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Including IceCube’s track analysis with HESE events, 
(Anchordoqui et al - 1611.07905) …
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high-energy index of -2.13 +/- 0.13 , 
compatibility yields 3 sigma “evidence” 
favoring double power-law, i.e. spectral 
break, in the 200 TeV- 500 TeV region. 

I.e., there is probably a new source! 
       ( but is it low or high energy? )

SINGLE OR DOUBLE POWER LAW - 
      the “break”, a new source?
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Flavor and triangles
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A QFT description:
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Evolved flavor matrices:
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arXiv: 1411.1174
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Water-Ice/Land ratio
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PRD and arXiv:astro-ph/0512231

  

Finds rate ratio of ice-water/earth ~5 for nutau-skimmers  
at high energies (E > 10^17 eV) 

Finally confirmed12 yrs later (and factor fixed) by 

arXiv:1707.00334
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 Glashow (1960) events as Resonometer    
              for anti-nue component: 
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⌫̄e + e� ! W�
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FIG. 1: Cross sections for the resonant process, ⌫̄e + e� ! W� ! hadrons, and the non-resonant
process, ⌫e +N ! e� + hadrons, in the 1–10 PeV region.
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where Ne = Np is the number of electrons or protons in the detector volume.
In contrast, the integrated continuum (non-resonant) neutrino event rate above

Emin
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where Nn+p is the number of nucleons in the detector volume, and dF⌫
dE⌫

is the total (summed
over flavors) ⌫ plus ⌫̄ flux. Here we have assumed an E0.40 energy dependence for �⌫N

as predicted for the 1–6 PeV region in Ref. [12], and we have included only the charged-
current cross section since the neutral-current contribution appears with lower visible energy.
The simple Fermi shock-acceleration mechanism yields ↵ = 2.0, whereas an earlier statistical
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s = M2
W = 2meE⌫ , so ER =

M2
W

2me
= 6.3PeV
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IceCube effective areas (averaged over 4pi):
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Eg. p-gamma makes nue’s,  
no anti-nue’s
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The “Resonometer” of Cosmic Nu Source Models:  
Barger, Fu, Learned, Marfatia, Pakvasa, TJW (1407.3255) (expanding 
on Anchordoqui,Goldberg,Halzen,Weiler (hep-ph/0410003)

TABLE I: Neutrino flavor ratios at source, component of ⌫̄e in total neutrino flux at Earth after
mixing and decohering, and consequent relative strength of Glashow resonance, for six astrophysical
models. (Neutrinos and antineutrinos are shown separately, when they di↵er.)

Source flavor ratio Earthly flavor ratio ⌫̄e fraction in flux (R)

pp ! ⇡± pairs (1:2:0) (1:1:1) 18/108 = 0.17

w/ damped µ± (0:1:0) (4:7:7) 12/108 = 0.11

p� ! ⇡+ only (1:1:0) (0:1:0) (14:11:11) (4:7:7) 8/108 = 0.074

w/ damped µ+ (0:1:0) (0:0:0) (4:7:7) (0:0:0) 0

charm decay (1:1:0) (14:11:11) 21/108 = 0.19

neutron decay (0:0:0) (1:0:0) (0:0:0) (5:2:2) 60/108 = 0.56

the ratio of 1 : 2. Since ⇡� production is suppressed and the ⇡+ mode produces no ⌫̄es at
the source, only a small amount of ⌫̄e arises from mixing [8]. If, in addition, the µ+s in p�
mode are damped, then no antineutrinos are produced at all at the source, and so even with
mixing there will be no ⌫̄es at Earth.

Charmed particles decay promptly (e.g. the D± has a lifetime of 1.0 ⇥ 1012 s) and
semileptonically to e± or µ± (e.g., the D± has a 34% branching ratio to these modes).
Lepton universality ensures that equal numbers (modulo small mass di↵erences) of ⌫e, ⌫̄e,
⌫µ, and ⌫̄µ are produced, while production of ⌫⌧ and ⌫̄⌧ is kinematically suppressed. Thus,
⌫̄es produced in charm decay will arrive at Earth.

Finally, there may be sources that inject a nearly pure neutron flux [9]. Such would be the
case if Fe is emitted and subsequently dissociated to protons and neutrons, with the charged
protons then degraded in energy, or swept aside, by a magnetic field at the source. Such
would also be the case if the cosmic accelerator entrains and accelerates charged protons,
with cosmic-ray escape occurring via p

entrained

! n+ ⇡+. This escaping (and pointing) beta
beam decays to pure ⌫̄e, leading to a large amount of ⌫̄e arriving at Earth, even after mixing.

Each of these six models are possible, as are combinations of the six. For our purposes,
we consider each model in isolation, and show how the rate for Glashow resonant events
can serve as a barometer (“resonometer”) distinguishing among these six source models.
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 Kaons change little, 
  but source environment 
  matters.
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But, nu’s are perhaps made in environments 
with  
a) some optical thickness,  
b) possible heavy nuclei source  
(not proton primaries), => negative pions via 

and may have  
c) muon damping of the pion DK chain 

But Biehl, Fedynitch, Palladino, TJW, Winter (1611.07983) :
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5

and so ability of Glashow Resonometer to discriminate 
among models is set back many years (if at all) !
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⌫

Summary: 
There is evidence of energy break, => new astro-nu source; 
that sources are mainly extragalactic (P. Denton’s talk) 

that flavor triangles are highly interesting theoretically; 

that  Ice-Water/Land enhances detection rates of  
nutau-skimmers  by ~ 5; 

and Glashow events at 6.3 PeV are due to appear NOW, 
but their discrimination of source models will remain  

ambiguous for a long, long time. 
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Extra Slides
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anti-nue mean free path in Earth, and the sagitta:
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Neutrinos carry three types of information: 

(1) Direction 
(2) Energy 
(3) Flavor 

All three have interesting features, 
as we now explore with examples.  

µ
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IceCube (Equitorial), 37 events/3 years 
(bkgd 15+(2-10) low-E atmos. events) 

20

Galactic 
  Plane
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IceCube (Galactic), 37 events/3 years
Maybe Galactic Center shows a transient source (#’s 22, 24, 25) ?
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Equatorial 
    Plane

Galactic 
 Center
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No N/S asymmetry with statistical 
significance;  
move on to Gal-ExGal test. 
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( 1703.09721 )
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ExGalactic is way favored:
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E.g., 
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Glashow’s peak:
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