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March 27, 2005, from
top to bottom:
-CLUSTER-4 (C4),
magnetic field |Bx|/|B|, X
axis is pointed to the
Sun. shadowing
indicates |Bx|/|B| > 0.5;
-DOUBLE STAR (DS)
dynamic pressure
normalized by the SW
one, Pdyn/ PSW;

-C4, Pdyn

-C4, CNO - channel of
energetic particles (>274
keV, units — 1/cm2 sr s
keV)

-Geotail Pdyn (MP —
magnetopause, MSH —
magnetosheath)
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DS: comparison of Poyting flux and dynamic pressure in the X direction (pointed to the Sun):

* wavelet spectra of DS Poynting vector component Px (upper curve on left panel) and that of its
positive (sunward) part Px_plus (lower dashed curve) at 04-13 UT;

»  cross- correlation of Pdyn and Poynting vector positive part Px_plus at 03-20 UT; dashed line —
the same for 03-13 UT; the signals being filtered in 0.05-0.1 mHz range by the 5th — order filter
(middle panel);

+ wavelet spectrogram of DS Poynting vector positive part Px_plus (i.e. sunward propagating
energy flux with sampling once per 4 s, top part in right panel) in MSH; vertical axis — log- scale
frequency 0.03-123 mHz (red digits), color log- power scale - to the right; bottom part: the same
for Pdyn , the color scale — to the left.
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Cross- spectrograms of the dynamic pressure (Pq.., from left to right):

DS/ model: C4/model: G/model.
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Piowavelet powerspectra on Double Star in low latitude MSH (shadowed)versus modeland S\W data at
™ 03-16 UT, Both model and DS spectra look to demonstrate the direct SW driving (as the SW powerin
maxima are larger than that in M5H) starting from the lowest frequencies until ~0.07 mHz (cf. the
bottom maxima in the color spectrograms above). Further towards the higher frequencies both model

and DS spectradominate in powertill *3 mHz, While DS and modelfrequencies differin the frequency
band of 0.07-3 mHz, we think that the modelcould reproduce the main features of the outer
magnetosphericresonances in this band (see also comments to following spectra).in the classification of
[Savine a, 2017] it includes BS and MP surface and waveguide resonances. Atthe frequencies above 3
mHz the model spectrum goes fast down towards the SW level(cf. the following figures). Itinfers that
the MHD modelis not reproducingthe resonances at these high frequencies.
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G in low latitude MP, skewed by the plasma jets (04-12 UT, see waveforms above), then in MSH [{12-16

UT). At ~0.03 mHz G suffers also the direct SW driving (attenuation versus SW, cf. DS in the first figure
with the power spectra). The rest spectral model maxima at_0.07-1.3 mHz have the closest frequencies

to the G ones (compared to D5 and C4), while their power is substantially lower versus experimental

data from G.
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The same for C4 (shadowed).

C4 was in the high- latitude foreshock at 03-11 UT (the BS breath touching was at ~08:50 UT}, at
13:40-16 UT it was in the high- latitude MSH (at 11-13:40 UT BS crossings, see the waveform in the
figure above). The model spectra are mostly defined by the periods of being in 5W, excluding 0.05- 1.5

mHz (cf. figures below). C4 spectra have the local magnetospheric nature above 0.1 mHz (cf. figures

below).

aHKUaE: 3 n3 17

fij=

k1

110% (=)

Yucno cnos: 3 802 @ aHrnuAckmnia [(CLLLA) B B

NPpl (Wl

I
+,
[




, |J|

o

Wﬂln M i

w’

h

DS, X-componen

t of Poynting flux




h!‘fm"ﬂl il SR Y % H"“"IMHI”I Favn

e T

HII\H l

DS 12 14 18 T 20

, DS
del
1l W AL I,H\. L) T
gl nnlln
0.01 - : |i : | r| | : |I ‘ |
100 4 . ©
10 i~ "”"““"“‘Wml

il

il

|\| EERBAL--M,]&\O el
0.001 — == .




T i) 0,0 GEESEG0G Fdyn_medal 2T AN3S05 10004000 01 CAmPetyrLdak
‘ R ‘ D3 ‘ ‘ ‘ U.Giﬂﬂﬂﬁﬁﬂﬂ JFINE D.Z—BIDJL 27/03,/05 !OD:OD.OUU.UglmPINME.ﬂag
DS I ' l O d el Wavelet Squared Bicoherence
0.0039
0.0053 | 0.74
.
N
T 0.0026
— | | 0.58
P -
B, —
O 0.0020 =
c -
g 2
5 0.0014
<,
,
i 0.26
Fvertical + e
= 6.0e—005 ET. — , : , : , 0.10
I h O r I ZO ntal — 6.0e—0050.0014 0.00268 0.0039 0.0052 0.0085 0.0078
Cmb = taZa?z Fulzation = 5.00000 Max ﬁ'ﬂe{?@@ﬁ@? E.{]_K fr%hig.ﬂﬂﬂooe—ﬂﬂﬁ Frequency number = 783
N,=800 ‘ df{Hz) = 100000e~006  Maximum value = 0.927297 al Fk = 0.00017000000, F1 = 8. 9559597¢—00
FS u I I l Ref time=03:00-00.000 000 S
- ™
[ et [ ot 2 T i 22| ™
[ et | ot | mwmte | Swwen | ok | oo | Seemest | Compomemt | tae | e | Foememe = - — UL RS~ il
s it e e e [ Mavelet Squared Bicoherence
Wavelet Squared Bicoherence 0.0010 0.90
0.0040 0.60
0.00084 074
0.0033 0.50 =
— T 0.00069
o = =|| 0.58
T 0.0027 040 = N
= = g 0.00053
5 00020 2 S 0.4z
3 « 0.30 g 0.00037
o w
é 0.0014 0.26
020 0.00022
0.00071 ‘
6.0e—005 14 0.10
6.0e—-005 He

6.0e-0050.0014 0.0027 0.0040 0.0053 0.0066 0.0079

6.0e—0050.0014 0.0026 0.0039 0.0052 0.0065 0.0078

| Cmb = tafaz

Pulsation = 500000

Hex FaReCAETIey P frpf] 7 00000-—005

Frequency number =

,=800

Taf(iz) = 1.00000e—005

783 I

Maximum value = 0.927297 at Fk = ¢.0O00170G0000, Fl = 9.939999%¢— ()



B T = ™ s = = ;| e e T
T a2 (4] il al 27/03/05  03:04:00.000 O GImPdyrLdak
a2 D8 o WQaee; gy 0l Ergs  37/05/00  132:00:00.000.000RmMPYpILS D dat

0.60 rence
0.015 0.90
0.012 0.52 074
0.0090 =} 044 o
e -
8 b‘% 0.42
0.0060 =036
e}
0.26
0.0030 0.28
0.10

6.0e—0050.0014 0. 0026 0. 0039 0. 0052 0. 0065 0. 0078

O 00 O 20 Cmb = taZa? Pulsation = 500000 Max hﬂe{?@@ﬁ@? P lr%hﬂq.DGOODe—DQE Frequency mumber = 763
N,=800 df(Hz} = 1.00000e—005 Maximum value = 0.82728% at Fk = 0.00017000000, Fl :g%gqugggg'?e—(}ﬂ

0.0060 0.012 0.018 0.024 0.030 (e R

Dec 1B P:0A:33 2017

[ semm [ peoamt Sewlte | Staton | omow | Fe(u) | Topeomemt | Component |  Daw | Tme | ruensm
T pu:3 0,01 G6SRG00 Fdyn_medal 270305 :(0:0-000 0 D@dem dak
P s voisasss0 T T |

0.0050 u.6u Wavelet Squared Bicoherence
0.0010 0.90
0.0040 0.52
0.00084 0.74
=
= | C.44 L 0.00069
0.0030 B - ~! 058
E ? 0.00053
0.0020 o3 0.36 5 LB 0.4z
g 0.00037
0.28 = 0.26
0.0610 ' 0.00022 '
0.00 0.20 6.0e—005 & . ‘ ‘ : ‘ 0.10
000 0.0080  0.012 0.018 0.024 0.030 8.0e—0050.0014 0.0026 0.0039 0.0052 0.0085 0.0078

[Cmb = taZaZ  Pulsation = 500000 Max HqePIQee9eey Mg fref]=,§ 00000e—008 Frequency number = 783 [



INTERBALL-1, 19.06.98

= Bow shock- MSH MSH- MP MSH-MP-cusp -~
File tam uptions view Unentation Media  Help File Edit Options View Orientation Media Help =& i [ 2] Zle <« v [m] [«]+] [EI] ==
=g =R A SR\ RN AL IR AR AR OS2 = el & KRR N C S - !
: - e RN o iy e — 0.6C
1.0070 L ! 0.8 o070 ! A 0070 !
1.0059 B o7 1.0059 [ o8 0057 0.5€
048 08
1.0048 ~ ? 0045 =l 0.7 | pgad =] 0.4c
).0038 SARRHLE =5 E I
g 1.0037 <2 08¢ oodo 2R 0.3
10023 - 0.5
1.0026 0.5¢ 0017 0.20
1.0014 0.4
00030 m— o4 10015 0.5 Y0040 .- 0.16
LAV AREN 1 L
10015 ¥ 2 - 04 00D )2 3 0!
0.00030 0.0085 0.017 0.025 0033 0041 0.050 0.0015 0011 0020 0029 0039 0048 e 00040 D .
i @9~ = Savin2017No = f= ro
B | rrocves | Baraska Awsaiin 0 - —
0 - - o |
B = BN
Bcrasnte || ®aiin  Pegaktuposarne [ )
5 E.m”e Home  WHCTPpyMU:iien savii s e cuvsapun BoiTu
ybep
= I - T 11 | o
> Vi~ Vih~| Il TR R |
9 2
— UT 8 UR 9 MP 10
10| — N 1
" et O Uter |BL —|dovwnstream 3.9
ol O 25 : E : = . i T ! ] - - e
= | “perp
o 1657 8.3 L
4+ W
s 6.3 5
= Sz
| 23 2.9
1 | Sa 3
= Sa
14 ey %
ez 2.0
: ™S4
15 |5 c 1.6 .
{ (" Sg
T |=X'sg
16| = S; = e
o 0.8 = — 1.4
). Sg
| |™LS:
=R uUT 8 9 TBIL. 10 (f) )
e
1 0 6ai GSM(Re) XY2Z (3.7 21 -107) (18 13 986)
18
Cna 10 v 720 rana < - Y




CLUSTER-4 dynamic pressure
sunward Poynting flux bi-spectra
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CONCLUSIONS

We do a multi-point study of the influence of the lowest frequency resonances
(0.02-10 mHz) at the outer magnetospheric boundaries and in the solar wind on
the fluctuations inside the magnetosphere and ionosphere in situ and using
Chinese MHD model with input from the solar wind every minute.

1) the waves generated by boundary resonances and their harmonics are
seen at 0.07-3 mHz both in situ and in the MHD model:

i) correlations between the dynamic pressure fluctuations near the
magnetospheric boundaries can exceed 80%;

i) As we know, fot the first time we detect the fast
magnetosonic waves via sunward Poynting flux, which
regulate both boundary positions and resonance

generation throughout magnetosheath and foreshock.

It operates through cascade- like 3-wave interactions at discreate (resonance)
frequences, most well visible in bi-spectra of {Dynamic pressure / sunward
Poynying flux/ sunward Poynting flux}




