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B THEMIS

— E

ARTEMIS —

B [HEMIS

W

ARTEMIS

THEMIS Mission Status

——

 THEMIS =T].

Pnime THEMIS orbits
no malrneuvers

3" yea o
Apnl 15, 201¢

All instruments functioning nominally
~ Cross calibration, inter-calibration performed during coasl-phase
Team discoveries are changing the field, excite the public
Science discoveries piling up
+ 100 papers in refereed journals
+ GRL special issue on THEMIS, on Coast Phase
+ JGR special issue on THEMIS First Results
+|C510 meeting coming up - special issue in JGR (THEMIS-centric)
- Data collected per plan, and widely disseminated
~ First tail season showed thinner tail than expected
+ Preliminary results published: adjusted 21 tail season orbit
Second tail season results are a resounding success
« More than a dozen substorms collected: unique features on quiet time substorms
Mission completion on time, on budget by September 2009
Constellation available in good health for extended mission: FY10-12

Extended Phase Approved in Senior Review (Jun 09) thru Sep 2012
- THEMIS and ARTEMIS comprise the THEMIS Extended Phase
- Instruments checked out especially for low field conditions

- THEMIS extended phase planning has started
« Clustered configuration, unique at inner magnetosphere; at 3000-100km
+ Preparing the ground for MMS that will revisit the region in 2015-201/

- ARTEMIS technical implementation going very well

Py

V. Angelopoulos
Flitors
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Timel fistry ot Cvents g Macroscale
Interactions dudng Substorms
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b THEMIS

P3,4,5 dayside s

\ ARTEMIS S1y viduav T gamap i)

Probes P3.4,5 in an RO plane, never achieved befot

* Magnetopause and field aligned currents un

» Bracket reconnection site, measure inflow a

THEMIS

.

. ARTEMIS &

Extended THEMIS (

« At Inner Magnetosphere, Study Role of:

ULF/VLF/EMIC waves on 1on, electron
energization/losses

— Large electric fields on storm time ring current

* Result:

— Comprehensive AC waves and E-fields models
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- > i
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starm time ring

: x current ions &
'l\ electrons
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relativistic electron
orbits (black arrows) /=
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I THERESS ARTEMIS (P1,P2) in FY10,11,12:
Navice e | Mission Concept

FY10: Translunar injection

FY11-12: 6mo in Lissajous orbits +
17 mo in Lunar orbits

step omOy

Formation/Evolution

SSCUWeb 30 Thursday 21 February , 2008

VOL/IVUD LT, Ig, 2009
VKU, 10.02. 2010
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CmpylHble
mpaH3UueHmMHbIe
rnomoku (BBF) :

TypOyneHTHOCTb UNnu
CTPYKTYpPbI?

XapakTepucTukm
dopoHTOB?

TopMOXXeHune BO
BHYTPEHHEN
mMarHmTocdepe?

OHTpONUS
NHXEKTUPOBAHHOWN
nnasmbl?

BBF 1 Ha4ano B3pbiBHOU
drasbl cyb60ypu

. THEMIS ¥&
e, K\ s

@ Plasma process causes current disruption (CD) @ Disturbance wave causes CD
and produces a substorm current wedge to spread tailward

@ Multiple CD sites @ Magnetic reconnection
develops at a CD site

@ Substorm current wedge @ Braking and dawnward current

(@ NENL

@ High-speed flow

Tembl coobuweHusi

1. PacnpocTtpaHeHne BBF B nnasmeHHOM crioe C
COXpPaHEeHUEeM CTPYKTYpPbl, TOPMOXXEHME BO
BHYTPEHHEeN MmarHutocgepe

2. KuHeTn4deckas CTpykTypa opoHTa UHXEKLUmn
3. TepmoanHamunyeckmne xapakrepuctukn BBF

4. [NocnepoBaTenbHOCTb/MEeXaHM3M Hadana B
cyb60bypu/aBpopanbHoro bpenkana [lepecoeduHeHue
1 BBF [ aspoparibHbIt bpeukari

VKU, 10.02. 2010
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Generic BBF in CPS
(Ohtani et al, 2004, Geotail 818 CPS events)
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KuHeTnyeckas cTpykrypa ppoHTa
UHXeKuuun

[lepBoe getanbHOe HabngeHne rpaHnLbl MHXEKUUN (rpaHnUbI
BBF\ounonunsauumn), pacnpocTpaHsoWwencsa ¢ TOpMOXEHNEM
Ha nepundepun KBa3MamMnornbHoON obrnacTu

(Sergeev et al., GRL 2009, Zhou et al., GRL 2009)

Themis 3 SC at 9...11Re

reomeTpus, macwtad n cCBOMCTBA rpaHuUbI

MUKPOCTPYKTYpPa N BOJTHOBbIE ABJIEHUSA

[N e A
ref3key B!

" 10-30keV - A

EFlux, eV/icm?2 s sr

Esp, mV/m

BT,Bz, nT

TR

7:.07.45 7.07:47 7.07.50 7:07:53 7.07:56

-
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Dipolarization Front at spin resolution

Feb.23,2008 event f : Sharp Dipolarization Front (SDF)

4

v’ Time delay P3,P41P5 dt=53sec, February 23, 2008 Themis P3 & P4 & P5
Earthward propagation Vx~220km/s from 11.3Re[19.5Re

Ey, m¥/m

o a
T

v Prior to SDF Vix~200km/s at P3, P4, Vix~70km at P5 |,
propagtion with plasma, ] flow braking

200

v, km/fs

200

v MVA normals

@ 400

Vx, kmA Wy,
o

SC A2/A3 N N3 R
P3 28.77 28 [0.95; 0.04: 0.30] [-11.3: 1.7; -2.7] gsm ol
P4 32.02 16 [0.93;0.09; 0.34] [-11.1; 2.6; -2.8] gsm s
P5 7.49 16 [0.94:-0.21; 0.24] [-9.3:1.3: -2.6] gsm =

v/ SDF duration (peak-to-peak Bz increase) ~4sec at P4, P5, ~7sec

o K
g o ;o o N

Bz, nT

at P3. Front thickness 220km/s * 4sec = <880 km lon
qgyroradius Wi=7keV in Bz=20nT GC= 600km ion
inertial length  for n=0.3 cm-3 Ipi = 420 km

¢’ SDF = Thin (gyro-scale) vertical current sheet !

P & Py, nPa




SDF - particle features

|

Efiux [eV/em2/s/star/ev]

Seconds 20 4“0
2008 Fen 23

Spacecraft P5 (9.3Re) :

Sudden change of particle distributions at
Sharp Dipolarization Front (in one spin)

v’ energization of both p, e

v’ electrons: field-aligned bi-directional before
SDF (at P3,P4,P5) ,

v’ stay bi-directional at P3,P4, at P5 change
to pancake (energetic) + bidirectional (low
energies) after SDF

o Eflux [e¥/cm2/s/ster /eV]

Eflux [cV}cm?/s/stcr/cV]




lon (finite gyroradius) pattern at SDF
— | Cold Energetic

/dense /low-density
Spacecraft P5 (9.3Re) :

/Sharp temperature boundary

/protons (looking ~ L B) : nice Zigzag pattern with
complementary patterns at high/low energies;
size ~ W 172 - finite gyroradius effect of sharp
temperature boundary co-located with TCS

Eflux [ev/cm2 /s /ster feV]

’Remote sensing of Earthward-moving temperature
boundary: Vx ~ 2rci / At ~ 2*760km/15s ~100km/s

-consistent with ion velocity Vx~80km/s (measured in
front of SDF).

Eftux [eV/em2/s/ster /ev]

Eflux [eV/cm2 /s /ster/ev]

20:— bl E
£ by TCS .
- °F bx A




Zoom of TCS and energization THEMIS A
boundary (within 1 spin timescale) = L

® .
» 3x107 J,\A f.:i »« .«(3*&:#_*4\ =
Substructure of the thin current sheet : ”g
S 1x107 =
q).-.
2 outer Themis spacecraft 3 .
T 3x10° (4
L L
v’ Electrons take ~2sec for complete 12
replacement cold (] hot population at P3,P4; S 16|
o
v’ Deep density depletion (from probe 1,2 > on | Depletion(s)
potential Vp) colocated with : . P3
e ®0r
v Very intense E-field ~40-60mV/m in the spin | & “° Intense E
plane (Esp) which have the wave/bursts time & 20 -
scale of 100 msec, about Low Hybrid " 38
timescale (f ,,~13Hz) =L
N
|“_°- 10
f.° = fpi2 fce? (fpe? + fce?) o . vy G _
7:07:45 7.07:47 70750 7:.07:53 7:07:56
TCS
one 3s spin
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Zhou et al.,GRL 2009

-Xonnosckoe E Ha

dopoHTE
(~06006L. 3-H Oma)

- MHTeHcuBHasA
BOSMTHOBAsi aKTUBHOCTb,
or LHBonH pgo
ECH BosnH 3a
dpOHTOM

. THEMIS
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of THEMIS P4 cobservations between 03:55 and 04:00 UT. From the top are (a)
be components of bulk flow velocity, (¢) ion density, (d) thermal (red), mags
nd (f) electron differential energy flux from the SST and ESA instruments, res
retic and electric field fluctuations between 1 and 4000 Hz. Black and red dashey

ficld around the first dipolarization observed by THI
eld, (b) magnetic field waveform in the GSM coor¢
es, (d) and (e) the expanded waveform between 03:5

Iz and transformed into the field aligned coordin:

dashed vertical lines indicate the times when the two waves discussed in thisfion. Black line shows the observed electric field in

ligures 2b, 2¢, and 2d were calculated combining both ESA and SST instrumén.



KuHeTnyeckas cTpykrypa ppoHTa
UHXeKuuun

[lepBble geTanbHOE HabMOEHNS rPaHULbl MHXEKUUN (TpaHuLbl
BBF) Ha nepudepnn kBasnannonbHom obnacTu
Themis 3 SC at 9...11Re

PPpoHT annonunsauumn Ha aKkBaTope — NnepemeLlarLlasncs ¢

nrasmoun JonroxmeyLuasi (MUHYTbl) NPOCTPaHCTBEHHAA rpaHuua:
BepTuKasibHbIM TOKOBbLIW CIOW TOSILLMHON ~1-2 MOHHOrO
MUKpomacwTaba, --TD ?

® coBnagaeT Cc TOHKOW TeMnepaTypHou rpaHnuen (TonwmnHon ~400
KM) OByx nnasm (p,e), doHoBon (cold/dense) 1 NHXeKTMpoBaHHON
(ropsiyas paspexeHHasi nnasma, plasma bubble)

® MHTEeHcuBHbIEe E-BCnnecku B kaBepHax nnotHoctu LH macwtaba
Ha TemnepartypHoun rpaHuue (cxoacteo ¢ LHCavities),

® Cnegcrteue peskon TemnepaTtypHom rpaHuubl? Pornb B yckopeHnn
yacTtuy?

r npo4vne BOrHbI ...

EFlux, eV/icm?2 s sr

Esp, mV/m

BT,Bz, nT

0

AT [{riei

3x10°

20 -

FetdkeV Ny

,,,,,,,,,,,,,,,,,,,
o T

£ 10-30keV

10 f=

7:.07.45 7.07:47 7.07.50 7:07:53 7.07:56

-
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THEMIS X
. —— R\ '8

CmpyulHble
mpaH3UeHmMHble
nomoku (BBF): | |\ A

High
Typ6yj'|eHTHOCTb NI o | Sp%ed
CTPYKTYpPbI? Earthward
flow
TopMoxeHue BO gion
BHYTPEHHeW
mMarHmTocdepe?
SHTpONUsi 5 [Mpupoaa (aBMXeHUs) BO BHYTPEHHIOW MarHutocdepy?
NHXXEKTUPOBaHHOM
nnasmbl?
XapaKkTepucTukm TepmoanHamun4deckne xapaktepuctmkn nnasmsl BBF
OHTOB?
Pp (noknag C. AlybsarvHa)
BBF v Hayano B3pbIBHOM
drasbl cyb0ypu

VKU, 10.02. 2010



BBF n Hayano B3pbIBHOU (ha3bl cyooypu

CmpyUHble
mpaH3UueHmMHbIe
rnomoku (BBF) :

TypOyneHTHOCTb uUnn
CTPYKTYpbI?

XapakTepucTukm
dopoHTOB?

TopMOXXeHne BO
BHYTPEHHeW
MarHmTocdepe?

OHTpONUS
NHXXEKTUPOBaAHHON
nnasmbl?

BBF n Ha4ano
B3pbIBHOU (basbl
cyb60ypwu

Minimal
Ideal
Coverage

Breakup

azimuthal
contro

, THEMIS i

@ Plasma process causes current disruption (CD) @ Disturbance wave causes CD
and produces a substorm current wedge to spread tailward

@ Multiple CD sites @ Magnetic reconnection
develops at a CD site

@ Substorm current wedge @ Braking and dawnward current

@ High-speed flow

(@ NENL

P4 : NS control,
incl. BBF & RW

I

P5 : lobe
CD control

VKU, 10.02. 2010



BBF n Hayano B3pbIBHOU
dasbl cyooypu

- MpeanbHas koHdurypauusa SC

- [peoB. asa: GP1(30muH)  pocTt
TOKa + yTOHbLUeHue [1C;

- GP2 (15MunH) —6bicTpbInt pocT TTC
(LH ~0.15Re), B ueHTpe
|B|, Bz <2nT Ha 11 Re!

Xgsm, Re Ygsm, Re

&2 8 0 12 14 25 3 35 4 45
0r——2 — T
o) ;\\\\ o OF
x ol S~ ® [ _A ___eactualNs
g g13 ~_P3 5-05
o N P4Z\\\\ P2 © F
g 4 SN ) o No4qp model NS
S P5 23MLT : °
L 15_
22MLT
LHgy, GP1 GP2 Exp

LH, Re

20 ThemisP2

L | T T e Tl 1 AT AT B
4:30 4:40 4:50 5:00 5:10 5:20




dH, nT

dz, nT

-20

| Ground Gillam
" FSMI,SNKQ

1

TILIT kA ™

THEMIS
THEMIS

THEMI<

THEMIS

05:18:30

foot points from SSC Web

- SC Ha ponroTe bpeukana

-3aepPXKu: 6pelkan+anekmpodxxem

e
1 14Re BPFHRe 1 6.6Re




BBF v Hayano B3pbIBHOM ha3bl cyobypu

 [Npouecc B3pbiBa yctaHoBneH B TTC Ha r>14Re
- 3a0€epXKn, NpoeKTupoBaHme

28 nageHue Te 3a bpPOHTOM AMNONM3aLNM
(MCTOYHUK NNasmbl — BO BHELWHNX Tpyokax [1C),

» CpegHemacliTabHble CTPYKTYpbl TUMOB
BBF, TCR, CD, NFTE

A [MposiBnenusa/oTobpaxxeHne oaHoOM U TON Xe
nasmMeHHON CTPYKTYpbl, BUOAUMOU U3 pasHbIX
TOYeK HabnogeHus,

78 BonHoBble doopmbl Bapmnauun Bx,Bz,Ey,Vz B
aonsax (PS) nHTepnpetupyoTca Moaenbio
MMMNYJSIbCHOIO NepecoegnHEHNs

BX ,nT
o
T
o)
F S

BZ ,nT

600 -

VX,

50 -

i 50

VZ, km/s
o
é

0.5
- 04 W

03}
02}
N e

10 F
1 M
0.1 = e

Pp+Pg, nPa

Pp/Pg

200 - :
0

500 [

S e
200 +
100/ T T

50 |

,eV

2
£ 05
8 53 M

[ L
= 0.2

0.1 _IE I B 2

e
5:13 5:14 5:15

5:16 5:17 5:18

5:19
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BBF v Hayano B3pbIBHOM ha3bl cyobypu — :
1 * *
Y oos akb t=15 t= 4.0 * 9
0 M S . !
0 05 1 15 2 B 2.5 3 35 4
X-p o sition
g 01 ' [ '
» CpegHemacLwiTabHble CTPYKTYpbl TUMOB S| oo
BBF, TCR, CD, NFTE = ? :
R 1~ T
g : 0 :’ \/\\ —d
. o c Sk ST
i [MposBrnennsa/oTobpaxeHne ogHoM U Tomn AR — e
Xe nnasMeHHOW CTPYKTYpbl, BUAUMOW U3 2| - N
pasHbIX ToYek HabnogeHnsa (Z) s s 7

o _ 0.1 P5
i BonHoBble hOpMbI BapraLmii S o — il i
Bx,Bz,Ey,Vz B nonsax (P5) 5 o \\V
02 -

o 02
COOTBETCTBYIOT MPOrHO3y Moaenu g o S,
MMMNYNbCHOIO NepecoeanHeHns:; S o i
paccTosdHme o obnacTtu o
nepecoeanHeHus ~ 5-10Re g sl /A\q

g 05%—~m/¥/\m

%04k

% os NMVL\V.\

= 02 I T T T T T T T T T T N o=

5:15 5:16 5:17 5:18 5:19

VKU, 10.02. 2010



B 3aknto4yeHue ...

2009 THEMIS :
CmpyUHble mpaH3ueHmMHbIe nomoku (BBF)

TypOYyneHTHOCTb UNKn CTPYKTYPbI?
Xapaktepuctmkn ppoHtos? TCS/TD/...
TopmoXkeHue BO BHYTPEHHEN MarHuTocdepe?

OHTpONNS NHXeKTUpoBaHHOM nna3mbl? (bubbles)

BBF n Havano B3pbIBHOM dhasbl cyobypu
» Obnnacme 2eHepauuu bpetkarna < TCS

[lepecoeduHeHue [1 BBF [ agpoparbHbit bpetikar
ICS-10

AR/THEMIS
= 2012—-2016

PE3OHAHC

RBSP /
ORBITALS

VKU, 10.02. 2010



-

B




Example of Dipolarizations at the periphery
of dipole-like region — general properties

Example of multiple injections:
P3,P4,P5 triangle in XY plane near
Neutral Sheet

Steady Earthward VP, VB : SC are
at the periphery of dipole-like region

February 23, 2008 Themis P3 & P4 & P5

carth P/U,

, THEMIS H&:

1\“ N

p EFlux

5 distinct Dipolarizations (DIP), N i
o e 50keV |
basic features : 1000 £ L bt
100 Le134keV TR W,
v Plasma (and total) pressure B L,“‘Mﬂn s W:“"”W\f et ks

generally increase during DIP
events; also pressure dropped (for
short time) in many cases (bubbles)

v Generally density & pV Y
decrease inside DIPs; less
pronounced at the inner SC

v/ HE particle flux increases at DIP
fronts (dispersionless)

PpLa & Prot. NPa

v Later-zoomin : event f




Zoom of TCS and energization
boundary (within 1 spin timescale)

Substructure of the thin current sheet :

v’ Electrons take ~2sec for complete

replacement of population (energization) at
P3,P4;

v’ Large density depletion (from probe1,2
potential Vp) colocated with :

v’ Very intense E-field ~40-60mV/m in the spin
plane (Esp) which have the wave/bursts time
scale of 100 msec, about Low Hybrid
timescale (f ,,~13Hz)

v’ Nearly same structure in the flow braking
region (P5) but with smaller depletion and
longer electron energy change:

v

v’Density depletion + intense LH E-field
resemble the (weaker!) LH Cavities
previously studied in strong B low-altitude
region

EFlux, eV /cm2 s sr

EFlux, eVicm?2 s sr

Esp, mV/m

BT,Bz, nT

Vp, volt

w
x

o
o

-
*

=
o

Esp, mV/m Vp, volt

3x107
1x107 =

3x10° fA

BT,Bz, nT
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Individual injection — zoom In..

SDF — a thin spatial structure
of ~600-900km, here observed
near PS equator

At the discontinuity :

v strong E up to 60mV/m
sitting upon Bz peaks ;

v’ SC potential drops;
v’ ESA spectra change in <1

spin ;
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2008 Feb 23
MVA gives the Eartward-directed normals
SC 12/1I3 Nmva N3x N3y N3z Xy z
P3 28. 28 [0.95; 0.04; 0.30] [-11.31;1.73; -2.71]
P4 32. 16 [0.93; 0.09; 0.34] [-11.13; 2.63; -2.75]
P5 75 16 [0.94;-0.21; 0.24] [-9.29; 1.25;-2.59] p. 2010
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Auroral signature of Dipolarization Front HEMIS 1)

Loparskaya - 06.01.08
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Break Up at ~2107 UT
(Polar UVI, TV Loparskaya):

[ followed by poleward and
Equatorward auroral
expansion

[0 Image of turbulent
Dipolarization - enhanced
diffuse aurora with
considerable structure

[ distinct EQ boundary but
not outlined by bright auroral
form ;

(Sergeev et al.,JGR 2010)

VKU, 10.02. 2010



Auroral signatureof Dipolarization —mapping

Adapt T96 model to Themis P2/P5 external
B-fields, compare to T96sw

[0 Importance of accurate mapping,
footpoint variations up to £3°CGLat , even
for mapping from 7Re

[0 expected crossing of EQ boundary by P5
— between 2112 and 2118 UT —
dipolarization in progress on P95, spiky
structures overlapped onto Bz increase

[OOther comparison (two step Bz increase,
two injections, two traces EAB on Dec.31,
2007) also confirm spatial relationship
between SDF and EAB

(Sergeev et al., JGR 2010)

CGLat, deg

06 Jan. 2008 Mapping & auroral boundary
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