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Introduction

Macroscopic Instabilities McKinney & Blandford (2009)

— KHI (velocity shear driven)
— CDI (current driven)

Macroscopic Observables

— Pinch/Twisted structures

— Flow & Pattern speeds

— B-field structure via polarization

Microscopic Instabilities

— Filamentation (2-stream)
— KKHI (velocity shear)
— Reconnection

Microscopic Observables
— Spectrum (Synchrotron/Jitter/IC)
— Energy distribution

MS87 — Implications

Kinked jet basically stable structure



KHI Spine Sheath Mixing

(Walg et al. 2013)
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The KH Normal Modes

Intensity Image & Magnetic Pressure Helical (S) Mode Twist Offset
Cross Sections (Hardee et al. 1997)
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Shear Layer Stabilization
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Short A Saturation/Stabilization

(Pinch Mode - Perucho et al. 2004 ; Helical Mode — Xu et al. 2000)

Pinch Mode:

Long A Disruption ; Short A Saturation

Helical Mode: Long A Disruption
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Magnetic Fields & KHI

Poloidal B (Rosen et al. 1999) Helical B

Magnetic tension suppresses
KHI higher order modes

Magnetic field
suppresses KHI

induced vortices
(Baty & Keppens 2002)

Helical Field Helps Maintain Spine Sheath Configuration



Sub-Alfvenic KH Stabilization

Hardee & Rosen (1999, 2002)
Poloidal: ~0

Mizuno et al. (2007)

Super-Alfvénic velocity shear

Alfveén point transition

KH Stable when sub-Alfvénic



Current Driven Instability

Magnetic pressure (Baty 2005) Mignone et al. (2010)
Toroidal B-field

CDI Growth:
Velocity shear
Static no shear

Analytical Analyses:
Istomin & Pariev (1994, 1996)
Begelman (1998)
Lyubarskii (1992, 1999)
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Periodic

CDI Kink Destabilzation/Stabilization

(Mizuno et al. 2009,2012)

2D Density Slices 3D Density Isosurfaces
P o Increased inner helicity
E Multiple Kink Modes
1 I Outer Kink
- 0 Inner Kink
a = radius ~ (B )M*
Helicity Decreasing Constant Increasing with radius

Helicity decreasing & Density increasing with radius =» Slower growth
[ Agrees with non-relativistic results of Appl et al. (2000); Lery et al. (2000)]



CDI kink: Spatial Growth

(Constant pitch, density decrease: v, =0.2¢,v,<0.36¢c)

R; = velocity shear radius ~ a ~ radius B, maximum

R; = a/2 (flow through kink) R; = 4a (kink moves with flow)

Partial stabilization by kink advection with flow

(Mizuno et al. in progress)



Filamentation Instability - Shocks

Current ﬁlaments & blue: Jz =50, red:Jz=-50, white: B
induced magnetic ficlds Jet

red: Jz =-50, white: B

White
Acceleration timescale ~ few 1000(0313)'l magnetic
field lines



Filamentation Instability & Shock Structure

Jet & Ambient (e*) Particles Nishikawa et al (2009)
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wall

Emission & Reconnection

Sironi & Spitkovsky (2009a,b; 2011)

-

“ 0 incoming flow

< flow
00 1.0
? ;w ] e 3.0
} 200 ’ ': gng
:.: 100 . 108
400 '
: mi
° 200 10 '(
= 108 58‘
2 3pe ]
5 2f ]
8 3t
0.15 )
20 wE Shock ﬁ s -_
Synchrotron spectrum
— 10005 (© n=z w,1=2250 v
2 2D -+ Sl £
S n=y wpt=4500 -.-.-.-
s [, em== T
z 100 -
g ]
c 4
R ]
% ’ thermal |\ oh thermal \1\'

w/wy

10* 10°

Yow — 15

HD Shock Reconnection

400

¥, [e/w,]

fast MHD Shock

oY
|+

AN/ dy

10° 10 10% 10° 10* 10° 10
Y b

Emission from Reconnection Region

synchrotron
small-pitch-angle
—
> =

W
=

Medvedev et al. (2010)



Kinetic Kelvin Helmholtz Instability

Alves et al. 2012: counter-streaming
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Nishikawa et al. in prep; core-sheath
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Dec Offset (mas)

DEC (mas)

MS87: Collimation, Propagation & CDI/KHI

Junor et al. (1999)

Beam: ~ 0.4 x 0.2 mas
0.3 mas ~ 0.024 pc ~ 42R,

Edge brightened

5 mas [¥] 0.4 pc ~700R, (KKHI)
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MS87: Launching Region & Microphysics

Global Jet Processes too slow for <1 day Tev variability =
small scale structures for CDI , KKHI , Filamentation, Reconnection & rapid particle acceleration
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(Poynting domain < few 100 R))

Small scale CDI magnetic reconnection &
particle acceleration

“Jet-in-a-jet”
[Giannios et al. (2009)]

(Kinetic domain > few 100 R))

Small scale shock/shear (Filamentation/KKHI
& Reconnection) particle acceleration

“Knots-in-a-jet”
[Lenain et al. (2008)]

“Needles”/spine-sheath
[Ghisellini & Tavecchio; Tavecchio & Ghisellini (2008)]

“Knot”/needle deceleration
[Georganopoulos et al. (2005); Levinson (2007)]

L 1 1 1
02 Apr 2007 02 Jul 2007

1 1 I | L 1
01 Oct 2007 01 Jan 2008 01 Apr 2008

Time




MS&7: Summary & Conclusion

Jet angle: 0 ~ 15°, Global Spine-Sheath: y ;.

~ 79 ’YSheath ~ 3 ” Doppler: 8 <<< SmaX: 2 YSpine

Launching (sub-pc scales): ({¥], vanen ™

Vie)

Simulation/M87 = Global CDI stabilized
(expansion, acceleration, radial structure)

MS87 = Poynting to plasma energy conversion
( small scale CDI/Reconnection)

Microphysics = Particle acceleration
(Reconnection, KKHI)

Collimation (~ pc scales): (],

Simulation/M87 = CDI/KHI generation global structures

Microphysics = Shock acceleration/jet knot emission,
KKHI acceleration/jet edge brightening

Propagation (> few pc scales): ([v].
Va)

Simulation/M87 = KHI partial stabilization
(expansion, advection, radial structure, magnetic fields)

Microphysics = shock & shear driven acceleration
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