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YES, WE CAN 
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Gaisser et al. 2013, 
 arXiv: 1303.3565 



SOME THINGS WE CAN’T 

v Obstacle: losses    


   Sproducts=LUHECR 

✗  Enough ν to detect likely means 
too few UHECR to be source candidate 

 
 

Cannot rely on ν detectors to identify UHECR sources 
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Figure 3: UHE proton spectra resulting from neutron decay and ob-
tained within the LHπ (red line) and LHs (black dashed line) models.
For the latter, the UHE cosmic ray spectra obtained after taking into ac-
count propagation effects using the numerical code CRPropa 2.0 [25]
are also shown (blue crosses). The UHE cosmic ray energy spectrum
as observed by Auger [26], HiRes-I [27] and Telescope Array [28] is
overplotted with green open triangles, magenta open squares and or-
ange x’s respectively.

of the escaping proton contribution lies outside the scope of the
present paper since it requires assumptions on the specific ge-
ometry of the jet.

An interesting question that might be addressed is the level
of the line-of-sight neutrino/γ-ray flux resulting from the UHE
proton propagation. Figure 4 shows the secondary γ−ray (blue
crosses) and neutrino spectra (green crosses) produced by inter-
actions of UHE protons with the CMB and IRO backgrounds,
derived for the LHs model7 using CRPRopa 2.0; our model
spectra coming directly from the source (blue and green solid
lines) are overplotted for comparison reasons. We note that in
1D propagation simulations the strength of the uniform inter-
galactic magnetic field affects only the synchrotron emission of
the secondaries produced during the UHECR propagationwhile
it does not cause any deflections; in this sense, it can be consid-
ered as an upper limit. Even in the extreme case of an inter-
galactic magnetic field of 1 µG strength, the secondary γ−ray
and neutrino emission was found to be at least one order of
magnitude below the LHs source emission. The assumption of
a structured intergalactic magnetic field would result in the de-
flection of UHECR by an angle of a few degrees (see e.g. [33])
with respect to our line-of-sight and, therefore, lead to an even
lower flux emitted by the charged secondary particles produced
during the propagation.

4. Summary/Discussion

In the present paper we have calculated the detailed neu-
trino and neutron spectral flux emerging from the BL Lac ob-

7The low energies (< 0.1 EeV) of the cosmic rays produced within the LHπ
model made an analogous calculation using the numerical code CRPropa 2.0
not possible.
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Figure 4: Photon (blue solid line) and neutrino of all flavours (green solid line)
spectra according to the LHs model. The secondary γ−ray and neutrino spectra
resulting from the UHE proton propagation are also shown with blue and green
crosses, respectively. The propagation of the UHE protons into a uniform pG
intergalactic magnetic field was modelled using CRPropa 2.0.

ject Mrk 421 under the assumption of a one-zone leptohadronic
model. Even if the assumed geometry of the source is sim-
ple enough, we have applied a sophisticated method to calcu-
late in a self-consistent and time-dependent way the photopair
and photopion interactions. For this we used the numerical
code presented in [8] and made fits to the MW spectrum of
this source as obtained in 2001 using contemporaneous optical,
X-ray and TeV γ−ray data [13]. Using then the so-obtained
fitting parameters allowed us to calculate the expected neutron
and neutrino fluxes. Consequently we have followed the prop-
agation of protons, which result from the escaping neutron de-
cay, and thus calculated the expected UHECR contribution of
Mrk 421 at Earth.

We found that two sets of very different parameters produce
good fits to the SED of the source. In the first case, γ−rays are
produced from synchrotron radiation of secondaries resulting
from photopion interactions, therefore they are pion-induced
(the LHπ model). In the other case, the γ−rays originate from
proton synchrotron radiation (the LHs model).

Proton acceleration at ultra-high energies, i.e. Ep,max =
1.4 × 1020 eV, is a typical feature of the LHs model (see also
[1]), which agrees well with the requirement for UHECR ac-
celerators. Although it is magnetically dominated it is a much
more economic model than LHπ in terms of total jet luminos-
ity – see Table 2. Propagation of the protons produced from
the escaping neutron decay results in a UHECR flux at Earth
that is very close to the measurements of current experiments
at energies around 30 EeV. However, due to the fact that our
UHECR spectrum is peaked at high energies, its overall shape
is very different from the observed one at energies below 30
EeV – see Fig. 3. Even if one assumes that all other Northern
Hemisphere nearby BL Lac objects produce the same spectral
shape of UHECRs as Mrk 421 and normalize their cosmic-ray
output to their photon luminosity, their contribution to the to-
tal UHECR flux will not be significant because of the combina-
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γ	  =	  synchrotron from  
photopion e± secondaries  
tons 100 TeV  neutrinos 

γ	  =	  p+ synchrotron  
few EeV neutrinos 

predicted UHECR  
from Mrk 421 



SOME THINGS WE CAN’T 

v Obstacle: delays  

    





 ✗ no variability information 

 ✗ no “timing” clues 

 

No direct application for time-domain experiments  

can only use them to study properties of  source classes  
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SOME THINGS WE CAN’T 

v Obstacle: low statistics 

    





   ✗ Poor localization bad 
   ✗ Low statistics bad   

     ✗ Very poor localization + very few events = UHECR astronomy curse 
 
well-tested astro techniques for anisotropy  
or cross-correlation with multi-λ sky pushed to their limits.  
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SNR = Fsource
IBG

ΔtA
Δθ

but neither exclusive to UHECR astronomy! 



WISH LIST 
1.  Assume that sources are something we already know exists 
2.  Model all candidates to the best of  our current abilities  

For what parameters are interesting UHECR quantities 
produced? 

3.   Predict what else these sources do for said parameters 
4.  Go out and look for predicted signs of  UHECR activity 
5.  Reject as many candidates as possible 
6.  Cross-correlation studies using: 

a)  complete samples of  candidates 
b)  more UHECR events 

7.  Remember: more than one source classes may be important! 
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ALREADY AT IT 
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v  Polarization (optical, radio, X/γ-‐ray) as a diagnostic  
             of  B-fields and emission processes 
(Pavlidou et al. 2013;  
Blinov et al. in prep; Chakraborty et al. in prep; Myserlis et a. in prep) 

v  Population properties of  high-energy source classes 
          (variability at different wavelengths,  

          flare shapes as diagnostic of  loss rates) 
(Hovatta et al. 2013; Richards et al. 2013; Max-Moerbeck et al. 2013) 

v  Hadronic modeling emission, propagation, by-products of   
         high-energy source classes 

(Fang, Venters et al. in prep) 



v Optopolarimetric monitoring: The Next Generation 
•  for high-E sources: optical wavelengths  

= optically thin lepton synchrotron 
•  polarization directly probes structure of  B-field 

v  Incredible instrument  

v Unebievable amounts of  telescope time 

v Well-controlled blazar samples: polarization properties, rotations 

    + TOOs,  “interesting sources” 
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Pavlidou et al. 2013 
arXiv:1311.3304 

June 2013  
optopolarimetric survey 
of  ~100 sources:  
 
γ-‐loud sources  
more polarized 
(by factor of  2 on average) 



Vasiliki Pavlidou             MACROS 2013 

-0.1
 0

 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9

 1

490 500 510 520 530 540 550

Fl
ux

 (1
0-6

 p
h 

cm
-2

s-1
)

JD (+2456000)

-200

-150

-100

-50

 0

 50

 100

 150

 200

PA
 (d

eg
)

 0
 2
 4
 6
 8

 10
 12
 14
 16
 18

P 
(%

)

RBPLJ2231+1143

 16

 16.1

 16.2

 16.3

 16.4

 16.5

 16.6

 16.7

 16.8

R 
[m

ag
]

po
la

riz
at

io
n 

 
de

gr
ee

 
R

-m
ag

 
po

la
riz

at
io

n 
 

an
gl

e 
γ-‐

flu
x 

CTA 102 rotation 

D. Blinov et al. 2013 
in prep.  
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GRB 131030A 
~2% polarization 
no indication of   
time-dependence 

D. Blinov et al. 2013 
in prep.  



WE ARE ALL LOBBYISTS 

v UHECR experiments 

v All hadronic modeling 

v  Surveys in all wavelengths /messangers/ of  all properties 
•  Wide field always best 
•  For targeted surveys: well-controlled samples are essential 

 
We will need to understand the source astrophysics and do astronomy  
at the same time 
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T H E  E N D  


