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Overview

● UHECRs and nearby extended Radiogalaxies: inital 

● Galactic and Extragalactic Magnetic Fields

●  Monte Carlo

●  UHECR trajectories

● Potential source populations 
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 Pierre Auger Collaboration et al. 2007, Science
(after 3 years of partial operation)

● The 27 UHECRs with E > 56 EeV are not isotropic
● Correlation with nearby AGNs (Veron-Cetty & Veron catalog) 
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George et al. 2008:

 AGN within 100Mpc (weighted by their hard X-ray flux) are
           correlated with Auger UHECRs at 98%
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  D < 75 Mpc Radiogalaxies  

● D < 75 Mpc
● Red solid symbols:  D < 75 Mpc and radio extent > 180kpc
● Were we all tracing the same underlying population?

NM 2008
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  D < 75Mpc radiogalaxies

● 8 of 27 UHECRs within 3.5deg of extended radiogalaxies
● 6 of 10 extended radiogalaxies matched to UHECRs

● 3 of 4 remaining are in areas of low exposure time (and clusters)

The Cen A region
Fig: Kachelreiss et al. 
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 Radiogalaxy morphologies

● O

Highly extended in the radio (> 180kpc)
Some evidence favoring FR Is (i.e. “BL Lacs)”

NM 2008
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Radiogalaxies

● Several previous works attempted correlations with BL Lacs

● we are doing the same (as long as the lobes are mirrors)

● extra selection on radio extent (difficult for BL Lacs)

● Relatively low incompleness for extended nearby FRI and BL Lacs 

● Propagation time delay: 

● do jet-flux weighted catalogs make sense for R.G.s?

● we have some history in the jets and lobes .
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Ghisellini et al. : galaxies from HIPASS

● 99% correlation between UHECRs and high HI content galaxies
● Ghisellini et al. argued for spiral galaxies (magnetars and/or GRBs?)
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 Galactic Magnetic Field: model deflections

 Takami & Sato 2008 for 63 EeV UHECRs (also Kachelreiss et al. 2007, 
  Prouza & Smida 2003, Tinyakov & Tkachev, and several others....)
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Han et al. 2007
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 Galactic Magnetic Field: basic spiral arm model

 Figures from Alvarez-Muniz etal, Kachelriess etal
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 AS-S (AS-A)  BS-S  (BS-A)
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 ASS+ARM  ASS+RING

 Sun et al. 2008:  disk + halo, but no dipole
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 Galactic Magnetic Field: disk (toriodal) only

●    Axisymmetric (AS)                                     Bisymmetric (BS)
●       AS-A AS-S                                                 BS-A  or BS-S
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 Galactic Magnetic Field:  (adding the dipole component)

●                z=10pc                                                   z= -10pc

At the Sun
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 Extragalactic B field: model deflections

 Dolag et al. 2003 : using Springel's LSS simulations to model 
 intergalactic B fields: deflections <1deg (dominated by cluster fields)
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Monte Carlo  

following principles in
  TS08, TT, MK, PS, many others:
1. shoot antiproton at (l,b) of UHECR
2. each step: calculate Bmodel (x,y,z)
    disk+halo+dipole
3. add uncertainty (Gaussian, 1 sigma=50%)
   in model GMF in each of Bx,By,Bz
4. Add turbulent field (uniformly distributed
    between +/-10microG)
    P=100% arms, 20% disk, 1% halo  
    scale length 50 pc
5. deflect and iterate until D > 40kpc

Result:  trajectory in Galaxy + “out of Galaxy” arrival direction
models: ASS, ASA, BSS, BSA, Sun et al. (3 models), Sun et al. + dipole
Varied: particle mass & charge, %error, normalizations...
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 UHECRs in a Galactic B Field: BS-A + dipole

● Galaxy middle cross point, and final destination
● D < 75Mpc              (NGC6251 @ 116,31  is dark blue)
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 Radiogalaxies, SGRs & AXPs : BSS, BSA, ASS, ASA

● D < 75 Mpc, 75 < D < 200 Mpc, 200 < D < 500Mpc 
●  solid symbols:  radio extent > 180kpc

NM 2009
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 Radiogalaxies, SGRs & AXPs : BSS, BSA, ASS, ASA w/o dipole

● D < 75 Mpc, 75 < D < 200 Mpc, 200 < D < 500Mpc 
●  solid symbols:  radio extent > 180kpc
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 Radiogalaxies, SGRs & AXPs : ASS+ARM, ASS+RING, BSS(SUN)

● D < 75 Mpc, 75 < D < 200 Mpc, 200 < D < 500Mpc 
●  solid symbols:  radio extent > 180kpc

NM 2009
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 Radiogalaxies, SGRs & AXPs : Sun et al + dipole component

● D < 75 Mpc, 75 < D < 200 Mpc, 200 < D < 500Mpc 
●  solid symbols:  radio extent > 180kpc

NM 2009
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The Numbers

●   Use 3.5deg as a “match”  (overlap with 10% of MonteCarlo)
●   Nearby (D < 75Mpc) extended (LLS > 180kpc):

● RGs=14   UHECRs=51
●                                  Match  7 R.G.s with 9 UHECRs

● With deflections:               8 R.G.s with 10 UHECRs
●    (added NGC5127)

●

●   Nearby + Intermediate (D<200) Extended (LLS > 180kpc)
● RGs=49  UHECRs=51 

●                                   Match  9 R.G.s with 11 UHECRs
●   With deflections                 13 R.G.s  with 18 UHECRs

● 
● Distant (> 200Mpc) Extended: do not add significantly
● Best at low D, okay at medium D 
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Caveats and Comments
●   If we want to include nice additional radiogalaxies:

● Require large(ish) mean free path for UHECRs

● Or higher source UHECR energies in these few cases

● cf. previous comments about depression vs. Cutoff

●  CGCG 403-019: the nearest BL Lac with extended radio jets

● A new “Cen A”? : 1 AGASA and 3 Auger events?

●  NGC 7626 and NGC 1275  (both D<75Mpc) also potential “doubles” 

●  <E> similar for “non-matches” and “matches”

● Would be useful to compare shower characteristics

● Are these protons vs. heavy?
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 BSS, BSA, ASS, ASA: <1kpc from SGRs, AXPs 

● Microquasars from Paredes et al. NM 2009
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Summary

●   Helps to consider the Galactic Magnetic Field
● Even if small numbers and uncertainties in GMF 

●  Source populations:  
●  Powerful radiogalaxies + BL Lacs are strong candidates

● Trace denser clusters rather than overall matter distr.
● Check with HIPASS, 2MASS etc.?
● But probably not Dark Matter (no local group signature)

●  a few Galactic Candidates? - not clear, but leave open
●  If we choose: large(ish) UHECR mean free path (~150Mpc)? 

●  For radiogalaxies: 
● BS-A is the favored GMF model (esp. in 2 regions)
●  Models of Sun et al. + dipole could work too
● Are we seeing high filament+cluster magnetic fields?

● Test “matches” vs. “non-matches” for heavy vs. Protons (40,40,10?) 
● Can we distinguish R.G.s from matter distibution in the future?
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Other possibilities

● Dark matter anhilation
● micro (primordial?) Black Hole evaporation
● GRBs : difficult to test directly (time delay)
● Current statistics too poor to fully discuss these...
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Particles: help!

●  Fermions                                              Mesons 
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