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Millisecond Pulsar Families
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Changing pulsar spin periods
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Millisecond pulsar spin-frequency distribution
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Jets from neutron stars
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Jets from neutron stars
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Ultra-luminous X-ray Source (ULX) pulsars
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Non-relativistic MHD simulations

opening + reconnection: flaring
time =2.68 -~ =1.
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funnel flows & accretion torque
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|Isolated Pulsars 101
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|Isolated Pulsars 101
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Important radii

3lTII]lTIIII/IlII[I}IIIIi\‘.I/ll
/

T T
|

N\
[ TN

2.5

[4V)
TIII]TI:I[
I\ N

[ AN

1.5

IIIIT

VRS ALLLMALALAAT LR RRRRR RN RN

OIIL Y T T T
0 D 1 1.5 2 2.5 3

Istar m lco r.C

stellar magnetospheric  corotation light cylinder



Relativistic magnetosphere + disc simulations
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Self-consistent disc physics + relativity

B w DN

Evolve the coupled disc—magnetosphere system self-consistently
Accreting material initially entirely outside light cylinder
General relativity (fixed spacetime) — Kerr metric

Very high magnetization in nearly force-free magnetosphere

GRMHD simulations with HARM code

Gammie, McKinney, Toth 2003, Noble + 2006

. Total-energy conserving — i.e. include shock heating

Relativistic-gas EOS

Large-scale poloidal magnetic flux in accretion flow
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effective mass accretion rate
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effective mass accretion rate
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Star—torus field orientation effect

| e




Average values of:

magnetospheric radius o

Anti-parallel
—— p

— —[—— Parallel

R T Re
______________________________________________________________________________ U
o
= 0.004 1
o}
. = ]
accretion rate £ 2] [ |
= 0.0001 I [ —=2
E *7 ¢ Ruc/Ru, 0.5 < ¢ < 0.75
L
open flux < N
s 17 === —— -
% i ’/I————
= 0] e
" (CRuc/Rw)?, 0.5 < ¢ <0.75
jet power z ]
~
O—- S i ———— e
0" I"'——'I'————I ____________ ——
= 9. :
stellar torque ~ 51
> 7
= ~10 1
vertical bars: standard deviation ) : 5 " v o e
over averaging period 1/ Hrunit

Parfrey & Tchékth)Ivskoy 2017



magnetospheric radius

accretion rate

open flux

jet power

stellar torque

standard deviation
over averaging peric

] — — = Isolated

—F— Accreting

- —F— Total

—F— EM-force-free regions

] —F - EM-MHD regions
--4-- Matter

Parffey &Tchél<h0\}s|<oy 2017

0.00 0.01 0.02
Qlefrg



Preliminary: 3D simulations

|. Need 3D for realistic MRI turbulent dynamo

2. Interchange instability: accretion through closed-field region

Magnetic Rayleigh-Taylor
/ Interchange

| | alpha-prescription
o “ resistive MHD

Fa R nw T ne T ows Kulkarni & Romanova 2008

ldeal MHD/MRI disc

Romanova+ 2012



A)Isud(J SSeIN

1073
10

S

—

110°
107!




z (ry)

OFf

-10F

-20

10 F

-10

stellar magnetic moment: 4 = |0
light cylinder: R.c = 20

t= 135807, /c

110!

0 10 20 220 -10 0

X (ry) X (ry)

10

1107

102

107

104

Mass Density



colour: mass density
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Oblique rotators

Misaligned rotation and magnetic axes: true pulsars

isolated pulsar
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Summary

First (general-) relativistic simulations of pulsar accretion
Four regimes: crushed / accreting / propeller / excluded from light cylinder
Efficient flux opening — weak star-disc magnetic coupling
— relativistic jets from millisecond pulsars
Force-free & MHD simulations support simple model for torques & jets

3D is important (realistic turbulence & interchange instability)

7/ movies of axisymmetric runs on YouTube: link at 1708.06362 arXiv listing



