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Motivation 

Hypothesis:		
	
astrophysical	CR	
sources	accelerate	
different	nuclei		

Evidence	from	PAO:	Xmax	distribu?on	(EPOS-LHC	UHECR-air	interac?ons)		

PAO:	arXiv:1612.07155	

PAO:	Phys.	Rev.	D	102,	062005	(2020)	

Fit	all-par?cle	spectrum	
above	ankle	



J.	Bazo		-		PUCP	 3	

Source modeling 

Nuclear	dependent	broken	exponenBal	cut-off	func?on:	

6	Parameters	to	fit	(common	to	all	sources):	
	
•  fA:	injected	nucleus	frac?on	

•  Rcut:	maximum	rigidity	

•  γ:	power	law	index	

Cut-off	func?on:	

Input	nuclei:	
	
1H,	4He,	14N,	28Si,	56Fe	

PAO:	arXiv:1612.07155	
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Astrophysical Sources 

SelecBon:	
	
Véron-Cedy,	Véron(VCV)	AGN	catalogue	13th	Ed	(2010)	
-redshif:	z	<	0.6	

	 	->	conversion	to	Mpc:	astropy.coordinates.Distance(Planck18)	
	
Total	selected	sources:	29.5k	 •  Grouped	by	same	distance	(~442)	

•  Weighted	by	total	flux	by	distance	(F20cm		Jy)	

Radio	bright	AGN	
neutrino	correla?on		

(ApJ,	894(2020)101)	
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CrPropa3 Simulation 

InteracBons	during	propagaBon:	
	
•  PhotoPionProduc?on	(CMB,	IRB)	
•  ElectronPairProduc?on	(CMB,	IRB)	
•  PhotoDisintegra?on	(CMB,	IRB)	
•  NuclearDecay	

	 	*IRB=Gilmore12	

SimulaBon	characterisBcs:	
	
•  1D	(next	step	3D	with	magne?c	fields)	
•  Emin	=	1	EeV	
•  SourceList,	SourceMul?plePar?cleTypes	

Event	generaBon	method:	
	
For	values	taken	from	a	PDF	of	distances	weighted	with	radio	flux:	
-Randomly	generate	10k	energies		from	a	broken	exponen?al	cut-off	distribu?on	
and	apply	a	nucleus	frac?on	(fA)	weight	to	each	nuclei.	
	
Using	this	larger	distance-energy	distribu?on:	
Simulate	750k	events	for	each	set	of	parameters:	best	fit	search.	
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Best parameter search 

For	curve	shape	distribu?on	comparison	(normalized	with	Ntot	at	Earth)	
and	few	events	in	some	bins:	

Look	for	minimum	for	set	of	6	parameters	(720	combina?ons):	
	
•  fA:	[0,1]	step=1/3	(5	points	x	4	independent	variables)	

•  Rcut:	[1018,	1021	]	step=100.6	(6	points)	

•  γ:	[1,	3]	step=0.4	(6	points)	
	
	

PAO:	energy	bins	
E	>	1018.7	eV	
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Spectrum at source 

Best	fits:	γ	=	2.2	
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Mass composition at sources 

Best	fits	frac?ons	

χ2red<50	Χ2red<10	
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Fit to PAO UHECR data 

Prelim
inary	
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Best Parameters 

γ	 Rcut	 H	 He	 N	 Si	 Fe	 χ2	
2.2	 21	 0.67	 0.33	 0	 0	 0	 28.37	
2.2	 20.4	 1	 0	 0	 0	 0	 38.43	
1.8	 20.4	 0.33	 0.67	 0	 0	 0	 44.79	
1.8	 19.8	 1	 0	 0	 0	 0	 46.92	
1.8	 21	 0.33	 0.67	 0	 0	 0	 49.5	
1.8	 20.4	 0	 1	 0	 0	 0	 52.6	
1.8	 19.8	 0.67	 0.33	 0	 0	 0	 53.7	
1.8	 21	 0	 1	 0	 0	 0	 53.74	
1.8	 20.4	 0.67	 0.33	 0	 0	 0	 75.01	
2.2	 21	 1	 0	 0	 0	 0	 75.25	
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Conclusions 

•  CR-Propa	simula?ons	of	astrophysical	sources	with	
		precise	1D	distance	distribu?ons	(radio	weighted	AGNs)	

•  Broken	exponen?al	cutoff	fit	with	6	parameters	common	to	all	sources.	

•  Favoured	mass	composi?on	at	source	that	fits	PAO	data	(E>1018.7	eV):	

Ø  Heavier	nuclei	disfavoured:	Si	≈	Fe	≈	0	
Ø  Lighter	nuclei:	H	and	He	greatest	contribuBons,	small	N	composi?on	

Ø  Power	law	index	≈		1.9	±	0.2	
Ø  Log(Rigidity	cutoff/eV)	≈	20.1	±	0.4	

q  Plans:			
•  3D	simula?ons	with	galac?c	and	extragalac?c	magne?c	fields.	
•  Use	radio	bright	AGN	catalogue	with	neutrino	correla?ons.	


