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Re-thinking Blazars

open issues - recent surprises (4)
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1) Jet SED properties: peak frequencies

S

From Low to High-energy peaked Blazars:
FSRQ - LBL - IBL - HBL - Extreme BL
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X-ray spectrum defines/proxies the classification

Giommi & Padovani 1994,1995
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2) Thermal Properties

Flat Spectrum Radio Quasars (FR II) BL Lacs (FRI)
Broad Emission Lines:

EW>5 A EW<5 A
Intense disk & BLR emission Weak disk & BLR emission
=> high Urg (UV) => Jow/absent Urd(UV)
Dusty Torus No Dusty Torus ? (FRI)
=> high Uraq (IR) => low/weak Urd(IR)
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The Main Plane of Blazars

Jet non-thermal properties
SED peak frequency

High-peaked
Low Compton
dominance
Low-peaked
High C.ompton Accretion/Thermal
dominance properties
Radiatively inefficient disk, Radiatively efficient disk,
Absent/weak emission lines Strong broad emission lines

Low accretion rate Blue bump, high accretion rate



The Main Plane of Blazars
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Common dissipation zone, leptonic mechanism:
equilibrium between acceleration and cooling
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Big Blazars Difference: jet power & environment

(FSRQ)

RTorus

1/2
RBLR ~ (0.1 x L46 / pcC
( Bentz et al. 2006 ; Kaspi et al. 2007 )

‘ RHD ~ 2.5 X L461/2 pcC

Disk. Corona a @ ( Cleary et al. 2007 ; Nenkova et al. 20
Broad Line Region(UV) U,aq < L/R? ~ const.
~0.2 pc

Torus/Hot Dust (IR)
~1-10 pc



BlLLac Difference: jet power & environment
(e.g. HBL)

Disk, Corona

I
Broad Ljne Region(UV)

0.01 pc

Torus/Hot Dust (IR)
~1-10 pc



Recent
Surprises / Problems
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GeV-TeV photons interact with UV-to-IR photons
(easy to get optical depths >>1)
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/ Space Telescope

Fermi-LAT results on several FSRQ:
NO evidence of strong BLR cut-offs !

PKS 1454-354 z=1.424
_9 T T lllllll T T Illllll T T llllll] T T Illl! 49
Toor { 48
m i -
0 i }_i_f—.—l—.ﬂ ]
g i gy B i
Qf ! ]
s ~1T — 47
fe. L
S i ]
) ]
S i :; ]
-12 _— 1 48
PRELIMINARY J
_13 1 1 lllllll 1 1 IIlIIII 1 1 IIIIII] 1 1 Illlll-
0.1 1 10 100
Erest frame [GeV]
BZQ J0423-012 z=0.916
_9 T T IIIIIII T T IIIIIII T T IIIlIl] T T LA
i — 48
- —-10 - R
" s 4
o L 4
g - 47
an = ® o ]
5 -1 s -
R = E -
l'-; B _
0 i — 46
.Sl = ]
_12 - .
" PRELIMINARY T
i — 45
_13 I 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIII_
0.1 1 10 100
Ereat frame [GeV]

Log vL, [erg s7!]

Log vL, [erg s7!]

Log vF, [erg cm~2 s71]

Log vF, [erg cm~2 s71]

—9 T T IIIIIII T T IIIIIII T T Illlll] T T IIIIIL
-10 |- |
- %
-12 | ]

" PRELIMINARY ]
_13 1 1 lIlIlll 1 1 Illllll 1 1 Illlll] 1 1 llllll-
0.1 1 10 100
Erest frame [GeV]
PKS 0727-11 z=1.591
_9 T T ll]llll T T ll[llll T T llllll] T L
—-10 4
B o b
L - |
R i 4
-11 } ,_§_¢ i
—-12 |
PRELIMINARY T
_13 1 1 IIlIllI 1 1 IIlIIII 1 1 IIIIIII 1 1 IIIIII-
0.1 1 10 100
Erest frame [GeV]

PMN J1016+0512 z=1.713

49

48

46

49

48

»
~2

S
(e}

Log vL, [erg s7!]

Log vL, [erg s7!]

Log vF, [erg cm™2 s7!]

Log vF, [erg cm~2 s-1]

PKS 2052-47 z=1.491
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Gar"ma ray

/" Space Telescope

Characterized by strong Disk emission and large BLRs

Even among the most powerful objects !

Examples assuming no intrinsic steepening (case most favorable to absorption):
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PKS 1454-354:

Ldisk ~ 5%1 046ergls y Rbir ~7%1 017 cm

if Raiss ~2x107 = TeLrR > 30 !

Values of Rdiss Ldisk Roir used in
Ghisellini et al 2009
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power-law fits up to ~4 GeV extrapolated at higher energies, with (dashed lines) or without BLR absorption.
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a Further evidence:

/‘“‘;:,g;j"«? VHE detections of 4C 21.35 and PKS 1510-08

If Raiss > ReLr, does External Compton on IR work ?

4C +21.35 z=0.435 Magic (EBL corr.)
—9 ] 1 rrrrn LA 1 I LI LB
_ | | | Aleksic et al. 2011 (MAGIC coll)
i f Problem: again IR photons
i absorb VHE gamma-rays !
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4C 21.35 has strong IR emission from Hot Dust, T~1200K:
Lir ~ 8x10% erg/s , R ~2-4 pc (Malmrose et al. 2011)



Big Blazars

(FSRQ) Where dissipation occurs !
o
RTorus
@ N @ a
@
RBLR @
-
@
-
Disk, Corona Y *
Broad Line Region(UYV)
~0.2 pc

Torus/Hot Dust (IR)
~1-10 pc



Big Blazars

(FSRQ) Where dissipation occurs !
>
RTorus
e e
5 @
. . . .
RBLR o Ghisellini, Tavecchio

standard picture,

Poutanen

(internal shocks,
- EC on UV)
Disk, Corona e i
Broad Line Region(UYV)

~0.2 pc

Torus/Hot Dust (IR)
~1-10 pc
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Big Blazars

(FSRQ) Where dissipation occurs !
>
RTorus
I
o ﬁ « ‘
.
RBLR < .
Sikora
e (mm-transparent,
‘ EC on IR)
-
@
Disk, Corona e i
Broad Line Region(UV)
~0.2 pc

Torus/Hot Dust (IR)
~1-10 pc



Big Blazars

(FSRQ) Where dissipation occurs !
o
RTorus
e e
5 ¢
\ Rer T e Marscher+
(VLBI scale,
- ~20 pc away,
radio-gamma corr.)
-
Disk, Corona e i
Broad Line Region(UYV)
~0.2 pc

Torus/Hot Dust (IR)
~1-10 pc



Flux*10°(phot/cm®/s)/Jy/mJy

Radio-Gamma Correlation:

Simultaneous flares
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Flux [E>100MeV] (10° ph cm? s-)

But Gamma region compact !
varability seen down to the shortest timescales
allowed by statistics (0.1-1 GeV)
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If dissipation occurs beyond BLR...

what’s the difference between FSRQ and BL Lacs ?



If dissipation occurs beyond BLR...

what’s the difference between FSRQ and BL Lacs ?

P. Giommi argument
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A new mode of flaring in HBL : FSRQ-like
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fv  (mdy)

[0.3 — 100 GeV]

R filter
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I(>200 GeV) [10°cm’s]

#2 surprise: Ultra-fast variability !
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2X flux in ~2-3 min.
|Ox in less than | hr
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Possible explanations...

SSC EC

=4/ Emission

i: region of
2 normal' jet
: JET ﬁ 1_;
L\ B’
: B-field e g
: lines  — —
i | Beaming r;:o
i Y patterns ~—><
: =< =< | /
Light cylinder emitting blobs
Magneto-centrifugal accel ! Jets-in-Jet ? Jet-Star

interaction !

(Ghisellini & Tavecchio 2008; Ghisellini 2009) (Giannios et al 2009) (Barkov et al. 2010, 201 1)



RELATIVISTIC RECONNECTION: AN EFFICIENT SOURCE OF NON-THERMAL PARTICLES

LORENZO SIRONI'™ AND ANATOLY SPITKOVSKY®

'Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA: Isironi@cfa harvard.edu
?NASA Einstein Postdoctoral Fellow
3Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544-1001, USA: anatoly@astro.princeton.edu

Draft version January 23, 2014

ABSTRACT

In magnetized astrophysical outflows, the dissipation of field energy into particle energyv via mag-
netic reconnection is often invoked to explain the observed non-thermal signatures. By means of
two- and three-dimensional particle-in-cell simulations, we investigate anti-parallel reconnection in
magneticallyv-dominated electron-positron plasmas. Our simulations extend to unprecedentedly long
temporal and spatial scales, so we can capture the asymptotic state of the syvstem bevond the initial
transients, and without any artificial limitation by the boundary conditions. At late times, the recon-
nection laver is organized into a chain of large magnetic islands connected by thin X-lines. The plas-
moid mstablht\' further fragments each X-line into a series of smaller islands, separated by X-points.
At the X-pomts the particles become unmagnetized and they get accelerated along the reconnection
electric field. We provide definitive evidence that the late-time particle spectrum integrated over the
whole reconnection region is a power-law, whose slope is harder than —2 for magnetizations o 2 10.
“Efficient particle acceleration to non-thermal energies 1s a generic by-product of the long-term evolu-
tion of relativistic reconnection in both two and three dimensions. In three dimensions, the drift-kink
mode corrugates the reconnection layer at early times, but the long-term evolution is controlled by the
plasmoid instability, that facilitates efficient particle acceleration, in analogy to the two-dimensional
phvsics. Our findings have important implications for the generation of hard photon spectra in pulsar

winds and relativistic astrophysical jets.
Subject headings: acceleration of particles — galaxies: jets — gamma-ray burst: general — magnetic

reconnection — pulsars: general — radiation mechanisms: non-thermal




2) FSRQ, Ruiss> 1-10 pC
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MAGIC fundamental discovery on 4C 21.35:
ultrafast variability also in FSRQ !

= a) larger region, mm-transparent

b) variability ~days-week

Exponential fit (3°=4.45/3)
slope: (1.30+ 0.15)x 107 ™!

Linear fit (°=5.68/3)

slope = (3.7+ 0.8)x10 *cm2s e 5!

Background - constant fit (y°=2.34/4)

/

| | I

21:50:00

22:00:00 22:10:00 22:20:00

Time (UT)

Aleksic et al. 2011 (MAGIC coll)

10-min variability !

R~ 2.5 X 1014 510 tvar,lOmin CIn

at several pc from Black Hole

Problem for all
models !



Flux [E>100MeV] (10° ph cm? s-)

3C 454.3 with AGILE & FERMI:

varability seen down to the shortest timescales

allowed by statistics (0.1-1 GeV)

7 ]
6 =
5 =
4t -
3 =
21— =
) i ]
- it f i
1E i Pl bﬂ }!_—
- 4 LR’ b vf:
J 1 1 w 1 1 JI 1 ]
%4600 54800 55000 55200 55400 55600

Time (MJD)

Abdo et al (LAT coll) 2010,201 |
Vercellone et al. 2010-201 |

Hope with 10-GeV |IACT:

sub-minute sampling

80 [

230 GHz

N
o

55516

55518

55520 55522

Time [MJD]

55524



O(E>730GeV) (cm s

Similarly fast variability in radiogalaxies: M87 !
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#3 surprise:

Hard TeV BL Lacs

Even with lowest EBL, VHE spectra remain hard
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Characterized by intrinsic I'vue < 2 (typically 1.5-1.7) with any EBL intensity.
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TeV-peaked BL Lac objects

How many ! 9/29: ~1/3 HBL

Relation Extreme-X — Extreme-TeV ? No...



Relation Extreme X - Extreme TeV ! Not very clear:
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We cannot predict GBL/TBL from SED or Fermi spectrum!



How to make very hard spectra (even <|.5)

with one-zone SSC ?

comprehensive discussion in recent paper: Lefa et al 201 |
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8ycm02

28

- Low-energy cutoff at high
energies (Katarzynski 2007)

- Maxwellian distribution
(Henri et al 2002)



Log vF, [erg cm™2 s7!]

Hard spectra without invoking hard particle distributions:
internal absorption on Planckian spectrum
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see e.g.Aharonian, Khangulyan, LC 2008

But Fermi data seem now to
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Log vF, [erg cm™2 s7!]
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exclude this...



p+ycmB — p+et +e”

But, if UHE-proton sources...

> cascade

> deposition of gamma-rays closer to us
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Prosekin, Kusenko, Aharonian, etc



ain problem: Large Scale Structure IGMF

2dF Galaxy Redshift Survey t

Q

15 May 2002




Log vF, [erg ecm2 s7!]

# 4 surprise: High-z SMBH blazars
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MeV-blazars Sbarrato et al 2012-14
Ghisellini et al 2012-14



Black hole mass density evolution Sbarrato Ghisellini (Boheme 2014)
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Jets help black holes to gr'ow fas’rer

2 34567
Z



Summary

- Where blazars dissipate ?
(are FSRQ and BLLacs really different ? maybe thermal is misleading)

- How they dissipate ? (shocks, turbulence, B-reconn. ?)

Variable - Persistent ?

- Always the same mechanisms ! Fast - slow ?
Hard(TeV) - Soft ?

- Role of jets in BH accretion (SMBH in early universe)

Data is Ja[emy:
We need to look with cﬁﬁerem eyes



