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Parameters Range value of interest 

E 60 EeV (1018 − 1020 eV) 

B 1-100 nG 

𝜆𝐵 0.1-10 Mpc 

D < 75 Mpc 

Z 1 (protons) / 26 (iron nuclei) 

Degeneration btw 
source position (𝜗𝑎𝑑 )  

and B 𝜆𝐵 

B=1nG 

EGMF value (B, 𝜆𝐵) 
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SCATTERING ANGLE (mean value): 

𝐸 > 1018eV [1 EeV], 𝜗𝑠𝑐𝑎𝑡 ≤ 10° (Lee, Olinto & Sigl, 1995) 
 
• 𝐷 ≤ 𝜆𝐵 

𝜗𝑠𝑐𝑎𝑡 = 2.6°
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• 𝐷 ≫ 𝜆𝐵 

𝜗𝑠𝑐𝑎𝑡 = 0.23°
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Assumption: Rayleigh distribution to find  𝝈𝒔𝒄𝒂𝒕= 𝜗𝑠𝑐𝑎𝑡
2

𝜋
 

ANGULAR RESOLUTION: 
𝜗𝑟𝑒𝑠 = 2° baseline / 5° threshold 

 

 

𝜗𝑠𝑐𝑎𝑡 theoretical model 
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Matrix rotation 
M=M(𝛼𝑠𝑟𝑐 , 𝛿𝑠𝑟𝑐) 

Simulation for scattering signals from a 
given source  

Teta = Rayleigh (𝜎𝑠𝑐𝑎𝑡, 𝜗𝑟𝑒𝑠) 
Phi   = Uniform (0, 2 𝜋)  

Equatorial coordinates (𝛼, 𝛿) 

𝝑𝒂𝒅 
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AGN nearest neighbour angular 
distance  𝝑𝒏𝒏𝒂𝒅 (AGN clustering) 

                                  ~65% AGNs 𝝑𝒏𝒏𝒂𝒅  ≥ 2°              𝝑𝒓𝒆𝒔=2 °   
~20% AGNs  𝝑𝒏𝒏𝒂𝒅≥ 5° 
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AGN distance distribution 

~7% AGNs 𝐷 ≤ 10Mpc 
~20% AGNs 𝐷 ≤ 20Mpc 

~47% AGNs 50Mpc ≤ 𝐷 ≤ 80Mpc (GZK limit) 
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Angular distance  
CenA (3.8Mpc), 𝜗𝑟𝑒𝑠=2 °  
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Angular distance  
CenA (3.8Mpc), 𝜗𝑟𝑒𝑠=5 °  
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Angular distance  
Virgo (16.5Mpc), 𝜗𝑟𝑒𝑠=2 °  
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Angular distance  
Virgo (16.5Mpc), 𝜗𝑟𝑒𝑠=5 °  
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Angular distance  
Perseus (73.6Mpc), 𝜗𝑟𝑒𝑠=2 °  
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Angular distance  
Perseus (73.6Mpc), 𝜗𝑟𝑒𝑠=5 °  
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Source-CR event mean angular 
distance (CenA) 

Distance[Mpc] Z 𝝑𝒓𝒆𝒔[°]  𝜆𝐵[Mpc] <𝝑𝒂𝒅> @𝟏𝟎𝟐𝟎eV[°] 

3.8 1 2 0.1 2 

3.8 1 2 1 2 

3.8 1 2 10 3 

3.8 26 2 0.1 7 

3.8 26 2 1 16 

3.8 26 2 10 50 

3.8  1 5 0.1 5 

3.8 1 5 1 5 

3.8 1 5 10 5 

3.8 26 5 0.1 8 

3.8 26 5 1 20 

3.8 26 5 10 60 
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Source-CR event mean angular 
distance (Virgo) 

Distance[Mpc] Z 𝝑𝒓𝒆𝒔[°]  𝜆𝐵[Mpc] <𝝑𝒂𝒅> @𝟏𝟎𝟐𝟎eV[°] 

16.5 1 2 0.1 2 

16.5 1 2 1 2 

16.5 1 2 10 5 

16.5 26 2 0.1 14 

16.5 26 2 1 40 

16.5 26 2 10 90 

16.5 1 5 0.1 5 

16.5 1 5 1 5 

16.5 1 5 10 7 

16.5 26 5 0.1 12 

16.5 26 5 1 40 

16.5 26 5 10 90 
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Source-CR event mean angular 
distance (Perseus) 

Distance[Mpc] Z 𝝑𝒓𝒆𝒔[°]  𝜆𝐵[Mpc] <𝝑𝒂𝒅> @𝟏𝟎𝟐𝟎eV[°] 

73.6 1 2 0.1 2 

73.6 1 2 1 4 

73.6 1 2 10 10 

73.6 26 2 0.1 22 

73.6 26 2 1 70 

73.6 26 2 10 90 

73.6 1 5 0.1 5 

73.6 1 5 1 6 

73.6 1 5 10 10 

73.6 26 5 0.1 30 

73.6 26 5 1 80 

73.6 26 5 10 90 
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Auger paper (2010) 

The correlating fraction is (𝟑𝟖−𝟔
+𝟕)% 

The isotropic fraction is 21% 

69 UHECR events  
AGNs from VCV catalog 12th ed. 
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Reproduce Auger paper (2010)  

69 UHECR events  
AGNs from VCV catalog 13th ed. 
 

ROTATIONAL OFFSET NOT 
YET SOLVED 

The correlating fraction is 38.18% 
The isotropic fraction is 25% 
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100 CR events random simulation 
(𝜗𝑟𝑒𝑠=2 °, 𝜗𝑠𝑐𝑎𝑡=10 °) 

M. Dolci, JPL 10/24/2013 



Sensitivity analysis of simulated data 

The correlating fraction is 59% 
The isotropic fraction is 25% 
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100 CR events random simulation 
(𝜗𝑟𝑒𝑠=5 °, 𝜗𝑠𝑐𝑎𝑡=10 °) 
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Sensitivity analysis of simulated data 

The correlating fraction is 57% 
The isotropic fraction is 25% 
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Sensitivity analysis of simulated data 
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Outlooks 

• Obtain the confidence level for SWORD mission 

• Insert in the 𝜗𝑠𝑐𝑎𝑡 the EGMF coherence length (𝜆𝐵) 

• Study a model for 𝜗𝑠𝑐𝑎𝑡 > 10° (Z=26) 

• Study the distribution of UHECR charge number (Z) 
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Database Infos 
• Data Type: Mission and Part-level data 

• “Required”: Subsystem, Mass,  Volume, Power, Data 

Provider 

• “Additional”: Data Rates, Flight Heritage, Cost, 

Lessons, etc.  

• User-interface where users can add/ edit, view all, or 

search 

• Database is extensible, compatible  

   with other JPL databases   

M. Dolci, JPL 10/24/2013 



My work 

M. Dolci, JPL 10/24/2013 
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