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Existence, yes;   Resonometry, no. 
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Neutrinos carry three types of information: 

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

All three have interesting features.  
Glashow events can come from anywhere,  
but have a fixed energy, fixed flavor. 
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 Glashow (1960) events:
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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
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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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Eg. p-gamma makes e-nu’s,  
no e-antinu’s
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arXiv:1611.07983
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arXiv:1703.09721
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Xgalactic is way favored:
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e-antinu mean free path in Earth, and the sagitta:
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IceCube effective areas (averaged over 4pi):
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The “Resonometer” of Cosmic Nu Source Models:  
Barger, Fu, Learned, Marfatia, Pakvasa, TJW,  
PRD90, 121301 (2014). 

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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Neutrino
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GLASHOW CANNOT  DISCRIMINATE MYRIAD POSSIBILITIES ! 

13

But, nu’s are probably 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. 

GLASHOW CANNOT UNAMBIGUOUSLY DISCRIMINATE  
AMONG THE MYRIAD POSSIBILITIES. 
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E.g., 
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No Glashows begin to be problematical:
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Single vs. Double power-law fits suggest a new source  
at higher energy:

arXiv:1611.07905, 
Anchordoqui, Block,  
Durand,  Ha, Soriano,   

Weiler
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Expect 5-10 increase in effective area, 
  =>  5-10 increase in EVENT RATE:
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Glashows may receive  
help from IceCube  
Gen-2:
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⌫

There is evidence of new astro-nu source; 

and there is evidence that astro-nut are Xgal; 

and Glashows are due to show about NOW; 

but, 

GLASHOW RESONOMETER TO UNAMBIGUOUSLY 
DISCRIMINATE AMONG THE MYRIAD POSSIBILITIES 

IS UNLIKELY. 



WIPAC May 2017 Tom Weiler,  Vanderbilt University

Extra Slides
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Glashow’s peak:
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Neutrino Energy Maximum: 

J.G.Learned and T.J. Weiler, arXiv:1407.0739

In what frame? 

Nature provides THE preferred frame, the Cosmic Rest Frame. 
So    
can be written as  

And                 transforms as usual four-vector.
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Neutrino maximum energy (cont.) 
another way:
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Glashows may receive  
help from IceCube  
Gen-2:
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Glashow Resonance - Formulas:
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Glashow event rates vs. continuum: 
TABLE II: Ratio of resonant event rate around the 6.3 PeV peak to non-resonant event rate above
Emin

⌫ = 1, 2, 3, 4, 5 PeV. The single power-law spectral index ↵ is taken to be 2.0 and 2.3
for the non-parenthetic and parenthetic values, respectively. As an example, the single power-law
extrapolation from the three events observed just above 1 PeV predicts a mean number of observed
resonance events around 6.3 PeV equal to the first numerical column times 3.

Emin

⌫ (PeV) 1 2 3 4 5

pp ! ⇡± pairs 0.33 (0.29) 0.50 (0.53) 0.64 (0.77) 0.76 (1.0) 0.87 (1.2)

damped µ± 0.22 (0.18) 0.33 (0.34 ) 0.42 (0.50) 0.49 (0.64) 0.56 (0.79)

p� ! ⇡+ only 0.14 (0.12) 0.22 (0.23 ) 0.28 (0.33) 0.33 (0.43) 0.38 (0.53)

damped µ+ 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

charm decay 0.37 (0.32) 0.56 (0.60) 0.72 (0.86) 0.85 (1.1) 0.98 (1.4)

neutron decay 1.1 (0.94) 1.7 (1.8) 2.1 (2.5) 2.5 (3.3) 2.9 (4.0)

⌫
1

decay on L/E scales of astrophysical interest. In the case of a normal hierarchy (with
mass ordering m⌫1 < m⌫2 < m⌫3), the ⌫

2

and ⌫
3

mass eigenstates may decay completely to
⌫
1

, whose flavor content ratios are |Ue1|2 : |Uµ1|2 : |U⌧1|2 = 4 : 1 : 1 for both ⌫ and ⌫̄. The
⌫̄e content of the neutrino flux at Earth is then 1/3 which may be an enhancement. On the
other hand, if the mass hierarchy is inverted (with m⌫3 < m⌫1 < m⌫2), then both ⌫

1

and ⌫
3

are stable and a variety of final flavor ratios are possible, depending on the intial ratios of
⌫
1

, ⌫
2

, and ⌫
3

, and the decay mode of ⌫
2

.
Another possibility for deviations from standard flavor mixes [17] arises in scenarios of

pseudo-Dirac neutrinos [18], in which each of the three neutrino mass eigenstates is a doublet
with tiny mass di↵erences less than 10�6 eV (to evade detection so far).2 The smallness of the
mass di↵erence tells us that the mixing angle between the active state with SU(2) couplings,
and the sterile state without, is necessarily maximal. For cosmically-large L/E, the flux of
each active flavor is therefore reduced by a half. Of course, if all three flavors are reduced by

2 In fact, observing an energy-dependence of flavor mixes of high energy cosmic neutrinos is the only known

way to detect mass-squared di↵erences in the range (10�18 , 10�12) eV2.
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