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1. The novel PriNCe framework
2. Combined source-propagation models
3. Two recent applications



UHECR Transport Equation
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UHECR Transport Equation

[0 pair-prod.
photo-hadr.

. N adiabatic
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* About 50 X number of E-bins
coupled differential equations

* All coefficients time and energy dependent i [ ——

* Fast computation times needed to study
cross-section / photon-field uncertainties
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Propagation including Nuclear Cascade equations

Prlmary (lnteractlng) nucleus

* Written in pure Python
using Numpy and Scipy
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Propagation including Nuclear Cascade equations

!

Written in pure Python
using Numpy and Scipy

Specifically makes use of
sparse matrix structure
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Propagation including Nuclear Cascade equations

Primary {interacting) nucleus
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First results (Heinze et al 2019, ApJ 873)
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Blueprint of a source-propagation model
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Blueprint of a source-propagation.model

f

Assume AGN jets
accelerate UHECRs to esca
an E-2 spectrum

100
80
60
40
20

IH 2He 14N S36Fe

Assume Galactic _+°

o’
composition

DESY.

L4

’

VN
/{ |

Assum

Source modeling

L4

’

Example of iron-56 injection
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Blueprint of a source-propagation.model
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Blueprint of a source-propagation model
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Application 1: testing AGN as UHECR accelerators
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Application 1: testing AGN as UHECR accelerators
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Application 1: testing AGN as UHECR accelerators
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Application 1: testing AGN as UHECR accelerators
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Application 1: testing AGN as UHECR accelerators
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Application 1: testing AGN as UHECR accelerators
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Application 2: testing astrophysics vs systematics

No energy shift Energy-independent shift
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Application 2: testing astrophysics vs systematics
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Application 2: testing astrophysics vs systematics
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Application 2: testing astrophysics vs systematics
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Application 2: testing astrophysics vs systematics

No local source
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Application 2: testing astrophysics vs systematics

No local source Local source of silicon-28 in the Northern Hemisphere
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Application 2: testing astrophysics vs systematics

Distance to the local source
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Application 2: testing astrophysics vs systematics
Energy-dependent shift
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Application 2: testing astrophysics vs systematics

No local source

Local source of iron-56 in the Northern Hemisphere
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What we need: better tools for joint treatment of composition
data from both experiments (starting with more information on
the acceptance and resolution for TA Xmax analysis)

What we can do while we wait: combine the
spectrum/composition constraints from the PrINCe approach
with directional capabilities of the CRPropa approach
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Table 1. Best-fit parameters corresponding to the results of the joint fit to PAO and TA. The 1o uncertainty region is given

for 1 d.o.f.

cosmological source distribution only cosmological source distribution + local source
SIBYLL 2.3C Epos-LHC | QGSJET-II-04 SIBYLL 2.3C Epos-LHC [ QGSJET-II-04
& | Yeosmo —0:751 038 0.10103° ~0:607 0.8 —0.7570:2 —0.8510:05 ~0.652 008
£ | R, (GV) 1.8332 x 10° | 2.5782 x10% | 26332 x10%. || 1.8%23 %10° | 2.0%)3 x 10° 2.5%0:3 x10°
§ Mg 3.6%04 < —4.8 < —5.8 38108 061027 < —58

5 | fa(%)

Q . ’ .
@ H | 0.00473%a35 | 0.00075%05° 0.002137%:88! 0.00415%528 0.00153557° 0.0001‘3‘1-,339
;% He | 86.0961 535 | 88.79910:3% 92.58810-228 || 80.504*3338 92.12510.428 9247112200
= N 13.324t3;§§g 10.57870 350 7.222tg;§f;} 18.8031‘3;33‘; 773810 30 7.375‘:3;%;;;
g Si| 05671503 [ 0.60970-210 0181138 0.67610:2% 0:153700% 0147293
8 Fe [ 0.0001900% |  0.015%0 008 0.00715953 0.01212:912 0.00319-003 0.005%9 004
g | isotope silicon-28 silicon-28 nitrogen-14
8 | Moca <-10 <-11 <-11
. | Rinex (GV) 1RFSset0R | gtaai1g® 25t a 510"
§ LCR, (erg s71) LTS 0c 107 | 7a e 10% < 1.0 x 10*°
Dioeat (Mpc) 13.9192, 1 B B Pl < 414
8 | 65*°(%) =11.655% -89 5 E 10.870°9 =117 =20 532 109433
‘g SN (%) —20.5+12 —18.3419 10,8100 —19.7+97 —17.6+85 1138E
S| 850 (%) 9515 —1007%5 ~10079 -26+5 =100%3 -10053
& | 6%y (%) 18112 1813 —4712 p v oy —12*% -31%9
87 man) (%) 50+2¢ —5g+1s 10079 56127 —73+l1 10079
01y (%) —4117 —-9013 3 —831+2° —-10070 —9+?
x2/d.o.f. 109.1/44 130.4/44 269.6/44 67.6,/40 87.8/40 239.6/40
W s 5.60 5.70 460

no local source

PavLo PLoTkO @ ,!' ARJEN VAN VLIET © ,1'2 XAVIER RODRIGUES @ ,'3 AND WALTER WINTER © !

arxXi1v:2208.12274



No local source Local source of silicon-28 in the Northern Hemisphere
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nitrogen-14 iron-56
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Extreme accelerator in the Northern sky

Local source of protons in the Northern Hemisphere
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Extreme accelerator in the Northern sky

Local source of silicon-28 in the Northern Hemisphere
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Direct comparison of TA and Auger fits

TA-only combined fit

with a cosmological source distribution only
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First results (Heinze et al 2019, ApJ 873)
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