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TESTS FOR BEAMING IN BLAZARS 11

* Gamma-Ray Transparency

-y —1v Pair Production Interactions in a Stationary Source in the
Cosmological Ref. Frame Attenuates y-ray Photons

Pair Production Optical Depth: T(¢,)=R j " de 6,(5) Ny (€)
ey

- If 14y >> 1 Then Beaming is Required (

Source Ty (E=1MeV) I
3C 273 1.1 =310
3C 279 7.2x 10
3C 454.3 13
CTA 102 13
PKS 0528+134 250




TESTS FOR BEAMING IN BLAZARS L

 Luminosity and Mass Estimates

- Minimum Mass Derived From Luminosity, Assuming Eddington-
Limited Accretion

- Maximum Mass Inferred From Emission Size Scale
R=E'ﬁ’}'{(]+z]}R3“ M

- If Min Mass > Max Mass, Then Beaming is Required

Source _] Min Mg Max Mg _|
3C 273 1.5 [ 220
3C 279 4.7 1.9 x 104
3C 454.3 14 560
CTA 102 25 89
PKS 0528+134 70 85




New Test for Beaming in Blazars

Catanese (1997)

1 Dermer (1998)
Doppler factor = [I'(1-fu)]

- =4y :1 I} El X

LV D- i & f— - o, rma
LB LeV) (ﬁt{&uq}'}] < Blbauy) [ £ eV ]
*Variability timescale *Maximum synchrotron energy
due te synchrotron cooling and TeV gamma-ray energy

: lower limit on B = upper limit on B
l
Aoy (OF,) . /’R

Correlate © with different /'\

source types

ﬂr E."‘- g b!}..l

Measure 7{t) Cradie ot LY X ¥ T

Probe closer to the central engine; therefore expect larger values
of ¥ than inferred from radio observations
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dN/dz (Predictions)
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Exteensl Shock Mode
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Fig. 9.— Comparison of the observed cosmic ray energy density with the predicted energy densities
of coamic rays that originate from fireball transients (FTs) and GRBs. The two solid corves shiw
extrapolated fits to the observed [Simpson 1983; Fowler ot al. 2000} cosmic vy proton spectrimnm,
and the dats points are UHECH observations {Tikedas ot al, 1998). The thick dashed curve shows
the prodicted time-averaged cosmic ray spectrum for an L® galaxy such as the Milky Way if a large
Fraction wf the energy from FTs s channeled into o nenthermal particle spectrum with p = 2.2
The thick dotted curve ghows the predicted UHECR Hux if & large fraction of FT mnissivity in
the focal universe emerges in the form of UHECRs. The thin short-dashord corve shows that
an enhancement in the local emissivity by a factor of ~ 20, for example by temporal stochaatic
processes, underestimation of the FT emissivity, overestimation of y-ray production efficiency from
GRBs or the preferred location of the Solar system near star-forming regions, could expliin the
arigin of coamic rays through production by FTs. The fit to the UHECR spectrum is deseribed in

fhr bext,

OrlECRS



