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The'story 6"t ES0229+200

HESS collaboration to constrain EBL..

Intrinsic VHE g-ray spectra likely to be very hard
— constraints on acceleration and radiation processes

(e.g. Tavecchiot, Lefat, Aharoman+, Dermer+, ...)

Hard, high-energy spectra promote studies of EBL and
searches for reprocessed emission.
— Proposal to probe IG magnetic field.

(Spectral, morphological, temporal signatures).

— explore other loss channels.

— this meeting
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Pair Halo

Current facilities challenged to image the pair halo.
Study by the HESS collaboration (arXiv 1401.2915) finds no evidence for pair
halo in PKS 2155-304, but data on 1ES0229+200 are limited by systematics
(room for improvement).
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'Historical' broadband data

Kaufmann et al., A&A 534, 130, 2011
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Extreme synchrotron emission

Hard X-ray lightcurve (BAT) does not show variability (but very low S/N).

BAT integrations (60 ... 100 months) — 200 keV
Nustar confirms spectra out to 70 keV.
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VHE variabllity

HESS (Cologna et al., ICRC 2015) and VERITAS (Aliu et al.,2014)
(Low amplitude variability in optical and X-ray bands)
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Gamma-ray reverberation

Reprocessed gamma-ray emission is delayed wrt primary gamma-
since non-zero B-fields will introduce extra pathlength compared
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Studies using FermiLAT data

Early studies find variations (flare in 2008).

-

Vovk et al., 2012 [} ,

see also 3FGL g
Simultaneous to MWL flare of bright, nearby AO 0235+164
- Two strong sources bright in 2008-2011 (3FGL)
Subtraction of 0229+200 reveals new source (QSO B 0222+185)
Modelling QSO B 0222+185 in LAT data also changes spectral data.

Spectra and lightcurves reconsidered.
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Reanalysis confirms spectral

hardening throughout energy
range and close match to the
VHE data at high energies.

(esp. in joint fit with VHE data)

Stefan Wagner
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GeV - TeV matches

Matching Fermi-LAT and VHE spectra is affected by variability.
No evidence for spectral changes (Aliu et al., 2014).
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Reprocessing not ruled out!

2 — Standard-EBL but intrinsically hard source

L L) L 'll"l'l L] Ll "ll'l'l L LS l'(""’ L L 'IV"' LJ LI IIII'I-
: HESS observed, deabsorbed (Franceschini, HESS 07)
10" E
Y i f correct to average flux level 2008-2015
®  and fitted together with HE part of LAT data i }
| . w : /1
2. Conspiracy? E i $
210" E Common slope: 1.58 I E
Qo E r
fomnd F Free E_b (LAT) . 1
LU N -
E o
< i 4
o 12 i
TR AN 3 ' E
Need broadband models a ]
L o
i Y
10-‘!3 aa s nanal i s aaanil e naaaal b s aaaal A i ilais
10° 10° 10* 10° 10° 107
Energy (MeV)
Stefan Wagner Feedback over 44 Orders of Magnitude: From Gamma-rays to the Universe, Perimeter Institute, Waterloo, Canada March 16, 2016

Pirsa: 16030104 Page 13/21



Variability of both components

0.1-3GeV 3 -500 GeV

Flux (photon em™ 57
.
Flux {photon cm™ 5°7)

el

Variability of AO 0235+164 needs to be considered!

1 yr-binned data display significant variability in both bands.
Comparable modulation (amplitude, time-scale),

but low-energy band is not a delayed and broadened copy
of the high-energy band (heware - low statistics!)
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Gamma-ray reprocessing

Continuous hardening with increasing energy/BPL with I'1>I"2
Only indicative of reprocessing at first sight.
Break energy is too low for the soft component to be secondary.

Both spectral components are variable (as is the VHE flux).
Low-energy component is not a delayed and broadened version
of the high-energy component.
Pairs created by EBL absorption must loose energy in other ways?
Very massive host, pair-creation losses due to host-galaxy starlight are

~ 10% of losses due to EBL in IGM (see, e.g. Stawarz et al., 2007)
Dense radiation field reduces A, IC within host (galaxy-sized pair halo).

Feedback over 44 Orders of Magnitude: From Gamma-rays to the Universe, Perimeter Institute, Waterloo, Canada

March 16, 2016

Page 15/21



Models for two-component spectra

At first sight the 100 MeV — 10 TeV spectrum cannot be explained by a single
electron population (d E/ dt increasing with E)

1 Secondary emission at low energies (reprocessing)

2 Absorption by UV radiation field

3 2" (or higher) order IC scattering

4 |C scattering of different radiation fields (SSC, EC, EC_CMB)

5 Multiple electron populations (stratified jets, core, knots, jet)

6 Hadronic contributions (pSynch, synch. in lepto-hadronic model)

(all of which predicted, sought-for; 1zone-models have problems)
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Multiple spectral components
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Summary and Conclusions

1ES0229+200 (source of EBL-secondary cascade/B-field problem)
well detected in Fermi-LAT data (listed in 3FGL).

LAT analysis significantly affected by nearby, bright, variable AO0235+164.
Full data-set, P8 analysis reveals detection of QSO B0222+185.
LAT-spectrum turns up above 3 GeV, no break to deabsorbed VHE data.

Variability and gamma-ray spectral data do not support models explaining
either component being due to reprocessed, secondary emission.

Origin of 100 MeV component unclear - is this an extreme Blazar?

Broad-band models do not require/rule out reprocessed GeV emission.
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