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Presentation of the γ-CR-ν working group
Proposal to GDR-PCHE in summer 2008: 
establish a working group between scientists from VHE gamma-ray, UHECR, 
neutrino astrophysics and experts on hadronic emission scenarios for AGN.

=> 2 000 euros to organise a first meeting in fall 2008

==> First meeting on December 9 at the OBSP with about 30 participants

Goals:

● Opening a dialogue between the VHE gamma-ray, UHECR and Neutrino astrophysics 
communities.

● Learning about scenarios of hadronic emission for AGN in a dialogue with experts on this 
topic.

● Deriving possible constraints from the most recent data in our fields against the model 
predictions. 

● Making predictions for constraints to expect from future experiments (CTA, Auger North, 
JEM/EUSO, KM3NeT...).

                                         http://www.luth.obspm.fr/gammacrnu

http://www.luth.obspm.fr/gammacrnu
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Current members
current members (i.e. signatories of the demand to the GDR-PCHE)

Allard, Denis ; APC ; researcher (Auger) 
Baret, Bruny ; APC  ; postdoc (Antares/KM3NeT) 
Becherini, Yvonne ; APC ; postdoc (HESS/CTA, Antares) 
Boisson, Catherine ; LUTh ; researcher (HESS/CTA) 
Brown, Anthony ; CPPM ; postdoc (Antares/KM3NeT) 
Coyle, Paschal ; CPPM ; researcher (Antares/KM3NeT) 
Decerprit, Guillaume ; APC ; Ph.D. student (Auger) 
Dornic, Damien ; CPPM ; postdoc (Antares/KM3NeT) 
Halladjian, Garabed ; CPPM ; Ph.D. student (Antares/KM3NeT) 
Kouchner, Antoine ; APC ; lecturer/researcher (Antares/KM3NeT) 
Lenain, Jean-Philippe ; LUTh ; Ph.D. student (HESS/CTA)
Medina, Clementina ; LUTh ; postdoc (HESS/CTA , Auger) 
Parizot, Etienne ; APC ; lecturer/researcher (Auger)  
Pita, Santiago ; APC ; researcher (HESS/CTA) 
Romero, Gustavo E. ; Universidad Nacional de La Plata (Argentinia) ; researcher (IAR - CONICET) 
Ruppel, Jens ; Ruhr-Universität Bochum (Allemagne) ; Ph.D. student (HESS) 
Sol, Hélène ; LUTh ; researcher (HESS/CTA) 
VanElewyck, Véronique ; APC ; lecturer/researcher (Antares/KM3NeT) 
Venter, Louis ; LUTh ; postdoc (HESS/CTA)
Vila, Gabriela S. ;  Universidad Nacional de La Plata (Argentinia) ; Ph.D. student (IAR - CONICET) 
Zech, Andreas ; LUTh ; enseignant-chercheur (HESS/CTA) 

current "associates" (i.e. on our mailing list, but not signatories of the first demand)
Renaud Belmont, Arache Djannati-Ataï, Corinne Donzaud, Guillaume Dubus, Thomas Eberl, Xavier Garrido, Lucie 

Gérard, Noémie Globus, Gilles Henri, Ira Jung, Alexander Kappes, Kumiko Kotera, Paolo Lipari, Alexandre Marcowith, 
Delphine Monnier, Fabrice Mottez, Michael Punch, Anita Reimer, Bronislaw Rudak, Michael Rueger, Felix Spanier, 

Lukasz Stawarz

the working group is 
obviously open to any 
interested scientist !!!
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(very incomplete) Summary of the first meeting

  

Introduction

AGN, Massive Black Holes, Accretion and Ejection  (S. Collin)



12.12.08  

In FRI radio-galaxies, pc-jets can be as powerful as  kpc jets !In FRI radio-galaxies, pc-jets can be as powerful as  kpc jets !
Example: Centaurus AExample: Centaurus A

Evans et al. 2004

protons

carbon

iron

Lenain et al. 2008 

Gureev, Troitsky 2008 

S. Collin

proton

"Hillas diagram" 
for Cen A for
acceleration to 
7x10^19 eV
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Experimental Status, Results & Interpretation

● Summary on AGN observations at very high energies (L. Gérard)
● Status of the CTA design study (C. Medina)  
● The AGN science case for CTA (H. Sol) 

● Auger Results & Interpretation of the existing data on UHECR composition 
(D. Allard)

● The status of astro-neutrino experiments (D. Dornic) 
● Estimation of the neutrino spectrum from AGNs using the measured VHE 

gamma-ray spectrum (G. Halladjian) 
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Ultra High Energy cosmic rays



D. Allard



D. Allard



D. AllardD. Allard



D. Allard
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High Energy neutrinos

ANTARES

Com
plete June 2008

AMANDA

2000- 2007

KM3NeT IceCube



Neutrino - astronomy
Under 
ground

Optical: 
Deep- ice 

Deep-water

Air-showers 
radio         
accoustics

No detection

Detection volume
(m3) 107 -109 1011 → 103 -104 

Damien Dornic  -  GDR PCHE Working group γ-cr-ν  -  2008/12/09



ANTARES Results

Damien Dornic  -  GDR PCHE Working group γ-cr-ν  -  2008/12/09

Expected performances for the 12 line detector

~ 8 better resolution (~ 60 better sensitivity)

Expected sensitivity

Dominated by
kinematics

Dominated by 
detector perf /reco 

µrec− µtrue

µrec− ν

Angular resolution

Expected angular resolution better than 0.3° above a few TeV



IceCube results (IC22)

Damien Dornic  -  GDR PCHE Working group γ-cr-ν  -  2008/12/09

Upper limit: 1. 3×10−11 Eν
−2 TeV−1 . cm−2 . s−1 . sr−1

Sky map:

> Factor 2 improvement 
compared to AMANDA

Point-source study



Based only on muon neutrino νµ detection generated with a E-2 spectrum     

~ 50 more sensitive than ANTARES
~   3 more sensitive than IceCube (better photocathode area and better angular resolution)

KM3NeT: expected performances

Damien Dornic  -  KM3NeT ISVHECRI 2008 -  2008/09/04

Point source Diffuse

8.1×10-9 E2 GeV cm-2 s-1 sr-1

3.8×10-9 E2 GeV cm-2 s-1 sr-1
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Emission models & related subjects

● Leptonic jet models for VHE AGN (J.-P. Lenain) 

● Hadronic emission models (F. Spanier) 

● High-energy processes at the base of magnetized, baryon loaded jets 
(G. E. Romero)

● Secondary content of the high energy cosmic ray electron spectrum 
(J. Ruppel)

● Thermal and non-thermal coronae of accreting black-holes (R. Belmont)

















2003

Proton Synchrotron Blazar model (Mücke, Protheroe 2000, 2001) 
applied to the blazar PKS2155 observed in 2003 (Aharonian et al. 
2005). (solid lines)

this scenario: Doppler factor ~ 20 , B ~ 40 G, e/p ratio 0.15

low-E peak: dominated by primary e-synchrotron (+ secondary e-
synch. from p- and muon-synch. cascades)

high-E peak: dominated by p-synchrotron (+ muon-, pion-cascades)
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What are jets made of?

• Relativistic electron-positron plasma?
• Relativistic electrons plus cold protons?
• Relativistic electron-proton plasma plus cold 

barionic flow?

In the case of MQs and YSOs there is evidence for the 
presence of hadrons in the outflow. There is also evidence 
for the couplng of the accretion power and the jet power. 

G. E. Romero
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 Interaction of 
relativistic p and e- with 

  magnetic field

 radiation fields

in the jet

,  ,  p e B p e γ   

e eγ γ   

( )   op p a bγ π π π      2oπ γ

  p p e e    γ

• Synchrotron radiation

• Inverse Compton (IC)

• Photohadronic  interactions (pγ)

 vµ µπ µ ν      e ee µ µµ ν ν ν ν   

e B e γ   

( )   op n a bγ π π π π       

• Proton-proton inelastic collisions p + p   p + p + a π0+ b(π+ +π-)

Proton-dominated jet models (e.g. Romero & Vila, A&A 485, 623, 
2008,  also Romero & Vila, A&A, submitted)

matter fields

G. E. Romero
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Application to extragalactic sources: Cen A

G. E. Romero
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Application to extragalactic sources: Cen A

Orellana & Romero 2009
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Application to extragalactic sources: Cen A

Orellana & Romero 2009Ljet~1044 erg/s, B0=104 G
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Summary of the Summary
● hadronic models remain an option to explain AGN emission at 

high E

 
● Cen A "signal" in Auger data awaits confirmation 
● better predictions for ν flux from AGN needed

● Development towards "lepto-hadronic" models
● some challenges for hadronic models:

– how to explain rapid variability ?
– how to create time dependent hadronic models ?
– magnetic field strength in the emission region ? 

(Romero: ~10^4 G , others: 10^1 - 10^2 G)
● analogy with micro-quasars very useful - how far does it hold ?


