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ABSTRACT
The BL Lac object H1722+119 was observed in the very-high energy band (VHE, E > 100 GeV) by the MAGIC (Major Atmospheric Gamma-ray Imaging 
Cherenkov) telescopes between 2013 May 17 and 22, following a state of high activity in the optical band measured by the KVA (Kungliga 
Vetenskapsakademien) telescope. Integrating 12.5 h of observation, the source was detected with a statistical significance of 5.9 sigma,  with measured flux of 
f = (6.3 ± 1.6) × 10−12 ph cm-2 s−1 above 150 GeV, corresponding to (2.0 ± 0.5) per cent of the Crab Nebula flux in the same energy range.
Contemporaneous observations were performed by the LAT (Large Area Telescope) on board the Fermi satellite in the high energy range (HE,  100 MeV < E < 
100 GeV), by instruments on board the Swift satellite in the UV and X-ray region and by the OVRO (Owens Valley Radio Observatory) telescope in the radio 
band, allowing us to build a quasi simultaneous multi-wavelength SED (spectral energy distribution). An unexpected feature in the  3x10∼ 14 - 1018 Hz 
frequency range of the SED was identified. A possible explanation using an inhomogeneous helical jet synchrotron self-Compton model is suggested.
The combination of HE and VHE gamma-ray observations, and the expected imprint of the extragalactic background absorption, allowed us to set a constraint 
on the redshift of this blazar to be z = 0.34 ± 0.15.
No significant temporal variability of the flux in the HE and VHE bands was found. Contemporaneous data from the KVA and the OVRO telescopes show 
variable flux in optical and radio wavebands, respectively, although with different patterns.

MAIN RESULTS
● VHE signal detected for the first time with significance of 5.9 σ
● redshift estimated to: z = 0.34 ± 0.15
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● steady flux in HE and VHE ranges
● indication of spectral hardening at HE in 2013 May
● significant flux variations in optical and radio bands
● no indication of connection between different energy bands
● interesting feature in the optical–UV band
● emission can be explained with the helical jet model from [20]

FACILITIES
● MAGIC (Major Atmospheric Gamma-Ray Imaging Cherenkov):

E > 50 GeV [1 - 4]
● Fermi-LAT (Large Area Telescope): 20 MeV < E < 300 GeV [5, 6]
● Swift-XRT: 200 eV < E < 10 keV [7]
● Swift-UVOT: 170 nm < λ < 600 nm [8]
● KVA (Kungliga Vetenskapsakademien) telescope: R-band [9, 10]
● Abastumani: R-band [11]
● OVRO (Owens Valley Radio Observatory): 15 GHz [12]

Figure 1. Light curve of H1722+119 for data collected during 2013.
Left: Multiwavelength light curve during 2013. The data were collected 
(from top to bottom) by MAGIC (E > 150 GeV), Fermi-LAT (0.1 GeV < E < 100 
GeV), Swift/XRT, Swift/UVOT, KVA and Abastumani (R-band) and OVRO 
(15 GHz). The HE -ray light curve and the evolution of the spectral index, γ
as measured by Fermi-LAT, are shown in 2-month time bins, while daily 
observations time-scale is used in the light curves in the other energy 
bands. Horizontal dashed lines in LAT panels represent the fit with a 
constant. The dashed line in the OVRO panel represents a linear function 
fit. 
Above: MAGIC nightly light curve for energies above 150 GeV. Horizontal 
error bars represent the duration of each observation. Vertical arrows 
represent ULs for points whose relative error of the excess is > 0.5. The 
horizontal dashed line is a constant flux fit.
Fit parameters
MAGIC: f = (6.3 ± 1.6) × 10−12 ph cm-2 s−1 - equivalent to 2.0 ± 0.5 of the Crab 
Nebula flux above 150 GeV; χ2 / NDF = 3.5/5
Fermi-LAT: f = (3.4 ± 0.6) × 10−8 ph cm-2 s−1; χ2 / NDF = 3.9/5
Fermi-LAT: spectral index = 1.96 ± 0.07; χ2 / NDF = 1.7/5
OVRO: p

0
 = (5.2 ± 0.2) × 10−2 Jy, p

1
 = (1.07 ± 0.10) × 10−4 Jy/day;

χ2 / NDF = 39.68/36 (F [Jy] = p
0
 + p

1
 × (t − 56300)[MJD])

REDSHIFT

Redshift from optical observations
● featureless optical spectrum [15]
● absorption feature  → z = 0.018 [16]
● no intrinsic features in the optical spectra  → z > 0.17 [17]
● host galaxy not detected  → z > 0.4 [Farina et al. (2013, priv. comm.)]
● no intrinsic or intervening spectral lines  → z > 0.35 [14]

Redshift from HE/VHE band
● VHE -rays interact with the extragalactic background light (EBL)γ
● the VHE flux attenuation depends on the redshift of the source and 

energy of -raysγ
● assuming:

● HE and VHE -rays are created by the same physical processes in γ
the same region

● the intrinsic spectrum in the VHE range cannot be harder than 
the spectrum in the HE range

● methods:
● redshift at which VHE and HE spectral slopes match [18]

 → z = 0.34 ± 0.15stat ± 0.05meth, UL: z < 1.06 (95% C.L.)
● redshift at which de-absorbed spectrum shape becomes parabolic 

in a log(dN/dE) vs log E representation [19]  UL: z < 0.95→

Figure 2 (right). The H1722+119 SED. Blue circles represent data 
contemporaneous to MAGIC observations. The MAGIC measured 
data are shown by empty blue squares, while full blue squares 
indicate the de-absorbed points for z = 0.4 using the EBL model from 
[13]. Fermi-LAT data are shown by circles, while arrows represent 
Fermi-LAT ULs. The Swift data indicated by blue circles were taken 
on 2013 May 20 (MJD 56432). The KVA R-band point represented by 
a blue circle was taken on the same night. The OVRO measurement 
represented by a blue circle was taken on 2013 May 22 (MJD 56434). 
Red triangles show the Swift data from 2008 May 31 (MJD 54617). 
The green solid line in the 1014 − 1015 Hz range indicates data from 
[14], but they were not considered for the fit. Archival data from 
2MASS and WISE are shown by empty grey circles, and were not 
considered for the fit. The blue long-dashed line indicates the fit of 
the helical jet model to the 2013 data, while the fit to the 2008 data 
is indicated by the red dash-dot line. Both models represent the 
intrinsic VHE emission. Only blue and red points were considered 
for modelling.

Figure 3 (below). The trend of the observed frequencies as a 
function of the distance along the helical jet axis z (whose unit 
length can be estimated to be about 0.1 pc). The location of the 
regions that contribute to the emission observed by the various 
instruments is highlighted. The plot refers to the high emission 
state shown in the SED plot.

SED peculiarity
● optical–UV spectrum curved, with a peak in the b band and a steep slope in the UV
● no evidence of emission at any frequency from the accretion disc, dust torus or BLR
● the ratio of beamed to thermal emission set to be ≥ 400 by [14]
● the estimated redshift, and the upper limits set by [14] rule out the possibility that 

the feature is due to the inset of the Lyman limit
● the connection between optical-UV and the X-ray bands requires an inflection point, 

which is unexpected if both the optical–UV and X-ray emissions are produced by a 
synchrotron process in the same jet region

Helical jet model
● Based on the idea that the emitting jet has a helical structure with a 

pitch angle ζ. The helix axis is assumed to be along z and ψ is the 
angle defined by the axis with the line of sight. The jet viewing angle 
varies along the helical path as

where ϕ is the azimuthal difference between the line of sight and the 
initial direction of the helical path, and a defines the azimuthal angle 
φ = az.

● The jet is inhomogeneous since each slice of the jet can radiate, in the 
plasma rest reference frame, synchrotron photons between a 
minimum and a maximum frequency, both of which decrease along 
the jet. Hence, the X-ray radiation comes from the inner part of the 
emitting jet, while radio photons are produced downstream. 

● High-energy photons are obtained by inverse-Compton scattering of 
the synchrotron photons by the same relativistic electrons emitting 
them (synchrotron self-Compton, i.e. SSC) in each portion of the jet 
emitting synchrotron radiation. The electron Lorentz factor also 
decreases along the jet.

● The observed flux density has a power law dependence on the 
frequency and a cubic dependence on the Doppler beaming factor.

● The variation of the viewing angle θ along the helical path implies a 
change of the beaming factor so that the flux at a given frequency 
peaks when the jet region mostly contributing to it has minimum θ. 
Hence, the model predicts observed flux variations due to 
geometrical effects, even if the intrinsic flux remains constant.

● The emissivity varies along the jet as shown in Figure 3.
● The helical jet model solves the problem of the optical-UV to X-ray 

discontinuity.
● Both SED fits are obtained with the same choice of model parameters, 

with the exception of the angle ϕ, which changes from 25 to 31 deg 
when going from the high to the low state. This underlines how 
variations of a few degrees in the viewing angle alone may take 
account of the observed flux changes.

● Details on the helical jet model can be found in [20, 21].

cosθ(z )=cosψcosζ+sin ψ sin ζ cos (ϕ−az)
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