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        Clock-like modulation of NB emissions. Panel a: clock or rotating beam test for 5 kHz NB. The horizontal axis of ω0 encompasses the assumed modulation rates of 785 to 830° per day, which was chosen to be near the rotation rate of Saturn (10.7 hours = 807° per day). The vertical axis is the fitted peak-to-peak modulation power giving the fitted peak power of the 240-day time series under the assumption of each ω0. The two solid lines show the modulation rates of 5 kHz NB emissions under the assumption of a clock-like source (red) and a rotating beam source (blue). Panel b: similar format as panel a but for 20 kHz NB emissions. The black dashed lines mark the modulation rate in the same 240-day window derived from the SKR intensities. The 5 kHz and 20 kHz NB time series used in this window are not separated into two hemispheres according to latitude.
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        North-south asymmetry test of the 20 kHz NB emissions. Panel a: modulation rate of the 20 kHz NB emissions in the northern hemisphere, similar to Fig. 1. Panel b: similar format as panel a but for the southern hemisphere. The 20 kHz NB time series used in this window is separated into two hemispheres according to the latitudes (Lat: >10° and < −10°).
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        Least-squares spectral analysis spectrograms of Saturn radio emissions from 2004 to 2018. The color-coded spectrograms show the modulation power as a function of universal time in the horizontal axis and the modulation rate in the vertical axis. Panels a–d respectively show the results for the northern hemisphere SKR, the southern hemisphere SKR, the 5 kHz NB emissions (in both hemispheres), and the 20 kHz NB emissions (in both hemispheres). Panel e shows the Cassini latitudes during its Saturn orbital journey. The green and orange lines are the northern and southern SKR periods as derived by Ye et al. (2018). The blue and pink lines are the northern and southern PPO periods as derived by Provan et al. (2013, 2016, 2019).
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        Clock-phase difference of Saturn radio emissions. Panel a: relative phase between SKR and 5 kHz NB emissions in the northern (black) and southern (pink) hemispheres. Panel b: relative phase between 5 kHz NB emissions and 20 kHz NB emissions. Panel c: relative phase between SKR and 20 kHz NB emissions.
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        Relative phase of the Saturn radio emissions. Panel a: Cassini RPWS wave electric field spectrogram. The horizontal white dashed lines mark the frequencies of 71.2 kHz (corresponding to SKR), 15 kHz (corresponding to 20 kHz NB), and 5.1 kHz (corresponding to 5 kHz NB), which are used in the following panels to plot the frequency intensity versus time variation. The blue, pink, and black arrows in panel a indicate the three radio emissions. Panels b–d: spectral density in units of dB above the background. The oblique red dashed lines depict the rough phase relation between the three radio emissions. The peaks marked by the oblique red dashed lines correspond to the blue, pink, and black arrows in panel a, which correspond to the main emissions of SKR, 5 kHz NB, and 20 kHz NB. The black shaded regions in panels b–d indicate the regions that are polluted by the low-frequency extensions of SKR. The relatively constant relations shown suggest a phase-lock situation.

      

    

  
    
      Fig. A.1 
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        Occurrence phase of the NB emissions in SKR longitude systems. Panels (a)-(b) give the northern and southern hemisphere 5 kHz NB emission occurrences in the SKR derived longitude systems (SLS5-N and SLS5-S). The color code represents the averaged occurrence of the NB emissions in the corresponding time and longitude. The solid and dashed black lines represent the mean and one sigma deviation values derived in Fig. 4. Two rotation periods of the results are shown in each panel in order to give clearer illustrations. The northern and southern events of both the 5 kHz NB and 20 kHz NB are simply separated by choosing Lat > 0° or Lat <0°. Panels (c)-(d) present the northern and southern hemisphere 20 kHz NB emission occurrences in the SKR derived longitude systems (SLS5-N and SLS5-S). Panel (e) shows the Cassini latitude from 2004 to 2017.

      

    

  
    
      Fig. A.2 
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        Phase-lock observation in the same format as Fig. 5 in the manuscript. The observation is from 29 August 2012 to 2 September 2012. The blue dashed line shows the “disturbed phase lock” or “loss of phase lock” feature. The occurrence sequence of the radio component changes from the “typical” phase-lock sequence. The “disturbed” feature could be due to the external influence of the magnetosphere, as indicated by the later enhancement of the SKR.

      

    

  



OEBPS/aa47279-23-fig7_small.jpg





OEBPS/aa47279-23-fig5_small.jpg
| ik
M
sdrkunh -





OEBPS/aa47279-23-eq1.png
Aqun = wq * 1,





OEBPS/aa47279-23-fig2_small.jpg





OEBPS/aa47279-23-eq2.png
Asc =wo*T + (12 — LTgc) * 157,





OEBPS/aa47279-23-fig3_small.jpg





OEBPS/aa47279-23-fig1.jpg
8

Bestfit Peak-to-Peak Power (0-1 NB time series)

8

5kHz Narrowb.

and emissions (Lat: -90° ~ 90°) 05-Nov-2008 00:00:00~03-Jul-2009 00:00:00
T T T T

3
&

(a)

DA

790

T T
|
[ 5KkHZ NB-Clock (g, =wy(T-To)
5kHz NB-Beam (Ago=w(T-T)+(12-LT)-15)
— SKR Clock Period North:814.1° South:801.3

795

805 810
wy(degree/day)

20kHz Narrowband emissions (Lat: -90° ~ 90°) 05-Nov-2008 00:00:00~03-Jul-2009 00:00:00
T T T T T T T T

8
T

Bestfit Peak-to-Peak Power (0-1 NB time series)
g <
T

o
&

(b)

L 20kHz NB-Clock (A, =w,(T-Tg))

—— 20kHz NB-Beam (Ag=w(T-T)}+(12-LT )-15)
—+ — SKR Clock Period North:814.1° South:801.3°
|

805 810
w,(degree/day)

830





OEBPS/aa47279-23-fig2.jpg
N »

Bestfit Peak-to-Peak Power (0-1 NB time series)

°

x10°

20 kHz NB North hemlsphere (Lal>10°) 05-Nov-2008 00:00:00 ~03 -Jul-2009 00 00:00

(@)

2oz NB-Glook (Agun=w(T- 'ro))
— — SKR Clock Period North:814.1° South:801.3"_|

e WY

8

2 » @ &

Bestfit Peak-to-Peak Power (0-1 NB time series)
e

8

x10

20kHz NB South hemlsphere (Lat<—10°) 05-| Nov-2008 00:00:f 00 ~03-Jul-2009 00:00:00

810

wy(degree/day)

815

825

——— 20kHz NB-Clock (A, =w,(T- -ro))
— — SKR Clock Period North:814.1° South:801.3"_|

795

805

810

w,(degree/day)

825





OEBPS/aa47279-23-fig3.jpg
Least Squares Spectral Analysis: SKR & 5 kHz NB & 20 kHz NB modulation

SKR North

£
=

3

=]
]
o
X
”n

5 kHz NB

PPO-North PPO-South

20 kHz NB

Latitude(deg)
&
o

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017





OEBPS/aa47279-23-fig4.jpg


OEBPS/aa47279-23-fig6.jpg
(eoua1in220 gN)oLBo|

(e2ua11n220 gN)oLBo|

(22ua.1uN220 gNn)oLbol

(20ua41n220 aN)oLBo|

s s 5
° i o %o o Yo L] o ] - -
_ M m_
e e et T et s
== (=== 1]~ T
P o e ] ]
e 2= =
—_— e —fil = byl I [l {1 {1
1 Il [} {1 {1 L
5 | - | Ll
|l |l 11! 11
|l |l 11 11
I [l {1 {1 -
R_ 1= |
o
I [ ——
s A= ol ol
11 1|l |
11 5 Il | [
~ |l 11 ~ |l ~ || ~ 1] {1
I 11 11 I {1 {1
T T T T _ = T __ T T —-—-I __ T T T T = __ __ T T __
S 28 3§ S 8 R 88 8 S 8 R E 88 E R RSB E g oS _
g 8 g £ 8 " § g ¥ 8 8 g § 8§ ® 8§ g § §
Bol
NSSTS sssTS NSSTS sssTS (Bopjopmpe
YMON &N ZH)S UINoS AN ZHiS UMON EN ZH) 02 UINos aN ZHM0Z

2012 2013 2014 2015 2016 2017 2018

2004 2005 2006 2007 2008 2009 2010 2011





OEBPS/aa47279-23-fig7.jpg
punouboeg %01 aroqy gp

(zH) Aouanbaig
211399]3 pauiquio)

punoiByoeg %01 aA0qy gp

(=]
N
||||||||||| - - e
T O
o O
a-— —
50 & |- ==
a8 |
||||||||||| |dP
.............. & - .
lllllll e e .
T (
N |
.......... T OYE
1 1 1 1 i 1 1 1
ZH) 28 © ZH) 69 @ ZH) L'6L @

Aysuaju| ¥Yys Aysusyul gN zHS

Aysusju| gN zHN0Z

2012-09-01 2012-09-02

2012-08-31

08-30

2012-

2012-08-29

15.295
29.722
-29.349
21.347
20.131

22.189
320.920
-32.087
19.881
30.911

27.645
242.660

32.020
160.470
-31.090

35.526
76.244
-30.050

Re

Lon

-31.923
19.048
38.376

Lat
LT

18.476
43.662

18.039
47 .416

L





OEBPS/aa47279-23-fig1_small.jpg





OEBPS/dash.png





OEBPS/aa47279-23-fig6_small.jpg





