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> Unified view of Blazars
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> Unified view of Blazars
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> Correlations

(Variability)
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> No correlations

(Variability)

(Orphan Flares)
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Spectral energy distribution (SSC Model)
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|s there a correlation between X-ray

and TeV v -ray emission 7777
(hourly, daily, monthly, etc.)

If so, what is the origin 7?7

How could be explained the TeV 7 -ray
activity without the X-ray activity 777
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> Theoretical Model

Sketch of the basic model R & st

Observer emitting region:

moving at relativistic speed
with bulk Lorentz factor [ .
with a uniform particle
densities (Ne and/or Np).

and/or Protons - with radius (rd).
(Np) . endowed with a magnetic
field B.

Leptonic model
only 4 parameters

(B, I , rdand Ne(8))

emitting region
(ra)

Hadronic model

disk 0
Additionally Np
— | . L (5 parameters)
Material from the accretion
disk is accreted to the BH and Dermer et al. 03 (we will use natural unities C:|/:1 and

after is launched in the jet. BH prime quantities are in the comoving frame)




» Synchrotron radiation
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electrons
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» Inverse Compton scattering

SSC relation

ic ~ A2
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» External inverse-Compton scattering

Up-scattered photons from BLR
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> P 7Y Interactions
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» U, e* and proton synchrotron radiation

comparison
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» Summing up: the hadronic spectrum

o Values: =10
[ - = Photo pion rd=5 x 101> cm
= = (- synchrotron :

N B = 10 Gauss:
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» e* pailr plasma

Initial electron density
1 1
4orGNM T3, | Bw,o(Ye,0)

Ne,o =

Photon density
o

mp

(e

3L,

Tq

) (

To

) ()

N. =
! Opn (1 +2f(0pn)) 4”"'2}1 € F%/V,ph Bw,ph Me (Ye,0)

Optical thickness to pair creation

OT €4b Tph

Ty =
LY 4 me FDV,ph

Output spectrum of MeV photons

dny(ey) {@7)—,&,
de,y (e’yb)—ﬁt+}3h (6’7)_'6}'7

}f €y < Eyb,
if €, > ey,

v F(v) (erg cm?s')

T [T [TTI [T T[T I [TIT I TTT

1ES1950+650

107

10

107

10" 10%' 10% 10%

v(Hz)

107 107

k]
=4
2
8
o

electron and proton

uniform

HE neutin Emitting
( region (©)
I'n)
Photosphere
wpr’ Ton
Thermal
neutrino
Wem Flreball (a)

Hole

0.

0.

n, (10%cm™®)

0.

107
10"
1072

Fraija et-al.

107

v (erg cm?s™)

10

0.

(b)

- R= 12 10'°
— R=10 1()“’ cm
7H—_R=8010"cm
sl
5_
AF ) )
Optically thick
T>1
3
-l
T<1 Optically thin
0 5 10 15 20 25 30 35
n(deg)

\H] I\IIH'ITl IH‘“m \HHITI" T TTT

P I Y A N N I SN N N B )

MRK 421

P I I T B B S |

10° 10" 10 10" 107 10"
v(Hz)

107 10% 10% 107 10%®



> Models

Leptonic Hadronic
Elect d FirgtSpfa\b( First peak
ectron ~ 0.5 ke
synchrotron X-ray Primary electron d =~ 0.5 keV
spectrum syncl;rotron X-ray
spectrum
Inverse Compton Second peak
scattering spectrum d ~ 200 GeV Sietie SIe & Sfczoggl Cp;)e\a/k
TeV v -ray Muon, secondary e+ d fl'_ v €
and proton ev r-ray
There is correlation X-ray <= TeV synchrotron
¥ -ray spectrum
There is NOT  X-ray Tev
correlation Y -ray
External inverse Second peak
Compton scattering d =~ 200 GeV
trum TeV 7 -ray
| Orphan flares could be
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> Data sets

» Whipple - RXTE/ASM data (Acciari et al. 2014)
» Milagro - RXTE/ASM data
» HEGRA CT1 - RXTE/ASM (Aharonian et al. 2003)

* MAGIC/Whipple/VERITAS-XMM Newton data
(Acciari et al. 2009)

o MAGIC-RXTE/ASM data (Albert et al. 2007)
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> Considerations in our model

g =23
Values of
arameters — rg=5x10%cm Values N, and B
> I =10 are computed fitting
o 0 data

Acciari et al. 2011, 2014
Abdo et al. 2014

VHE gamma-ray fluxes was _ —10 2
normalized to the Crab flux, as |:> 1 Crab = 0.871 x 10 erg/cm /S
measured by VERITAS

10

- Brum and Rademarkers 1997

"
N

Unities of X-ray flux were changed 5
(with the online WebPIMMS tool)  €rg/cm”/s — CPS

—_

Flux ergs/cm/cm/s

°
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http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/ s
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Kalberla et al 2005

o
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III|I|I|II1|III‘III|I

¥2 / ndf 0.0009651 /18
po 2.94e-10 + 2.02e-12
p1 2.408e-14 + 4.84e-12

Column density fixed to the Galactic value
in the direction of Mrk 421: 1.61 x 1029 cm




» Comparison

Magnetic field  0.01 < B(G) < 1.6 Unique correlation
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This model could be generalized to other blazars
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OUTLINE

» Observations: TeV and X-ray correlations
(variability and spectrum)

> Theoretical model:

- Generalities
- Lepton model
- Hadronic model

» Application to Mrk 421

» Conclusions




> Conclusions

v Mrk421 shows a correlation between TeV y-ray and X-ray emissions
independent of time scales and instruments, although it seems to
break at the highest y-ray fluxes.

v' The overall correlation can be interpreted as SSC scenario with a
single value of magnetic field 0.6 < B< 0.8 G

v The “outliers” and orphan flares might be described within SSC
framework for a set of values of N, and B  different from the
ones characterizing the overall correlation.

v We have developed a theoretical model that can explain the
correlation between TeV y-ray and X-ray emissions of Mrk 421.
Although the hadronic and external inverse-Compton models can
describe the SED, it can not explain the correlation.



