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Apparent jet opening angles are on average wider in LAT-detected blazars than

those in non-LAT-detected, suggesting smaller viewing angles.
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Fig. 1. Left: MOJAVE image of 1641+399 at 15 GHz observed on 2009 February 25. The jet axis is approximated by twostraight lines in position angles of −90◦ and −50◦. Middle: Deonvolved FWHM transverse size of the jet along its axis. Right:Apparent opening angle of the jet along its axis.

Abstrat
•We have investigated the di�erenes in apparent opening angles between the parse-sale jets of theAGN deteted by the Fermi Large Area Telesope during its �rst three months of operations and thoseof non-LAT-deteted AGN.
•The apparent opening angles of γ-ray bright blazars are preferentially larger than those of γ-rayweak soures. At the same time, we have found the two groups to have similar intrinsi opening angledistributions, based on a smaller subset of soures. This suggests that the jets in γ-ray bright AGN areoriented at preferentially smaller angles to the line of sight resulting in a stronger relativisti beaming.
•The intrinsi jet opening angle and the bulk �ow Lorentz fator are found to be inversely proportional,as predited by standard models of ompat relativisti jets. If a gas dynamial jet aeleration modelis assumed, the ratio of the initial pressure of the plasma in the ore region P0 to the external pressure
Pext lies within the range 1.1 to 34.6, with a best �t estimate of P0/Pext ≈ 2.

•There is an indiation for BL La objets to have on average wider intrinsi opening angles than thoseof quasars.
Apparent opening anglesWe used the 15 GHz naturally weighted MOJAVE VLBA images from the most reent epoh available.The opening angle of the jet was alulated as the median value of α = 2 arctan[0.5(d2

− b2
ϕ)1/2/r],where d is the full width at half maximum (FWHM) of a Gaussian �tted to the transverse jet brightnesspro�le, r is the distane to the ore along the jet axis, bϕ is the beam size along the position angle ϕof the jet-ut, and the quantity (d2

− b2
ϕ)1/2 is the deonvolved FWHM transverse size of the jet. InFig. 1 the 15 GHz total intensity map of 3C 345 (1641+399) is shown as an example together with thedeonvolved size and opening angle of the jet as a funtion of angular distane to the ore.The distributions of the measured opening angle are shown in Fig. 2. A Kolmogorov-Smirnov (K-S)test indiates a probability of only p = 0.019 for these two samples being drawn from the same parentpopulation. If we add 27 additional LAT-deteted blazars from the extended MOJAVE-2 sample, theon�dene level inreases to 99.9% (p < 0.001). In Fig. 3 we show 15 GHz MOJAVE VLBI images oftwo LAT-deteted quasars with the largest apparent opening angles.

Intrinsi opening anglesWe have derived the values of the viewing angle θ and the bulk Lorentz fator Γ for MOJAVE-1 blazarsusing jet speeds from the MOJAVE kinemati analysis (Lister et al. 2009b) and variability Dopplerfator from the Mets�ahovi AGN monitoring program (Hovatta et al. 2009). The overlap of the MOJAVEand Mets�ahovi programs omprises 56 blazars with measured speeds and Doppler fators. Indeed, theviewing angles of 21 LAT-deteted soures turned out to be slightly smaller, with a mean value of
3.◦6 ± 0.◦4 vs. 5.◦7 ± 1.◦3 for the non-LAT-deteted soures. In addition, we have found an indiation forBL Las to have on-average wider intrinsi opening angles (2.◦4± 0.◦6) than those of quasars (1.◦2± 0.◦1).The orresponding distributions are di�erent at on�dene levels of 94.6% aording to the K-S test, theaverage values di�er with a 96.1% on�dene aording to the Student's T-test.The intrinsi opening angles αint = αapp sin θ were alulated for the 56 soures. The estimated valuesof this parameter range up to 8◦ (Fig. 4). A K-S test indiated no signi�ant di�erene (p = 0.797)between the samples of LAT-deteted and non-LAT-deteted soures, suggesting that the establishedsystemati di�erene in apparent opening angles is most probably the result of projetion e�ets, i.e.,the γ-ray bright jets are aligned loser to our line of sight.We have also analyzed the observed dependene between the intrinsi opening angle and the Lorentzfator (Fig. 4), whih are expeted to be inversely proportional aording to simple hydrodynamialmodels of relativisti jets (Blandford & K�onigl 1979). Both the gas dynamial model (Daly & Marsher1988) and magneti aeleration models (Komissarov et al. 2007) also predit this relation. The observeddependene was �tted assuming a relation αint = ρ/Γ with the oe�ient ρ left as a free parameter. Thebest �t value of ρ was found to be 0.26 rad by �tting the median urve. (Fig. 4, solid line).In the gas dynamial model of ompat relativisti jets suggested by Daly & Marsher (1988) the openingangle of a jet is a funtion of the Lorentz fator and a ratio of the external pressure Pext to the initialpressure P0 of the plasma in the ore region, ξ =

√

Pext/P0. We applied this model for di�erent values of
ξ (Fig. 4, dotted urves) and were able to onstrain the parameter ξ to lie within a range of [0.17, 0.96℄with the best �t estimate ξ = 0.67, orresponding to a range of [1.1, 34.6℄ for P0/Pext with the best �testimate P0/Pext ≈ 2. Our results on�rm those obtained earlier by Jorstad et al. (2005) using a smallersample of 15 blazar jets.

1424+240               1520+319

Fig. 2. Distributions of the apparent opening angle from jet-ut analysis for 86 non-LAT-deteted (top panel, unshaded),29 LAT-deteted (middle and bottom panel, blue) MOJAVE-1 blazars, and 27 LAT-deteted (bottom panel, violet) additionalMOJAVE-2 blazars.
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Fig. 3. MOJAVE images of LAT-deteted quasars 1424+240 (left) and 1520+319 (right) that show the largest apparentopening angles 53◦ and 76◦, respetively.
Fig. 4. Intrinsi opening angle vs. Lorentzfator for 56 jets. Two soures with Γ,αintvalues of (45, 0.96) and (65, 0.53) respetivelyare beyond the plot limits. The solid lineshows the median urve �t with the assumedrelation α = ρ/Γ, where ρ is a onstant.Filled blue irles orrespond to LAT-detetedsoures, while open ones orrespond to non-LAT-deteted soures. The dotted urvesrepresent relationships between the openingangle and Lorentz fator as predited by thegas dynamial model for di�erent values of theparameter ξ.
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