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Research on the beaming structures of Jupiter®s decametric radio emissions
observed by Jovian polar orbiter Juno and LWA
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Using Long Wavelength Array SLWA) data we analyzed the modulation lanes and

the Riddle arcs and found that almost all of the Riddle arcs correspond to a zero-degree lead angle.
This means that the radio sources related to the Riddle arcs are located along the instantaneous lo
flux tube. This result is consistent with the conclusion of Riddle paper using Voyager data. With
the advantage of Juno"s unique polar orbit, the dynamic spectra recorded by the Waves instrument
show the latitudinal dependence on the Riddle arcs, clearly. The appearance of these Riddle arcs
remains isolated from the other groups of the radio arcs. The Riddle arcs occur during the time of
positive Jovigraphic latitude, and their existence implies sharp beaming from the northern
hemisphere radio source. We consider this finding of Riddle arcs recorded by Juno to be important
because it would provide a direct link with the brightness of lo"s footprint at the ultraviolet
wavelength for a further study.



B & C—19, F—19—1, Z—19 (@)

1. WFERHME SO 5

1955 SEDOARBR B OF 1L, HEICHKBENFET S 2 k%@@fﬂé%oﬁ#kkb
ERKEMEOEE MR Lo, TOREEBRIL. RENLDT I A — MV Té
HAREM N CTH 0 | H EBINC I W TRARIZHE R STk, ESNCEN TG i BB A
BERICIVEA R AKEBEROBRAINTONTE T, 2NN X - T, ORI EIR A
iz, A7 bn o A=V —RHHs2 =R LEBRBFHET LV THATE 22 E03boo
T, LML s, M7 a b v A= —HiT, FLEEBBEROEM CH Y, HEHERAR
*&m%%@%#ﬂ_ﬁ%fééﬁﬁm&%%iﬁt TRERNTWARW, @ﬁaﬁﬁm%
HEAZ T2 BT, ot 7eo TOWRWEERIEN —S>b b, TO—20, KEBKOEY
— LB AKE ORI TLT%%%V%%@&LT%ﬁﬁ@Sw/% ﬁék%<®ﬁn
FNRBZTNDN,ZD 3RITH72 E— AEENEZEOBR TR I TV RN L Th oD,
ToOBRIR. KEBRFEOMENHAMEL 2o TN I ETHD,

2. RO E®

RENSDOT T A— FIVIETER O BB T 2 RKEBIIL. T OB RS R 7212 i
&V, Z OSBRI ~OEE 2L 250 L LT, 3 RILIRER S £ — A
%ﬁﬁ%éoﬁﬁnT12MB$7ﬁ AR DO RBELIE | &AéntN%Amﬁ%@%ﬁ%ﬁw
JUNok?fUﬁm%éﬁﬁ L UL D & B (R A RN EESE LWAYE - TR
REICBI L, RET A — w&@ﬁfﬁmw R B — LR RTINS 2 Lic kv KEE
ﬁﬁ%%%%%%#éifﬁ%ﬁrﬁ&ﬁéﬁ%*&m%t L E 3 WITHIZH B s T
HTERHMET S, KR, KEEKOE— A%L_owfi AREOBEIIHIZ3E L TR 60 B
N5 70 E*%Ef@—ﬁ?@%f—@one Half Angle) Ca— RICEENHH N, FOoa—r D=
FINIBERE DO RKREENE — LB E Lo TVDIIENEY 2 l/*—“/a v L— /Yj&[lmal et
al., 1992a, 1992b, 1997, 2002, 2006 IZ L > CTHEE SN T&E 1z, o, KEBRFEOMED .
FVal—va b =B, BHEAAEELSAREOMMREY %T{/lumﬁuﬁﬁi
BIRIEDSLE L, 2200 a—ROBRBEH B H 0 | 2O v — LR HER G A &nxfé:k
IZE D HER EICB W CBAREBER MR N ZESNDE ZEBRHESNTVEY, LLARRL, &
FTIZ, SIRIEMIZT—RITHR S TWENE ) DEEEWHET 2 TERR N T2n, 4, )
D THRHIEIC K VEEEZIT S J UNO & SR I i Eam i LW A & O[R REELHI A FEH
L. SIRTEMRE— MEEZHRD Z L3 FRE L e o Tz,

3. ﬁn@jﬁﬁ
BEERFEOMNEZ S 25 ETEEZOF, X
1 0>ct FINCEBOBEA T2 B L REDOR1# @Cone Half Angle
(IFT) & IR 2 B < B I#R O R DR E O @ &
725 Lead Angle ( a) k aﬁ{ﬁ{ﬁ@ﬁ{ﬁfﬁl%ﬁﬁ L \ Jupiter’s Radio
B DM O F4 T % Cone Half Angle () T, l L

TDOTONRRFEDLEREBERIFEOB OB E 2D
KEMGIERRE Source Longitude(0)ZRKDDH Z
LNTESL, EVa2l—v g L—ETIE, R

EEBEOFAF I v 7 A7 b T A EICELD, ® Source Longitude

O Of EEOBEE ZWET S LIk, A S oo
ERAEET L (JRM09/VIPA/VIPAL/O6) % ~—2 (I D tead Angie o
KViJV”VHV%ﬁ“\:@“kB%*@5 el
ZENTED, ZOHEIT LWA CEH &

U5 R 72 AR B AW IR _OD\T al BERDT K1 REBERBEOMEFRICKHIET D
BWT, JUNOBEEKOBINT —& & Higd %, INTGA—=RLIGBa B O

4. WFFRE

B2 1%, fRJE R Lt LW A Tl Sz PP ———————— ‘
lo-A &PREN D ARBERIED X A F 3 v 7 A2 ] o | [ LWA Start:
7 MVTHD, RO ARRERH T, £ D 1 N ORI
EVal—varl—rofiEzlErszec | ol | 02:00:00 UT
FURD STz Lead Angle(L: ) & Cone Half s 1% r Stokes V
Angle(C: B) AR 2 ICRRENT WS, 75, O |5 ¥{_ Riddle Arc
DEValb—arb—rOF—=rinb, KE [E ' I Region
DN OBERF THDHZ L bbhoTWND, . &

@&4% b4 7 X“\7 }\ 7A0)E i Rlddle _ e | - IO—A
Are & FHERDHEIITHIG L, Lead Angle 730 J& 1 cone i aneid | ceer 4 [ Region
{231 < Cone Half Angle 2360 ETHDHZ &ENb =T TR I I,
Nb, MO LWAT —Z LREEEOMEM ZRT 2 & | ovam 220° 256°
M6, Riddle Arc [EMEA 4% E S RRDOH I e ——

(IFT) O TOERBE TH D Z L 3bn s, K2 KEETREIo-A O LWA 887 —4



3 1%, Voyager &M CHII I N7= To-A
B TR OFEIR CINIMIZIEET 5 Riddle Arc
DHEAF I v AT T LOH [Riddle,
19831 -C. BUAE R 2D 20MHz (2B CT, AR
@ System 111 #RE DK 260 FEfJiE % 7 v A4
DARMNFRNZ &N D, Riddle X, Z D
Arc OB ERFEOHT N OHEA A2 E
< KB DREIIHRE (AFT) b OB IS TH 5
ZEERELTNDS,

—H . KADLIIZJUNOEEKTEH, =
® Riddle Arc 23, BlllSN/=X AT I v 7 A
~7 ~F 5 (Voyager Db D & s o B H £ )3
W2 oTD) EICHIRICA LD Z &2
binot-, K4 o ER ] UNOODEEELED
5%&H® O0rbit05, F238FKH D 0rbit08 (=

SIELTEY, WU LI BB EZ R L TWD 2 ERbnbd, FiZ

12 13 14
System 3 249 285 322

lo phase 254 262 n
I

about 260 degrees
at 20 MHz
[Riddle, 1983] JGR

®3 Voyager £ E*ﬁfﬁﬁ»ﬂ“éht Riddle Arc

20MHz D JEIEE T v >

w@f4/hfiﬁ§®wmmIHwaww%mﬁﬁ%®ﬁMkﬁuﬁmmfﬁﬁ&&of

W5,
bz Ebbhol,
ZPOa=— 7 Riddle Arc IZVEH L THE
a7 R, 20Miz OEEEIZ BT
JUNOMG L7~ System TIT #EE1L. 255
D 268 FEDHIFH & 72V . To Phase 1%, 253
JED D 258 FEDFiPH T Riddle Arc 2B S
nNoZENbholz, ZHCHHET D EA
F 7536 F7- System ITT FREEIX. 177 FE D
195 LR 0D CRIFTNRBIRTH D Z
ENbMND, FRCEELROIE, JUNODH
DIRFEE IV DAL, Riddle Arc 1%
LB SN E NS T LB EREIX
AREOILMBIEICH D = Enbioiz,
5D Eix, JUNOMEGRHEENEE
(18.7 &) T S 7= Orbitld @ Riddle
Arc OFITIERIZIENTHD Z L. 3 2DH
W Are HEEOMASDbETTETWVWD I L
Nohotz, 2. K5 D FOMEN 9.9 £
DOEAE D 0rbit08 OF (K4 D TFERL) &
42 &, 20MHz O FEEEE 7 0 A B R
A > M@ System III #REEN Orbitld Tl
268 JETH D DIZ% LT, 0rbit08 MIFAIE
WBYELRY 10 EDKERENDHD, 21
. FEE I ORKEE B — 2 & Sk
Lt%@f%é LEZLND,
uiwzk#%\ikmkﬁé@MEm
BASHT- T UNOEEKOBINNIZ
WO TAREBI O 3RILA 72— A%L%
EHER TS Z LA Riddle Are 25 = &
XV A[gEE 2o e, 72, Z D Riddle Arc
DR A 4% B < AKRDO/E IR (IFT) ¥ %
DBERBE TH D Z b, IFT ORITIC
Rong UV A —u 7 OfELE) L O
FHREIC /B EEZBND,

Z DK D S Ao Riddle Arc i, Orbit0l1 2> Orbit18 M DHLE

BOTRILA

l lo-A Orbit 05
o

ﬂ-n—
J

H 11.0 Rj / Latitude: 18.7 deg
[ System |1l 268 deg

lo Phase 258 deg
lo Longitude 180 deg

- ] 27.3 Rj/ Latitude: 9.9 deg
PRE.- System 11l 258 deg NI |

K5 #£8l&A7= Riddle Arc #EEDEEDELY
(£ #BE 187 E. T:HBE 9 E)

< 5| H 3Tk >
D Clarke, T.E., C.A. Higgins, Jinhie Skarda, Kazumasa Imai, Masafumi Imai, Francisco
Reyes, Jim Thieman, Ted Jaeger, Henrique Schmitt, Nagini Paravastu Dalal, Jayce

Dowell, S.W. Ellingson, Brian Hicks,

Frank Schinzel, and G.B. Taylor, Probing Jovian

decametric emission with the long wavelength array station 1, Journal of Geophysical

Research, Space Physics,
® Imai, Kazumasa, C.A. Higgins,
Radio Emissions VIII,
Austrian Academy of Sciences Press,

Vol. 119, pp. 9508-9526, doi:10.1002/2014JA020289, 2014.
Masafumi Imai,
To—B decametric emission source morphology from LWAl data analysis,
edited by G. Fischer, G. Mann, M. Panchenko,
Vienna, pp.89-101,

Jupiter’s Io—C and
in Planetary

and P. Zarka,

10. 1553/PRE8s89, 2018.

and T.E. Clarke,

doi:




5 5 5 5

K. Imai, C.A. Higgins, M. Imai, and T.E. Clarke

none

Jupiter®s lo-C and lo-B decametric emission source morphology from LWAl data analysis 2018
Planetary Radio Emissions VIII, edited by G. Fischer, G. Mann, M. Panchenko, and P. Zarka, 89-101
Austrian Academy of Sciences Press, Vienna

DOl
10.1553/PRE8s89
C. Higgins, T. E. Clarke, K. Imai, M. Imai, F. Reyes, and J. Thieman none
Morphology of the Jupiter lo-D decametric radio source 2018
Planetary Radio Emissions VIII, edited by G. Fischer, G. Mann, M. Panchenko, and P. Zarka, 77-88
Austrian Academy of Sciences Press, Vienna

DOl
10.1553/PRE8s77
T. E. Clarke, C. A. Higgins, M. Imai, and K. Imai none
Jovian decametric emission with the Long Wavelength Array station 1 (LWALl) 2018
Planetary Radio Emissions VIII, edited by G. Fischer, G. Mann, M. Panchenko, and P. Zarka, 31-44
Austrian Academy of Sciences Press, Vienna

DOl
10.1553/PRE8s31
B. Cecconi 48 K. Imai none
Juno-ground-radio observations support 2018
Planetary Radio Emissions VIII, edited by G. Fischer, G. Mann, M. Panchenko, and P. Zarka, 27-28

Austrian Academy of Sciences Press, Vienna

DOl
10.1553/PRE8s27




Masafumi Imai, Alain Lecacheux, Tracy E. Clarke, Charles A. Higgins, Mykhaylo Panchenko, Jayce 826
Dowell, Kazumasa Imai, Anatolii I. Brazhenko, Anatolii V. Frantsuzenko, Alexandr A. Konovalenko

Beaming structures of Jupiter®s decametric common S-bursts observed from LWA1, NDA, and URAN2 2016
radio telescopes

Astrophysical Journal -

DOl
10.3847/0004-637X/826/2/176

23 0 10

Kazumasa Imai, Nobuto Hirakoso, Taku Takada, Kentarou Kitamura, Masafumi Imai, KOSEN-1 Team, Charles A. Higgins, James R.
Thieman, NASA Radio JOVE Team

Development of KOSEN-1 CubeSat for Jupiter®s decametric radio observation

146

2019

Kazumasa Imai, Charles A. Higgins, Tracy Clarke, Masafumi Imai, W.S. Kurth

Characteristics of Jupiter’ s decametric Riddle arcs observed by LWA and Juno

146

2019

K. Imai, C.A. Higgins, T.E. Clarke, M. Imai, W.S. Kurth

Jupiter®s decametric Riddle arcs observed by LWA and Juno

Magnetospheres of the Outer Planets, Boulder, Colorado, USA

2019




K. Imai, N. Hirakoso, T. Takada, K. Kitamura, M. Imai, KOSEN-1 Team, C.A. Higgins, J.R. Thieman, NASA Radio JOVE Team

KOSEN-1 CubeSat mission for Jupiter®s decametric radio observation

Magnetospheres of the Outer Planets, Boulder, Colorado, USA

2019

Higgins Charles Clarke Tracy

Jupiter®s radio Riddle arcs observed by LWA and Juno

2019

2019

KOSEN-1 Team Higgins Charles Thieman James NASA Radio JOVE Team

KOSEN-1 CubeSat mission for Jupiter®s radio science

2019

2019

Higgins Charles Clarke Tracy

Frequency dependence on the beaming angle of Jupiter®s decametric radio emissions based on LWAl data analysis

2018

2018




Kazumasa Imai, Charles A. Higgins, Masafumi Imai, Tracy Clarke

Frequency dependence on the beaming angle of Jupiter®s decametric radio emissions

Magnetospheres of the Outer Planets, Boulder, Colorado, USA

2018

LWA1 Observations of Jupiter’ s Left-Hand Polarized Decametric Emission

C. Higgins, T.E. Clarke, K. Imai, M. Imai, F. Reyes, J. Thieman

Magnetospheres of the Outer Planets, Boulder, Colorado, USA

2018

Kazumasa Imai, Nobuto Hirakoso, Kentarou Kitamura, Taku Takada, KOSEN-Space-Renkei Group, Charles A. Higgins, James R.
Thieman, NASA Radio JOVE Team

CubeSat project for Jupiter®s radio science

Magnetospheres of the Outer Planets, Boulder, Colorado, USA

2018

Kazumasa Imai, Charles A. Higgins, Masafumi Imai, Tracy Clarke

Frequency dependence on the beaming angle of Jupiter’ s decametric radio emissions

144

2018




Higgins Charles Clarke Tracy

LWAL Jupiter radio monitoring during the Hisaki observation campaign

2017

2017

Baptiste Cecconi 50 19 Kazumasa Imai

Juno-Ground-Radio observation support tools

2017

2017

Baptiste Cecconi

Development status of the metadata server and data archives at Tohoku University for collaborative studies using planetary
radio and spectroscopic data

2017

2017

Kazumasa Imai, Charles A. Higgins, Masafumi Imai, Tracy Clarke

Source locations of Jupiter®s decametric radio emissions measured by the modulation lane method

Magnetospheres of the Outer Planets, Uppsala University, Sweden

2017




Kazumasa Imai, Lkhagvadorj Sukhtsoodol, Mizuki Ando, Nobuto Hirakoso, KOSEN-Space-Renkei Group

CubeSat project for the observation of Jupiter®s decametric radio emissions

Magnetospheres of the Outer Planets, Uppsala University, Sweden

2017

Kazumasa Imai, Lkhagvadorj Sukhtsoodol, Mizuki Ando, Nobuto Hirakoso, Taku Takada, Kentarou Kitamura, Charles A. Higgins,
James R. Thieman

CubeSat project for the investigation of the beaming structures of Jupiter’ s decametric radio emissions

142 ( )

2017

T. Clarke, C.H. Higgins, M. Imai, and K. Imai

Jovian decametric emission with the Long Wavelength Array Station 1

8th International Workshop on Planetary and Solar Radio Emissions

2016

C.H. Higgins, T. Clarke, K. Imai, M. Imai, F. Reyes, and J. Thieman

Spectral Characteristics of Jupiter®s lo-D Decametric Radio Source from the Long Wavelength Array Stationl

8th International Workshop on Planetary and Solar Radio Emissions

2016




K. Imai, C.H. Higgins, M. Imai, and T. Clarke

lo-C and lo-B Source morphology of Jupiter®s Decametric Emissions from LWAL Modulation Lane Data Analysis

8th International Workshop on Planetary and Solar Radio Emissions

2016

Charles A. Higgins Tracy Clarke

LWAL lo-C 1lo-B

140

2016

LWAL

140

2016

Charles Higgins Tracy Clarke

LWAL

2016

2016




(HIGGINS Charles H.)

(CLARKE Tracy)

(IMAI Masafumi)

(KURTH William S.)




