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Abstract

Some blazars are known to emit gamma-rays in the TeV regime. The emission mechanisms
of TeV gamma-rays are thought to be inverse Compton scattering of X-rays radiated by e± or
hadronic processes. Recent observations of 1ES 1959+65.0 have shown that there was a TeV
gamma-ray flare without a simultaneous X-ray flare. This TeV flare is hard to explain by the
conventional emission models. In this paper we show that a structured jet model can explain
the TeV flare, assuming that the radiating particles are e± and that the X-rays are emitted by
synchrotron radiation.

Introduction

Blazars are explained by radiation from relativistically moving jets aligned with the line of
sight. The emission spectra have two peaks in the ν-νFν representation, where Fν is the energy
flux. One peak is in the optical to X-ray region and the other is in the gamma-ray region. It has
been known that there are blazars that emit gamma-rays in the TeV region, e.g., Mrk 421 and
Mrk 501. However, the emission mechanisms of blazars are not fully understood. Currently
there are leptonic models and hadronic models. The leptonic models assume that emitting
particles are e±. According to these models, the lower energy peak is produced by synchrotron
radiation and the higher energy peak is explained by the inverse Compton scattering of the
synchrotron photons, i.e., synchrotron-self Compton model (SSC model). The hadronic models
postulate that there are high energy protons which collide with photons to create pions. Neutral
pions decay into high energy gamma-rays (TeV gamma-rays). On the other hand, charged pions
decay into muons and e±, which produce X-rays by synchrotron radiation.

It is also known that blazars exhibit time variation in X-rays and gamma-rays in various
timescales. When those emission models are applied, it is predicted that time variation of X-
rays is accompanied by time variation in gamma-rays. Multiwavelength observations, indeed,
found that flares occur in X-rays and gamma-rays simultaneously in various TeV gamma-rays.
However, recent observation of 1ES 1959+60.0 found that there was a TeV flare without a
simultaneous X-ray flare (orphan TeV flare)(Krawczynski, et al. 2004). It is also known that
a normal flare occurred about two weeks before the orphan flare. Based on this fact Böttcher
(2005) proposed a hadronic flare model for the orphan flare.

In this paper we present a new model for the orphan TeV flare (details are shown in Kusunose
and Takahara 2006). We employ a leptonic model for the emission mechanisms and assume
that the emission region consists of patchy sub regions.
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Model

We assume that a jet with bulk Lorentz factor Γ is ejected from the region near the central
super massive black hole (point O in Figure 1). We also assume that a normal flare (simul-
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Figure 1: The geometry of emission region.

taneous flaring in X-ray and gamma-ray regions), which we call a primary flare, occurs at P.
At this time there is another dense region at SP, which is at the same distance as P from O.
A fraction of X-rays propagate at angle θf and they are injected into the dense region at S
which was at SP when the primary flare occurred. The X-rays are inverse Compton scattered
at S. Although TeV gamma-rays are injected at S as well, they just go through because of the
Klein-Nishina effect. Acceleration of particles at S is required and they may emit X-rays and
TeV gamma-rays. However, because of injection of ‘external’ X-rays from P, the emissivity of
inverse Compton scattering increases temporarily. We then expect this high emissivity results
in the “orphan” TeV flare. X-rays from S are expected to be weak because the magnetic fields
are weaken due to the spatial expansion of the emission region.

Below we the estimate the delay time δt between the primary (normal) flare and the sec-
ondary (orphan) flare. When the distances OP and OSP are d, we obtain the following equa-
tions:

(d + βcδt) sin ξ = cδt sin θf , (1)

(d + βcδt)2 = d2 + (cδt)2 − 2dcδt cos(π − θf ), (2)

where β = (1 − 1/Γ2)1/2. From these equations we obtain δt for given d, ξ, and Γ. We assume
Γ À 1, which is valid for blazars, and that ξ = α/Γ with α ∼ O(1). Then we obtain

cδt

d
≈ α2

2
+
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4
. (3)

Because the angle between the jet axis and the line of sight is θobs, the observed delay time is
given by

δtobs ≈
1

Γ2
f(α)

d

c
. (4)

Here f(α) is given by
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where θobs = η/Γ is assumed. Numerical estimate gives

δtobs ≈ 0.29

(
20

Γ

)2 (
d

3 × 1017 cm

)
f(α) days. (6)
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When Γ = 20, d = 4 × 1017 cm, η = 1, and α = 3, we obtain δtobs ≈ 15 days, which is close to
the observed delay time for 1ES 1959+65.0.

Summary and Discussion

Conventional leptonic emission models of blazars assume synchrotron-self Compton scatter-
ing for gamma-ray emission. Flare models based on these models result in almost simultaneous
flares in X-rays and TeV gamma-rays, which are actually often observed in TeV blazars.

The orphan TeV flare observed in 1ES 1959+65.0 is a TeV gamma-ray flare without si-
multaneous X-ray flares. In 1ES 1959+65.0 the orphan TeV flare occurred two weeks after a
normal flare where luminosity increases in X and TeV bands. In this paper we have proposed
a model to explain the orphan flare triggered by the primary (normal) flare. By assuming that
the emission regions are in a structured jet, we estimated the delay time between the primary
and secondary flares.

In the observed orphan flare the energy flux is close to the primary flare. The emission
spectrum and radiation intensities in our model are to be obtained in future work. The energy
injection into nonthermal electrons in the emission region is another issue to be considered.
Because a large luminosity is required in the secondary flare, the injection of the accelerated
particles are needed. It is to be noted that even if a large amount of nonthermal electrons exist,
X-rays might be suppressed because the magnetic field becomes weak due to spatial expansion
of the emission region during the propagation along the jet direction.
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