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Abstract Both Poleward Moving Auroral Forms (PMAFs) and throat aurora are typical transient

auroral structures occurred near the magnetic noon. Previous studies have shown that throat auroras

contain PMAFs. However, their characteristics and the correlation between these two auroras are

not clear yet. By using the observation data of the high-resolution All-Sky Imagers (ASI) at the

Yellow River Station in Arctic, together with solar wind and Interplanetary Magnetic Field (IMF)

observations, the evolution characteristics of polar ionospheric PMAFs and the throat aurora are

detailedly analyzed. It was found that a series of PMAFs and throat auroras appeared in the field

of view of the all-sky imagers of the Yellow River Station. Among them, PMAFs mainly occurred in

polar side of the equatorial boundary of aurora oval dayside of cusp area, were distributed along the

east-west direction, and extended to the high latitude after brightening. Throat auroras were distri-

buted along the north-south direction, which extended to low latitude from equatorward of discrete

auroral oval and moved to the west after brightening, usually exist in the side of PMAFs. The fre-

quency of PMAFs during observed period is higher than that of the throat aurora. When PMAFs

and the throat aurora appear simultaneously, PMAFs can appear almost simultaneously with throat

aurora or slightly later than throat aurora, and have a shorter duration than throat aurora. Based

on the above observations, we suggest that magnetopause reconnection corresponding to PMAFs

and magnetopause reconnection mapping to throat aurora caused by magnetopause indentations

are two relatively independent processes happening in adjacent magnetopause region. The formation

processes of the two auroral events are relatively independent, and there may be no mutual triggering

relationship.

Key words PMAFs, Throat aurora, Diffuse aurora, Reconnection, Cusp
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3N, 8H8&/#O@M$CMCD62APDE
&.0,<'IPBH8&N#ECDB"IF$?
J</EB.

1#FFGE

2L:&MN= (Yellow River Station, YRS)

O&:&GQQO,HPRQQI%5 (%HO@:

78.92◦N, 11.93◦E; $>R: 76.24◦ MLAT), %HO
@FG, (*O&&S5>R8, &H$CRS 4

SI, "LAJKA1T2A(*&-DK&T=.

2003 B, :&MN=I)J5LT&-@E>7F
> (All-sky imager, ASI) &&-DKBU [4,13], 8
&-$LSTU (427.8 nm, 557.7nm, 630.0 nm) <
J;$MJV&DK. MS7F>KNU5 CCD

?E, 3VD/ 512pixel×512pixel, WL&$C3
VD/ 10 s, XM 7 s O-$C> 3 s A?FY$C.

K 2003 BP, MN=<J5V$C3VD&A?W
L, %4NOQLB&-A?, /.0(*W(%$
&-%&IO5)9<..

JDR<&" OMNI A?@ ∗IO&70B>
JKA$3A?. OMNI A?@=<XX ACE W
K$S&:PWKDK, IOZ< 5 S70Y,M
& 1AU [70BDKA?. $8*&QZR( L1

5&:%DK\A2, 70BN,ATR (Nsw)M7
0B3R (v) >70B,X (Pdyn) /SJ70B\
A, GSM O]B8 IMF &LS3- Bx, By, Bz /
JKA$3A?. $PY.02, ;9EQ PMAFs

>C5&-PT(%$&-%&B4?JCEB.

2#PMAFs [\UU]]Z[R^^

_ 2003−2017B&&-DKA?2G?;$D
K5& PMAFs >C5&--., _2\]E/#
$ 2007B 1I 16( 09:00−09:45UTVC&2#-
.. $?VC, ASI 6%WXUO&"6, VW5T
(&-'.&^_6?<4.

2.1 KLMÆ IMF NO
` 1(a) _E5 ACE WK$ 2007 B 1 I 16

( 09:00−09:45UT VCDK& IMF <.M70B
6/,3>%$A?, _JS83`/ GSM O]B

8 IMF&LS3- Bx, By, Bz DB70BN,AT
R (Nsw)M70B3R (v) >70B,X (Pdyn). 4
2, IMF>70B\AXY5 7min$= (42,_`
ZT1,5$/7(85 5min, T59// 2min).

U` 1(a) 9B, a$CUS, JKA$3 (IMF) ?
8[a, 42 Bx 3-abb!, By 3-ab%
!, Bz 3-_:!V/6!.<2C5\c@!a
Y,; 70BN,ATR$ 2∼5.5 cm−3 ST,; 7
0B3Rab$ 610∼630km·s−1; WR70B,X
$ 2.5∼4nPa SabSJbc. ` 1(b) _E5MN
=@E>7F>LTU&&- Keogram `, ÆdZ
M'X&-`F$,"1J&&-[R, eY$C\
c]], .C^/E7^>$C&dA, C+50$
,"1&&-[R@?. Z*[O]/E7^R, %
A/$:, bA/$6. 2CLS Keogram `3`
C^;'$CU$LSTU&&-/-[R, UJ5
83`/ 427.8 nm, 557.7 nm > 630.0 nm. PMAFs

$ Keogram `J&C+/0$C\!V>'*_
d&'.. S&?, $` 1(b) 2<e`1UC^ 6

S PMAFs -.. C5&-"6:!3)&3)&
-'., U<8189&-_=>!V>=:, -
&-)8<65+.#,, O&&-)&=>* [9],

$ Keogram`2C%/$&-)+,!-*[f!
=>1!eE&'('.. f`1U]^5bV/
#C5&-&TS$CU,f`_f]^5TS-.
$8*$CUS5+$-]?g&'.. U` 1 9
D`E, PMAFs -C5&-FSJ/#$ 557.7 nm

> 630.0 nm TU, $ 427.8nm TUg>a.

_` 1 h9D`5, aDKVCiE% 6 c
PMAFs -.> 2 cC5&--.. 42, 2 S
PMAFs -./#$ IMF Bz 6!VC, 2b$
C3`/ 09:02UT > 09:18UT, 4 S PMAFs /
#$ IMF Bz 3-U:V66, 2b$C3`/
09:09UT, 09:24UT, 09:32UT > 09:42UT, 2 SC5
&--./#$ IMF Bz 6TcU:V6$,2b$
C3`/ 09:05UT> 09:16UT.U?9a, $aDK
VC, PMAFs /#CDV&C5&-. ?h, 9D`
Eg:A PMAF-./#$ IMF Bz 3-6!VC,

?$P5=&$/7),&/# [2,7]. $ PMAFs -
./#&;$, DK5C5&--., PiC5&-
917-(*$/7),5E [12]. _` 1(b)9D`

∗http://omniweb.gsfc.nasa.gov/
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E, PMAFs-./#&O@$C5&-&&!'*,

<a$US PMAFs /#cA:&C5&-. ?h,

_` 1(b) 2h9D`E, 09:10UT > 09:30UT [8
9&-e*bK, G3)&- (C5&-MPMAFs)

e*^+, 8* IMF Bz _:!V/6!, P-45
DK'j'W [11,14−16].

?h, $ 09:05−09:12UT > 09:16−09:27UT

TS$CUS, _5 PMAFs K8C5&-&/
#. 9D/%: $k'S$CUS, PMAFs E%
&$C`/ 09:09−09:12UT, F$C5&--.&

$C`/ 09:05−09:09UT; $kHS$CUS, T
S PMAFs & 09:18−09:21UT > 09:24−09:28UT

?cE%, C5&-E%$C/ 09:16−09:27UT. U
?9a, $DK$CUS, C5&-9DF$ 10min

DJ, PMAFs &bV$C[C5&-l, h/#C
DPV.

2.2 PQRSTaUVWb
/3N PMAFs >C5&-&'.B46?,

+, ` 2 _E&-@E>7F>DK5& 2007 B 1

I 16 ( 09:08:40UT & 630.0 nm> 557.7 nmTU&

j 1 (a) 2007 c 1 c 16 � 09:00−09:45 UT ����� IMF k�����i�. (b) �
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Fig. 1 (a) Observations of IMF conditions and solar wind parameters during 09:00−09:45 UT on 16 January 2007.

(b) Aurora Keogram observed by the three-band all-sky imagers at Yellow River Station in Arctic. Black lines

indicate 6 PMAF events, and the red lines indicate 2 throat auroral events
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PMAFMC5&->89&-`F. 89&-dE%
$ 557.7 nm (Green) TU, U?9DgW3VE89
&-&fd. Me`FJF]5$:M6M' (k) >
4 (p), .Df`_f]E PMAF-.,e`m1]
EC5&--.&-*, M`_f]E89&-. _
` 2 9D`E, PMAF $&-)&!'*5+, GC
5&-E%$&-)&+,!'*, - PMAF E%
&>CO@5qgl`.

` 3 _E5 09:08:20−09:09:20UT TS PMAF

-. (f`_f]E) >'SC5&--. (e`_
f]E) 5+B#,<4&`Fc]. ` 3 k'>
kLJ" 630.0 nm (Red) TU&-DK, kH>k
gJ" 557.7 nm (Green) TU&-DK, $C3V
D/ 10 s. _` 3 9D?g`E, $ 09:08:30UT,

'S PMAF -.>'SC5&-;$5+. 42,

PMAF -.E%$`F&,"14*, $&-)
&&!'*5+60&!#,; C5&-E%$
`F&,"10(, f(&-)&+,!'*, .
-&-)7'^R, 5+6!'#,.fg@A.

$ 09:09:00UT, k'S PMAF >2)h, kH
S PMAF &4+,!'*MC5&-&&!'*5
+.0&!#,. PC;, PMAF9D;$F$:(
C%5i, hKO&`2,"1&4*, <[$&-
)&&!'*,8*(*$/7$),N#&JJ3
!97 [22], 5+60&!#,.

` 4_E 09:19:50−09:20:50UT 'S PMAF -

. (f`_f]E) >HSC5&--. (e`_f
]E) 5+B#,<4&`Fc]. ` 4 2TSC
5&-E%$&-)+,!'*, !'#,*6@
A. PC;, ;'$C79D;$E%:SC5&
--., <+RM51G', h"-&-)-*&?
8O@'W, #,1!7'W, -` 3 2C5&--
.E%&O@>#,jhSJ?;. C5&-&;
9,$,n"!'#,, ''&'.?C5&-F
o^EPg&#,,n, 8*$/7&JJ3!9
7, P-45.0'j'W [9,23]. ?h, _` 4 h
9D`E, a PMAF -.p&C5&--./#,

& 09:20:20UT $&-)+,!'*5+, +60&
!#,.

D9` 3>` 42 PMAFs>C5&--.5+
&(6\c,/%C5&-9- PMAFs\r;$5
+Kh& PMAFs 5+. PMAFs $&-)i5+6
!&s5 (Polar cap) #,6?, 8*$/7$),
<4; C5&-$&-)&+,!'*N#>6?,

8*$/7D@'. [11] B40+KiP&),<
4 [12]. Pi'jC; PMAFs >C5&-k*F/
#$$%"0(, <F;5&!#,,+, h"H8
918*$/7G;O@t)/#&$),<4.

3#ql

PMAFs"$%"0('(2#&%$&-%

j 2 �Æ
��
�mn� 2007 c 1 c 16 � 09:08:40 UT 630.0 nm � 557.7 nm �
 PMAFo�	
��j�,
mjj��up�qk��o�o� (r) �Æ (v), sq���
�
�

Fig. 2 Images of PMAF and throat aurora in the 630.0 nm and 557.7 nm bands observed by the all-sky imagers

at 09:08:40 UT on January 16, 2007. Each image is roughly marked with magnetic north (M.N), west (dawn)

and east (dusk), and several auroral events are marked respectively
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j 3 09:08:20−09:09:20 UT �mn��n PMAF 
���n�	
�
����
��!�
Fig. 3 Evolutions of two PMAFs events and one throat aurora that were observed during 09:08:20−09:09:20 UT

&, t0/"(*),<4&-:,+l' [18−20],

$ Keogram `FJC+/0$C\!V>_d&
'., ''E%$&-)&&!'*, ;9U=19
, (100 eV -j) 21iP [17,18], .<P(219
,1--.&$202;312343<4215
9//&6/,3,+1-4=, 8*JJ3!9
7 [22]. g-DKC;, PMAFs "$/7),0+&
$/0( FTE 8*&9//,+ [2,3], /#$ IMF

Bz < 0 &jh8 [2,7], GJD3N& PMAFs 7;
9/#$ Bz < 0 $ (a` 1a), m?9DPK, (*
$/7/#),61-k,0$6121, -V/g
n2&k,?Jn<GN# PMAFs&&-5+, G
6 PMAFs &&!#,;9"m/),N#&$+

-A$o570BA6!$99u#,<42, AS
k,lpqmr*G57 [6]. +o2159//1
-k,+-&1=, PMAFs /-[R@a, rr)
*.pq)h$&s5 (a` 2).

C5&-7"$%"0(%$&-&'(,

$ Keogram`FJC+/&-)+,!-*[f!
=>1!eE&6:!3)'., -&-)+,!
-*7'^R [9], ''E%$&-)+,!-*&
+,!'*, O&89&--3)&-n*[, 7;
5&-[R^+Tba&6?,n [10], wm&70
B,6:<4iP&$/!SD@G/#&$),
<4. !SD@&5r/#$),6, iP$2k,
0R2;&$61!&59//21, <G57
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j 4 09:19:50−09:20:50 UT �mn��n PMAF 
���n�	
�
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Fig. 4 Evolutions of one PMAF event and two throat aurora events that were observed during 09:19:50−09:20:50 UT

C5&- [10], 9Dts/R2/&$+-A&*W
l', 8*$/7&JJ3!97 [23]. $45&.
02, C5&-U:v5r$2k,2xiP, 1-
`/ 1 keV[16]. y? Keogram ` (` 1b) &DK, C
5&-$ 557.7 nm > 630.0 nm &/-[R[[, 9
D0/C5&-&E%0+o=1k,21, P-4
5.0'j'W. ?h, _` 1(a) 9B, $C5&-
5+B+6&#,<42, IMF Bz 3-SJab6
!, P(- PMAFs lp&nNsso^+&C5&
-q91-=>R$/7),5E. _` 22h9D
`E, C5&-$ 557.7 nm > 630.0 nm &5$7G
o?;,PC;iPC5&-&G;1-21k,&
>C3)75tG;. y?DJDK'j, PKC5

&-/#$, $29,;5[=&1+-, 0+o$
/9,, 91[$2;&$61J, -=>$),?
E.Dt.0C;,C5&--.9DF$- PMAFs

?;&&!#,,+ [10], hH8lC"IF$E,
>G?H.

,`%, DK55C5&-&5+B6?<4.

C5&--&-)7'^R,89&-K+,!'*
!&!=:.-C5&-8<6, C5&-5+.
!'#,, u` 3 >` 4 t^. $DKVC, ;$
5 6 S PMAFs -./#, 42, 09:09UT, 09:18UT

> 09:24UT $2bE%& PMAFs -.70+oC
5&--.&5+-#,. ;C5&-- PMAFs

-.;$/#$, PMAFs $&-)SPV>'*(



744 Chin. J. Space Sci. ������ 2021, 41(5)

4'!=A'., K"/5+6&!#,*6@A;

GC5&-E%$&-)+,!h*, 06:1!
3), $"6N#+6!'#,, .<5+>#,$
CR& PMAFs (a` 4). $45&.02, _V%
$>R5=%$>R&t5C5&-F!'#,, 3
R`/MÆAQSAwv, 5$0+oV>&-)
5 PMAFs &?cE% [10].

S&DJDK, zCE PMAFs >C5&-
E%$$/7&?8O@B4&59//ut (a
` 5),.]E'S PMAF-.>'SC5&--..

PMAF /#$&S5, gW(4'!3); C5&-
$&-)+,!'*, !=>*=:.

PMAF /#$&-)&&!'*, 5+6!V
>pA,@/E$(*$/7/#=>),670B
A6$61!H*#,&,$,n,0+o=1k,
21;G$/# PMAF&?q5r, 89&-&!=
:-3)&-)8<6,06:!3)&C5&-5
+, &!#,p6@A, @/E-C5&-8*&$
/7D@'./#),6,70BA6$61!$9
1!Æ,,;$0+o=1k,0$61215&5
9//&<4 [11]. Pw;, PMAF >C5&-8*
&G;O@&$/7\r;$/#$),. y?D
K, PMAF>C5&-/#&$rMCDB$R.v
;o?E,+; zCE$/7[&%$ut (a` 5)

j 5 �� x�y�wu (PMAF �odxesqs�
����, �	
������ z�����)

Fig. 5 Geomagnetic projection of the magnetopause

(PMAF is shown in red band, and the black arrows

indicate the moving direction of the PMAF, and

throat aurora corresponds to localized indentation

of the magnetopause)

C;, PMAF -C5&-&N#O@G;, .<3
&&$/7'.),>$/7D@'.),&'j.

9DPK, $/7[xy&JKA$3-%z$6
1,$$/7G;O@9D;$mG;<.</G/
#$),,.R{$2k,2159//N#>CO
@G;& PMAFs>C5&-, H857<4?8t
), 91GF$?J</EB.

4#tl

=<V$C3VD&&- ASI :BA?{]
E 2007 B 1 I 16 (/#& PMAFs >C5&-&
H;DK-.,^_3N5H857>6?&-:,
+. '=70B> IMF&DK,3N5 PMAFs-C
5&-DK,+&v;B4yHEH, zCEH8t
$$/7&%$ut,<GPKH8&N#"I5?
JwuEB. ;9.0'ju8.

(1) $DK$CUS, C5&-9DF$ 10min

DJ, G<9D;$F$:(C%5i, hF-&-
)-*&?8O@'W (KO&&-)+,!'*),

<5+6&#,1!'W (!'#,).

(2) $_5 PMAF KC5&--./#&TS
$CUS, PMAFs -C5&-&E%$CMbV$
CM/#CDG;. PMAFs 9D-C5&-\r;
$E%K|p&C5&-E%,bV$C[C5&-
l, h/#CDV&C5&-.

(3) IMF Bz V6!6, C5&-- PMAFs E
%. PMAFs$&-)+,!'*5+6!V>pA;

C5&-E%$&-)f+,!'*&3)&--
89&-n*[, 5+6!'#,. IMF Bz < 0 5
=&$/7),&/#,9DPK PMAFs-.>C
5&--.91F-(*$/7),5E, 0+o=
1k,21. 21k,$70B&A68!$91
!Æ,, ;$0o$61215&59//, N#v
3$%"0(&%$&-'.. y?JDzC&$
/7[$),^s`, 0/ PMAF -C5&-&N
#O@G;,<3&&$/7'.),>$/7D@
'.),. 9DPK, |W- PMAF 8*&$/7
),&m}>|W-C5&-?8*&$/D@'
.),&m}G;,R{T(&--.$(*$/7
J&?q5r3`/#,T(&--.&57<4?
8t), 91GF$?J</EB.
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