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SED dominated by the relativistically boosted 
non-thermal continuum emission of the jet. 
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Synchrotron and IC in leptonic models. 

Also hadronic scenarios 
(synchrotron or photo-meson emission)
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 Emission models: one-zone
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Cosmic particle beams

CMB

EBL

CR ?

neutrinos ?

photons
B field



• Debated unification 
model of blazars

• “cooling” paradigm

EHBL: at the edge of the blazar sequence?

Fossati+ 1998
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• Debated unification 
model of blazars

• “cooling” paradigm

EHBL  at the low-L  high Epeak edge of the sequence

Combination of hard 
VHE spectrum and EBL 
extinction makes ideal  

for detection
H.E.S.S. or CTA-MST

As TeV beacons, 
interesting physics case for SSTs

EHBL: at the edge of the blazar sequence?

Fossati+ 1998



Observed 
spectrum

Hard de-absorbed
spectrum

Extreme BL Lacs
Hard X-ray
spectrum

Small radio flux

Host galaxy 
dominates jet

after Costamante et al. 2001
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➢ Very hard X-ray and gamma-ray (deabsorbed) spectra

➢ Rather modest variability at all frequencies

Observed 
spectrum

Hard de-absorbed
spectrum

Extreme BL Lacs
Hard X-ray
spectrum

Small radio flux

after Costamante et al. 2001

Host galaxy 
dominates jet



• Acceleration/emission mechanism?

• far-IR EBL-probes

• Probes for anomalies in EBL opacity:

• ALPs

• Hadron beams

• LIV 

• parent population? “FR0” 

• Relevance for HE gamma-ray background

• IGMF probes Neronov 2010
Tavecchio+ 2010

Baldi et al. 2009, 2015

Fairbairn+ 2014,
Tavecchio & Bonnoli, A&A 2015

Franceschini+ 2008
Dominguez+ 2011

De Angelis et al. 2011

Essey & Kusenko 2010
Murase+ 2012

Inoue & Ioka 2012

Katarzynski+2006, Tavecchio+ 2009
Lefa et al. 2011, Zacharopoulou et al. 2011

Related topics

http://arxiv.org/abs/1401.8178
http://arxiv.org/abs/1401.8178


Very low B
Large e energiesLarge minimum 

electron energy

Extreme accelerators?

➤ Acceleration process?
➤ Why cooling so small?
➤ Why weakly/slowly variable?

Tavecchio et al. 2010,2011Katarzyński et al. 2005
Tavecchio et al. 2009
Kaufmann et al. 2011



EBL

Probes of IGMF



Effective B-field

The reprocessed flux is diluted 
within a larger solid angle

Probes of IGMF



Hard de-absorbed
spectrum

Faint GeV emission

Probes of IGMF



Probes of IGMF

Tavecchio et al. 2010,2011

Neronov & Vovk 2010

B>10-18-10-15 G

1ES 0229+200

Also Dolag et al. 2011, Dermer et al. 2011, Taylor et al. 2012 ... 



CMB, EBL

UHE p + possible cascades
VHE 

Essey & Kusenko 2010 
Murase et al. 2012

Aharonian et al. 2013
Tavecchio 2014

⇡0

Hadron beams?



Hadron beams?
Murase et al. 2012

Protons

Photons



Looking for EHBL

Quite interesting sources, but only a 
few

Population?
Impact on gamma-ray background?

Evolution?
Parent population?



Large X-ray flux

Small radio flux

Looking for EHBL

Look for BL Lacs with large X-ray/radio flux ratio
and weak gamma-ray emission



• BL Lac @ z = 0.14

• Hardly detected in HE gamma

• Detected by all current TeV 
instruments (H.E.S.S. first)

• Synchrotron peak at few keV, low 
compton dominance,  

• in SSC frame, evidence for high lower 
edge of electron energy distribution

• Deabsorbed IC peaks at multi TEV

• TeV beacon-probe for EBL and 
anomalies in opacity, UHECR beams

• TeV beacon-probe for IGMF 

19

Kaufmann+ 2011

Katarzynski+2006, Tavecchio+ 2009

Neronov 2010
Tavecchio+ 2010

The archetypal EHBL: 1ES 0229+200



71 BL Lacs form SDSS+FIRST
(Plotkin et al. 2011)

+
z<0.4 (small EBL absorbtion)

+
X-ray detection

50 BL Lacs

Looking for EHBL Bonnoli+ 2015
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Detected by MAGIC!

9 candidates

Swift (UV-X-ray) observations
Confirmation

Looking for EHBL

Promising!

Bonnoli+ 2015



RBS 0723 
MAGIC-detected!!

Spectral Energy Distributions
Bonnoli+ 2015



RBS 1176: an ultra-extreme HBL?

Looking for EHBL
Bonnoli+ 2015



Rosat Bright Survey
+

FIRST (1.4 GHz)
+

No 3FGL

14 new + 4 in Bonnoli 2015

We start to extend the selection

Looking for EHBL



http://arxiv.org/pdf/1306.5800v1.pdf!

Partial declination match (+19°) with CTA-S 
(-25°)
Comparison is good for steady sources 
(EHBL?)
Arguably HAWC will provide clear indications 
for targets to go deep observing with IACTs 
(H.E.S.S., ASTRI mini-array, CTA-SST array)

Abeysekara+ 2013

HAWC survey
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Eγ > 10 TeV

Dominguez+ 2011

EHBLs as far-IR EBL beacon probes



The “EBL wall”

EBL model by
Dominguez et al. 2011

E max ~30 TeV



CTA-SST
Fairbairn+ 2014

LIV induces 
suppression

of EBL-opacity  

LIV induces an effective 
mass for the photon

Modification of threshold 
for pair production at high E

Cosmic opacity anomaly: LIV



Fairbairn+ 2014

+

Cosmic opacity anomaly: LIV











Tavecchio & Bonnoli  A&A 2015



Fermi/LAT
Vovk et al. 2012

HESS
Aharonian et al. 2007

HESS De-absorbed
with Dominguez+ 11

1ES 0229+200 VHE SED



Intrinsic specrum 
compatible with hard, 
unbroken power law

Fermi/LAT
Vovk et al. 2012

HESS
Aharonian et al. 2007

HESS De-absorbed
with Dominguez+ 11

1ES 0229+200, a PL spectrum?



Hadron beam

Standard EBL

Standard - 
deabsorbed

Cosmic opacity anomaly: LIV



# of excesses E>10 TeV

#
 o

f c
as

es

100h 
1000 simulations

Hadron beamStandard EBL

Preliminary

Leptonic vs hadron beam in 0229 w. ASTRI m.a.

Proc. TAUP 2015 



MLV I = 1019 GeV

MLV I = 1020 GeV

MLV I = 3⇥ 1019 GeV

Cosmic opacity anomaly: LIV

Tavecchio & Bonnoli  A&A 2015



Summary

• Extreme HBL are intriguing but elusive sources...
how to catch them?

•  As preferential TeV emitters, useful probes of the 
universe (EBL, IGMF, LIV...)

• The E> 10 TeV band  may be of great interest for lots of 
physics

• Large scatter in expectations based on source spectrum
 (Still we don’t know how generous Nature was to us ....)





Mrk 501 2009 flare with ASTRI m.a.

Proc. TAUP 2015 


