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® Cosmogenic v and y-rays to probe UHE CR models
® Observations with next-generation neutrino/CR detectors — want lower limits in fluxes

® Ecr > 50 EeV = Nucleon spectrum
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® Deriving lower limits

proton dominance / no evolution

® CRPropa3 Monte Carlo code [1] 10 . Ezx iz 50 HeV
® Proton dominated emission with E > E;;x =~ 50 EeV 1077 — 5 (%0) |
® Fit to Pierre Auger CR data [2]: Jcr(Ecr) X Ecp, ¥ = 5.2+ 0.4 = o8| - :1 it K\‘ :
® Above 50 EeV = can be treated as nucleon spectrum: :i ool —— Ej
o Jn(En) = Ag "Jcr(50 EeV) (50E1i:\lev)_y 2 I gi iiﬂﬁt
® A, is observed mass group El“_” _ .
® using 2 types of source evolution with redshift:
1) no evolution/constant comoving source density o
2) Star Formation Rate [3] 107 5 {['}7 105 10° 100 1o° 1012

E [GeV]
= We get the resulting cosmogenic fluxes
[1] R. Alves Batista et al. JCAP 05 (2016) 038, arXiv:1603.07142

[2] A. Aab et al,, (Pierre Auger Collab.), Phys. Rev. Lett. 125 no. 12, (2020) 121106, arXiv:2008.06488
[3] H. Yuksel et al, Astrophys. J. Lett. 683 (2008) L5-L8, arXiv:0804.4008
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COPENHAGEN Cosmogenic fluxes v

® Deriving lower limits

proton dominance / SFR evolution

® CRPropa3 Monte Carlo code [1] 107 . Eere iz 50 HeV
® Proton dominated emission with E > E;;x =~ 50 EeV 07— 4 (%o) |
® Fit to Pierre Auger CR data [2]: Jcr(Ecr) X Ecp, ¥ = 5.2+ 0.4 = -8t - ;11 it \‘x :
® Above 50 EeV = can be treated as nucleon spectrum: :: ool —— if
o Jn(En) = AZ "Jcr(50 EeV) (SOEgeV)_V E ol e S
® A, is observed mass group "El“'” _
® using 2 types of source evolution with redshift:
1) no evolution/constant comoving source density 7=
2) Star Formation Rate [3] T T T/ R T T T : 1012

E [CeV]
= We get the resulting cosmogenic fluxes
[1] R. Alves Batista et al. JCAP 05 (2016) 038, arXiv:1603.07142

[2] A. Aab et al,, (Pierre Auger Collab.), Phys. Rev. Lett. 125 no. 12, (2020) 121106, arXiv:2008.06488
[3] H. Yuksel et al, Astrophys. J. Lett. 683 (2008) L5-L8, arXiv:0804.4008
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proton dominance

® Observing cosmogenic neutrino fluxes 106 :
-=== 1o evolution Auger
) ) ) — SFR evolution e
® Next-generation neutrino/CR experiments capable of - § 7 LeoCube
observing cosmogenic neutrinos if observed proton 10 N\, F
contribution is: - "
0% i -

> 2% (“SFR evolution”)

» 10% (“no evolution”)

® Minimal fluxes

all flavour E2.J (GeV em 2 g7 ] Hl‘_]]

10~1
®  Qur flux predictions can be considered lower limits of
the cosmogenic emission due to bound Ecg = 50 EeV
10~
® Only depend on the observed average mass
composition A,:
SN AN . . . - Y
> Scales as ]| o Ay3% compared to proton case Ry 1 10* 10" e
© E [GeV]

[4] M. G. Aartsen et al., (IceCube-Gen2 Collab.) arXiv:2008.04323
[5]]. Alvarez-Muniz et al., (GRAND Collab.) 219501, arXiv:1810.09994.

[6] M. G. Aartsen et al., (IceCube Collab.) arXiv:1807.01820
[7] A. Aab et al., (Pierre Auger Collab.) arXiv:2008.06486.
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® Source SPBCtTMm source spectrum

® Emission spectrum at source, proton dominated

® Spectral index around y = 4 (y-axis E ~ Qy) 0l

® SFR case = no evolution case

Ey Qx [an]

10t

107 1072
nucleon energy Ey [GeV]
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® Energy loss lengths for protons (z = 0) EGIZK ~ 50 EeV
From E. Armengaud et al. (2006) 10000 3 :
- I
1

CRPropa: A Numerical Tool for the Propagation of UHE Cosmic C
Rays, y-rays and Neutrinos arXiv:astro-ph/0603675 - R

N 1 ’
9 1000F 0\ v pion production 3
= = pair production ! on the IRB :
® Must stay above 50 EeV to treat UHE CR 0 - ontheCMB 1
spectrum as nucleon spectrum S 100 3 D E
A% : \\\ pion production
) ok . . onthe CMB i
E 1 AN E
- I ‘x‘%_{ﬁﬂﬂff"#'—
L |
I] | 1 1 1 ; 1 1l L 1
1018 1019 1020 1021 1022
E (eV)
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® Energy loss lengths for *N and >°Fe (z = 0)
From R. A. Batista et al., JCAP10 (2015) 063, arXiv:1508.01824

|EGZK ~ 50 EeV IEGZK ~ 50 EeV
104 g T T T “\I' LI II \\ T ‘ T :\ UL \l T T TT ||| ‘, T T T L |JE— 104 g T T T T T T T1TT1T |\‘\| \\\ i TT III 1 T T T T I=T T \I 1 T I"} TT IJE—
'? o T "'\‘_"‘_\"_I”_”_"_”_“_“_”_' _.._"-.f’. ................ _E ? E ....................... "';\‘J ........ pmrmem i =Y e m ."'J: ....... s
S& v h ~ ‘\ I ,"" - Q ~ ’ . ’_,'/ -
= 10E ' B A L N S S E
f} - u ) T ) 3 :E n -
10° & = 0 = N =
2 - ——— all processes I = = -~ ——— all processes =
A - - - redshift losses : 7] A O - - redshift losses ]
o] | photopion production (CMB) ] o] | photopion production (CMB) L
- 10 S photopion production (EBL) = — 10 E photopion production (EBL) I E
a - - - - - pair production (CMB) | 3 gﬁ - --- pair production (CMB) I -
1 i pair production (EBL) 1 - R - .- pair production (EBL) I =
g 1 —--- photodisintegration (CMB) | —] g 1 ~—--- photodisintegration (CMB) | —
) E - photodisintegration (EBL) | E L E = photodisintegration (EBL) : =
_l L 1 1 L Ll L1l I L 1 1 IW L1l | L 1 1 L 11l | 1 1 1 L1l II_ _I 1 | L L | L1 1 1l | 1 1 | Ll L1l I 1 1 1 Ll 11 I 1 L 1 L1 1l I_
10" 10" 10% 107" 10% 10" 10" 10% 107" 10%
energy [eV] energy [eV]
2—5.21+0.4
Jx A, T = 0.02 % 0.0003 %
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