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(I) Can UHECRs by Cyg A be
Isotropized?



The inverted simulation setup

* Extended EGMF models by
Hackstein et al. (2018)

* 3 primordial models (p, p2R, p3R) extended EGMF

* 3 astrophysical models (a, a1R, aR)

* Include interactions with the
EBL and CMB

* Observer sphere with radius =
source distance

* Defl. angle 6 = %i(ﬁcr: ‘?src)

* Re-weighting needed:
Apply [cos 8]~ (sin6) ! to I CRPropa3 |
obtain a proper CR flux

Bjorn Eichmann UHECRs by Cyg A or the bulk of radio galaxies




60

The deflection & trajectory lengths of Cyg A

100.0 g —

1.0 = p2R = alR
—— p3R = aR

Only the primordial models
(p, pP2R, p3R) are able to
isotropize UHECRs from Cyg A
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The deflection & trajectory lengths of Cyg A
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The deflection & trajectory lengths of Cyg A
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Either the arrival directions of UHECRs provide a (too) high
degree of anisotropy or the delay exceeds the source age!
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(1) Can the bulk of non-local
radio galaxies provide the
observed UHECR flux?



The UHECR — radio connection

* gm: jet energy found in matter (hadronic and leptonic) = min. jet energy cond.: g, =

N

* k=0Q,/Q.: ratio of leptonic to hadronic energy = for a vanishing lepton fraction k << 1

* Jet power from extended radio emission: Qe; Lfgl
e Maximal rigidity from
magn. field energy Qs = cjeitr? o~ = Qjer = (Qer + Q) = Qjer (1~ gm)

and Hillas criterion R = Zmax — Psn_p,
Ze faiff

R =~ gaccx/(l - gm)Qjet/C: with ggee =

I o -
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The UHECR — radio connection

* CR power from the jet power:|Q., = 1+k = Qjet

* gm: jet energy found in matter (hadronic and leptonic) = min. jet energy cond.: g, =

N

* k=0Q,/Q.: ratio of leptonic to hadronic energy = for a vanishing lepton fraction k << 1

* Jet power from extended radio emission: Qe; Lfgl
e Maximal rigidity from
magn. field energy Qs = cjeitr? o~ = Qjer = (Qer + Q) = Qjer (1~ gm)

and Hillas criterion R = Zmax — Psn_p,
Ze faiff

8B%n

R =~ gaccx/(l - gm)Qjet/C' with gacc = fa%iffﬁjet

001 < ggec =15 Im <1 (gm ~ 4‘/7); pL =7

I o -
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Study of the non-local source contribution

Include fundamental differentiation between FR-I and FR-Il sources:

* Use the jet-to-radio-power correlation
from Godfrey & Shabala (GS):

® @ FRIJet Power Estimates from X-ray Cavities.

50w m FRII Jet Power Measurements from Hotspots (g =2).
== Willott relation with f=20 (upper} and f=1 (lower)
— Extrapolation of FRI Q—L ., relation.
ag FRI| .« Qu (F=20)
- ’

» _ )0.64 forFR],
) 652013:, = {0.67 for FR I

g @(obs. bias)
&
. p .. )05 forFR],
: G52016: f, = {0.8 for FRII
o 7 (from theor. expectations)
4%0 ’ZIZ 2I4 : 26 28 30

Liz; [WHz'Sr']
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Study of the non-local source contribution

Include fundamental differentiation between FR-I and FR-Il sources:

* Use the jet-to-radio-power correlation

from Godfrey & Shabala:
* Use the radio luminosity

0.5 for FR1, function from Willott et
AL=108 for FR1I al. (2001):

but in principle: -
04< (., <14 5 15
°§, 1077
'E 10-8
éj 10-°
® 10-10

10-11 1 i ' ' W .
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WH2''S log(Pys1 / W Hz™t sr71)
Z o
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Spectral behaviour constraints

Bulk of FR-I and FR-Il sources have a different critical rigidity:

R, = gaCC\/(l — gm)0Q./c, with Q, « L
0.01 < guee < 1;

BL
LI1I’

04 <, <14

Im <1 (gm ~4/7);

—

R, > 30 EV to enable an explanation of the UHECR flux < 30 EeV
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Spectral behaviour constraints

Bulk of FR-I and FR-Il sources have a different critical rigidity:

R, = gaCC\/(l — gm)0Q./c, with Q, «x Lﬁlfp
001 < g4ec <1, gm<1l(gm~4/7); 04<p, <14

|:> Jacc > 30 EV/\/(]- - gm)Q*/C:With Q. = Q*(,BL)
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Spectral behaviour constraints
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Total amount of UHECR energy constraints

Bulk of FR-1 and FR-Il sources provide a different amount

of UHECR energy (6EeV < E < 20EeV) at Earth:
* dependent on the initial spectral index a, g, 9ace, BL
* take R, > 30EV and g, > 0.1 into account
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FR-II: hardly provide more than 25% of the obs. energy;
FR-I: provide 100% of the obs. energy for a wide range of parameters.
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(I) Can UHECRs by Cyg A be isotropized?
No; or yes, but the delay
exceeds the source age!

(Il) Can the bulk of non-local radio galaxies provide

the observed UHECR qux?
Yes, but predominantly FR-I
radio galaxies!
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Backup



Hackstein et al. (2018) EGMF models
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Proof of principle fit scenarios
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Scenario ll:

Both FRtypes: k = 0, g, = ;, Jace = 0.2
FR-I: B, =0.5 a=1.9
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