12.5−18 keV. Com-

paring these values to those published by Zarka (1998) and Hess

et  al.  (2008),  the  authors  concluded  that  their  method  was  thus

“valid and reliable”.

We disagree  with  the  crucial  assumption  of  W20  on  the  hemi-

sphere  of  origin,  which directly  affects  the  results,  and comment

on other assumptions used by the authors, as discussed below. 

2.  Hemisphere of Origin for the Io-DAM Emission
Observed 14th March 2014

To  proceed  to  the  analysis  of  the  Io-DAM  arc  observed  on  14th

March  2014,  the  authors  claim  that  the  emission  originates  from

the northern hemisphere on the basis of the following statement :

“We do not have the polarization measurements of the event, but on
2014  March  14  the  northern  magnetic  pole  was  tilted  toward  the
spacecraft.  Thus,  we  believe  that  the  DAM  emission  should  come
from  the  northern  hemisphere.”  However,  several  arguments  can

be opposed  to  this  identification  and  support  that  the  investig-

ated  Io-DAM  emission  is  not  an  Io-B  arc  (northern  westward

source) but an Io-D one (southern westward source).
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Firstly, it can be seen that the radio arc observed by Wind/Waves
displays an inflexion point near 10 MHz around 18:30 UT which is
characteristic  of  Io-D  arcs.  Illustrations  of  the  typical  shape  of  Io-
DAM  arcs,  observed  over  their  full  frequency  range  by
Wind/Waves  (<13  MHz)  and  by  the  Nançay  Decameter  Array
(NDA, >10 MHz), can be found in Queinnec and Zarka (1998) (see
their Fig. 1 for the Io-D case).

The Jovian magnetic latitude of the Earth, applicable to the Wind

spacecraft, was varying between −8.3° and −4.1° from 17:00 UT to
19:00 UT,  so  that  southern  Io-DAM  sources  were  in  more  favor-
able view from Wind/Waves.  Similarly,  the  arcs  observed by  STE-
REO-A  and  -B/Waves  between  18:20  and  19:20  UT  corresponded
to  southern  magnetic  latitudes  varying  between  −9°  and  −6°.  In
addition, Louis et al. (2021) recently investigated the statistical dis-
tribution of  Jovian DAM emissions  observed by Juno/Waves  as  a
function of magnetic latitude and found that the northern Io-B/A
arcs,  which reach higher frequencies than the Io-D/C ones owing
to the larger northern magnetic field amplitude, are not observed
below −5° magnetic latitude (see their Fig. 3d).

The classification of Io-DAM arcs into categories can then be effi-
ciently  counter-checked  from  the  visualization  of  the  interval  of
observation on  top  of  a  classical  CML-Io  phase  occurrence  dia-
gram,  such  as  those  built  by Marques  et  al.  (2017), Zarka  et  al.
(2018) and  references  therein,  from  a  catalogue  of  26  years  of
NDA observations.  As illustrated in Figure 2,  on 14th March 2014,
between 17:00  and  19:00  UT,  Earth-based  Wind/Waves  observa-
tions intercepted the region of maximal probability for Io-D emis-
sions only.

While  STEREO/Waves  is  capable  of  polarization  measurements
(Cecconi  et  al.,  2008),  polarization  measured  during  this  event
could be tracked only up to ~2 MHz, below which the Io-DAM arc
was  not  visible  (as  opposed  to  the  hectometric  burst  observed
near  ~21:00  UT).  For  the  sake  of  completeness,  we  checked  the
NDA public observations of Jupiter over 10−40 MHz that were ob-
tained  on  14th March  2014  simultaneously  to  the  Wind/Waves
ones below 13 MHz. We could not identify any clear Jovian signa-
ture with either Right-handed or (expected) Left-handed polariza-
tion in the 10−16 MHz NDA range,  where the band was unfortu-
nately  both  strongly  contaminated  by  RFIs  (up  to  18  MHz)  and
subject  to  low  frequency  filtering  (below  14  MHz).  Nonetheless,
any sufficiently  intense  Io-B  emission  should  have  reached  fre-
quencies  >20  MHz  (Queinnec  and  Zarka,  1998, Marques  et  al.,
2017).
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Figure 1.   Io-DAM emission successively observed by Wind/Waves,

and by STEREO-A and -B/Waves from ~5 to ~16 MHz (replicated from

Fig. 1 of W20).

Io-B B’

Io-D

Io-C Io-A A’ A’’

%

0

10

20

30

40

50

60

0 60 120 180 240 300 360
CML (°)

0

60

120

180

240

300

360

Io
 p

ha
se

 (°
)

A

A′
A′′

B B′

CC

D120

180

240

300

360

60

0
0 90 180

CML (°)

Io
 p

ha
se

 (°
)

270 360

 
Figure 2.   Plot of the Central Meridian Longitude (CML) as a function of Io phase, showing (a) the occurrence of Io-DAM arcs and (b) the

occurrence probability of all Jovian DAM emissions derived from 26 years of NDA observations of Jupiter (Marques et al., 2017, Zarka et al., 2018).

The solid line indicates the path of Earth-based observations on 14th March 2014 from 17:00 to 19:00 UT, when Wind/Waves recorded the Io-DAM

arc displayed in Figure 1. The line precisely intercepts the Io-D region, only. Both panels were created with the online Jupiter probability tool,

developed by the NDA team, at https://jupiter-probability-tool.obspm.fr
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Finally, the lead angle of 32° obtained from the longitudinal differ-

ence between the footprint of the retrieved flux tube and that of

the  average  Io  UV  spot  is  very  large,  and,  assuming  that  the  Io-

DAM sources lay along the main Io UV footprint, is not consistent

with the results of Bonfond et al. (2009). 

3.  Other Physical Hypotheses
To use the formalism of Hess et al. (2008), the authors define fce,max

(the maximal electron cyclotron frequency reached along the flux

tube)  as  follows  :  “The  value  of  fce,max is  set  to  be  the  value  at  the
footprint of each field line on the 1/15.4 flattened surface of one RJ, as
an  approximation  of  the  frequency  at  the  top  of  ionosphere.” We

note  that  the  peak  emission  altitude  of  ~900  km  for  the  Io  UV

footprint (Bonfond et al.,  2009) would yield a more realistic value

of fce,max. The parametric study of Io-DAM simulations with the Ex-

PRES  code  of Louis  et  al.  (2017)  has  quantified  the  effect  of  the

altitude  on  the  final  time-frequency  shape  of  the  arc  (see  their

Fig. 1e) .

The relevance of the formalism of Hess et al. (2008) was not at all

discussed by W20; recent Juno in situ measurements of real elec-

tron distribution functions driving Jovian radio emissions provide

the opportunity to assess its relevance (see e.g. Louarn et al., 2017,

Louis et al., 2020).

Finally,  the  correspondence  between  the  values  plotted  in  left-

and right-handed panels (which display different ranges along the

y-axis) of Fig. 8 of W20 is not obvious, especially for the spread of

dots. 

4.  Conclusion
We kindly encourage the authors to take into account the above

comments  to  update  their  analysis,  quantify  the  uncertainty  on

the  parameters  derived  from  assuming  a  wrong  hemisphere  of

origin,  and ideally  extend their  method to a larger set  of  Io-DAM

emissions from both hemispheres in order to achieve more “valid
and reliable” results. 
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