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Abstract : PKS 1222+216 (4C +21.35) is the third flat spectrum radio quasar detected at very high energies (VHEs, E> 100 GeV) during its two bright Fermi- SD

LAT flares in April and June 2010. We performed a systematic study of the two LAT flares in four different LAT energy bands: 0.1-3, 0.1-0.3, 0.3-1 and 1-3 o
GeV at the shortest possible time bin of 6 hours allowed by the photon statistics. Both the flares show a clear asymmetric profile with similar rise time in all the
LAT energy bands but a rapid decline within a day during the April flare and a gradual decline lasting ~4 days during the June. The energy resolved light curves
during the April flare show a ~2 day long steady emission in 0.1-3 GeV band, an erratic variation in 0.3-1 GeV emission and an apparent daily feature in 1-3
GeV emission until the rapid rise. The June flare, on the other hand, shows a monotonic rise at all LAT energies followed by a gradual decline, powered mainly
by the multi-peak 0.1-0.3 GeV emission. Interestingly, both the flares have similar peak fluxes in the corresponding LAT energy bands except in the 1-3 GeV
band during the April flare which showed twice the corresponding flux during the June flare. The April flare showed spectral hardening until the flare peak
followed by softening during the decay, indicating the activity to be initiated by a shock. On the contrary, hardness ratios during the June flare exhibit complex
trends. Our study of the June LAT flare on daily timescale associated with a VHE variability of ~10 minutes and a photon spectral index of 2.7 + 0.3 suggests
that deceleration associated with recollimation can successfully reproduce the gamma-ray light curves in three LAT energy bands (0.1-0.3, 0.3-1, 1-3 GeV) along
with the simultaneous high energy (X-rays and y-rays) broadband spectral energy distributions (SEDs). However, the observed features in the high time
resolution study of LAT data suggest contribution from other emission region and/or inhomogeneities besides the standard region responsible for June flaring.
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This cooling time is too short compared to the decay time of the y- reproduces the daily LAT light curves along with simultaneous high

ray flare (~ 4 days), implying that the flare is not solely due to energy SEDs (Fig. 3).
radiative cooling of non-thermal electrons but possibly an outcome
of jet dynamics.

-~ The inferred value of bulk Lorentz factor (I'~60-18) under
5 recollimation scenario is consistent with the super-luminal motion
observed in radio monitoring of blazars.
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- Table 1: Model Parameters in the Recollimation Scenario

- Energy dependent HRs and the multi-peak features during the
. A Parameters Symbol  Numerical values June flare suggest contribution from multiple emission region
i and/or inhomogeneities within the jet (right panel, Figs. 4 & 5).

Particle spectral index p 1.15
(before break)
Particle spectral index q 3.0 References
(after break) * Aleksic J., et al., ApJ, 730, L8
Magnetic field (Gauss) B 0.1
—— o, Range of bulk Lorentz factor . o0-18 * Bromberg O., Levinson A., 2009, ApJ, 699, 1274
Nozzle Particle spectrum break energy Y 4.2 x 10
High- ' S / . £ a - - . ' unit of mecg
;;ges?;;?r — Y P < D¢ ( ) * Chang J. S., Cooper G., 1970, JcoPh, 6, 1
' - ¥ b Emission region size, R’ : 3 x 10'* em
Jet Boundary Streamiine Angle between bulk velocity and line of sight, 0 : 2.5° * Kushwaha P., et al., 2014a, MNRAS, 442, 131
Figure 2 :Top- Formation of shock diamond during takeoff of an SR-71 aircraft Torus temperature . T - 1200 K
(http://www.nasa.gov/centers/armstrong). Bright knots are the location of shock due to o P oo / ‘ .
recollimation of flow under external-medium pressure. Bottom- Idealized steady-state Minimum particle energy (injected), y,.... : 30 Kushwaha P, et al., 2014b, ApJ, 796, 61
structure of a slightly under-expanded supersonic jet. The red lines represent the ( unit of mec?)
}nc:ldent and reﬂected_ shock. Black streamlines follow the oscillating flow path of the Maximum particle energy, ,Y:HM .7 % 104 * Norman M. L., Winkler K. A., 1985, L.os Alamos Science, 46
jet gas (Norman & Winkler, 1985).
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