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Gamma-rays from broad-lined Blazars:
Which origin ?
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Strong vs Weak Lined Blazars

Normalized Flux
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RBLR ’d LeLr ~ 10% Luisk

-
g RBLR ~ (.1 X L461/2 pcC
‘ ( Bentz et al. 2006 ; Kaspi et al. 2007 )
RHD ~ 2.5 X L461/2 pcC
‘ ( Cleary et al. 2007 ; Nenkova et al. 2008 )
Disk, Corona e .
2
Broad Line Region(UV) Urad o L/R® ~ const.
~0.2 pc
@ Torus/Hot Dust (IR)

~1-10 pc



Standard Picture,
e.g. Ghisellini,
avecchio, Maraschi

(internal shocks,

e EC on UV)

Broad Line Region(UYV)
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BlLLac Difference: jet power & environment

Disk, Corona

Broad Line Region(UYV)
0.01 pc

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



Energy density U along the jet:
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gamma-rays: Inv.Compton on highest-U seed photons
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Standard modeling: environment counts
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Log U’ [erg cm™3]

BLR opacity: optical depths >>|
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Expected in FSRQ: no VHE detections, cutoff ~10-20 GeV
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BLR spectra

BBody is a good approximation for attenuation curves

BLR at different ionization parameter
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Gamma-rays beyond the BLR:

a) FSRQ detected at VHE
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What is the typical origin of gamma-rays in FSRQs ?

|) is BLR absorption a common phenomenon !
2) is it consistent with EC modeling ?
3) different location in high-flaring vs steady state !

100 highest-significance Gamma-ray Blazars in the 3LAC
+ 6 large-BLR cases

Fermi-LAT Data, PASS8, 7.3-years exposure

|06 in total, 83 with Lgr estimates

Costamante, Cutini, Tosti, Antolini, Tramacere 2018,
MNRAS, in press (arXiv 1804.06282)
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NO evidence of BLR cut-offs !

S41144+40 z=1.089 Lyp= 1.2e+45 CTA102 z=1.037 Lyg= 4.1e+45 PKS1454—354 z=1.424 Lg= 4.5e+45
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2/3 of the sample: Tmax < |
9/10 objects: Tmax < 3

Only | out of 10 FSRQ compatible with significant BLR absorption
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Flux (E>100 MeV) [ ph/cm3s |
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Flux (E>100 MeV) [ ph/cm?s |
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Flux (E>100 MeV) [ ph/cm?s ]

Flux (E>100 MeV) [ ph/cm?s ]

VHE-detected FSRQs
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Conclusion:

NO evidence of jet interaction with BLR photons !

EC(BLR) seems the exception, not the normality,
of the gamma-ray emission in Fermi Blazars



Alternatives?
how to reduce absorption but stay within the BLR ?

- Much larger BLR (~100x) 7 o< 1/RpLr

- Shift yy threshold by selecting angles
(Flattened BLR)



Energy density U along the jet:
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Shift threshold 5x (to ~100 GeV) —> § = 30 deg

Disk, Corona

Broad I.ine Region(UV)
1 ~0.2/pc
[ Torus/Hot Dust (IR)

'@ ~1-10 pc
- @



Alternatives?
how to reduce absorption but stay within the BLR ?

- Much larger BLR (~100x) 7 < 1/RpLr

- Shift yy threshold by selecting angles
(Flattened BLR)

Both do NOT keep EC(BLR) viable



Caveats:

1) Long integration time (years)



Caveats:

1) Long integration time (years)

2) Kinematics of the emission
(localized dissipation vs moving blob)

Doppler effect: ~ AR ~ At,ps * B * 2

['=10 - — AR > 10em
Atobs Z 10°s






- Absorptilon shapes N
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BLR optical depth
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It does not change the main result



Conclusion & Consequences

|) EC(BLR) is disfavoured as gamma-ray emission mechanism
in Broad-line Blazars (EC-IR or $5C or EC-ambient)
= re-model SED for jet barameters



Conclusion & Consequences

|) EC(BLR) is disfavoured as gamma-ray emission mechanism
in Broad-line Blazars (EC-IR or $5C or EC-ambient)
= re-model SED for jet parameters

2) Gamma-ray spectrum is mostly intrinsic (particle distribution)
= new diagnostic possibilities
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Table 1
The Index of the Exponential Cutoff in the Energy Spectrum of IC Radiation ¢ Calculated for
Three Different Target Photon Fields, in the Thomson and Klein-Nishina Regimes

Scattering regime Thomson Klein-Nishina Thomson Klein-Nishina
Radiation field electrons B B abrupt cutoff abrupt cutoff
Monochromatic photons B/2 B 00 o0
Planckian photons B/(B+2) B 1 o0
Synchrotron photons B/(B+4) B 1 00

Note. The index B characterizes the exponential cutoff in the electron energy distribution given by Equation 1.



Conclusion & Consequences

) EC(BLR) is disfavoured as gamma-ray emission mechanism
in Broad-line Blazars (EC-IR or SSC or EC-ambient)
= re-model SED for jet parameters

2) Gamma-ray spectrum is mostly intrinsic (particle distribution)
= new diagnostic possibilities (e.g. Lefa et al 2014)

3) Without BLR suppression, FSRQs luminous at VHE
= CTA sky much richer of FSRQs
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Conclusion & Consequences

) EC(BLR) is disfavoured as gamma-ray emission mechanism
in Broad-line Blazars (EC-IR or $5C or EC-ambient)
= re-model SED for jet barameters

2) Gamma-ray spectrum is mostly intrinsic (particle distribution)
= new diagnostic possibilities (e.g. Lefa et al 2014)

3) Without BLR suppression, FSRQs luminous at VHE
= CTA sky much richer of FSRQs

4) Differences FSRQ/BLLac are intrinsic to the jet:
accretion and jet power

Costamante, Cutini, Tosti, Antolini, Tramacere 2018,
MNRAS, in press (arXiv 1804.06282)
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3C 279
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Also in Fermi: 3C 279 huge flare in 2015
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Problem with BLR-absorption interpretation:
BLR photon energy, E,(eV BLR photon energy, E,(eV
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FSRQ - LBL - IBL - HBL - Extreme BL

Giommi & Padovani 1994,1995
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Something is happening at L ~0.01 Lgqdq
ADAF - Shakura/Sunyaev !

Log My,/M,
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Ledlow & Owen 1996

Ghisellini & Celotti 2002 Trump etal. 2011



2) FSRQ, Rudiss> 1-10 pc
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Integral flux (>100 GeV) [cm? s™]
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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

lllllllll

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

Linear fit (x°=5.68/3)

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

Background - constant fit (y°=2.34/4)

/

l | |

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 % 1014 510 tvar,lOmin cin

at several pc from Black Hole

Problem for all
models !
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PKS I510-089: GeV-TeV Spectra

@] Fermi-LAT (MAGIC simultaneous)
Fermi-LAT (High state)
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Abramowski et al. (Hess Coll) 2013 Aleksic et al. (Magic Coll) 2014

NO Jet-BLR interaction



Flux(E > 100 MeV)[107% ph cm 257!
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Ultra-fast variability ? ( <3hrs)
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Formally, doubling timescale ~|hr
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Saito et al. 2013
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Fermi/Agile do NOT see all type of blazars:
misses at the two ends of SED sequence

- 0014+813

High-z blazars
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