The impact of photonuclear reaction models on propagation of
ultrahigh energy cosmic rays

Conclusions and discussions

Introduction

* Pierre Auger observes ultra high energy cosmic ray (UHECR) and The following astrophysical parameters of extragalactic sources are The peak energies and cross sections of GDRs using the RPA
found the feature of the transition to the heavier elements from taken not to contradict the experimental data for the results of CRPropa. calculations are systematically different from CRPropa as shown
their results of the observation of the Xmax above 2x10™ eV [1]. * Injection energy spectrum: dN/dE o E%%0 in Fig. 1, and the difference results in the difference of the

. tT:e;(e WErE rg:;;y attempts to LntemrEt both of E[he'r Ires:.Its of * Broken exponential rigidity deDe”de”E‘;”tOff 10g(R./eV) = 18.20. spectral shape shown in Fig. 2 and Fig. 3. We found that the

e Xmax and the energy spectrum assuming extragalactic o i 2 i i - . . L .
. BY Spet 5 5 Evolution of number of sources (1 +2)*%in the comoving unit volume difference is much larger than the statistical uncertainty of the
sources in the phenomenological way.  Energy scale of the data is shifted up by +12%. This shift is within the exoerimental data. The model redictions of the beak enercies

* Inthe propagation, the most important interaction of the nuclei systematic uncertainty 14% of the experimental data E)j N - ' p 1 rected bp o+ PANgDORA
at the highest energies is photonuclear reactions with cosmic * Relative abundance of five elements are assumed at the source at dNCCross SECtons Wil be experimentally tested Dy the
microwave background (CMB) photons. Especially giant dipole 1018 eV, Relative fraction of the H, He, N, Si and Fe nuclei are 0.0, project.
resonances (GDRs) of the nuclei are important. 0.939, 0.052, 0.008 and 0.0002, respectively. PANDORA Project

* Inthis work, the random phase approximation (RPA) calculations * [8]is used as the extragalactic background light model. Photo-Absorption of Nuclei and Decay Observation for Reactions in Astrophysics
in density functional theory (DFT) [2, 3] are applied to the We simulated the propagation with these parameters using different . . . ——
calculations of photonuclear reactions in the propagation hot | 0 del 9 d with th , ol Joint project among three experimental facilities with .

: photonuciear reaction models and compared wi € experimentad nuclear theories and astrophysical simulations iThemba LABS
data. We fitted only the normalization of the energy spectrum with E > South Africa
10187 eV to compare different models. Fig. 2, Fig. 3, Fig. 4 and Fig. 5 RCNP-Grand Raiden (Osaka, Japan)
show the results of the comparison. The difference of the spectral shape
* RPA calculations of 27 stable nuclei (**C **C **N >N °0 70 180 1°F between the RPA calculations and CRPropa is much larger than the ,
*Ne *!Ne *Ne **Na **Mg Mg **Mg ?/Al 255i 325 3°Ar 4°Ca **Ti >1V >*Cr statistical uncertainty of the experimental data. -
>3Cr >4Cr >>Mn >°Fe) for photo nuclear reactions were done.
* We input E1 strength function of the RPA calculations to TALYS [4]. 24.5 . . . . . . .
—> We obtained cross sections and branching ratios of GDRs. | N e AT l
Fig. 1 shows comparison of cross sections of GDRs using different 24— . oo L ] CAKE 4
models (SkM* [5], SLy4 [6] and UNEDF1 [7]). 0 )
_ . : . . . Fit with 15 data points E > 1087 eV s decay
* One dimensional cosmic ray propagation from extragalactic sources E BSF Chiz/dof- 25.1/14 (CRPropo3 1 =2 hioe
to the earth was simulated with CRPropa whose cross sections and 5 Chi2/dof= 334/14 (SLy4) 7 ool i particle
. _ . . = Chi2/dof= 236/14 (UNEDF1) s complementary detector
branching ratios of 27 nuclei were replaced with calculated ones. w o 1 £ experimental i
- We compared simulated energy spectrum and In A on the earth < 4T ] e L
with simulated ones using default settings of CRPropa. S Ml el ] 06 | A“geéﬁitrgégg . _
Sslf_l;ﬂz_l I RPA calculations -, SLy4 —e
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——TALYRL2E graslotac | caoropa gefoutt 1 TALYS-1.85 restored) o | same astrophysical parameters . . . o A [1] The Pierre Auger Collaboration, arXiv:1909.09073 (2019).
1000 = = | . Auger Sybill2.3005%g[r.oupr;cé
) : ; o5 pugers 10ata g > 10 b i [2] T. Inakura et al., Phys. Rev. C 80, 044301 (2009).
3 . g I | chi2z-5.5(0=sartloy, + o)) _ [3] T. Inakura et al., Phys. Rev. C 84, 021302(R) (2011).
= A — 3 OK A, E 25 | .
o : 2 oo : : z [4] A. J. Koning et al., AIP Conf. Proc. 769, 1154 (2005).
8 g, 880,0 &¢ o SB% s ° %
S5 . ; N T [5] J. Bartel et al., Nucl. Phys. A386, 79 (1982).
5 | . : I [6] E. Chanbanat et al., Nucl. Phys. A627, 710 (1997).
o5 | g : N ' [7] M. Kortelainen et al., Phys. Rev. C 85, 024304 (2012).
10 — ] — 1 — — | | UNEDF1 | | | | | | . .
1 10 100 1 10 100 STy 19 oz o4 1es BT i9 192 o4 96 [8] R.C. Gilmore et al., Mon. Not. Roy. Astron. Soc. 422, 3189
A A log(Energy[eV]) log(Energy[eV]) .
Figure 1: Left: peak energies of GDRs Right: Peak cross sections of GDRs Figure 4: Comparison of simulated mean In A of the same results as Fig. 2. Figure 5: Comparison of simulated o(In A) of the same results as Fig. 2.. (2012) [arXiv:1104.0671].




