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Particle acceleration during
magnetotail reconnection

[adopted from Birn+, AnnGeo, 2005]
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Betatron at reconnection e
jet fronts (B gradients) ==

Nature Physics, 2011]
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[Pritchett+, GRL, 2006]
[Retind+, JGR, 2008]
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[wiy s1al/eoedg/ewse|d~/npa wiun:a0e mmm//:diy
wo.l} paydope] Axe|eb oipey

aqo| o} aqo| (pejoeloud) 2dw 5170

¢ B1ElS xn|y Bunguiod
paxe|ad) I

fxejeb

aqoj opel b

13l

v snubin

[0102 ‘soI1sAud ainjeN ‘+Buoyz]

wrl 00g
<>

quui| Jejos

1l/moyIno

921Nn0s Yy doy doo

jutod uondaUUodaY
MOpU|

cd L9

|\\A|/ 13[/MmoAnO

dooj ay} anoqe yYXH

[6002 ‘V3V ‘+uuep]

(soesoup) X
0ot 00¢ 00Z 001 0 00l— 002—- 00f£—
009-

00—

Q
i
(soes24D) A

00€—

00Z—-
82 1°0 £00Z H¥N/ISSIHY/3avdL/113

[Ao1axu0g DN “4oxonsy S Asauno?]

dooj [ewiay}

[7,)

jutod3poy ¥XH
(AMEG-EE) HXH JaY14 98) ¥XS
LNOY:LTL)-TG:9T:L| TBBL-UPP=E)

(HOMHOA)
92.n0s Y XH doj-dooj-ayj-anoqy

sewise|d oJ)se pue ge| ul suoibai buiyeaq jar



4

sull-X

——

18 UonoBUUODBI

YO0ys 9|eos
uojoid-gns ul uoljels|sooe
(Joabuouis) oneqelpe-uoN g

SIETNZ]
Jualind 8|eds uojoid-gns ul
UOl}eJa|9o0. UOJ}08|o uoJielag g

(L~g/gp) senem
oluosojaubew apnjjdwe-abuig]

Jo pasidwod aous|NqIN] g

[zHrz1d] 8

ANl 43P [(AeY.s,s,zwo)L] 4p  [(AB.s,s,Zwo)/bus]43p

)

[(A&¥.J8,8.2wo

[MaIAal Japun‘Tyo ‘+l1abaiz]
[mainal Japun ‘YO ‘+ouney]

00¢-1°0-LcC

¥71:60 €1:60 160

o

1 __ I _-_rmwv—‘ il il ,_, ,,_ ?_\____ i

T e e

. }ooys

(1) uoibaui Buiyeaq 3al ayj ul uoijesajadoe U0I}I3|T

LL'eo O

ol

0oL

1001

[o]0] %

J001L

0001

J00L

0001

[wyaw] A3

[zH3] [6ap] ejoy L

[As] 3

(8] 3



¢l

(A®1 001 ~) suosos|e
|lew.ayj-eldns Jo uoljels|sooe

abuel H7 ul SeAem pue
sp|al) o109 Buoss

L~ a/ap

(18pjo0ys 1e 1deoxa)
palejaioonue g 9 N

[malnal Jepun YO ‘+48b917]

OL'SL'6 00'GL'6 0S'¥L'6 OF:¥L:6 OE¥L'6 0CTFLE OL¥LE
oL
>4

0

L0}

z0 LA/ | {oz

(E_u.m) u

€0t _ o€

0 - - - : : o¥

A
‘gig v (WiAW) wso 3 [(AS,s,8,2wa)/L] 4P

(lu) g

(1) uoibaa Buiye.aq 3al ayj ui uoijela|ddde uo.a}d9|3x



T ET T T [110Z ‘aineN ‘+8uD 010z “HOr ‘+BuenH
| :6002 ‘T4d‘+poomised (9002 ‘THO ‘+ounay $00Z ‘099
uuy ‘+AesjuieAloyy 002 “THO ‘+SpeAleA 2002 ‘199 ‘+9led]

S}99YsS Judlind ul S9ABM/a2Ud|Nqin |

LU'ZH/z (W/AW)‘aSd

m_vv__& _

[L102 ‘soisAyd ainjeN ‘+uojybneq 6002 ‘Al NUA3 6002 ‘SYHENIN
‘+0J181n07 18002 “THd ‘eyuader] :6661 ‘rdy ‘OeluysiA R ueliezeT]
}J99YsSs juatind juajnqany

[010Z ‘sewse|d "sAud ‘+ OIpIAIBS 19007 ‘sewseld ‘sAud ‘shaeypep
2 WA ‘9861 ‘spinid "sAud ‘upjwe 1 snaeypen]

ewse|d juajnqgJn} ul
S)}99YS Jua.lind djeas-|jews

9o3ua|NgJn} - uoi}oauuodal diysuone|oy



147 [200Z ‘@ousIos “+ EJEQIYS] (M 901~ AN) ADVHL/VSVYN Aq pantesqo dooj |leuoto)

1>> W] 0L ~1

¥0'62:0¢ L1/21/900¢

10OS - @poulH wouy abew || 8D

[9002 ‘sewse|d 'sAud ‘snaeypel 2 ynipw]

[900Z ‘@inieN ‘+ueyd]
-

ol g ise-"¥a

AT Y

s

$1>>1

S]99YsS JuaJlind jus|ngin}/a|eds-||ews SA Jeuiwe|/ajeds-abie]
ewse|d jJuajngan} ul UOI}23UUO0IY



puIM Jejos ul |1 1L0g “Irdy ‘+uelyd :200¢ “Irdy ‘+bulisoo] osje
[200¢ ‘so1sAyd ainjeN ‘+ounsy]

2002 YIEW L2
Oz LL0L 0oLL0L OF9LoL 0g:aLoL nogLoL
T T T T T T T T T T T T T T T IMMH
K
- ewse|d jus|ngin} ui uoljeuwLIo}

———o« O S}99ysS Jualind 9|eods-||ews JO uooled
S}99YSs jJualind iy} Buiydauuosal
002 YW L2
neLL m,t_: oom: mqmo_ ommE m:E oomo_ mq__mc Dmmmoo

ol
nil 1
e = /|
= \\
08 :
» B Bl
puLi Jej0g
0050
359
h«r} X
T ot
mm oy ¢
5
: 0’6
o 09
oz
g0 o

T-Isenb ||-1senb

(1) ewse|d jJusajngan} Ul UOI}2BUUOI3] JO dIUBPIAD h}IS U



[100Z ‘so1SAyd @injeN ‘+ounay] e

STSOL0L  vTsoloL  €TS9L0L TTs9LoL  L'Ts9LloL  0Ts9Liol  6°1s9L0L  81S9L0l

uonedissip ABiaua

Buneay uoi}o9|d

uoljeld|adde ewse|d

(3sey) L'0 ~ 93el

aouaINgIn} H

WAW NP (5w NI s wny) T (A9) ABrsug (s mu) 3

¢00¢ Ye /¢
0E59L0lL §¢59L:0L 0
T T | I T T

uonedissip ABiaua LI

“ 07 =l
(A D |

PI9Y lleH &
4

(sjuswauanseaw g juiod-{ wouy)

J99YyS Jua.lind Uiy} =

d

(1) ewse|d Jusjnganj} Ul UOIJ2BUUOIAI JO DIUBPIAS NS U|



[600Z‘rdY “Jaydowxueueze] Aq pasodoid wsiueyosw os|e] [oulysoH "I\l Jo Asauno?]

(jewliay )

MAisuag

S)@8ys Jua.lind ay) Ul
pajeJajeooe sajoljed [ewliayl-uou =

S]98ys JUa.ind a|eos-||ews | |
Auew ui BullIN220 UOIOBUUOD3S = 3d
[A2W] (2w —1) [9002 ‘sewse|d ‘sAyd ‘snaeype|y g ynipiw]
01 oo 100 -
- 100
‘ 7
suol onabious Z
I 5
-
m <
0071 H._.
e TS et aHI IleH
e 200001 gl

ewse|d juajngan} ul uoi}dauuodal Burinp
uoiljelajaooe a|oiied jewiay}-uoN



(,.5,Br) eley uopedissiq
ol ol ol ol ol 0l ol 0l

€ N, _., o_ _... N._ m._ 1-_ o1
.
1 Lo
g s}eays jualnd ity
i spuelsi onaubew o1 P
i suoienionyy |sAs|-mo| 1, 0+E
i o0&
= o
F Lu.o—m
1 {0g
E i 0}
0
E 101
I
S _ _ o
[L10Z “Irdy ‘+uewsQ]
SaIN}oNS

JuUBsJ8yo9 Jo aouasaid <- (8buel "dissip
0] 9S00 ) 'd - 'y s9|eas 1e Aouapiwialul

[s] 2 @21e0s |EBuOdWa]
oL -0l 0t 0Ot ol

H_Q_ a|eoas |eneds

w

S9|eos uol Je uonedissip

ABlaus 1o} wsiueyoaw
Jjueuoduwl uoloauuolal
Jus|nNgin) <- ® punoJse Buidwep
aAneM uey) Jablie| 'y ~p yum
S199ys Jua.ind ul uonedissip

(ebuel |enuaul Ul £/G-)
aoua|NgJin) dluaAjje

[zH] Aouanbaiy
o0t

1605 Tad + 1opUnS]

92ud|ng.in} jo saluadoudd

A

[zHwiAw] '3 asd

[zH/,1u] "a asd



[0L0Z “T¥4d ‘+!Inoeayeg] .
[600Z “T¥d ‘+!inoeiyeg] 'dy
‘001 0l 0L 10 100

abueu

uonedissiq | ~as

Buidwep nepueq-d -
BIA uojjedissip |elped o Ol
:abuey uoljisuea] -

UOIOBUUOIBY = [

uolje.lajadde B B
Buneay sponed = |

MM puZ
aouanNQqIny =

:9ouepodu]

c/c- Y] OPBISEI)

Buidwep nepue-8

uonedissip ajo|dwon uonoalu

PUIM Je|OS Ul apedsed adua|nginyi



uolela|eooe sAel 2ILSOD =

SYSIp uonaooe ul uonedissIp =
saJe|} JB|OS Ul uoljeta|@ooe g|oled =
Buneay [BUOJIOD =

Syeweyo)} Ul SUolje||losSo Yj00JMES =

sewise|d oJ)se pue ge| 0} Uoli}oauuo0dd.
jJuajnqgan} jo suoijedijdde a|qissod



18]1g10Je|0S 0] Jejiwis :sjeos) ‘(SY G'g) euooo
ung-ieau -- 810¢ :[rob-eseuoysbaqoidielos:dny] snjd9qo.idle|oS/VSVYN

(uonoauuodal ‘eousingJny) sajoiued onabiaus Jo uononpoad
‘Buijeay [BUOIOD ‘UOIjBIB|82OE PUIM JB|0S Sjeo9) (NY 82 0/SY 29)
BUOJOD ung-Jeau -- 21.0¢ :[1enaqlolejospurresarios):dyy] 4931qiQ1e|oS/vVS3

(uoneusj@ooe ajolled
‘©0uUd|NQJn) OS|B) SB|BIS U0J103|9 )k uoljoauuooal Jo soisAyd ay) :jeon
8oeds ypue3-iesu -- §1.0¢ :[robeseuayshswwy:dpy] gWIN/VYSVYN

9oua|NQ.n} R UOI}OdUUO0DD.
10} JueAajaJ ejep Jjeisaseds aining



9SJaAIUN ewse|d 8y} Ul uolodaUUodDl
oneubew puejsiapun 0} [elonto aoeds-odise-ge| usamiaq ABJIsuAg

(jerep Jo sjo]) uonesedald
Joj juepodwi AloA (siway] ‘U8isn|D) SuoISSIW  Jualng ‘Sa|eds
UOJ]O9|© ]B UOI]0BUU02d) puUB UOI}2BUU0dal Jud|NgIN]) ‘uolels|aooe
apiJed Jo Bulpuelsiepun Ino  aAoJdwl |IM  SUOISSIW  8lnin4

‘0] UoljeIg|aooe
Ael 21WS0o ‘SysIp uonatooe Ul uonedissip ‘saJe|} Ul uoljels|edoe
opoiued ‘Buneay [BUOIOD ‘SyeWwEe 0} Ul SUOIE||IOSO Yjoommes :(uonined
YUIM) UuoneAlasqo nis Ul wodp s)ynsaJs Jo suoneoldde 8|qissod

sjuswainsesw
NJS Ul YIM paIpn)s 8q Ued jey) uoljosuuodal Jo sanssi uado Asy
soIsAydouoiw pue uolPBUU0a) JUSINGIN} ‘UoIjeIS|8o2. |eWISY)-UON

(yuiod-nnw Jenoiued ul) sjuswalnseaw nyis ul ybnoayy uoosuuodal
jJo soisAyd ayy Apnmis 03 Alojeioge| anbiun aoeds yueJ-iesaN

Alewwwing



