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ABSTRACT [Il RESULTS AND INTERPRETATION

We use detailed multi-spacecraft observations to study the interaction of an
interplanetary (IP) shock with the bow shock of the Earth on August 9-10,
1998. We can distinguish four different phases of particle acceleration in the
shock-shock interaction:

| MOTIVATION
A well-established

phase &} ¢

release at shock collision

Schematic picture of the event: The black lines depict
the IMF. The red ellipsoid represents the bow shock (BS)
of the Earth, and the its foreshock. The red

. . Lower figure: The orange mesh and the violet
. . . o line represents the IP shock, and the magenta spiralin
1. formation of magnetic contact with the IP shock and the seed aCCE|eratI0n [@[h]@@@ ﬂ arrowsppropagatmg energetic particles Tghe red Zasheg surface illustrate the model bow shock location
population of energetic particles accelerated by it, seed population < line indicates the position of the IP shock when it hit the (upper and lower limit). The black lines illustrate
2. reacceleration of this population by the bow shock (BS), mecha nism e bow shock (phase 4). the magnetic field lines observed by Geotail at the
. . . ) 4 intersection times. The cyan triangular planes
3. first order Fermi acceleration as the shocks approach each other, and depict the IP shock front propagated to the
ZSL h pdartic:e;ccelleration and rcclelease a;lths shr:)cks coIIidIe.I ] but d|ff|cu|t to |dent|fy [@[h‘]@g@ 2 0 Mersection points.
uch a detailed analysis was made possible by the particularly advantageous .
i e el cslsrsdis . . reacceleration by BS acceleration of trapped particles
quasi-radial interplanetary magnetic field (IMF) configuration. To our from Observa'nonS. \
knowledge, this is the first time the last phase of acceleration at a shock- 105" . o
. . . . . . | PP g _____________l.__“—'“ © ©
shock collision has been reported using in situ space plasma observations. J\10.058 MeV ; 10.071 MeV | 2 e >
10.091 MeV | 0.13 MeV . fo12Mev %5 & O =104
_ 1026 MeV < 10} ] = " ; c x o -
> j0.44Mev 2 | 10.33 MeV 2 i 10.35 MeV s 2k “c
Il EVENT OVERVIEW = 082MeV % 17 pssMey 5 ) - osamev B g <
z {1.5MevV o 11 MeV I 10.98 MeV 2L R 5
N : £ 12.1 MeV E | | 12.2 MeV © 55
______________________________________________________________________________________________ = = = a 3
S < = 10 ¢ , - e £238 10t
--------------------------------------------------------------------------- - © ® W"— S 8 T = ¥
_______ Sl g ) o i r 058
5 f | f N | R S EER Wio, 0000 A |
.......................................................................... i I ] rP = = o E E ‘ . . 1
L » 1 i _:-D -I—F.E T . n‘_-“___,-.“\ :::
ACE Wlnd ' =1 = [T T B ,:l P T N NV MU MU MR N _-I‘E‘ % Tr: g E *E“ ’\ .’ I A o @ g
EEEERREEERNGES 31016 A - , o @ o '.. 3 , e ] e
S msessss s SR P8 . I3 - '. 2 R (TS S— we_. &n S VRN
i i i i 00:40:49 5 ® 10x1003 @ > xiors 35S O ¥ il % 0.91-1.4 MeV
— = 0 = o e L = o € 8 : “ 40 X :
250 200 150 yrg 1100 50 0 250 200 150 yrg 1100 50 0 ° Ay 5 - : T S\ SR 5 ~
E E S LT 1 . ° | 'J EESS i .
Locations of the spacecraft on August 10, 1998. Blue triangles show the calculated shock fronts with shock normal vectors. Black lines show the T e T W I I I T 500 1 “ | oM I[ ‘I}'I(‘hfh’ﬁ W - S © a5
direction of the magnetic field upstream and downstream of the shock (B, < 0). The orange ellipsoid represents the model bow shock. = o aiting , L ! n* Y o > kit I '[H[ "d '!WI\ S 2 2% 1 P :
p= . il 'h"""ﬂnmn 1) |||!1| *#M' = = 050 = j R, L ‘ 500 0 V¥ o qoll L1 11 18 GO )
<~ Ve == a s c 7S < = »'u‘]” " I i | | |l‘ mm it ]l ney & %" = T E 00:35 00:40 00:45 00:50
;- - < = © | lf]"\"'w" '[i | | el ‘u" ® c & © Left figure: Energetic particle flux from Geotail: omnidirectional (black), parallel (magenta) and anti-parallel
X 0 S == quh"Hf,A‘ S— "”m‘l > R (green). The red dashed line shows the time of the IP shock crossing, the orange region depicts the
- ACE Wind : Geotail % 01 N mameat o T = @ [ .'H T 2 v E2EL ’ ’
| par-g VLLEMSJ?.; 'Iy{ 0,043 - 3. e ! D081 011 b3y . | | Lt h. I < - 100 ¢ > 'l '1 'l:ll Flﬂ'ﬂ'ﬁ\ | ||r ” 1?:;. i B L S_ 25 2 expected arrival time of particles released as the shock collide.
3 ]‘Llle -an ———————7_——;—— 10° F 8 “‘“"“““"“I—“——f?'. Tty o Nt 10° B - = ' ".' el I 1“ v I i'“ 'l' | £ % i |f| jgi n ’ ‘ 100 & = @
L poend . AT Y E il Illi| {0 g |H J J “Jk i H a L g = s P gk SRS LY AT 8 = v U 'F,.,
F 0.2 - 0.32 MeV A e« 0.24 - 0.43 MeV ) 0.22 - 0.47 MeV v RIS R T n _"MH' “ ‘L 1 ,E- ° 2 E & & F” ﬂ' ! '||. '" |'| H,'." + . i i 50 = a Eﬂ L w
~qo* L 031 -058MeV_ _ ___ __ _ yV=Vvinady Ll 10* L 0.43-0.67 MeV | 0.47 -.0.62 MeV g i "HF" S t ..' ! 'ﬂu W '} \" i. e Eo% 5
> | 059-1.1MeV ; . 0.67 - 1.4 MeV 0.62 - 1.4 MeV “:l . I. , 0 e | 'I aft) oYy '.' | 'H f." BT
= [ 1.1 - 1.9 MeV 14=28NeNy 02000 Y g T L R s B T T T B 00000000 e e e e e e ey e e e e e i Hnlt ' | ] © £ Q
210° —1'9:‘L8—M§y————~.—~"'“ —————— e > H' ']'”'l Il I' i "’ kit IIJ l i‘l > e 75 l’ 'ﬁ' 18 ml'l’.uﬁ' i Wik fﬁm o Illll IlIII 15 5 o E o IV CONCLUSIONS
° P 2 I I‘l " Il’ w}l ' m | > . % IN’IIIIII ||| |”||| nIHIH il " L||| 4 ” I E £ © _-E
é E f ! b - E Ol D E 0] ”n"kl’ifll”+ }In u Ili *f 'k ||| 'f | 1'1 i i | ' 10  © o =) ° ° ° ° I
B 1 e N ™ T —— : it AR N 25 ' .'. ll L Al 5 Y E
: . b ] L o R W Ee s First in situ observations of the last phase!
TL R 45 %" - ' S r
" = 60 = 60 ED %E
g S g0l 2 ol £3% 0
o s 30 s 30 S we ke
© | O I < o -
c ok = RO ACKNOWLEDGEMENTS
&@m - ) 90_ Q % @
N 0 60 L& o 2328 This work was supported by the Academy of Finland, the Vaisala foundation, and NASA. We
_______________________ e 3 —_ | c e 0 o 0
_____________ °g’ S 4 S 4 E © 5 ‘g thank the CDAWeb service and the corresponding Pls for the satellite data. Hubble photo
______ S L T LS ss courtesy of ESA.
X - A 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 c 90 g [ e
______ T ] G ] O m I o 5
- i . 1998 August 9-10 5 Lo
= - R = e RERE e & 1998 August 81 e £ , RELATED LITERATURE
o [ D i ' 1 . .
5 % B g e . *Hietala et al. JGR (2011), submitted.
© | | | | :l | I | 1 | | | | 1 | |
1998 August 9-10 1998 August 9-10 1998 August 9-10 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0000 . : oP¥ _
From top to bottom: the intensity of omnidirectional energetic particle flux in different energy channels, the solar wind speed, and the 1998 August 9-10 1600 1700 1800 1iggs iﬂgﬁst%110§ 22 00 23 00 00 00 Cargill et al., PRL 56, 1988-1991 (1986) Prech et al., Earth Planets Space 61, 607-610 (2009)

Tracing the IMF back to the IP shock at 17:20 UT on
August 9 using ‘frozen-in’ magnetic field measurements.
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interplanetary magnetic field. The black dashed line shows the beginning of the radial IMF, and the red dashed line shows the IP shock passage.



