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Abstract

Lightnings and particularly TLESs (sprites, jets, elves, halos) are associated with the electromagnetic connections
and interactions between atmosphere, ionosphere and magnetosphere. DEMETER was a low-altitude microsatel-
lite, it operated from June 2004 till December 2010 on a polar, circular orbit which altitude at the beginning was
710km but it was decreased to 660 km. DEMETER measured variations of the electric field in low frequency
range from 0 to 20 kHz. The plasma analyzer instrument measured variations of the ion density 4 s time resolution.
Langmuir probe gave the value of the electron temperature and density. A detector of energetic particle measured
electrons and protons with energies from 70 keV to 2.34MeV every 4 s in survey mode and 1 s in burst mode.
DEMETER has clearly shown, that thunderstorms and TLE can affected the ionosphere even at altitude of its orbit
(680km). It registered many strong thunderstorms in Poland during its time of operation.

The Swarm constellation comprises 3 identical satellites launched on 22 November 2013 into a near-polar
orbit. This set of satellites is still operating. Two of them are operating on the circular, polar orbits with initial
altitude 460. Third one has also circular orbit, but with altitude 530. The orbits of the first 2 satellites are in
almost the same plane, but third one is close to be perpendicular to the first two. The payload containing Vector
Field Magnetometer, Absolute Scalar Magnetometer and Electric Field Instrument among other allows to study
the effects in the ionosphere generated by thunderstorms. The measurements performed during flights over
thunderstorms areas in Poland will be discussed in our presentation.

The discussion of the cross correlation between the ground based registrations (PERUN and VERA systems) and
DEMETER and Swarm measurements of the ULF/ELF/VLF waves, electron density and temperature variations
in the ionosphere related to the strong thunderstorms in Poland will be presented.

This work was supported by grant NCN 2017/27/B/ST10/02285 and ESA Contract No:4000112769/14/NL/FF/gp



DEMETER

Detection of Electro-Magnetic
Emissions Transmitted from

Orbit: polar and circular

Altitude: 650km

ELF/VLF range for the electric field
is from DC up to 20 kHz.

lon density: 5 102 -5 10° /cm3
lon temperature: 1000 K - 5000 K
Electron density:102 - 5 109 cm-3
Electron temperature:500 K -
3000 K

Energetic electrons 30 keV-

S WP¢ 10MeV

<& lon composition H*, Het, O+, NO+
| There are two modes: a survey
@ mode where spectra of one

electric and magnetic component

fl are onboard computed up to 20

kHz and a burst mode where
waveforms of electric and

magnetic field are recorded up to
20 kHz.



Strong thunderstorm seen by DEMETER over Central Poland

Latitude |Longitude |Location Current
errorin 10 m [maxin A

ST 19:57:54 524105 150033 517 103380

ST LERS 20:00:47 530546 234310 334 107170

SlAETPOEE 20:02:07 519554 210176 53 6370

Sl bEE 20:02:32 524673 153552 340 60980

SlETPOLEES 20:03:25 523102 143756 297 94850



Strong thunderstorm seen by DEMETER over Central

DEMETER Date ,,.,: 2009/06/30  Orbit: 26725 1
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DEMETER Date ,...: 2009/06/30 Orbit: 26725 1
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[ ]
Time-zone
- From: 20,/05/2005 20:12:00
to: 20/05/2005 20:13:59
l:l From: 204052005 20:14:00
to: 0/05/2005 20:14:53
l:l From: 30/05/2005 20:15:00
to: 204052005 20:15:59
- From: 20,/05/2005 20:16:00
to: 20/05/2005 20:16159
- From: 204052005 20:17:00
to: 0/05/2005 20:17:53
- From: 30/05/2005 20:18:00
to: 204052005 20:19:00
L
Center coordinate u

Lat: 51°M 39'36" Lon: 019°E 20'04"
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Pk Edyga Widok Historia Zakladd MNarzedzia Pomoc

e ratish TS g T o A Ol hitp:fswarm<an. . waw.pl/demeter/ X Latest Earthguakes in the world ¢ +

(- ':i:' swarm4anom.chk, waw. pl/demeter/ c QS:;.{&; * ﬁ ‘ ﬁ‘ P
@] Czesto odwiedzane ., Fierwsze kroki Prognoza pogody dia ...
Ewent geographic position Ex::DEMETER::::::E
DEHETER lat ()  lon(®)  dist(km)  2005-04-13 record < 185402 2005-06-20  Coordinates
s sas o] 193100 [ [<)lsww (] (G5] 041630

w == geographic ==
L , , , ut lat.  lon tloc dist dist
_ Conjugate point of the epicenter at 710 km + geomag 5t 47.05 o, 103.19 01.009 34 .11 053 545p 562G
 predicted : : : : : : : .01.308  33.72 22.3 5640 5436
- 02,008 33.33 22.3 5a28 5246
=T : .02.302  32.95 22.2 5640 5433
L03.002  32.56 222 5435 5635
Double Star 2 03.302 32,17 2.2 5230 5842
_ 04,003 31.79 ce.z 025 6048
.04.303  31.39 2z.2 4819 6253
N 05,003 31.00 22.1 4615  £458
Conjugations: .05.303 30,60 22.1 4410 GBA3
Demeter-Jason 06.003  30.20 22.1 4205 6868
i .06.304  29.80 2z.1 3999 7074
Info: L07.004 29,39 2z.1 3793 7279
 software .07.304  28.97 2z.1 3588 7464
.0B.004  28.55 22.0 3383 7689
. server 08,304 2R.1P 550 3178 7894
T 09004 27.68 22.0 2973 5100
S .09.304  27.23 22.0 2767 8305
e n J10.004 26,77 21.9 2562 8510
10,303 26.30 21.9 2358 8715
J11.003  25.82 21.9 2152 8920
i = .11.303  25.32 21.9 1946 9126
- J12.002  24.81 21.9 1742 9330
GE = J12.301 24,728 21.8 1537 9535
SSTP J13.001  23.72 21.8 1331 9741
.13.300  23.15 21.8 1126 9946
‘ —% .1d.009 22,55 21.7 321 101572
{%;E/ -1 20.14.307  21.92 21.7 716 10356
—oE- 20.15.006  21.26 21.7 511 10562
O"s latel.? 193354 % £005-05-30° 20.01.00.000 5" 5 204 20056 21.6 306 10767
2005-05-30  20.16.00.000 o5 (g ooz 19.82 21.6 104 10972
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e ratish TS g T o A Ol hitp:fswarm<an. . waw.pl/demeter/ X Latest Earthguakes in the world ¢ +

(- ':i:' swarm4anom.chk, waw. pl/demeter/ c QS:;.{&; * ﬁ ‘ ﬁ‘ P
@] Czesto odwiedzane ., Fierwsze kroki Prognoza pogody dia ...
Ewent geographic position Ex::DEMETER::::::E
DEHETER lat ()  lon(®)  dist(km)  2005-04-13 record < 185402 2005-06-20  Coordinates
s sas o] 193100 [ [laswn (] (G2] 041630

w == geographic ==
L , , , ut lat.  lon tloc dist dist
_ Conjugate point of the epicenter at 710 km + geomag 5t 47.05 o, 103.19 50.16.00 2 19.82 1.6 104 10972
 predicted 5 : : : : : : 20.16.309  19.03 21.5 110 11177
J17.007  18.19 21.5 313 11383
=T .17.303  17.29 21.4 517 11587
J1B.009 16.31 21.4 722 11792
Double Star 2 .16.305  15.24 1.3 927 11397
] 13000 14.08 21.3 1133 12202
.19.304  12.79 21.2 1338 12408
N L20.006  11.37 21.1 1542 12611
Conjugations: .20.308  9.76 21.0 1748 12817
Demeter-Jason .21.008  7.95 20.9 1953 13022
i .21.306  5.88 20.8 2158 13226
Info: 22,001 3.47 20.6 2363 13431
 software .22.303  0.66 20.4 2568 13635
.23.001 357.32 20.2 2773 13840
. server 53,303 353,30 15.5 5975 14044
T 24,007 348.40 19.6 3183 14748
S .24.301 342.37 19.2 3386 14452
LI I .25.009  334.90 18.7 3593 14656
e .25.307 325.74 18.1 3798 14859
.26.008  314.80 17.4 4003 15063
i = .26.304  302.46 16.6 4208 15266
- L27.000  289.65 15.8 4413 15469
GE = .27.308 277,50 15.0 4618 15672
SSTP L2B.002 266.86 14.3 4823 15875
.28.300  258.00 13.7 5028 16076
‘ —% .29.009 250,80 13.2 5252 16277
{%;E/ -1 20.29.303 244.97 12.5 5437 16473
—oE- 20.30.007 240.24d 12.5 5642 16660
O"s latel.? 15831.6 % £005-05-30° 20.16.00.000° 5 "2 204 236.35 12.3 5847 16E79
2005-05-30  20.31.00.000 o5 31 oo 233.11 12.1 6051 17077
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DEMETER / QUICKLOOK
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DEMETER

Date ,..: 2005/05/30 Orbit: 04835 1

IDF Electron flux
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DEMETER Date ., 2005/05/30 Orbit: 04835 1
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Pk Edyga Widok Historia Zakladki Marzedsia Pomoc

Centrum Badan Kosmicznych - We... X ' CBKintranet - Obemiwpracy X Search for earthquakes

é ':D swarm4anom. chk.waw.pl/demeter | (& Q\Szx.-'.:-.; * E ; ﬁ‘ —
@ Centrum Badan Kosmi... E]Cz@sba odwiedzane 'Pierwsze kroki Prognoza pogody dla ...
Event geographic position E:zzzDEMETER::::E I
DEMETER lat()  lon(’)  dist(km) 2009-07-18 record < 185427 2009-09-20 ~ Coordinates i
e mas o] 044200 [ ](hemn (5] (n] 135500
M == geographic == H]
Lt , , , ut lat.  lon tloc dist dist )
_ Conjugate point of the epicenter at 710 km + geomag 1.t 47.05 ., 103.19 50.02.00 1 51.36 51.5 1603 9492 |
 predicted : : ; : : : ; 20.02.302  20.83 21.4 1397 9699 .
.03.003  20.28 21.4 1192 9906
Double Star 1 .03.304  19.70 21.4 988 10113 ’
04,005 19.10 21.3 785 10320
Double Star 2. .04.305  18.46 1.3 586 10526
_ .05.005 17.80 21.3 394 10732 !
.05.305  17.09 21.2 229 10939
S .06.005  16.34 21.2 187 11146
Conjugations: .06.304  15.54 #1.1 321 11352 I
Demeter-Jason 07.003  14.68 1.1 506 11558
_ .07.301  13.76 21.0 703 11764
Info: J0B.009  12.7% 21.0 305 11971
 software ,08.306  11.65 20.9 1108 12177 |
.09.003  10.45 20.9 1313 12383 .
o server 03.308 9.1  20.8 1517 12589 |
YR J0.002  7.61 20.7 1722 12794
T 10,305 5.91 20.6 1928 13000 :
AL J11.006  3.98 20.4 2134 13206 I
SRR .11.305 1.75 20.3 2340 13411
.12.001 359.14 20.1 2546 13617
i = .12.303 356.0% 19.9 2752 13822
- .13.000 352.33 19.7 2957 14026
GE = .13.300 347.79 19.4 5163 14231
TP Jd.001 34218 19.1 3369 14435 i
.14.309 335.19 18.6 3575 14639
‘ % L5008 326.48 18.0 5781 14845
{%;5/ -1 20.15.302 315.84 17.3 3988 15047
0 20.16.001 303.46 16.5 4194 15250
% 15120, 1 198374 % E003-07-23  20.02.00.0000 507107201 290 16 15.6 4400 15452
2003-07-23  20.17.00.000 o5 17 009 277.21 14.8 4606 15655
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DEMETER Date .., 2009/07/23 Orbit: 27063 1
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DEMETER Date .- 2009/07/23 Orbit: 27063 _1
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DEMETER Date : 2009/07/23 Orbit: 27063 1
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Payload Configuration

Absolute Scalar Magnetometer

Vector Field Magnetometer
Electrical Field Instrument
Startracker System

GPS Recelver
Accelerometer

Laser Retro Reflector




Thunderstorm on 28.06.2017

;28062017 t10:
T 28 08/2017 20:44:09
: 28/06/2017 20:44:10
D28 08/2017 21:18:19
: 28/06/2017 21:18:20
T 28/ 08/2017 21:5z2:29
: 28/06/2017 21:52:30
D28 08/2017 22126129
: 28/06/2017 Z22:iz6:40
D28 08/2017 22:00:49
: 28/06/2017 23:00:50
T 28/ 0842017 22:35:00

Center coordinate

Lat: 51°M 3336" Lon: 015°E 20'04"




T;,=2017-06-28 20:20:00.763000, T, = 2017-06-28 21:15:08.057000
Sw. B, Eq. cr. LT, Asc: 21:48:20.262000, Desc:09:48:29.737000




