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Gamma-ray opacity
● Pair production of gamma-rays with background photons: 

“GZK”-like cut-off for photons [Jelley 1966], [Gould & Schréder 1967]

 

● To first order: exponential cut-off at τ(E,z)=1 “Fazio-
Stecker” relation [Fazio&Stecker 1970],[Kneiske et al. 2004]

z
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1st TeV crisis in 2000: 
new physics?

● Observations of Mkn 501 (z=0.03) in a flaring state in 1997 
– spectrum with cut-off at 5 TeV measured up to > 20 TeV 
[HEGRA coll. 1999]

●  After correcting the observed spectrum 

[Protheroe&Meyer 2000]

suggested remedies:
a) lower the EBL
b) shift the energy scale of HEGRA
c) Bose-Einstein-Condensate of 
gamma-rays
d) Lorentz invariance violation

a) most likely
b) ruled out [Meyer, DH, Zechlin 
2010]
c) is excluded from observations 
[DH 2000]
d) not entirely ruled out (→ D-
branes of Ellis/Nanopoulos)
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Extragalactic background light (EBL)

● Direct measurements → overwhelming 
foreground

● Lower limits from galaxy counts → constrained 
to optical/near infrared

● Upper limits from VHE&HE spectroscopy 
● New: Measurement of EBL-normalization of 

EBL-models from VHE & HE spectroscopy  

Excellent review in Dwek&Krennrich [arxiv:1209.4661]
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A coherent analysis of all VHE 
spectra from Blazars DH & Meyer 

[arXiv:1201.4711]
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Method
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Method [DH & M. Meyer 
arXiv: 1201.4711]
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Magnetic field scenarios for lower 
limits on g

aγ
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Reconversion in the Galactic B-field

DH, Maccione, 
Meyer, Mirizzi, 
Montanino 
[arXiv:1207.0776]
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Effect of photon-ALPs mixing
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Effect of photon-ALPs mixing
Oscillation → 
Additional noise 
(Östmann&Mörtsell 
[astro-ph/0410501])
 → talk by Wouters)
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Effect of photon-ALPs mixing
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Resulting lower limits 
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New results: lower limit on z>0.6 for 
PKS1424+240 Furniss et al. ArXiv:1304.4859.

M. Meyer
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New result: Pair-production anomaly 
with Fermi-LAT

● Method:
● Associate individual photons at E>10 GeV and high 

galactic latitude (|b|>10o)  to AGN with red-shift (AGN 
within ΔΩ

68
)

● Calculate optical depth for E
hop

● Fit spectra to energy range up to E
99

 (exp(-τ(E
99

))=0.99) 
→ optical thin regime

● Calculate the expected number of photons 
extrapolating and after absorption (λ

pred
)

● Estimate background in ΔΩ
68 

(gal., extra-gal.) 





Photon sample from Fermi-LAT
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How significant is this?

● Poissonian probability for photon detection 

● Typical values λ
pred

~λ
bkg

~10-3 

● Combined (Fisher 1925)
X2 is χ2(2N

src
) distributed → estimate P 

● Result for P(tau>2)=6.57x10-6=4.36 σ
● Correcting for trials: p(tau>2)=3.68 σ  
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Summary 

● Indication for Pair-production anomaly (PPA) in VHE gamma-ray 
spectra persists (new sources are coming – PKS1424+24 (z>0.6) 
strengthens the case).

● Interpretation in ALPs-scenario:  8x10-11>g
agg

 GeV>10-12 

● First study of the Fermi-LAT → 3 (+2) photons with tau>2 : post-trial 
S=3.68 σ. Completely independent confirmation of PPA.

● Outlook:
● New Fermi-LAT data are coming (Pass 7 reprocessed, Pass 8) with TeV reach. 

● More Blazars with z-measurement will come...

● HESS Phase II & Fermi-LAT → ideal instruments for this study
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Backup
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EBL measurement H.E.S.S.

No clear deviations evident.
Caveats:

Normalization of the 
optical depth changes by x2

Binning in z 
(combination of sources)
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HESS normalization
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Systematic effects: Energy 
dependence
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Systematic effects: Source 
contributions
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Systematic effects summary
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How to make the limit
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Conversion scheme

E=8 TeV
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PDF of propagated flux

DH, L.Maccione, M. Meyer, A. Mirizzi, 
A. Montanino [arXiv:1207.0776] 
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Systematic checks Fermi-LAT

Intrinsic spectra

Energy resolution

Source probability

EBL model
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List of photons
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Alternative scenarios

● UHECR Cascade (Essay & Kusenko 2011)
● CMB IC from extended jets (Böttcher et al. 

2008)
● LIV (Kifune 1999) 
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Fermi-LAT spectra
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