S

Dynamics and Microphysics inside
the Blazar Zone & M87

Phlhp Hardee (U. Alabama, Tuscaloosa)

Fermi meets Jansky, Bonn, June 2010




Introduction

Blazar emission shaped by: Sikora, Begelman & Rees 94
The central engine (launching) 3

— BH + Accretion Disk

— Variability

The jet (structure/stability)
— Poynting & Kinetic flux

— Spine & Sheath

The external environment

— AGN Photon field
— AGN pressure/density profile

Particle acceleration

— BH Magnetosphere

— Magnetic reconnection

— Velocity Shear & Shocks

Radiation production/location

— Synchrotron & IC
Fi1G. 2—Geometry of the source. The radiating region, denoted by short
— BH to mm core & beyond cylinder of dimension a, moves along the jet with pattern Lorentz factor T,

Underlying flow moves with Lorentz factor I', which may be different.




The Launching Region

Blandford & Znajek (1977) Hawley & Krolik
) (2006)
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The Spine-Sheath Interface

Intensity profile ~ M87 jet
Jet edge brightening R
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Decoupled Synchrotron & I C regzons

One zone SSC models imply high
Doppler & Lorentz factors!

Slow pc-scale motions observed!
Global Scale: Fast Spine & Slow Sheath

Emission modeling

=> 2 jet speed components
TeV BL Lacs

(Ghisellini et al. 2005)

Small Scale: Needles, Jet in Jet, Deceleration
Ghisellini & Tavecchio (2008)
Giannios et al. (2009)
Georganopoulos et al. (2005); Levinson (2007)

(erg s™! ecm™2)

v

log vf

vF, (ergem?s’™)

9 ; 3C 579 !‘ 0 b
® 1996 (pre-flare) pe
@ 1996 (flare) e
10 ’. * A
1 9 ‘& ?
o . o
s} 4 >
—12 [ ] -
L L HST RXTE CGRO- CGRO- CGRO- o
b VE ROSAT OSSE COMPTEL EGRET _
ASCA
13 | L | ' ) ! N | L L L
10 15 20 25
log v (Hz)
S Inverse Compton
0%
A May 1996
Mrk 421 « April 1995
9 ® May 1994 |
10°F < 1977 to 1995 -
10°10 - . HN | ¢ n
E . . fy o= 3
i # ¢ '.[ i
- I hy
1(]-” - to 1 l | ! =
: '
107 } -
3 | 4 P 3
105k *
E ? oY Y \\*(@ @
s A &
-"Q@ s@ « ol 88 @ &
lO-I-I P 1 P | i P P | e . | PR Y
10 12 14 16 18 20 22 24 26 28

log v (Hz)



Jet Launching

Jet Collimation Region
Region —

(10 -100 x Launching Region)
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Jet Stability/Structure

McKinney & Blandford 2009

Magnetically dominated jets
launched by BZ effect

Kinked jet basically stable structure



Non-disruptive Kink/Helical flow

CD Kink Flow. (Mizuno et al. 2010) KH Kink Flow: (Rosen et al. 1999)
R: << a: flow through kink [%p; <<p,: flow through kink

E M

BL Lac & PKS 1510-089
Helical mognetic field Marscher et al. (2008, 2010)
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SBE 1.01
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Shock Microphysics
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Filamentation Instability

Current filaments & blee: Jo— 50, redeJo— 50, white: B
induced magnetic fields Jet

red: Jz = -50, white: B

F=-¢(v,xB,)

White
Acceleration timescale ~ few 1000(w,)! magnetic
field lines



Particle Acceleration & Emission

Ferml (?) acceleratlon Fshock =26

. : . . Mv\}JV -‘vrv AL 1 1
Simulation: Spitkovsky (2008) 5000 05 A >
‘Sadnbie N At ?!.I
:,::‘:A,\w “t:::“‘“——'~ L2
ot Sy 4 _a_grre_rgygun | >_3}o
4000 ':‘ - ‘ w;xﬁmv"/ Vf ,:\:: ) -3 » g ;}‘ -
8. - - o o ’\f":{? r A:::.__‘_.___: 5 41"-’ _§'
. 3. e mwu“'v/*‘ - e — e — ‘,‘ (I__-‘-'
e S, (e
- G———— e v - —A =) 11y -
,‘\ " incoming flow E RS ';:r‘r * N | >.-{;
______ £ D000 S mrrmin Vg e S < ~
2 AN AP it “’ i T ] (:' -
M el o A *”“_::_—4; [
* PSR ARITI 10t O, | I~
P A AR ”.“NA | >
L ety i, O —
mwwm’w
Maw‘wo“
?400 -400  -200 0 200 400 O 100 200 300 400
P [X(0)=XpeaV)]/(/53)) y
= 199 Synchrotron spectrum
3 ——
3
N — {c) n=xr w 0=2250 =
= o 5 1000F 2D n=y wit=2250 3
= 08 = E n=x wt=4500 - - -~ |-
> ;.A = ! n=y W =4500 - = =~
12 \ £ ool P Ay
& 1F = 100F 3
il s
S 1 i
~0.108" Shock > . 3 ]
“ 0.08 . S
0.00 § 10+ , =
oy ’ thermal L3

non-thermal

Sironi & Spitkovsky (2009a,b) S l
10° 10° 10* 10°
w/w,

A




MS87: TeV Flare, X-ray, & Radio Flux
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Relative Dec (mas)

MS&7: Structure, Speed & Viewing Angle

(Kovalev et al. 2007) HST-1: proper motions

(Biretta, Sparks & Macchetto 1999)
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Declination Offset (mas)

Declination Offset (mas)

VLBA Radio Structure & Timing
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MS&7: Jet Launching & Collimation Region

|
Beam: ~ 0.4 x 0.2 mas

Dec Offset (mas)

Junor, Biretta & Livio (1999)
Ly, Walker & Wrobel (2004)

0.3 mas ~ 0.024 pc ~ 42R,

M&7

Walker et al. (2008)

Jet launching region:
< (0.4mas/sin 15%) ~ 200 R
Jet collimation region:
~ (7.5mas/sin 15%) ~ 4000 R
Bulk: I'~2-10

Particle: y> 107

TeV < 200 R,
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MS&7: Probing the Jet Base

MB7 models
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MS87 Summary & Implications

Jet axis viewing angle, 0 ~ 15°, Global Spine-Sheath: I'y;,. = 7.5, [y, <4.5
TeV inside 230 R, = within broad opening angle jet base (> 17°)
0<8,,, =2 ~15HST-1:T=75&6=0)

TeV ~ 1 day variability = t, . << At <J_. At~ 15x 10° sec

Alint << 8max Atobs ¢ ~25 Rs
VLBA 43 GHz = multiple ejection event & synchrotron self-absorption delay

MZ&7 Implication = non-steady processes on small scales <R
[e.g., Lyutikov; Marscher & Jorstad; Rachen et al. (this workshop)]

BH MHD - [e.g., Vincent & LeBohec (this workshop); Neronov & Aharonian (2007)]
Vacuum gap lepton acceleration & cascade

Jet-in-a-jet (Poynting domain < 100 R,) - [Giannios et al. (2009)]

Small scale CDI magnetic reconnection — < (
Blobs-in-a-jet (Kinetic domain > 100 R,) - [Lenain et al. (2008)] r ~ 0
Small scale shock/shear driven particle acceleration — 0 (o

Needles/spine-sheath (Kinetic domain) - [Ghisellini & Tavecchio; Tavecchio & Ghisellini (2008)]
Small scale shock/shear driven particle acceleration

Needle/blob deceleration (Kinetic domain) - [Georganopoulos et al. (2005); Levinson (2007)]
Small scale shock/shear driven particle acceleration





