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Implications for UHECR!
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Neutral messengers of UHECR!
•  Photons and neutrinos!

–  Photons: plentiful but complicated !
•  Interactions in sources & in transit modify 

spectrum!
•  Can be electromagnetic in origin or hadronic!

–  Neutrinos: clean but rare!
•  Hadronic origin!
•  No interactions in sources!
•  (few in detector)!

CERN, 15/2/2012 
UHECR 2012 

Tom Gaisser 2 



Two ways of producing γ & ν!
1.  At the sources of UHECR!

– Depends on details of accelerated spectrum!
– Depends on cosmic evolution of sources!
– Depends on conditions in/near the sources!

2.  During propagation!
– Depends on injected spectrum!

• As function of red shift and energy!
– But not on conditions at the sources!
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UHECR!
•  Energy content of 

UHECR determines 
possible sources!

•  Assume extra-galactic 
origin !

•  Location of transition 
from galactic to extra-
galactic affects energy 
estimate!

•  Illustration: !

Galactic 

Extra-Galactic 

E dN
d ln E ≈ 30 eV cm−2sr−1s−1
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Power needed for extragalactic cosmic 
rays (assuming transition at the ankle)!
•  Energy in extra-galactic cosmic rays per ln(E):!

•  Divide by Hubble time to estimate power required:!
!
!
•  Power required > 1037 erg/Mpc3/s!

–  Estimates depend on cosmology + extragalactic magnetic fields:!
–  3 x 10-3 galaxies/Mpc3 !5 x 1039 erg/s/Galaxy!
–  3 x 10-6 clusters/Mpc3 !4 x 1042 erg/s/Galaxy Cluster!
–  10-7 AGN/Mpc3 ! !1044 erg/s/AGN!
–  ~1000 GRB/yr ! !3 x 1052 erg/GRB ! !

! !
5 

dL
d ln E ≈ 2× 1036 erg Mpc−3s−1

4π
c

EdN
d ln E ≈ 2× 10−20 erg cm−3
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Emax: the “Hillas Plot” (1984)!

• Emax ~ βshock (ZeB) R!
• Plot shows B, R to 

reach 1020 eV!
• Since 1984, two 

more candidates!
– GRB and magnetars!

• AGN and GRB 
favored!

!

GRB jets 

Magnetars 



External galaxies observed in TeV γ	
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Welcome to TeVCat, an Online Gamma-Ray Catalog!

http://tevcat.uchicago.edu/[2/3/12 1:10:56 PM]

Welcome to TeVCat!

Table Cont… Map Cont… To… Lege…

Table Columns
 TeVCat Name  Name  RA 
 Dec  Type 
 Discoverer 
 Date  Distance 
 Catalog 

Catalogs 
Default Catalog
Newly Announced
Other Sources
Source Candidates

 
 Filter by Catalog

  Select All     Unselect All     Plot Selected     Plot All     Plot UnSelected     Filter Selected     Clear Filters  

Reg Exp:  
 Name  RA  Dec  Type  Date  Dist  Catalog 

   ...   ...

LS 5039 18 26 15 -14 49 30 XRB 2005.07 2.5 kpc Default Catalog
PSR B1259-63 13 02 49.3 -63 49 53 XRB 2005.10 1.5 kpc Default Catalog
LSI +61 303 02 40 34 +61 15 25 XRB 2006.06 2 kpc Default Catalog
MilagroDiffuse 20 20 00 +38 00 00 UNID 2005.12 Default Catalog
TeV J2032+4130 20 32 07 +41 30 20 UNID 2002.10 Default Catalog
Galactic Centre 17 45 39.6 -29 00 22 UNID 2004.05 8.5 kpc Default Catalog
VER J2016+372 20 16 00 37 12 00 UNID 2011.08 Newly Announced
HESS J1729-345 17 29 35 -34 32 22 UNID 2011.05 Default Catalog
HESS J1507-622 15 06 52.8 -62 21 00.0 UNID 2009.12 Default Catalog
VER J2019+407 20 19 52.80 +40 47 24.0 UNID 2009.11 Newly Announced
HESS J1843-033 18 43 00 -03 00 00 UNID 2008.07 Newly Announced
HESS J1741-302 17 41 00 -30 12 00 UNID 2008.07 Newly Announced
MGRO J2031+41 20 31 43 +40 40 00 UNID 2007.08 Default Catalog
MGRO J1908+06 19 07 54 +06 16 07 UNID 2007.08 Default Catalog
HESS J1858+020 18 58 20 +02 05 24 UNID 2007.07 Default Catalog
HESS J1857+026 18 57 11 +02 40 00 UNID 2007.07 Default Catalog
HESS J1841-055 18 40 55 -05 33 00 UNID 2007.07 Default Catalog
HESS J1427-608 14 27 52 -60 51 00 UNID 2007.07 Default Catalog
MAGIC J0223+403 02 23 12 +43 00 42 UNID 2009.02 Default Catalog
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Welcome to TeVCat!

Table Cont… Map Cont… To…

Table Columns
 TeVCat Name  Name  RA
 Dec  Type
 Discoverer
 Date  Distance
 Catalog

Select

Catalogs
Default Catalog
Newly Announced
Other Sources
Source Candidates

 Filter by Catalog

  Select All     Unselect All     Plot Selected     Plot All     Plot UnSelected     Filter Selected     Clear Filters  

Reg Exp:  OK

 Name  RA  Dec  Type  Date  Dist  Catalog 
   ...   ...

3C279 12 56 11.1 -05 47 22 FSRQ 2008.06 z = 0.5362 Default Catalog
PG 1553+113 15 55 44.7 +11 11 41 HBL 2006.03 z = 0.5 Default Catalog
3C66A 02 22 41.6 +43 02 35.5 IBL 1998.03 z = 0.444 Default Catalog
4C +21.35 12 24 54.4 +21 22 46 FSRQ 2010.06 z = 0.432 Default Catalog
PKS 1510-089 15 12 50.5 -09 06 00 FSRQ 2010.03 z = 0.36 Newly Announced
1ES 0502+675 05 07 56.2 +67 37 24 HBL 2009.11 z = 0.341 Newly Announced
S5 0716+714 07 21 53.4 +71 20 36 LBL 2008.04 z = 0.31 Default Catalog
1ES 0414+009 04 16 52.96 +01 05 20.4 HBL 2009.11 z = 0.287 Default Catalog
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Galactic coordinates; 
 red dots=active galaxies; orange=starburst galaxies (M82, NGC253)  



Active galaxies with > 0.1 TeV γ	
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39 sources from TeVCat 
with luminosity & z.   
 
Estimate L by assuming 
equal γ energy per 
decade 1 – 1000 GeV 
 
For blazars,   L ~ d2 

For Cen A, M87, L ~ 4πd2 
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3.5 x recent VERITAS obs. 



Locally produced TeV γ from 
3 blazars at z = 0.14 to 0.19	
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1ES1101-232

The Astrophysical Journal, 731:51 (9pp), 2011 April 10 Essey et al.
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Figure 1. Comparison of the predicted spectra with the H.E.S.S. data for three blazars: panels (a) and (b) show model prediction and the data for 1ES 0229+200
(Aharonian et al. 2007b); panels (c) and (d)) show the predicted spectrum and the data for 1ES 0347−121 (Aharonian et al. 2007a); panels (e) and (f) show the model
prediction and the data for 1ES 1101−232 (Aharonian et al. 2007c). The Fermi upper limits shown at lower energy were derived from the data by Neronov & Vovk
(2010). Panels on the left show the prediction for “high” EBL, while panels on the right show the prediction for the “low” EBL. The “high” EBL is from the model of
Stecker et al. (2006), while the “low” EBL is the result of scaling down of “high” EBL to the level of 40%. (This range encompasses all published models.)
(A color version of this figure is available in the online journal.)

where γb is the background photon. Neutrons and pions sub-
sequently decay and produce neutrinos, photons, electrons, and
positrons. Individual proton interactions and EM cascades were
modeled using a standard Monte Carlo approach where energies
and directions were sampled from distribution functions con-
structed from the appropriate cross sections (Szabo & Protheroe
1994; Blumenthal 1970; Protheroe 1986). The outgoing distri-
bution functions for pion photoproduction were generated using
the SOPHIA package (Mücke et al. 2000).

For each iteration, particles were propagated a distance far
less than the average correlation length of the magnetic field
to ensure the accuracy in calculated deflections. Two cuts were

applied to the particles arriving at the z = 0 surface to decide
whether or not to include them in the observed spectrum. First,
the particle must point back to a point in the sky that is within
an angular distance defined by the point-spread function (PSF)
of the observing instrument. For energies below 100 GeV, the
Fermi PSF (Rando & the Fermi LAT Collaboration 2009) was
used, and for energies above 100 GeV a PSF for a typical ACT
such as H.E.S.S., MAGIC, or VERITAS (Holder et al. 2008)
was used. Second, the particle must arrive within a cone that is
characterized by the jet opening angle for the source.

The results for the spectra are presented in Figure 1. We have
chosen three most distant blazars observed in the TeV energy

3

Essey, Kalashev, Kusenko & Beacom 
Ap. J. 731:51 (2011) 

> TeV γ from source cascade on EBL; protons 
produce γ en-route from source.  Requires low B. 

See also Razzaque, Dermer, 
Fiske, arXiv:1110.0853 



Search for point sources in IceCube!
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Note high energy threshold for downward events 



IceCube selected sources"
(13 galactic SNR etc, 30 extragalactic active galaxies, etc.)!
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Searches for selected sources!
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Antares 4 yrs 
IceCube-40 
           1 yr 



Compare IC-40 limits!
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Neutrino luminosity 
estimate for blazars: 
assume E-2 spectrum 
integrated over 3 
decades 
Lν ≈ d2

�
dEν

d ln(Eν)dE

( x 4π for M87, Cen A)  
 
Note: Cen A is overhead 
for IceCube 

Starburst galaxy M82: 
VERITAS: Lγ ~ 3 x 1039 erg/s 
IceCube neutrino limit:  
                Lν < 2 x 1041 erg/s 



Search for neutrinos from GRB!
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8 events expected 
None seen 



Search for diffuse flux of ν	


• Neutrinos are not absorbed.  Therefore !
All sources out to Hubble radius contribute!
• Hard spectrum !

– Expect -2.0 to -2.4 differential spectral index!
– Compared to -3.0 to -3.7 for atmospheric ν	



• Look for excess of high-energy events above 
background of atmospheric neutrinos!
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Measurement of νµ-induced µ	


•  Fit 3 components:!

–  Atmospheric ν from K± 
and π±  (0.3 – 85 TeV)!

• Use Honda 2007 to 10 TeV!
• + power-law extrapolation!
•   ~  cos-1 (θ)!

–  Prompt ν ( 10 – 600 TeV )	


• Harder spectrum to > 107 

GeV (~E-2.7), isotropic!
–  Astrophysical ν	



•  Isotropic, with E-2 spectrum 
assumed (35 – 7000 TeV)!

–  Note different response 
for astro. ν vs atmos. ν	



 π and K-decay 

Prompt 

Astrophysical 

•  Consistent with only K, π        
 atmospheric ν to 100 TeV 

•  Charm component not yet seen 
 “intrinsic” charm in doubt?  

•  No astrophysical neutrinos seen yet 

Result of fit: 
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IceCube νµ: measurements & limits!

IceCube 40  
arXiv:1104.5187 

Waxman 
-Bahcall    
Limit 

2005 
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Where are the neutrinos? 

What do the limits mean? 
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Generic model I!
•  CR acceleration occurs in jets !

–  AGN or GRB!
• Abundant target material!

–  Most models assume photo-production:!
•   p + γ à Δ+ à p + π0 à p + γ γ!
•   p + γ à Δ+ à n + π+ à n + µ + ν	



•  Ideal case ( ~ “Waxman-Bahcall limit”)!
–  Strong magnetic fields retain protons in jets!
–  Neutrons escape, decay to protons & become UHECR!
–  Extra-galactic cosmic rays observed as protons!
–  Energy content in neutrinos ≈ energy in UHECR!

•  This picture disfavored as limits go below W-B!
!

http://www.ucd.ie/math-phy 
/rieger/science.gif 

 
Waxman, Bahcall, PRD 59, 
023002 (1998).  Also 
TKG astro-ph/9707283v1   
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Generic model II!
• UHECR are accelerated in external shocks 

analogous to SNR!
–  See E.G. Berezhko, 0809.0734 & 0905.4785!
–  mixed composition (accelerate whatever is there)!
–  Low density of target material!
à  lower level of TeV-PeV neutrino production!

Diagram from Begelman & Cioffi, Ap.J. (1989) L21 
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Cosmogenic (GZK) neutrinos!
•  Cosmic ray connection - II!
• UHECR exist, therefore!

–  Neutrino production occurs 
during propagation via!

–    p + γCMB   à π+ à ν !
–  Eth ~ 5 x 1019 eV!
–  Even if no ν from CR sources!

•  Intensity depends on !
–  Spectrum at sources!
–  Evolution of sources!
–  Composition of UHECR 

(Heavy nuclei give less ν) !
arXiv:1011.5004  ANITA 
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Radio Detection of neutrinos!

 http://arxiv.org/abs/1003.2961 
Vpol:1 neutrino candidate; 
HPol:3 > 1019 eV cosmics 

ANITA-II over Antarctica 



ANITA also detects ~1019 eV CR!
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Pisin Chen, Trieste, June 2011 

ANITA-III optimized for UHECR as well as ν 
will fly over Antarctica in 2013-14  



Auger as a neutrino detector!
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J. Luis Navarro, TeVPA, 2011 

Late developing, horizontal air showers 
and Earth skimming ντ à τ à shower are 
signals for cosmogenic neutrinos in large 
air shower detectors 
Expect 0.71 events in 3.5 yrs (ICRC 2011) 
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IceCube limits on cosmogenic ν	


• GZK search looks for!

–  very bright events!
–  near the horizon!
–  with compact initial 

burst of light!
–  Complementary to 

diffuse νµ search that 
starts by measuring 
atmospheric νµ	



–  Blue lines show results 
that include cascades!

–  Model 6 (Fermi max): 
expect 0.4 events!

IceCube-40 arXiv:1103.4250 

All-flavor limits assuming νµ ~ ντ ~ νe 



Cosmogenic photons!
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Figure 3: Comparison of proton (in blue), neutrino summed over all flavors (in red) and photon (in
magenta) fluxes obtained with our code, shown with continuous lines, with those presented in the Fig.
B.7 of Ref. [30], shown with dashed lines (see text for details). The HiRes UHECR spectrum (in black)
and also the First-Year Fermi [26] (in black) and new lower [27] (in red) VHE γ-ray spectra are also
shown. The double-dotted blue line shows the original proton spectrum.

Ref. [30] also studied all-proton models of UHECR using an analytic model for the cascade

evolution and fitted the resulting proton spectrum to the HiRes data. The injection spectrum

Ref. [30] is again characterized by the parameters α, m, Emax and Emin, as in Eqs. 2.1 and 2.2

above. In Fig. 3 we compare the results of our photon flux and neutrino flux (summed over

flavors) calculations with those presented in Figure B.7 of Ref. [30] with the same parameters,

i.e. α = 2, Emax = 1021 eV, m = 3 and zmax = 3. These are parameters that do not fit well

the HiRes spectrum and are use just for the purpose of comparing results. We also use the

same EBL model[33] as in [30]. Fig. 3 shows that our predictions for photon and neutrino

fluxes are in very good agreement with those of Ref. [30].

4. Range of Cosmogenic Neutrino Fluxes in the Dip Model of UHECR

In this section we present the range of cosmogenic neutrino fluxes predicted by the dip model

computed with a method similar to that described in Ref. [10], but with some differences.

In particular we use two goodness of fit tests, one using Pearson’s chi-square and the other

using the Poisson likelihood function.

Our procedure is the following. Among all models characterized by the emission spectrum

parameters and source evolution models defined above we choose those which:

1)- produce proton fluxes which fit the HiRes spectrum [25, 11] at energies E > Efit (for

the dip model Efit = 1018 eV), taking into account the empty bins in the HiRes data above

the highest energy UHECR events observed,

2)- produce proton fluxes not exceeding the HiRes spectrum at E < Efit and
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Figure 5: Fluxes of primary protons (blue), secondary photons (magenta) and neutrinos summed
over flavors (red) for the dip model with Emin = 1017 eV, Emax = 1021 eV, α = 2.45 and m = 3.5,
which is the best (largest p-value) model of Fig. 4.b (with the First-Year Fermi VHE γ-ray spectrum,
shown in black in the figure) and is forbidden in Fig. 4.c (with the spectrum of Ref. [27], shown in
red in the figure). The dot-dashed magenta line shows the lower VHE photon flux predicted using the
older evaluation of the EBL of Ref. [46]. The HiRes UHECR spectrum is also shown (in black). The
flux of photons produced only in the GZK process is also shown (dotted line), which shows that the
majority of neutrinos come from pair production.

the HiRes spectrum below Efit and the measured extragalactic VHE gamma-ray fluxes are

taken as upper limits to the predicted proton and gamma-ray fluxes respectively. Namely,

if the predicted proton fluxes below Efit and VHE gamma-ray fluxes exceed their respective

measured values, they are included in the calculation of the χ2. If not, they are not included

(so the number of data points in the calculation changes in principle with each model). In

this step we combine the high energy cosmic ray bins with number of event smaller than 5

into bins containing more than 5 events to ensure that Pearson’s χ2 statistics is valid. We

keep only models with a p-value p > 0.05 = 10−1.30. For these models, using the same

fixed value of f we calculate separately the goodness of fit for the bins with small number

of events. Namely, we compute the Poisson likelihood function for the given value of f . We

then compute using a Monte Carlo technique the goodness of the fit or p-value defined as

the fraction of generated hypothetical experiments (observed spectra) with the same average

number of evens (i.e. the predicted number) in each bin which results in a worse, namely

a lower Poisson likelihood than the original one. This procedure for large number of events

in each bin is equivalent to taking the χ2 distribution without free parameters. Only if the

second p value obtained in this way is also larger than 0.05 the model is accepted (notice

that a higher p value corresponds to a better fit, since more hypothetical experimental results

would yield a worse fit than the one we obtained). In this way we eliminate those models

which are inconsistent with the HiRes observed spectrum above Efit and upper limits on the

– 9 –

Two model calculations from Gelmini, Kalashev, Semikoz arXiv:1107.1672 
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FIG. 1: Left panel: Two models of extra-galactic CRs assuming a homogenous distribution of protons (red line) and iron
(blue line) between zmin = 0.001 (4 Mpc) and zmax = 2. For the proton sources we use an injection spectrum with γ = 2.3,
Emin = 1018 eV, Emax = 1020.5 eV and assume strong source evolution with n = 5. The extra-galactic iron sources assume an
injection spectrum with γ = 2.3, Emin = 1018 eV, Emax = 26×1020.5 eV no evolution n = 0. Right panel: The corresponding
spectra of cosmogenic γ-rays (dashed lines) and neutrinos (dotted line) for the two models. The diffuse γ-ray spectrum of the
proton model is marginally consistent with the diffuse extra-galactic spectrum inferred by Fermi-LAT [51] and the diffuse upper
limit on cosmogenic neutrinos from the 40-string configuration (IC40) of IceCube [55]. The cosmogenic γ-ray and neutrino
spectra of the iron model are two orders of magnitude below the proton model predictions.

source fluxes associated with these CR sources. We will assume that the emission rate of CR sources is fixed and that

their number density evolves with redshift.

In the following we are going to consider two models of extra-galactic CR sources, that have been considered

previously in fitting the UHE CR data [12, 31]. The first model consists of CR proton sources with a strong evolution

(n = 5) with a relatively low crossover below the ankle. For the injection spectrum we use the power index γ = 2.3
and assume exponential cutoffs at Emin = 10

18
eV and Emax = 10

20.5
eV (see Eq. (4)). The spectrum of protons after

propagation through the CRB is shown as a red line in the left panel of Fig. 1. The second model assumes a pure

injection of iron with the same spectral index γ = 2.3 but no evolution of the sources (n = 0). We assume the same

exponential cutoff at low energies as in the case of the proton model, Emin = 10
18

eV, and a high energy cutoff at

Emax = 26 × 10
20.5

eV, motivated by the rigidity dependence of the maximal energy of CR accelerators, Emax ∝ Z.

The total spectrum of primary iron and secondary nuclei produced via photo-disintegration is shown as the blue line

in the left panel of Fig. 1.

Both models reproduce the UHE CR data above the ankle reasonably well. The deficit below the ankle is assumed

to be supplemented by a galactic contribution. Note that the crossover with the galactic component is higher for

the all-iron model than for the all-proton model. The fit of the model spectra to the CR data sets the absolute

normalization of the CR emission rate. This can be expressed as the required bolometric power density per CR

source, which depends on the local density of source, H0. For both models we find a value of

L ≡
�

dE EQ(E) � 10
42

�
H0

10−5 Mpc
−3

�−1

erg s
−1 . (6)

III. ELECTROMAGNETIC CASCADES FROM HEAVY NUCLEI

The production and interaction of cosmogenic electrons, positrons and γ-rays are governed by a set of Boltzmann

equations analogous to Eqs. (3). Electromagnetic interactions of photons and leptons with the CRB can happen on

time-scales much shorter than their production rates [32]. The driving processes of the electromagnetic cascade in

the cosmic background photons are inverse Compton scattering (ICS) with CMB photons, e± + γbgr → e± + γ, and
pair production (PP) with CMB and CIB radiation, γ + γbgr → e+ + e− [22, 33]. In particular, the spectral energy

distribution of multi-TeV γ-rays depends on the CIB background at low redshift. For our calculation we use the

estimate of Franceschini et al. [25]. We have little direct knowledge of the cosmic radio background. A theoretical

estimate has been made [34] of the intensity down to kHz frequencies, based on the observed luminosity function and

FIG. 1: Left panel: Two models of extragalactic CRs assuming a homogenous distribution of protons (red line) and iron (blue
line) between zmin = 0 and zmax = 2. For the proton sources we use an injection spectrum with γ = 2.3, Emin = 1018 eV,
Emax = 1020.5 eV and assume strong source evolution with n = 5. The extragalactic iron sources assume an injection spectrum
with γ = 2.3, Emin = 1018 eV, Emax = 26 × 1020.5 eV no evolution n = 0. Right panel: The corresponding spectra of
cosmogenic γ-rays (dashed lines) and neutrinos (dotted line) for the two models. The diffuse γ-ray spectrum of the proton
model is marginally consistent with the diffuse extragalactic spectrum inferred by Fermi-LAT [44] and the diffuse upper limit
on cosmogenic neutrinos from the 40-string configuration (IC40) of IceCube [47]. The cosmogenic γ-ray and neutrino spectra
of the iron model are two orders of magnitude below the proton model predictions.

(n = 5) with a relatively low crossover below the ankle. For the injection spectrum we use the power index γ = 2.3
and assume exponential cutoffs at Emin = 10

18
eV and Emax = 10

20.5
eV (see Eq. (4)). The spectrum of protons after

propagation through the CRB is shown as a red line in the left panel of Fig. 1. The second model assumes a pure

injection of iron with the same spectral index γ = 2.3 but no evolution of the sources (n = 0). We assume the same

exponential cutoff at low energies as in the case of the proton model, Emin = 10
18

eV, and a high energy cutoff at

Emax = 26 × 10
20.5

eV, motivated by the rigidity dependence of the maximal energy of CR accelerators, Emax ∝ Z.

The total spectrum of primary iron and secondary nuclei produced via photo-disintegration is shown as the blue line

in the left panel of Fig. 1.

Both models reproduce the UHE CR data above the ankle reasonably well. The deficit below the ankle is assumed

to be supplemented by a galactic contribution. Note that the crossover with the galactic component is higher for

the all-iron model than for the all-proton model. The fit of the model spectra to the CR data sets the absolute

normalization of the CR emission rate. This can be expressed as the required bolometric power density per CR

source, which depends on the local density of source, H0. For both models we find a value of

L ≡

�
dE EQ(E) � 10
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�
H0

10−5 Mpc
−3

�−1

erg s
−1 . (6)

III. ELECTROMAGNETIC CASCADES FROM HEAVY NUCLEI

The evolution of cosmogenic electrons, positrons and γ-rays is governed by a set of Boltzmann equations analogous to

Eqs. (3). Electromagnetic interactions of photons and leptons with the CRB can happen on time-scales much shorter

than their production rates [29]. The driving processes of the electromagnetic cascade in the cosmic background

photons are inverse Compton scattering (ICS) with CMB photons, e± + γbgr → e± + γ, and pair production (PP)

with CMB and CIB radiation, γ+γbgr → e++e− [19, 30]. In particular, the spectral energy distribution of multi-TeV

γ-rays depends on the CIB background at low redshift. For our calculation we use the estimate of Franceschini et
al. [22]. We have little direct knowledge of the cosmic radio background. A theoretical estimate has been made by

Protheroe & Biermann [31] of the intensity down to kHz frequencies, based on the observed luminosity function and

radio spectra of normal galaxies and radio galaxies although there are large uncertainties in the assumed evolution.

The calculated values are about a factor of ∼ 2 above the measurements and to ensure maximal energy transfer in

the cascade we will adopt this estimate and assume the same redshift scaling as the CIB. However, the γ-ray cascade

below TeV does not significantly depend on the exact value of this contribution. A summary of the CRB used in this

calculation can be found in Fig. A.6 of Ref. [32].

Ahlers & Salvado arXiv:1105.5113  
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What if Emax/nucleon < 100 EeV?!

• The average acceleration spectrum of these particles. The flatter the
spectrum is the more UHECR can interact in the CMB.

• The maximum acceleration energy in the UHECR sources.

• The cosmological evolution of the UHECR sources.

• The chemical composition of UHECR.

If the highest energy cosmic rays are heavy nuclei, as suggested by the Auger
Observatory measurements up to 50 EeV, the energy spectrum of individual
nucleons will cut off at relatively low energy which will decrease the fluxes of
the ≥1018 eV neutrinos. The flux of 1016 eV ν̄e will increase because of the
decay of neutrons from the spallation of the nuclei.
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Figure 5: Muon neutrinos and antineutrinos generated in propagation of protons on 200
Mpc for different values of the maximum proton energy at acceleration.

When calculated with the same input that Waxman & Bahcall used [28]
the flux of cosmogenic neutrinos touches the limit at the maximum of the
muon neutrinos and antineutrinos and is generally lower at higher and lower
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Plot by Todor Stanev (T. Gaisser & T. Stanev, arXiv:1202.0310) 

“Disappointing model”  
Aloisio, Berezinsky, Gazizov  
Astropart. Phys. 34 (2011) 620. 



Summary!
• Current neutrino limits begin to disfavor 

UHECR origin inside relativistic jets!
– Discovery or improved limits coming!
–  IC59 + IC79 data currently in analysis!
– Full IceCube-86 operating since May 2011!

• Is the cutoff the GZK effect?!
– Need to measure cosmogenic neutrinos!
– Or decrease current limit by factor of ten!
– ARA, ARIANNA, Auger next!
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