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Tex FFT Amplitude for 1230-1530 UT on Sept 06
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Peaked at 12.02 UT: 12.07 Saw TID Wave Fronts
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30-Min and 60-Min De-Trending Windows
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Propagation Speed
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Propagation Speed - 60 Min Window
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Vertical Plasma Drift Enhancement
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Another Event: X17.0 on 7 Sept 2005
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Fast Decay Time: 10-20 Min
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Main Conclusions

» Post-flare TIDs emanating near sunrise terminator propagated predominantly eastward
with 150 m/s zonal phase speed and ~30 min period

» Synchronized differential TEC oscillations occurred over the continental US with 40-60 min
period and decreasing amplitude over time

» Rapid and significant ionospheric up-welling developed in the topside immediately after
onset of X-class flare

The overall picture: very dynamic ionospheric disturbances near the solar terminator.
lonospheric heating is substantial; conductive changes are large. Joule heating.

We hypothesize that sudden solar flare energy inputs trigger certain (but not yet completely
quantified) ionospheric inherent resonances leading to observed 30-60 min synchronized TEC
oscillations which are damped quickly in amplitude.

TIDs are presumably excited by the flare near the solar terminator and are therefore related to joint
flare and sunrise effects. These TIDs could interact with pre-existing solar terminator induced TIDs.

> MIT
7/ HAYSTACK

K2V

2P OBSERVATORY




= 132_ |t i

g o5 ﬁ ARV o A R S

= _2 J\fﬁm W =

5 _todh / ROC (V¥ Ca

= 10 'b"/} e ot ARy g e,

if,_m i WW f B LA o e A B B L “““""“%xﬂ\mﬁ

< _2a

B —3Q ==
700 =

600 gg ,m“\n,w”).w L A Ry :.b.j"'b-.m N i '.ﬂ/‘,: - - \,\M
500 | VS0 FYON IR S I £ Lt S R P P |

, M¥/m Speed, km/s
.
)
in
i

=

:?_—J - W e ﬂle J'lr«’/ulw‘“lﬂ"nﬂm"km-wp 1',."' HH“/\.' “"‘s"-Lm FM’“’“HLuuW""\JW'—"\v-nvn...-M._ . _M,M'»J\JM
2 —10E- " RY

Q

%2388-5.—:::: T S Y EE
' 2000 =

% 1500 E-

3 =

‘T: 1000 = JL\/\

W 500 - A

= — \‘ﬂ_../

o —50F

— I B e | N T T | NI P o I P "
11 12 13
Hours of day 250

o
)
oY
B
cn
(o))
~J
(%)
o
o



BY, nT {(GSM)

BZ, nT {GSM)

Electric field, m¥/m

AE—index, nT

Speed, km/s

N
O

I
oY o N =

I I
- —= AR
0O o O oo

I
3
L]

wl
L
i

854
800
750
700
650

598 .

10

-1

3064

2500

N
o
Q
O

m [T
| .
;
.
.

15040
10040
500

(o)
O

e

"""

nnnnn

vvvv

AAAAA

vvvvv

AAAAA

vvvvv

nnnnn

IIII

nnnnn

vvvvv

AAAAA

vvvvv

nnnnn

vvvv

nnnnn

Rl

9 10 11 12 13 14

Hours of day 251



13UT-; 21 UT)

T

TEC (22-02U

18

:00

43

UTC 2017-09-07 23

E
2

HAYSTACK

LXKK

»(Awmvhiwxw p

OBSERVATORY




Differential TEC

UTC 2017-09-07 20:00:00

0.15

0.10

0.05

0.00

-0.05
-0.10
{-0.15

-0.20

D
ARA

* 07:2110UT: Dusk, Greenland, Equatorward
o MIT * 08: 1440UT: Noon, Poleward and Equatorward
.17 HAYSTACK
S VA 4 - ® i
OBSERVATORY 1645-18UT: Day5|de EU, EW

£ DX

RS2

N
A
I\

)

VS VAVAVE, ) 9%
RO
AN AWWAY, 7




Text

UTC 2017-09-07 20:00:00

45°W

30°W

15°W

00

15°E
15°E 30°E 45°E 60°E

IS
Y VAVAS
RSSO
SRR

A
“00 ] HAYSTACK
7
22, OBSERVATORY



South Pole
0.1 A

2017-09-08: 15/-70E (

i7.5°) S

ectors
T T T

AT Sy g
) e TARY L B T

M 5 ”.“u‘.’r.’.‘.‘l A L
LU L Skt add,

1L 4
b 1A el £

i '\(ul"“.: it

0.08

0.06

0.04

Europe Sector

0.02

0

' o . i f Wi | y
= T s : — ‘ ¢ iy ) il R : G, S i
50 . oy A ! 7 ‘——*"—" e SRy ) n L V —“,‘-
i ) i : J I W U iy R SR o i il | o i fm X i 8y

— 80 o
© 90 i 5 North Pole
3 70 B ' 210

-0.02

-0.04

America Sector

-0.06

b

A

-0.08

ok
AR
‘\

T T b gl Sl e T U s um VR g M e TEEUAT g

ghtside |->‘

o =
— ‘ 01 Y
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

MIT UTC (hr) South Pole

HAYSTACK
OBSERVATORY




2017-09-08: dTEC @ Latitude: 65 + 05.0 N
50 "'!"'!" L'f:o.";;"I'"!"'I"'I"'I"'I'j_'“_r;_"I'"!"'I"'I"'I"'!"'!'{"' "'!"'I.',_;'_l"' 0.2

0.15

!
-

0.1

— 0.05
g
T -50 =
) -
© Lo
S 2
= )
o -
5 -
— -0.05
-100
L Y
-0.1
-150 -0.15
- 1 -0.2

11 12 13 14 15 16 17 18 19 20 21 22 23 24
UTC (hr)

o 1 2 3 4 5 6 7 8 9 10

MIT
HAYSTACK
OBSERVATORY




- 2017-09-08: dTEC @

P

Latitude: 65 + 05.0 N
IR A T '!'g;!"'l"'l"'l"' L R T S

0.2

0.15

0.1

0.05

-50

tid_ 251 2017 w121 n01 e30

Longtitude (deq)

-0.05

-100

-0.15

i
e e o

i “P""l‘m" T
w = )

B 1 { 1 |
5 6 7 8 9 10 1.1 12 13 14 15 16 17 18 19 20 21 22 23 24

Lo~ 1 N,

N NI A e o
m e Mo Mnlwm#wwmﬂmww

U
‘MWW%_‘;MW’\

e re

-
s
%
|
|
|
|
;
|

{

N
N

ay

K

T
o
0

X
7

s
Ay

P

|
\x
%
|
|

(1AL PR DA

1 1= 13 1 <3 1= 1 1= 1= 1= =20 =1 =22 =23



-” I‘L'
H slin
ressgeresss aifiees
u!‘ - X ! -
1 gt

il TR
B

<--| Dayside'

(0)]
o

A

.i.............i.l

~

oI Tty

80

ir

90 I'-.'.....:-‘...‘--.-.--.'I'I

A

Latitude (deg)

tid 251 2017 w121 nO1 e30

o .
i} M
5 l“Lq\M‘
L,

gl

L
L Y

-
>

I
o

0 1 12 13 14 15 16 17 18 19 20 21 22 23 24

UTC (hr)

MIT
HAYSTACK
—2 OBSERVATORY

0.2

0.15

0.1

0.05

-0.05

-0.15



: 09/21LT Sectors

T [ 1

9-08

g

Lt T 0.2

0.15

H
v

50 Fod ST " G TRGC o -

<
] Rk e .
: M‘“‘” T T
H H g LH H
H : ‘“"_'.'l- s D S,

0.1

it
B T
e

e etz

H

i

0.05

(o0}
o

|“\

j
[NRARNNRNNNT] IIIIIIH Liill

tid 251 2017 wI21 nOl_e30
o

90 : : H H H H H H - |

\

Latitude (degq)

~
o

-0.05

» —v Vo RO ost —
s -~ cmdam! R
e -

=

;

-0.15

: i IR 8 [ | i 3 I 111 I [ |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
UTC (hr)

-0.2

+ Nightside |

N

MIT
HAYSTACK
OBSERVATORY




2017-09-08: 07/18 s (:030min)

0.2

i %::‘1‘ TN T 1 L] {, i :"‘,',“';\"Tﬂm 1 ! LI LI T T " LI LI q)
i o
(92}
g %\
40 - ]
Jv 0.15
50
60 ; - S L,Lth"“-n::wm" . ; O 1
: S S0 B B - '
C g T - -
70 B —qﬁz"fg_f_,..- =
= - ‘ =
C It 3
80 F E 0.05
— F R
o) E ~— Em'
Q - Y :8
T 90 F 17
(O] = E
-g X 0
= — i {0
© - ™,
- 2
70
. L -0.05
w::?:'
60 :
. 0.1

50

RE ox
‘

s

40

-0.15

-0.2

£ "Nightside |-->

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2
UTC (hr)

MIT
HAYSTACK
—2 OBSERVATORY




90

o
=
N
W
IS

| IR

2017 09 08: 16/04LT Sectors (—-OOmm)

de

I "o
SEEEEEEREDN L

l vﬂ; ,_' (¢ -IIIIIIIIPIIIIIIIII mn‘. -a
B “""www Vgl >

. I:',:,-'m'“i-- -l et - o

llllllllllllllll lri'[H "I'T.,.,‘ ‘ ; l‘rsnlIllnlllln:lllllnlllln:ll el .Illlls.l"_lll:lwlﬂlil-'iﬁ-

l
1%
- i F“'E#ﬂ? g ':_'_ WIf'.nﬁ W g ot

d

‘—
[} ¢

iF

]
-

- . : : --!] l_‘l:- v - 1
Illlllllsnrmm—_.—ﬁ. IHIIW SEEEEEEEENEDR IIIIIIlIIIIIEIIIIIIIIIII:IIIIIIIIII VI

e

[ I

1“ - "l "

AL

‘.r“ T

*3ur

" '.'ﬂlmmw L

f
o

IIIIIlIII.IIIIIIIII“IIIIIIIII.IIIIIII!

= ‘alllllllllll,lllllllllll (LT} II!HIM%F‘—HIII Illﬁllllllllllllllll I“.-llllll
- - - - - 1 -
i : . : : P g : S o
: : : : : : : : : : m
: : : : : : : : : : ‘UI
IllllIllllillllIlIl.llélllIllllIlIEIIIIIIllIl.elll.IlIl.IIEIIIIIllllIIEIIIIlllIlIIElllllllllllEllll.llllll IllllIllllIIEIIII.IIIIIIEIIIIIIIIII H
- - - - - - - - - - o
- - - - : - - - - - c
i i i i = i i : i = !
--..-:.-..--é...-.-:..---O-.III.I-IIIII.-III.II:III...:II.II._I...I-I-I-I-I-I-I-IEI-I-I-I-I- o
- - - — - - - - - H
- - - - = e - = 'm -
- ) - = = pndu - 2
: R | £ : [ TEST—- o I~
IllllIllll;llllﬂ.ll;llllll III:IIIII " I‘ e _ xl"‘ #"l IIIIIIIIII-IH“III H
: - - - -"_- o
- ]
- - N
. - |
: 4
IIIIIIIIII. ! m
-
: " =)
S

- Uikall'R] h v LA B e 4 Ik, AR [ mee / )y Lriree, e
! A Ty ' A BN 21 B S | h o \ . L RN ) ‘. |‘\ ip rﬂ__;“ I \‘

3} i e

E -'\""fl,J-“"TJ rl‘wj'"l',l: A

E ! s = il L4 1

5-------&:. s h;wﬂ Lm'.;’ ; i ‘I-' ;‘ ! _n'l"'; . Wiy /| l w"}'j”‘"m ‘HU l‘ c :

- "yl i PR ¢ ::lf-, —
n-flé I" ‘,”l'””) f{: q)

‘r’hllmil—ﬁ!-

]'\ : ’ {Al H'

9 10 11 12

CU'I
_|
O
-
-
~ ~
(00

0.2

0.15

0.1

0.05

-0.05

-0.1

-0.15

-0.2



2017-09-08: 14/02LT Sectors (+030min)

- ,[ v )'pl—’ alf ' --"'ﬁ.ll“qiﬂ r
: .,| --., {“ “l| d]q I il : m1 'ﬂ” ﬂ u»

0.2

I

LA !\]q 1"{[ ! "f ) l||||
g S
EEEEEEEEER ‘]“t‘l I“’ I‘hll‘i‘ A 'IL Iﬂ %‘
.u |5,|[‘ 'IH ]‘UI-':‘ 4. P
- o ||, !_'IT." i

I
" |

_-IH- i *

50 ;, 'ﬁ*'l';ﬂ‘“;"s i g ='
: o

fr R o H'h B

."A_ Fibasi :"‘.,'x “1 ! e LS
60 N xll l1 f}v",“.[ 1 ’ll‘ \f‘ T L me"l*lllnlﬂllll‘lllllllllll
3 "',“ e S, g P

i
;]

‘F‘;

§
{m© 0.15
D

e L T -
i s LY e |I-[l |— I*I’ u)m " —

o

IIIIIIIIIII'IIIIIIIIIII-IIIIIIIIIIII.IIIIIIIIIII'I :‘ #

- - i _
""'E','E" g -i%

>

| _RASRRRNRRTRERRRNE N

ey ke D — * Vv 0.1
0)90 r .;

IIII‘FIIIII'IIIIIIIIIIII
e

;f’

S 80
-

251 2017 wi2l nol e30

Nightside |-> e

-0.05

TRl '.‘ L P ) b = N \ I " Fa gl )1 -| 2 - >5 “ U B R o
' | R, oy 4N Lot il P LR 8| TR, ., y 1 . T 1 [ by/s
60 g ban il ' s AR g, - ‘ 8 4-‘ ;Jmil i‘l‘f‘:l |] [ M- ,H:‘
L it R B PR N R - " iy ;' i bm ,N\.'#HP “. '| _,?J I
By AT A T 0 ' ]" N ‘ Wiy { l"" e
|_“":T‘ I"

i ?‘ bt ,.th e Ry 1‘ - ‘-~|‘ qilr"“..-: ; IH‘ ‘yra
50 ‘” 'ﬂ ; \ f T,:_'_ lllllllllll?lllllllll o, ‘,,._.lli H‘l‘u‘l } nl 18 '.“"‘ / T E;l}], Jl ilm N g ! ‘lll' Mur:llllllllnll-
AT i'lh{'.f ':.'| o l. ! 'l u L. ul i ‘1 ,#\ _"v ‘_- A Il - y Lﬁ\h (P, ‘,.'."', 1l Y \ kW
.. . " ” jl[ Y '-‘ ) '] : ‘ h » ! ; i “ ! s h i £
40 P | ‘
“ i xl-‘“}llf‘:' *'H-
i "

\‘(1‘! i
i .
h'lll‘ l)’ !.IFJ f"'J. ¥
1T E

L | = i

AT =l e G =
. - S n‘. .. L:' -,
' llh_’ - /. [“r b -
. "EEEEEEEEEEEEEERE w g \’_' _'",ll", ' TrmEsEEEREEEEE
. - T i T
1|

-0.1

e

':i_ 1‘

-0.15

IIIIIIIIIII‘.IIII‘ 1Ty "";,‘ £ ) L ENENEEFEENENEENENE
X 4 J o

pEEEEEEER
AR RREN N
pEEEEEEEER q

‘W‘\rf " lh

6 7 8 9101112

-0.2

N
o
o
|
N
W
AN

CU'I
_|
@)
=
-



0.2

017 09 08 14/02LT Sectors (f-030m|n)

: I‘Jyu‘j\;‘ l‘ ] L.| .I*F(_I
\ hi

‘h‘.‘i“‘:,}l"'tl \l|v' ”

0.15

EEEEEEEERT

» Ny
b L B ‘I'.‘l ot cal N A W
T f A i WA | W At ' Ly
» W {t 2 Ll I X
60 b 5 YU g e L wh
o Rl p = EEEEELTWAN iy o
S |17 TR | | e - ) ;
S ] Ak | rll AL Kl (x y f 1

0.1

_”2-'-'"| Dayside

PUEh P
M “.m f
J ||\\M‘

IR B = 71 ) I, - oy . 1 OLA] 1 Ay S
7 O i dian't: sk g : lll¢(t' s I'j.-‘m al Jr 4 1 _f—-ﬁ &/ ; " gl %l s o CLELEL I' nnaed ! oy ) Ill '""
i 4 l‘|I|l” il A "‘l‘—‘r-’—""l' wd || WL o S - ‘[ I “
n : A i \ ' = - m :
i ( .' 4“‘*4 U‘GI"L o r'.' I gy
N’ 1i |

|
- ; {

1

sEEEEEn 1y i

1'.lww L

Ilﬂl"'ll

T R e

lllw.l..lll..l
#’-W
,‘."-—

-0.05

! sty

i

r | LL‘ lﬁjl
il

il

i

: o
S o ITEES =)
S 80 .,. m =

-

.::z‘.‘

-i.

- EEEEEEEEEE m aEEEN

L

E é - :h' | T; mlw, r' thu__ l:,:-;" ."..“T.I ‘:dl rqlw rﬂul:ﬁ A
| = ) - - -ll L /M lL e W h
50 ol — mlﬂ'llIL* ".l;.[::_ E : .a?mi' - gtmlq_:-u. "T*‘L “,_ d | ?l‘i : _0. 1
-‘itt(‘it!&.:lﬂ‘!.llllll:lllllllllll.llllll i.I'l-ll-. -lll;lll‘lllll tllllll"'lll:llllllll "'-‘ .I" |h' :
E et - E ullel"“" e
: s : 1L
: o |

2| 1-0.15

Wb
wfls '
Js » W nl’

30 ----------;:[;nw.r;;uu;...,,.:.,..';.?l. r‘l f '

| - -' =
. " -..- I'L- !-lh - [.- - . —
l' (i YT - N = - e ] Z
I | - .- - - [
20 UL o i Rl | il PP PP L L .lq

-0.2
12 13 14 15 16 17 18 19 20 21 22 23 24

UTC (hr)




