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1 A REVIEW

1 A review
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Preamble: K#IEZ LY — & E D PIC simulation (ZHUD #i22 2 Hi{IC Z 3L E T O
SEETLVORMBESZME T2 Z 212 Lz,

1.1 Pulsar model: Introduction

(BESEFBIBINIL Y —) BGE R - HFHEFEIHEL TWA Z 2 I X 2 FE (Hm
)zt < BRI + BRI S — D =X L F - OEFETH D, 2D
RAERH & LT HERIZEEE (spin-down) 5%, FEERZ L OB & [EERfEHH P = 27/Q
v Z ORI P = —21Q/Q? 25b 72 5 O THEEET 3L ¥ — DR IQO AH 5N %,
T, S~ 10% em? 3T EOEMEE— XV T, 20T E NS
WEDEEGILRESTVDE, BRE—X Vb p DAL T2 BRI A LF —%
order estimage L C, [T L ¥ —EREFLLEEBL &,

M2Q4

Lrot - %QQ ~ 03

(1.1)
b, s, FETFEOBRSKE—X Y MR

=1/ 03%9/93 = (.83 x 1030GCIH3 \/ %45PP_15 (12)

EHEETZ %, (note: B=10"G. R=10%m Tpu= BR3/2=05x10*127% %, )
(BRK[BICHFBHRFIE) 3 —KENC BT 2R I#RIE, B Om5 7 Ay
Eickad0t, BEGICEES KT B X2 DDITKRELTITbND, WXIETF
A= DBEAAEICEH K DT v RIF

] x B

(inertia) = p. E + + (other forces) (1.3)
CHEDEZIESL 5, BWADEELTVWHDT,
) X B
pE + IXZ 0 force-free approximation (1.4)

WoT. Ey~0. Ex~E| »HE0EMTHD, BOMIIFEENMICR S, FHUHITHT
BIFEAYDHBETIEZDFLUI LD IZoTWSE, ZDLBIDFAN 5 DIFIEF ITHE

PRIZJHPTINER D ATH 5 (72 21X, WKV axryary¥ A b, LaL, L% —T

WX ZOHEENELL WV, EEHERZIERTE=E, 2GC7=MH, 20k %,
V-E,

:47'('

Pe (1.5)



1.2 Vacuum model & Electrosphere 1 A REVIEW

DZEMBHRBEDPFLET 5 2 EPERITIEZ N TV S, »OLHY — K E TR BRI
|V E||/4Te ~ 102ecm 2 TH D, » UL —HKE T ZORED 75 X~ DL Z BEE
DMNITIRET 2 Z I3 L <. T ATDOMIGICOVWTERISKRET LR IThIEHRS AL,
—H, BT iEE N, REOET - BETFRPREETII. 20V A M REZ IH 5K
T8 o 722 T3 Z ORI 5, (RF2IMHEE NS & h > 2m.c? DIET
DR SN TZNDBFIHEFINTR S, )

ZOHEFEEZDOLDRT LT 572DIRD X5 EARMED LI UIFEDON S | S ERSS
EHMETE (FERE Q) WEFEZFOZ L 2REL. ZOWGICEEL RN K 2555E
5% E.=—(Q2 x7r)x B/c (HEHERES X IER) £ BWT, EBEOES E %, HO#EYS
DOEDAVE =FE—-E. TRHT%, ZOTNE 1Z. —RTIEIRES E 28AT
WC, JEHEERES E KX b, HEEREY E. 0T % ZZEEREEE (Goldreich-Julina
charge density) % p,; = V- E./4m £ & &, Poission equation 1%

V- E' = dn(pe — py;) (1.6)

rEEAOND, LoRid, TEMEE p. 3 GIHE p,; o023 L. nHIHES
DHEETD) LHDD, D E IR TFIENHAE TR > Twas tEZ 6N 5,
—73. E” =0ThHhHE, 77X~

E.x B
vD:c%:er:QrsinQ (1.7)
THEEIL LS T2, ZOMEADIERNE,
rsinf = c¢/QQ = Ry, (1.8)

THBIGET 5, ZORAM% light cylinder (Ic) £ XU, ZZTv—=ckhdbr—L Y
KFDIEFICREL D, 77 X<E M ym BPERKL T, ERSIEBOREIXHET 5,
ZD &2, Ep ARz U CIEERS (B00) IEZHEST 2 L5 kin#Ez TE,
M) CMERZ DD 5, HloREEZT 2, BUOLEEBNICKDHEEED Ic IEL T
HICEZBBVVILERE B F 2. EONIE eMEN2 e dH 5,

Z DRRFEm S LB D3, force-free ITIDIAFLICBNWT E > BOAWHNL Ze3HDH, Zh
b RV ERGEEEIC K 5 force-free DAE = B ROBEIREEZ 5N 5,

1.2 Vacuum model & Electrosphere

77 XA HED BRI D 6 DARREZ N E5E (EMD R HEREE SRV,
Electrosphre 23/ E 15 Z L BHI STV S (X ),
Electrosphere IZDWTIEATO Z EAHHNTWVS



1.2 Vacuum model & Electrosphere 1 A REVIEW

Particle Posgition on Pcloidal faca
- (+)5778 (—)5843 time=20 qatar=0.06731666
— T

1 2 3 4 S
q _tet=0.06666666 q_unit=1e—05 RI=5 omg=0.2
varpi

1.1: Electrosphere with particles extracted from the star surface.

1. Electrosphere (X5 R ICEMTHEL 7277 X~ DZET, pole D_ED domes & equator
belt XD Ko TWVW53

2. EOHIIE =0T, [ (THEE) ZEEDX vy FTEITIIE £0TH2
3. 7IRRELADDEZEL DERHIILETDH %,

4. ROEREME TV — 8T X—ThH, TPl F—2DKEXIE e
FTCHULRZIFEREL D,

5. disc sheare M7= diocotron instability A% equatorical disc IZFAE L. FEFIZH
W outflow 24U %, 7272 L. leifi < TIIMXTERHYRIER T diocotron instablity (&4
filx 3, [Cerutti & Philippov(2017)]

6. gap (& pair creation IZXt U TAEETH b, pair creation 234HFE % ¥ outger gap
DB E 5 T & 23 particle simulation T/RE M7z, [Wada & Shibata(2007]]

POV —¥ U CTHEIHIX N 2 T EEE ORGHRE L Bl H UL, electrosphere 1.
R7 (BFEETN) BB U TRLERDT, 7 77 X< outflow Zff 5 active 72
WAENCRITS 2 e EZ oM 5, W< MIIEBEWGETRTAERD LRV E 212l
Electrosphere Z FfOHMEF BT D BENIR S FEA TSNS —I1TI2 2725 5,



1.3 The force-free model (steady state) 1 A REVIEW

Corotating | | Ny g 7one

Magnetosphere| | /
/ i

y P
/ i

/ |
/ i Open field lines
/ ]

Sej
olar_| ) P — |
cap X Current sheet R
4 ‘\ Y-point

Closed fiel ld
lines

X 1.2: BRI force-free 5B DX

1.3 The force-free model (steady state)

%03l LT force-free DIRFE T DK ERGIE DIFFETHNTZ, TRT7ERDIBEA
kﬁ_ D BB T2 I2EE D E plasma Tl 7z ST W5 | & DIFERDIRED H 5 Z

ClE, SBICFEf L 78D TH 5, force-free approximation &

1
pE+—jxB=0 (1.9)

ERE D,

1.3.1 Axisymmetirc steady model with a dipole source field
force-free equation 132 < DIFFEHE T K o TEUEANZ D7z, FHIZ, [Timokhin (2006

WZEE L WD D 56
M 20 & 512, open-close DEIFIEEZFD, £MEIH T force-free I3 ARITARL
CRHNTWB, ERISEUVLIRED current sheet B U 78S RV T-HIBDIRRE

(separatrix) [EBHINTUVEV. ABHICHRESNIIRRTH B, /. force-free eq.

cx?%:@v'r*'lﬁtat)\otL\@L\a)‘c“miit:owctatﬁim,\
(LUF. B ofEIXEIRO A I il & B EA T RI5E8TEHE VTV S, KT

DRI TR B, )
axisymmetric force-free D Z DMMDFHY & FIE A



1.3 The force-free model (steady state) 1 A REVIEW

o HRICHEHWHERBIIREZINT WS ; ZDOHFTIX, open-magnetic-flux regrion &
close-magnetic-flux regrion DI (separatrix) & FREMHITH 5, separatrix & 7
JETH D currentsheet DIHEGER7T % Y-point & FER, Z AL S H BRI 5 FHEOY)
HIZBAIE TR W,

o [ 75 X=DBEMHEDRVDIZRERGDFT 5520 12DWTIE, B K % effective
mass B3H 2 LWV AND WD, (HARNCIEHNE L TRV, current sheet ( force-free
DN TV BN BERZE->TWSE LS, (DF D, AT AN EREM
12K 2% DO TRIZIIEASMKENEDL D 5)

o ZNLANDITEREMIX, FIOTHIRT 2 X4 R— g%z b o EBXREEEDO SV
BRH 5, @A THOWEES., 1o T regular THZZ & TH S,

lc C non-sigular {23 %7 ®IZ. poloidal current function
I(¥) = By/w (1.10)

ODHHEZH > TV (FVWAHMKROE L MZiiET 2), WG EBICRN
2 BIUIANA ZDEET, S ZOBEMMPED 72K 725 (BXIFEZIRO7Z=0DI12),
Z DOMEZ T % 72012, AA = OFEERZEA L, HRIZHE W current sheet 12
(NBINZ) TRTHER E 7o T 5,

e force-balance Z{ii7= 3 72H121E. separatrix FEIZ, FRED current sheet {T1EICD
[H B 2R 7272 1T U 578, Z OEBOKFIE - INE (FEH) 2% 2 UL E
FHEIHEKRT 20 b LRV, (FBRAKERR),

e Y-point D& wy (< Rp) D3RR BED family 535G 5415, Y-point DN EIF ~ Ry
ERDONDD. wy = R, 128 Z T THGDREBMLUYBEINICZ T AN SN0,

o force-free T (—I0) WIS 7 7 v Z AWK 600 KDHN 5, BV
RIZH B B ZADFHARERE LI/ 5, Polar Cap DV A4 XAdRD SN S, W
Wi o K E TR T 2BMbRD LN D, T DfEIZ Y-point DAL ESLEES
FMEOREBIZE D A RENRD HLNTVWBE D, BBOLRRITHEN & DD B HIC
%%,

Ve = fch (1.11)
R\ M2

Rpe = fo <RL> R. (1.12)
Q2

Ig = fIMT (1.13)
2Q4

L = fr “63 (1.14)



1.4 Time-dependent force-free simulation 1 A REVIEW

BIL T\ force-free ICLT-BRFE (FE) TRV TV LR WMEREICHR LADHTREL,

1.4 Time-dependent force-free simulation

TR DOMERR ¥ A [al#A D i aH 3 Time-dependent force-free simulation 12 & - TITH
N7z, force-free D% § IZDOWTHNT

B (1.15)

. E x B +cB-V><B—E-V><E
=P\ T Ar B?

BEOLN, po =V -E/dr DD 5DT, Zhb% Maxwell eq. IRAT 2 &, FHEAGER

10F 47

et B-"j 1.1
c Ot VX c J (1.16)
10B

2= = E 1.1
5 V x (1.17)

ZRBUERNCIRE S Z e 3T %, [Spitkovsky(2006)] AR, force-free model DIEE L LT

MZ Q4

3
PREONTz, T 2T, a3 Lo ElHRE & OE =,

BB 2R T force-free T2 . —HFT force-free 23N TR L L T self-consistent
RRREICTR 2 EE DD 5 DT, force-free BN DT 7% 55 o3l E 725, ZLT
WAWARTTED RSN TE 7z, (CI3) O 102 & 5 k5 2038, [Spitkovsky(2006]]
Tl JLA T DIHIX perfect conductivity DHIHR (E + v x B/c = 0) 2 HHTE 72D T,
CODHEXA LY MIERHT 20D TR T, timestep T8I, Ej =035 TEE
iz Tzo RIT, FRNTWL & E > BIZR Y force-free D3EHE S 2 B0 DB TR DX IH A
WEZ72 %, [Spitkovsky(2006)] Tlk. E > BOBNZS E =B Y EZ, B ENH
FHEIE Z > TERDBMNADIRNTHEEZIO6NEDT ) =0 EDBBREMIT &

25 %, (BEEDOHEETIE, jL =0) ZHIKoTEEGD UV o< DiKS current sheet %
ﬁﬁf%%%bmo%ﬂ%®%ﬁmll

(& T o) simulation B4GT2. 0.6Ry, 7z DT current sheet DRMAEM S 41, FEfH
Z T le. IZ[A1D > THENL T Y-point DIEIIIFIE Ry ICE X b, EHHRYIC plasmoid
EFHLUEPOIRENIT 2, RIDOD)IZRF v F¥ay b T, ERIIIREIZ 35, Y-point 2% 1c
DOMHNZ A > 7= b Hi7= b Z# D K3, plasmoid (O-type or magnetic island) 23t %, «c)
¥, Y-point 5B ENH ORIGREK], BHIREIE Y-point 12D > TWo AR L, X
WL T, ZRDFEFTHIZR D, T53 5 T neutral sheet 12072235 TW 5,

RO AEFIEIRDEEL TS 5 £ VWolz, EFE ST —IZDOWTIE, (CR) {617z,
non-force-free T (Y-point & current sheet) \ZKFIEDEIG TH D, KELENT 535
FiCh 3RS 2, BHIINEZ L DBRMDZ Z D activity LEARLTWZES TH %,

L~ (1 +sin® @) (1.18)
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1 A REVIEW

1.4 Time-dependent force-free simulation
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Fic. 1.— Aligned dipole magnetosphere: a) Poloidal ficldlines of steady state solution. Thick line is the fieldline that touches the light
cylinder, which is marked by a vertical line. Color represents toroidal magnetic field, normalized by 11/(Rpc R.)
Y-point. Closed lines beyond the light cylinder are periodically thrown open by plasmoid emission; ) Magnitude of the magnetic field on

the equator (in units of /R ) during the evolution of the closed zone to the light cylinder.

time-dependent force-free simulation TDEHIREE, (current sheet TD A ZHY

1.3:
7% dissipation L% LT3, [Spitkovsky(2006)|



1.4 Time-dependent force-free simulation 1 A REVIEW

[Contopoulos(2016]] i& E > B D5EDHD N DOWTHRE Lz, (ICI5) ORI
HoBROEEHOEZ 2T 5L
E;B + 8(%tB)§ (- B)g (1.19)
force-free D7 70 —F 72 E-B=0%Z#3TDT, HFIHIIHZ 5, /. HF=IHIT (R
NS TERVD) KM E-B =0 2ifi7- 37201 2 BRE» S, [ZOHIZARZW
T BIIEHE—THOAZTRHA L. ZOb D BMOSEFTEAER Ty 7T E 2T /L
e bz, AN E > BIZi 67V ERPFRESNT, LAL. E>BTHRVTIE
BOP WS RF—L%FERT2, (E< BRONTIZEZICEER NV 7 MEEIT 2205
E > BROESGAACHE XS XN DE), KT OEHNIEHT satulate LT, B
DRAIEFH EMEPFID Eo TV RIRMTH % & L, ZH% Aristotelian electrodynamics
(AE) & X T, EiflE

J = pec

pecE x B+ po(EyE + ByB)
B2+ E2

278 %, ZBT By, By 3B GG ATICR AR TOBET, RHTICELERDZ
NENDEEDOHD pg = py + |p_| TH B, BMZRD ZIEZDFEME TR, &
T DOV T DREDRETH %5, Gruzinov (2013) 1Z Z DRUCBI L TFL S BETL
TWTC, BRDERME DA S AHG X 1 5355 121E Poyinting energy D 30-50% 23Rl
HIATE, TR EIN TR IN2GEEX 0% LTS 2 Z 8 ZRLTWA,
Gruzinov (2014) I3 5T E- B =0 £\ 5 5&FH FF #7213 T K FF 23 7= ik
WBWTHMDILDF —RAZ R L, M EOFHED 5 [Contopoulos(2016)] TIZLL T D
EOWEE L

(1) £3. &\

JAE = (1.20)

. peE x B+ |pc|cEyE

7= B2+ E}
IIZT. E<B#R5E =0, E>BR5FE,=(E*>-B»)'/?223 3%,
(2) Maxwell’s eq. THEIFEREZIE S,
(3) By Lo mild %,

DU EDRE TOFEAERIL. current sheet TOD dissipation TIEFIZKR X725 say 50%,
3 Poyinting energy 2» & dissipate L7z, % LT, W current sheet X2 separatrix current
EIHIK L 7z (X 3),

(Fr®) force-free DA TIZ force-free DN 2 & T A D3BINTz, non-zero E) A3
BN/zY, E>BIAR->7%h, JOWEBZEEEITE > Thir QL) TRbES 258 a—
RTEZZRDTWS, [H TWEALTTI1T X o T separatrix current sheet 2372 D {H X
72D AT EI ATV S,

WSEB2E% force-free TRIFT B LIFTEIRL, LI TLEDEL S BYIEBEET
force-free BN 2 DMIKRRMEL L T o7,

(1.21)



1.4 Time-dependent force-free simulation 1 A REVIEW

1.4: E > B OMHEET dissipation Z AL T, 22D, E; =0 & LA€7V, [Contopoud
los(2016)]

1.5: force-free I— FIZBWTE > B%Z2EIE$d2a— K (E) e LiRwvwa—F (fH) ok
#, separactrix current sheet 23BNz DHZ 72D 5, [Contopoulos(2016)
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2 NON FORE-FREE MODEL; TOWARD A REALISTIC
MAGNETOSPHERE

2 Non fore-free model; toward a realistic magneto-
sphere

2.1 Ej accelerator: local modeling
E ICX5IEPEI DR T WHEEREEZ SR WEELDH 5,
o By =00WE TR T I X< s S Tn T35,
— ny > |pel/e TR pe—pyj =0 EBGITHRBDT, By =00FERT
57255, X7 & B3 o 7R DM A,
— B EIDE pe=py WD XIWEREMDM LT 7 X=03D 585
Flfe LT TR % sub-GJ current I,
— BIROHABANED S L Z 5 ; current neutral zone &M, (Yuki
& Shibata 2017)
o B #0DMEE TIXIHWHE. ny S |pe|/e BHT TSI HRES
DIIFEITFHE LT,
CDRWTIE. ZD5MORPANG GJ EFERE p,; = V- E/din t KB
MISRFDEMHFEEZ OB TEBORENRE 5, (BiIZEVE Z A0
LN T 2D TRTRSKEN, ) G BEREE L j,; = pgc TE
# L.

Jj>Jjgi  super-GJ current (2.1)
Jj <lJjgi  sub-GJ current (2.2)

THETTT 2 L. super-GJ DIRFIC B 2% 3 % (Shibata 1997). (5
A2 ONT-BIREEMEL BAEEED, BHEZRAZ ) — VT 5DITHE
BREAEEEEATLE D pe = pg; IWTER ) ey py; LHHE
DEMPEREZHEATND & ES B DFET 2, #IZ, sub-GJ current
25 EH =272 5,

By DFE, RAIEIIR7AERZREI LT, E 2L, By Z#0H5
5 e RT7AEBMMEIL T, BO E »FET 20T, SHBIXHX TR
ZE)T 5B DITRBAHEEDE, (see e.g., Timokhin 2010) L. & 3\
F, =Y F NIRRT AN PR TERIRENFER T 200 LKW,

BUKIT: By ORE OB

Polar cap core BiINMAZ (j < 0) T, 2, DI 2REENES TERHAI S
BT CEDPRD ZEDAIRETH %, BTIMD outflow DB KEBRZIES, Th
73 Super-GJ 72 & By MR Z 5, A —m 7D &5 ZHERMEEHTEZ 2, HNIKREY
BEIMRCTIRED, F 2T auroral oval & Z - { D RMENIHFFEN S,
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2 NON FORE-FREE MODEL; TOWARD A REALISTIC
2.2 Magnetohydrodynamics (MHD): global modeliid GNETOSPHERE

RKEDF—1 5L ISSH 6 AR A4 —1 5

Polar cap outer annulus Z OEITEGE X N 2 EiHFHA = (Polar cap core & i)
RDT, A X0z, BFONMEDTRIUIIZ S, HIE DA X2 B
HMIE, GIEMPARDT (IB) OLHF eIz 23, IEESGVRET %, BEDS
E3 sub-GJ THAUIMHITEE L. super-GJ THAUX Polar cap core ¥ [RIFEICHNEDIE
Z %o

AR S B D SR S IR F D - TL 2 Z e EZ BN 5, %il$ % Outer gap T
MRS AT, Y-pint IEFETEZ BV a7 a VTIEINLRTFDBMEM L 725,

Outer gap & p,; = 0 DHAFETEZ 2 D THRXEEBRDL D 20X D EAREGE
super-GJ TEGIEMLZ 5 & & 2 545, Outer gap DFEAT 2UBEIX. Frv FITE
2B Ao TWL 2E RN HIRDIAATL 2EMDOARZXZIDEG|[TE ZIZL 2012
ENEDID B, (Takata et al. 2006)

Separatrix DH M (B) 23D % & FiUR, BRHEIIFFICRKZ <D 2T, Y-point
o EFOMIENDRITINE, BEEPRET 272595, KEID Separatrix gapo

2.2 Magnetohydrodynamics (MHD): global modeling

force-free model DL FITH % Did. KRR T O BRI (sSRMHD) 1272 %,
77 X< DEED A o TIEZ/Z 5, FIZIE, L =R E 2 ETIERS N2 0%
RoN5, TI7XDMIEDNDH 5 Z & 2 EERD THRIZT 5 DI force-free L [A U, HH I
ideal- MHD Al E +v x B/c=0%f5DTE > BROLBHET %,

2.2.1 Open field region with intertia: Split monopole model

Radial field ZRE S 2 & f@MTf#EDI D % (Michel’s solution), LA HNLEIZE RN TIEAR
Y I Poynting energy dominant 1272 %,

Radial &R &2 W\W—f®D Open field lines 1283 % MHD ¥l TlX split monopole &
L7=56 OEUEMAD D 5 & (1) il#IZ55 < T Poynting energy dominant o, > 112725 (&
IDAILEIGERI TV, (2)relativistic wind 72 & collimation (3 Z 72\,

split monopole solution (& RIDEFETHDHAFE D E DA, [Bogovalov(1999)]
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2 NON FORE-FREE MODEL; TOWARD A REALISTIC

2.2 Magnetohydrodynamics (MHD): global modeliid GNETOSPHERE

2.2.2 Resistive MHD with dipole seed field

sRMHD DH D #W T ideal-MHD condition (28 U TIZEHEN L RS H X 7z,

o HI VM u VY —IRAHBIINCEHER (= buo—4mK) 24T &k 512, ideal MHD

THIEEESE O ZHEL X5 235 JEIdeal MHD 23 Z e ARENT 1 D
F D, BIARAVIZ ideal-MHD 23841 T Dissipation 235423 %5, (Mestel & Shibata,
1994)

e Contopoulos et al. (1999) 1T & 5 TE 3 i force-free DEIRFR T T — N EDTE 5

N7=H, FERE LT, equatorial current sheet, Y-point, separatrix current sheet {2
force-free DI LIRWIREFEZE AR I 2 21580 ko7,

o [Uzdensky (2003)] {2 & - T force-free 3T{ElA3 Y-Point THHFES 2 Z & AR iz,

wide

ZOM, 2 < DIFFLD 6. 1R 41T dissipation DMEPEDFRK X LTHR T,

[Komissarov(2006)] (% time-dependent sSRMHD with axisymmetry and dipole seed
magnetic field TEHEZ KD 7z, ideal-MHD 7203, EEAYZ resistivity 23A > TW5 D
THE L resistive MHD (JEVHZEGRD D) TH 2 L HfEIN 5, BIENLRLZEDT:
DI T2 A L TWEDTEDOADITIFMEZ R TFHEICR o7z, HMROEMA:

1.

2.

*®

open-close ¥ Y-point OREDFHH L 72,

open magnetic flux @ _TIZ force-free T Poynting energy dominant wind. open

field region |& 77 XIZ ANTHRHEL (force-free IFRBVHHFICHEOTULD)

numerical dissipation D7z 1Z—H#F DS & current sheet TEAL 2 (VHEEEZ
ANBH)

separatrix current sheet 23T X7z, (FREDIITH)

Y-point & lc 12T & % (force-free model Tl free parameter 725 72) (72823 AHH)
Y50 D VI 72 B T Y-point TRUG O FEAILE F 2 50 h 580

equatorial current sheet D JJZEIFAIA 1 fil, £ T2 5 OWKEZA[TH X TWB D,

L H5WVD Poynting energy 2377 X <1217 < 2ME A,

13
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TLFS,
15 ‘

2.1: BOPRELENCNT 3 %2 MHD simulation TfF & 7= HfEDH] [Komissarov(2006)]

BE 3R

[Andag et al.(2022)] Andag, I. C., Cerutti, B., Dubus, G., et al. 2022, Astron. Astropys.,
661, A130. doi:10.1051/0004-6361/202243152 "Intra-pulse variability induced by
plasmoid formation in pulsar magnetospheres”

B [\lHR PIC 2D simulaton T current sheet DV a7 > a ¥ ORFEZE) DI X
NBREEZEENCIE L TS & DER, Crab OR[HHIETOMGE,

[Ardavan(2021)] Ardavan, H. 2021, MNRAS, 507, 4530. doi:10.1093/mnras/stab2354
"Radiation by the superluminally moving current sheet in the magnetosphere of
a neutron star”

thoery: B =v 7  current sheet etc

[Belyaev(2015)] Belyaev, M. A. 2015, MNRAS, 449, 2759 ” Dissipation, Energy Transfer,
and Spindown Luminosity in 2.5D PIC Simulations of the Pulsar Magnetosphere”
PIC: B 2.5D PIC EFIGE FIIRADEL & ¥ vy TEHICLHHI L TANS, polar

cap, separatrix @ current sheet, Y-Point TEHFA, Mld force-free BYT Yamagata
ETNLERTN S,

[Belyaev(2015)] Belyaev, M. A. 2015, Nature Astronomy, 36, 37 ”A 2.5D axisymmetric,

relativistic, electromagnetic, Particle in Cell code with a radiation absorbing bound-

ary77
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S Sk S5 Sk

PIC code &) % WX 5 5 557

[Benacek et al.(2021)] Benacek, J., Munoz, P. A., & Biichner, J. 2021, arXiv:2111.05262
"Pulsar Coherent Radiation by Linear Acceleration Emission Mechanism”

PIC(1D): Polar cap T beam TNEE LNV F DI L T, BREVDEE T, BB
M OFHIHIC R 2 L Bbh 5,
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