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Intense lower hybrid waves within the reconnection

diffusion region near X-line by Geotail observation

LI Shi-You, ZHANG Shi-Feng, CAI Hong, YANG Hua-Bo
College of Aerospace Science and Engineering ,» National University

of Defense Technology, Changsha 410073, China

Abstract The Lower Hybrid Wave (LHW) is studied within magnetic reconnection diffusion
region in the near-earth tail by Geotail on May 15, 2003. The Hall magnetic field (B,) is
observed when plasma flow reverses during the Geotail crossing the reconnection diffusion region
from tailward-southern-lobe side to earthward-northern-lobe side. Intense waves enhancement
near lower hybrid frequency ( f, ;6.8 Hz) is observed both within and around the reconnection
diffusion region with the propagation vector mainly perpendicular to the ambient field and they
are identified as LHW. The observation of LHW near the reconnection X-line suggests that the
LHW is still active after the magnetic reconnection has been triggered and developed into matured
X-line. This result is different with the simulation which suggested that LHW disappears as soon
as an X-line is matured. Our observation will shed new light on the understanding of the role and

behavior of the LHW in the magnetic reconnection developing process.
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Fig.1 Magnetic reconnection diffusion region crossing by Geotail on May 15, 2003. Magnetic field, plasma velocity,

proton density, ion temperature, and plasma  are respectively plotted from top to bottom. All data are shown in

GSM coordinate
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Geotail/MGF dB/dt, 2003-05-15
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Fig. 3 Magnetic disturb data obtained from MGF instrument, in 64 Hz time resolution
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2003-05-15 Grotail orbit & MR diffusion region
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Fig.2 (a) Illustration of the magnetic reconnection diffusion region crossing by Geotail. The purple arrowed curve
represents the orbit of the spacecraft relative to the reconnection diffusion region. (b) Verification of the Hall
characteristics of magnetic field (Hall) within the reconnection diffusion region. The red and black circles represent
positive and negative Hall , respectively
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114 ZE S B IR FE AL N X B 1 3R AR 2R B 19 Geotail TR WL AT 52 3751

R U, SRR TOIX 1 L Bl ) 2 O T S R PG
e, AT RE S LHW B I A k.

K3 25 7 N MGF A D0 45 1 48 2 #6371 =
5y (dB, . dB, fl dB.). [&] 3a THS Y B4 )7 5 KR
th Geotail 25 B % by T AR 5 IXC 9 B[R] B 1T 5 4% 22
B Y E S IR B « 40t B, N
B 1F [ 5 R IF ] B (10 254 :45—10:57 :00 UT). )
Bl B AT UL, 7E Geotail T3 AL 4b F #f 37 F 1 X R Bt i
1R 35 i T ) B PN S I Bl i 3 1Y) = A 43 i 0 5 2 1Y)
sl 7 AR, FoATXF A B 1 g kAT N B gy A, R
“Morlet” pRi%L Ay /NI 53 BT BF eR B 20 A 25 R QA
B3 KW FEARIR A9 [0 (fn~6. 6 Hz) Bt
A AR SR B I Bl 4 v AR ARG TR 2% 403 4 I AR
43 1 U T RE R AR TE 2% . FRATSR A A R 4 %
(singular value decomposition, SVD) 4 ¥ 77 i
(Santolik et al. , 2003) X} ¥t 3 #% 3% (dB, . dB, .,
dBO) #EAT A0 43 7 LA N E R AR TR 2% ik

4 g5 T AT SVD i i g . & 4
(a—c) &R BN 1 3 2 2 L 18] 4 b S 7R SF T8 IR AIE 2
it planarity, |8 4e 45 15 0 1L 85 A0 BE 0.0 » B R
58 S0 00 £ B A 1 I Y R R AR
FARBAIOR (S F B F IR WY « i
B, AR/ ] B (10 £54 :45—10 :56 : 30 UT) 2
0 1 R HEAR K.

M 4Ca—c) B WL BB #E 7 1) =4 I & (dB,
dB, . dBOTERIR Z 453 T i sh 3 ok e D2
TG IR T X 2R B I B ) B 10 254 £ 20—
10:57:00 UT | (P 45 % H £k Z [A]). Planarity >0
FUZ U Bl 8 T8 18U 10— 90° ) 3% B 0% 3h i A%
7 1 R T R 0. R B LU R
SN REH I BNAE 10 154 :20—10 :57 : 00 UT B [a] Bt Py
A7 W B0 25 A AR VR A 00 46 11 D8 2l 3 5, HLiZ I 3
TR BT SR 0 S B TH U X R B AL Y
LHW BYFEE. 55 4h . FAT 5 37E K TR A 001 %
Soa AR Be b B 3l 8 B P TR RRAE CRP P~
0. 4) , IUHIZ IR 43 I s A T TR = .

S AN 23 #r F2 BH L 7E Geotail T3 2 25 8BS T FEHL
DX AN o i b L0 381 T e P IR A% . TR R A
R o B g R I IX I A T X 2R BT A TR
B 10:54:20—10:57:00 UT N, fKIR 22 F#MH
Ireoi » R Y W 7 K A 00 K 2 AR O KEAT)
SRAFAE 3G 5 ) IR TR 2% O B W AIRTR A% ¢ B2 58 W 1
I 1) R A e e i

4 Higie

AL EEW 5 Geotail TETF 2003 4E 5 H 15
H 7 3 b 1% JFe WL M) 3] 1 37 o 0K O 2 JORE i IX IS 7R 3%
i 7 L BRAEHI DX A R IR 24 38 . Geotail TLRTE 2003
£S5 H 1S HH RS E a1 5 T4t
FICDC T UL 217 35 BAF 64 7R 2K il 7 (B, . LI IE 95 2
B TR 7 I 8] 9D RE 1) — g R A — M (R4 DX 480
T X 2R I 22 i) 1) 2 1] — b 2 e ad 9 (R IX 80
B 7 FE HIC DK 3 M e — L R (R2 XD L R
SEIS [ R 2y 2 min. 53X O FATWT 5 G 7 E R AE H
DX A Y X2 B I A% 0 DX B 1) 55 8 1 U8 B A A
TARGFIBLZs.

A SCHEABETE T B T FEBLIX N 1Y 55 B R
gy, SRR W] AR IR 2% WAL AE BIX N B9 > Geotail
TR R b AOULI B 5 AR TR 2% B T L D B
XL L 43 Ay 4 R AR b5 SOk P TSR A B
R Z5 R (Ji et al. , 2004) LA M Cluster 9 &2 W
B2E R (Zhou et al. , 200D FHAFE.

AR SC LI 25 2 5 — e U BB AR 45 e
£ & w22, Shinohara 1 Fujimoto (2005) L) & Tanaka
452005, 2006) #FF & T 4t s = 4E AL
B TR AU 52 50 R WF 50 1 37 R K A p 0 IR %
W A5 R W] B K 58 0 K R 2 5 ARTR A B
2. SR A LR T Geotail TR () B 422 00 2%
e WK TR 2% 5 RE 0% 1 1 3 FE K ) B A i B A7 A IR
TR 2% e A 1 37 WK 5 0 K e 22 J AT SRR RS 3% R WL
W53 B 5 T E S AU AEL 285 5 19 A — S0k ol RE X T H AL
RS FEAT Joy 168 T 52 (45 00 I ik 48 14 S £

R RN —/NBEZA 5 s BBHIAN (2 10 255 :40—
1055 #45 UD #3719 =~y 940 2l i 55 (& 3) 3
Ty i 5 BE A ARAR (I 4. 3 A 5[] B B F %3t
IF 21 i Geotail B TE 4 16 1 37 S K FEHUIX 19 A
X AR T X LM ESHE 2. XUt R
AW SRR EIRT R BLR  EAEAE T A X 2R
M A5 A5 B IX —/NBE 2 5 s B I [H] AR SO 3l 43
T 180 235 SRATS 130 WAV T A bl 7 1 37 T IR AR I DX N R
FEN G TR X LRy DX AT R AR 5.

Wang %5 (2010) & 3 Cluster & 7 4 37 & Bk
FEHCX A WL I 3] 1 IR e 4R I gl fE R
B FEHIDC Lo LT 380 114 YR G B A i K B A O 1
% (Wang et al. , 2010). Wang £ (2010) 3R & 19 I
TR AP BAT X 24— Bl RFAE - 7 IR GRG0 0 4 IX.



3752 H Bk ¥ B % R (Chinese J. Geophys. ) 57 %

SR 00 ) P PR YRR A% TR 19 R B A R T TR A% O XS]
R, AR Geotail TR BN 25 K5 Cluster L
B2l AT LATE B AR B DK A Hh s DX SSOUE I 3] 5
B 5 Z F§ A [6) B 02 7 56 35 % 3 | B X 1Y %
LI G 1 AT 4 B L, TR TE 10 255 42—
10 :55 +45 UTWLIM 21 45 B 1~ 1A 3t 5z i 19 [ I i 3
B, B0 i iRl B L B R R AL TN X
(~10:55:40—10:55 :45 UT) 3 %5 5 JLEP I ] o A%
HES ZILPAE M

WA S AR SCHE 37 ER MR A I X P X X o a0
L) AV TR 27% B8« 33X I R HE B 7 T — DXl A G Al 35
SR B AEAE. NI 4 0T LR 21, H A o 8 sl =X
] UROULIN 2], 451 30 i AR A0 58 f o B AR
A UEPAT LR (B 4e 8 A ER 4y, 0<<45°) W B
475 ¢ (Deng and Matsumoto, 2001; Wei et al. ,
2007). Ml 4 I8 7T LAE BIFEAR TARIR 28 M4 £, 1Y
B b T AT AR 46 A0 0 i s B L 7 A JE 1 AR
PP R AT XT3 3 Bl AT TR 4 BT

A S O U %1 T % D8 T G 3 T K v ) B R
PRARAE B B UL Ik 48 O A T RE A8 IE TN B B
FRATTRT 1 7 0 MK A A DX A AP TR 4 D8 ) B L 7
RS SR LR, (H R T A SCy i 5 3 L 3RAT)
FEAE LU By CAE He AR 45 480k BiF 5 B R
P
gt 1EF U Geotail TR B & AL 51 48 4L 5 kG B
R . IR B AR R e

References

Asano Y, Mukai T, Hoshino M, et al. 2004. Current sheet
structure around the near-Earth neutral line observed by
Geotail. J. Geophys. Res., 109: A02212, doi: 10. 1029/
2003JA010114.

Bale S D, Mozer F' S, Phan T. 2002. Observation of lower hybrid
drift instability in the diffusion region at a reconnecting
magnetopause. Geophys. Res. Lert. , 29(24): 33-1-33-4.

Birn J, Drake ] F, Shay M A, et al. 2001. Geospace Environmental
Modeling ( GEM ) magnetic reconnection challenge. J.
Geophys. Res., 106(A3): 3715-3719.

Birn J, Hesse M. 2001. Geospace Environment Modeling (GEM)
magnetic reconnection challenge: Resistive tearing, anisotropic
pressure and Hall effects. J. Geophys. Res. , 106(A3) . 3737~
3750.

Borg A L, Qieroset M, Phan T D, et al. 2005. Cluster encounter of
a magnetic reconnection diffusion region in the near-Earth
magnetotail on September 19, 2003. Geophys. Res. Lett. , 32
1.19105, doi: 10.1029/2005GL023794.

Cattell C, Dombeck J, Wygant J, et al. 2005. Cluster observations
of electron holes in association with magnetotail reconnection
and comparison to simulations. J. Geophys. Res., 110: A01211,
doi: 10.1029/2004JA010519.

Daughton W. 2003. Electromagnetic properties of the lower-hybrid
drift instability in a thin current sheet. Phys. Plasmas, 10:
3103.

Davidson R C, Gladd N T, Wu C S, et al. 1977. Effects of finite
plasma beta on the lower-hybrid-drift-instability.  Phys.
Fluids. , 20, 301, doi: 10.1063/1. 861867.

Deng X H, Matsumoto H. 2001. Rapid magnetic reconnection in the
Earth’s magnetosphere mediated by whistler waves. Nature,
410(6828) : 557-560.

Deng X H, Matsumoto H, Kojima H, et al. 2004. Geotail
encounter with reconnection diffusion region in the Earth’s
magnetotail: Evidence of multiple X lines collisionless
reconnection? J. Geophys. Res. . 109, A05206, doi: 10. 1029/
2003JA010031.

Deng X H, Zhou M, Li SY, et al. 2009. Dynamics and waves near
multiple magnetic null points in reconnection diffusion region.
J. Geophys. Res., 114, A07216, doi: 10.1029/2008J A013197.

Fujimoto M, Shinohara 1, Kojima H. 2011. Reconnection and
waves: A review with a perspective. Space Sci. Rev. , 160(1-
4): 123-143, doi: 10.1007/s11214-011-9807-7.

Ji H, Terry S, Yamada M, et al. 2004. Electromagnetic
fluctuations during fast reconnection in a laboratory plasma.
Phys. Rev. Lett., 92, 115001, doi: 10.2172/811969.

Kokubun S, Yamamoto T, Acuna M H, et al. 1994. The geotail
magnetic field experiment. Jowrnal of Geomagnetism and
Geoelectricity, 46(1): 7-21.

Li S Y, Deng X H, Zhou M, et al. 2009. Statistical study of
electrostatic solitary waves associated with reconnection:
Geotail observations. Adv. Space Res. , 43(3): 394-400, doi:
10. 1016/j. asr. 2008. 05. 013.

LiSY, Zhang S F, Cai H, et al. 2013. Statistics of the tri-polar
electrostatic solitary waves within magnetic reconnection
diffusion region in the near-Earth magnetotail. J. Geophys.
Res. Space Physics. , 118(6): 2911-2918, doi: 10. 1002/jgra.
502009.

LiSY, Omura Y, Lembege B, et al. 2014. Geotail observation of
counter directed ESWs associated with the separatrix of
magnetic reconnection in the near-Earth magnetotail. J.
Geophys. Res.: Space Physics, 119(1). 202-210, doi: 10.
1002/2013JA018920.

Matsumoto H, Nagano I, Anderson R R, et al. 1994. Plasma wave
observations with Geotail Spacecraft. Jowrnal of Geomagnetism
and Geoelectricity, 46(1): 59-95.

Mandt M E, Denton R E, Drake J F. 1994. Transition to whistler
mediated magnetic reconnection. Geophys. Res. Lett. , 21(1):
73-76.

Ma Z W, Bhattacharjee A. 2001. Hall magnetohydrodynamic

reconnection: The Geospace Environment Modeling challenge.



114 ZE S B IR FE AL N X B 1 3R AR 2R B 19 Geotail TR WL AT 52 3753

J. Geophys. Res. , 106(A3): 3773-3782, doi: 10.1029/1999] A001004.

Mukai T, Machida S, Saito Y, et al. 1994. The low energy particle
(LEP) experiment onboard the Geotail satellite. Jowrnal of
Geomagnetism and Geoelectricity , 46(8): 669-692.

Nagai T, Shinohara I, Fujimoto M, et al. 2001. Geotail
observations of the Hall current system: Evidence of magnetic
reconnection in the magnetotail. J. Geophys. Res.. 106
(A11): 25929-25949.

Nagai T, Shinohara I, Fujimoto M, et al. 2003. Structure of the
hall current system in the vicinity of the magnetic reconnection
site. J. Geophys. Res., 108 (A10). 1357, doi: 10. 1029/
2003JA009900.

Nagai T, Shinohara I, Fujimoto M, et al. 2011. Construction of
magnetic reconnection in the near-Earth magnetotail with
Geotail. J. Geophys. Res., 116. A04222, doi: 10. 1029/
2010JA016283.

Rogers B N, Denton R E, Drake J F, et al. 2001. Role of dispersive
waves in collisionless magnetic reconnection. Phys. Rev.
Lett. . 87: 195004, doi: 10.1103/PhysRevLett. 87. 195004.

Santolik O, Parrot M, Lefeuvre F. 2003. Singular value
decomposition methods for wave propagation analysis. Radio
Sci. » 381: 1010, doi: 10.1029/2000RS002523.

Shay M A, Drake J F, Rogers B N, et al. 1999. The scaling of
collisionless magnetic reconnection for large systems. Geophys.
Res. Lett. , 26(14) . 2163-2166.

Shay M A, Drake J F, Rogers B N, et al. 2001. Alfvénic
collisionless magnetic reconnection and the Hall term. J.
Geophys. Res., 106(A3): 3759-3772.

Shinohara I, Nagai T, Fujimoto M, et al. 1998. Low-frequency
electromagnetic turbulence observed near the substorm onset
site. J. Geophys. Res., 103(A9): 20365-20388.

Shinohara I, Suzuki H, Fujimoto M, et al. 2001. Rapid Large-Scale
Magnetic-Field dissipation in a collisionless current sheet via
coupling between Kelvin-Helmholtz and Lower-Hybrid drift

instabilities.  Phys. Rev. Lett., 87(9): 095001, doi: 10.1103/

PhysRevlLett. 87. 095001.

Shinohara I, Fujimoto M. 2005. Formation of thin electron current
layer associated with lower hybrid drift instability and its
relation to quick reconnection triggering. // Hoshino M,
Omura Y, Lanzerotti L. Frontiers of Magnetospheric Plasma
Physics. COSPAR Colloq. Ser. , 2005, vol. 16. New York:
Elsevier, 123-129.

Tanaka K G, Shinohara I, Fujimoto M. 2005. Quick magnetic
reconnection triggering in an ion-scale current sheet; Transition
from Type-1 to Type-1l. Geophys. Res. Lett. . 32 1.17106,
doi: 10.1029/2005GL.023718.

Tanaka K G, Shinohara 1, Fujimoto M. 2006. Parameter
dependence of quick magnetic reconnection triggering: A survey
study using two-dimensional simulations. J. Geophys. Res. .
111: A11S18, doi: 10.1029/2006JA011968.

Vaivads A, Andre M, Buchert S C, et al. 2004. Cluster
observations of lower hybrid turbulence within thin layers at
the magnetopause. Geophys. Res. Lett., 31: 3804, doi: 10.
1029/2003GL018142.

Wang R S, Lu Q M, Li X, et al. 2010. Observations of energetic
electrons up to 200 keV associated with a secondary island near
the center of an ion diffusion region: A cluster case study. J.
Geophys. Res., 115; A11201, doi: 10.1029/2010JA015473.

Xiao C J, Wang X G, PuZ Y. et al. 2007. Satellite observations of
separator-line  geometry of  three-dimensional magnetic
reconnection. Nature Phys., 3(9): 609-613, doi: 10. 1038/
nphys650.

Zenitani S, Shinohara I, Nagai T. 2012. Evidence for the dissipation
region in magnetotail reconnection. Geophys. Res. Lett., 39,
doi: 10.1029/2012GL.051938.

Zhou M, Deng X H, LiSY, etal. 2009. Observation of waves near
lower hybrid frequency in the reconnection region with thin
current sheet. J. Geophys. Res., 114, A02216, doi: 10.
1029/2008J A013427.

R IR



