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Where lies the gamma-ray

emitting region?

Close to accretion disk? Dusty torus (10 pc)?

BLR (<lIpc) ?
\ / /
IR
. x-rpay  RADIO-LOUD AGN EMISSION
- SHOCK/SUPERLUMINAL KNOT
y  } AL /RADIO-o/'/-R.AY
A L2 a BT e At S R
4 b ) .-.' _..* -’": < ‘1l s\ ., '..-._.- . !' ~, el R K
s &8 7 A~RAY UV OPTICAL IR ' -

RADIO —

©Alan Marscher

—10°R
—10'R
—10°R,
__10°R
_10R




Fermi spectra of flat spectra
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Fermi spectra of low spectral-

CS

T

AQ 0235+164

%1
| |

peak (LSP)BL La

[l

BL Lacertae

E

ﬁ

4

4

V!

3
4

5666 oooo
Lmohvonho by

T T Ty T T T

PKS 0048-097

ee Abdo et al. 2010
] * 3

10° 10°

10*
E (MeV)




Fermi spectra of intermediate

spectral-peak (ISP
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Fermi spectra of high spectral-
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GeV breaks
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Stratified broad line region

The size of BLR determined from reverberation

mapping depends on the line.
The size determined from C IV 1549 (Kaspi et al. 2007)

RCI\ g ~ 0. 4Ll//)

Balmer lines give sizes 2-3 times larger.
He II 1640, N V 1240 give size 2-3 times smaller.

Assume density proﬁle n(r)o<1/r
Tonization parameter is then &= L/(r°n) o< 7
This 1s broadly consistent with constraints on BLR
structure from reverberation (Kasp1 & Netzer 1999).
Photo-10onization 1s computed by xstar 2.2 (Kallman &

Bautista 2001).
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BLR spectra
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BLR spectra
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Flux, F (arbitrary units)
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BLR spectra
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Flux, Fp (arbitrary units)
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BLR spectra
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BLR spectra for different ionization at 5% resolution to show strong features.




Estimates of opacities

The optical depth for pair production on BLR
photons 1s large 1n quasars.

For line photons:

LO'T .
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Cross-section for pair production
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+ This suggests that
RI8 E() absorption is large in
FSRQ and weak in BL
Lacs.
Photons at €, start interacting with target

photons just above threshold at &, =1/¢,

Example:

HI Ly cont. 13.6 eV-19.2 GeV
He II Ly cont. 54.4 eV-4.8 GeV




Flux, F,. (arbitrary units)
Eq Y

Photon-photon opacity through the BLR. It can be approximated by absorption

BLR and photon-photon pair

production opacity
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on two “lines” of hydrogen and He II Ly continua at 13.6 and 54.4 eV.




GeV breaks In blazars

N I 1 IIIIIII | IIIIIIIl I 1T T TTTIL4
Power law + dual absorber [0S L OB 109204446 (300) _
(produced by H I and Hell : :
Lyman recombination - /I,X
continua) —~ 10°L |
= -
Q

o
S oL 3C 454.3 N
o E — =
= [ _I;

-11
e Tk
10712 Ll L ool | :HM
0.1 | 10 100

E (GeV)




GeV breaks In blazars

Object Z Power Law Power Law + Double Absorber

X2 I THe TH x>
3C 454.3 0.859 117 2.37 £ 0.02 6.1 £09 185" 4.1
PKS 1502+106  1.839 55 2.13 £ 003 1.6 +0.6 84 + 1.6 6.3
3C 279 0.536 18 228 +£ 0.04 2.0 + 1.1 4.5 + 3.1 10.1
PKS 1510-08  0.36 13 245 £ 0.04 2.7 £ 1.5 277, 8.1
3C 273 0.158 10 2.87 £ 0.05 3.675, 0+ 7.8
PKS 0454-234  1.003 50 204 £ 004 3.0+08 95+27 137
PKS 202207 1.388 15 248 £ 0.06  0.870% 2.973% 12.9
TXS 15204319  1.487 11 248 £ 074 1.7 £1.6 6.5 7.2
RGB J0920+446 2.19 21 201 £0.07 0 76 £29 119

The fits with powerlaw+double-absorber model are as good as with the
broken powerlaw model (but more physical).

THe/TH i 1/4 — lOgE > 2
For 3C 454.3, L =104 erg/s, R< 0.1 pc




Conclusions

e GeV breaks are consistent with being
produced by absorption on He IT and H I
recombination continua.

e The underlying continuum does not need
to have a cutoff in the GeV range.

e The gamma-ray emitting region lies
within the highest ionization zone of BLR

at a distance <0.1 pc from the central
black hole.

e Additional features in a sub-GeV range
are expected due to soft X-ray lines of
BLR.




