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Discovery of very high-energy γ-ray emission from the LBL object BL Lacertae
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Abstract: The low-frequency peaked BL Lac (LBL) object BL Lacertae was observed with the MAGIC
telescope from 2005 August to December (22.2 hr), and from 2006 July to September (26.0 hr). A very
high energy (VHE)γ-ray signal was discovered with a 5.1σ excess in the 2005 data. Above 200 GeV,
an integral flux of(0.6± 0.2)× 10−11 cm−2 s−1 was measured, corresponding to approximately 3% of
the Crab flux. The differential spectrum between 150 and 900 GeV is rather steep, with a photon index of
−3.6± 0.5. The light curve shows no significant variability during the observations in2005. For the first
time a clear detection of VHEγ-ray emission from an LBL object was obtained. The 2006 data show no
significant excess. This drop in flux follows the observed trend in opticalactivity.

Introduction

BL Lacertae (1ES2200+420, z=0.069, [1]) is the
historical prototype of a class of powerfulγ-ray
emitters: ”BL Lac objects”. It belongs to an ac-
tive galactic nucleus (AGN) subclass in which the
jet is aligned very close to our line of sight. Elec-
tromagnetic emission from this class of sources
can be observed from the radio up to very high
energy (VHE)γ-rays(E >100 GeV), with spec-
tral energy distributions (SEDs) characterized by
a two-bump structure. The lower energy bump is
produced by synchrotron radiation of relativistic
electrons, while the higher energy bump originates
from inverse Compton (IC) scattering of the same
synchrotron photons (synchrotron self-Compton
scattering, SSC) or external photons either from
the broad-line emission region or from the ac-
cretion disc (external inverse Compton scattering,
EC) [2]. When the synchrotron emission peak is
located in the sub-millimeter to optical band, the
objects are classified as ”Low-frequency peaked
BL Lacs” (LBLs), whereas in ”High-frequency
peaked BL Lacs” (HBLs) the synchrotron peak is
located at UV to X-ray energies [3]. It should be

noted that other models, based e.g. on the acceler-
ation of hadrons [4, 5] could also explain the SEDs
of BL Lac objects.

At this conference, in total 19 extragalactic VHE
γ-ray sources were reported [6]. Except for three
sources (BL Lacertae [this work], 3C279 [7] and
M87 [8]) all other sources are classified as HBLs.
BL Lacertae is classified as an LBL object with a
synchrotron peak frequency of2.2 × 1014 Hz [9].
Before this work, no VHEγ-ray emission from any
LBLs had been confirmed.

Observations and Results

The MAGIC telescope, located at the Canary Is-
land La Palma (N28.2◦, W17.8◦, 2225 m a.s.l.),
is an Imaging Atmospheric Cherenkov Telescope
(IACT) with a 17m diameter dish. The telescope
parameters and performance are described in [10].

OpticalR-band observations were provided by the
Tuorla Observatory Blazar Monitoring Program
with the 1.03 m telescope at the Tuorla Observa-
tory, Finland, and the 35 cm KVA telescope on La
Palma, Canary Islands.

Proceedings of the 30th International Cosmic Ray Conference
Rogelio Caballero, Juan Carlos D’Olivo, Gustavo Medina-Tanco,
Lukas Nellen, Federico A. Sánchez, José F. Valdés-Galicia (eds.)
Universidad Nacional Autónoma de México,
Mexico City, Mexico, 2008

Vol. 3 (OG part 2), pages 1041–1044

ID 946

1041



DISCOVERY OFVHE γ-RAY FROM BL L ACERTAE

43.5

43

42.5

41.5

41
22.15 22.1 22.05 22 21.95

D
E

C
 (

J2
00

0)
 [

d
eg

]

R.A. (J2000) [h]

42

PSF

30

20

10

0

-10

Figure 1: Sky map of the region around the posi-
tion of BL Lacertae (black cross) for reconstructed
γ events with> 350 photo-electrons (correspond-
ing to an energy threshold of about 200 GeV) from
the 2005 observations.

Radio observations were also performed with UM-
RAO at 4.8, 8.0 and 14.5 GHz, and at 37 GHz with
the Mets̈ahovi Radio Observatory.

The 2005 data

BL Lacertae (R.A.22h02m43.3s, decl.+42◦16′40′′

; J2000.0) was observed for 22.2 hr from 2005 Au-
gust until December 2005 by MAGIC. The tele-
scope at that time was pointing directly onto the
object, recording so-called ON-data. The back-
ground was estimated from observations of regions
where noγ-rays are expected, so-called OFF-data,
which were taken with sky conditions similar to
those of ON-data. After the data quality selec-
tion, the remaining ON-data corresponded to 17.8
hr, while the OFF-data corresponded to 57.2 hr.
Image parameters [11] were calculated and com-
pared for the ON and OFF data in order to check
their consistency; excellent agreement was found.
The details of the analysis procedure can be found
in [10, 12, 13].

Figure 1 shows the local sky map for the 2005γ-
ray candidates. Only events> 350 photo-electrons
were used, corresponding to an energy threshold of
about 200 GeV.

In Figure 2, the ALPHA distribution is shown. An
excess of 216 events over 1275.6 normalized back-
ground events yields a significance of 5.1σ for data
above 350 photo-electrons.

|ALPHA| cut
ON-data

OFF-data

|ALPHA| [deg]
0 10 20 30 40 50 60 70 80 90

C
o

u
n

ts

0

100

200

300

400

500

[2005 August - December]

Observation time: 17.8 h

 43±Excess events: 216 
σExcess significance: 5.1 

BLLac (z = 0.069)

Figure 2: ALPHA-distribution of the 2005 data.
The vertical line indicates the ALPHA selection
condition (< 9◦), which yielded a total excess of
216 events at a significance level of 5.1σ.

The 2005 VHEγ-ray and the optical light curves
are shown in Figure 3 (a). No significant evi-
dence of flux variability in VHEγ-rays was found
in the 2005 data while the optical light curve
shows a flare around the end of October 2005
(MJD ∼53670). The derived average integral
flux is F (E > 200 GeV) = (0.6 ± 0.2) ×
10−11 cm−2 s−1 (χ2/dof = 16.3/15), which cor-
responds to about 3% of the Crab Nebula flux as
measured by the MAGIC telescope [10].

The reconstructed differential energy spectrum
(Fig. 4) is well described by a simple power law:

dN

dE
=(1.9±0.5)×10−11( E

300 GeV )
−3.6±0.5 (1)

[TeV−1 s−1 cm−2]. Because of the relatively
steep slope, the systematic errors are estimated to
be∼ 50% for the absolute flux level and 0.2 for the
spectral index.

The 2006 data

Follow-up observations were carried out from
2006 July to September for 26.0 hr, using the so-
called wobble mode [14], where the object was ob-
served at an0.4◦ offset from the camera center;
25.0 hr of the data passed all quality selection for
the analysis. Figure 3 (b) shows the VHEγ-ray
and the optical light curves in 2006. No significant
VHE γ-ray excess could be found in the 2006 data.
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Figure 3: [Upper] Light curve of VHEγ-ray (> 200 GeV) flux as measured with the MAGIC telescope. A
dotted horizontal line represents the average flux. [Lower] Light curve of optical (R-band) flux as measured
with the Tuorla and the KVA telescope. The filled points represent the optical flux when simultaneous
MAGIC observations were carried out. [left] (a) The 2005 observation. [right] (b) The 2006 observation.

Discussion

The Whipple 10m telescope observed BL Lacertae
for 39.1 hr in 1995 and derived a flux upper limit
above 350 GeV at 3.8% of Crab [15]. HEGRA
derived an upper limit above 1.1 TeV at 28% of
Crab with 26.7 hr observation [16]. These upper
limits are consistent with our results. On the other
hand, Neshpor et al. [17] claim VHEγ-ray detec-
tion using the GT 48 telescopes of the Crimean As-
trophysical Observatory from data taken in sum-
mer 1998. The reported integralγ-ray flux is
F (E > 1 TeV) = (2.1± 0.4)× 10−11 cm−2 s−1,
which is two orders of magnitude higher than the
extrapolated value of this study. During the same
period, 1998 July to August, no significant signal
was found by HEGRA, and their reported flux up-
per limit in the same energy band is 7 times lower
then the Crimean result [18]. The VHEγ-ray de-
tection reported by [17] cannot be explained with-
out a remarkably huge and a very rapid flux vari-
ation offset by a few hours in consecutive nights
from the HEGRA observation. In the case of a
leptonic origin of theγ-ray emission, such a flare
would possibly coincide with high activity in the
optical as in the outburst of 1997 July, when the
increase in flux was observed both in the optical
and X-ray toγ-ray bands [19, 20]. However, no
increased optical activity was detected during the
Crimean observation period (mp = 13.5 − 14.6,
while 13.0− 14.6 in 2005).

In Figure 3, filled circles in the optical light
curve represent simultaneous observations with the
MAGIC telescope, accepting a±1 day offset with
respect to the MAGIC observations. In 2005, there
are 12 out of 16 nights with simultaneous observa-
tions (average flux: 9.2 mJy), while 16 out of 23
nights in 2006 (average flux: 4.2 mJy) have coin-
ciding observations. The absence of a significant
excess of VHEγ-rays in the 2006 data indicates
that the VHEγ-ray flux in 2006 was significantly
lower than the flux level in 2005. In summary our
results show similar tendencies both in the opti-
cal and the VHEγ-ray flux variations. Similarly,
theγ-ray activity seen by EGRET observations in
1997 showed a strong correlation with optical ac-
tivity. Such a correlation is expected from leptonic
origin scenarios [19].

Figure 5 shows the SED of BL Lacertae with re-
sults of this work and some previous data and
model calculations by [22]. The VHEγ-ray points
are corrected for the extragalactic background light
(EBL) absorption using the ”Low” EBL model of
[23]. Our optical and VHEγ-ray points agree well
with the solid line, which was derived using a one-
zone SSC model on the 1995 data, whereas some
deviations can be seen from the dotted line, which
describes the 1997 flare data and involves SSC as
well as EC components [22]. To describe our result
such an additional EC component is not necessar-
ily required.

1043



DISCOVERY OFVHE γ-RAY FROM BL L ACERTAE

E [GeV]
100 1000

]
-1

 s
-2

 c
m

-1
d

N
/d

E
 [

T
eV

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

α
*(E/300GeV)0dN/dE = f

-1 s-2 cm-1 TeV
-10

 0.05) * 10± = (0.19 0f
 0.54)  ± = (-3.64 α

Crab Nebula (2004)

BL Lacertae (2005)

Figure 4: Differential energy spectrum of the 2005
BL Lacertae data. The solid line represents a
power-law fit to the measured spectrum. The fit
parameters are listed in the figure. For compari-
son, the line fitted to the measured MAGIC CRAB
spectrum using a power law with a changing pho-
ton index is shown by a dashed line [21].

BL Lacertae is the first LBL with a clear detec-
tion of VHE γ-ray emission. The results of this
work indicate that VHEγ-ray observations dur-
ing times of higher optical states can be more ef-
ficient. Due to the observed steep spectrum, low-
ering the energy threshold of IACTs (e.g. the up-
coming MAGIC-II project), would significantly in-
crease the detection prospects for this new class.
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Lähteenm̈aki (Mets̈ahovi), H. Aller and M. Aller
(UMRAO) for providing the radio data.

References

[1] J. S. Miller, et al., ApJ 219 (1978) L85.
[2] G. Ghisellini, et al., MNRAS 301 (1998) 451.
[3] P. Padovani, P. Giommi, ApJ 444 (1995) 567.
[4] K. Mannheim, A&A 269 (1993) 76.
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