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UHE NEUTRINOS: PRODUCTION and SOURCES

• Astrophysical neutrinos (produced by CRs)
pp: p + Ntar → π± + all, pγ: p + γtar → π± + all

• Top-Down neutrinos (direct pion production :)
TDs, annihilation of DM, decay of SHDM, oscillation of mirror neutrinos.

• Hidden astrophysical sources:
Cocooned black hole: VB, Ginzburg 1981,
Stecker AGN model: Stecker et al 1991,
Collapsing galactic nuclei: VB, Dokuchaev 2001,
Hidden jets: Razzaque, Smirnov 2010

• Hidden Top-Down sources:
Annihilation of DM in the Earth and Sun,
Mirror matter sources (oscillation of neutrinos)

• Bright phase ( Pop III stars at z ∼ 10− 20 , zreion = 11.0± 0.14 WMAP).
V.B., Ozernoy 1981, V.B.,Blasi 2012.



UHECR and COSMOGENIC NEUTRINOS

UHE protons propagating through CMB produce cosmogenic neutrinos:

p + γcmb → π± + N

Proof of this process is detection ofprimary protons in UHECR.

Spectral signatures of proton propagation through CMB are:

pair-production dip and GZK cutoff



COSMOGENIC NEUTRINOS

IN THE DIP MODEL FOR UHECR

V.B. and Grigorieva 1988; V.B., Gazizov, Grigorieva 2005 - 2006.

Thedip is a feature in the spectrum of UHE protons propagating through CMB:

p + γCMB → e+ + e− + p

Dip is a faint spectral feature, seen better in terms ofmodification factor

η(E) =
Jp(E)

Junm
p (E)

,

whereJunm
p (E) = KE−γg includes only adiabatic energy losses (redshift),

andJp(E) all energy losses.



DIP AND GZK CUTOFF IN TERMS OF MODIFICATION FACTOR
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COMPARISON OF PAIR-PRODUCTION DIP WITH OBSERVATIONS
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RECALIBRATION of AUGER, HIRES, AGASA, YAKUTSK FLUXES

V.B., A. Gazizov, S. Grigorieva
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Recalibration factors:λ = 1.2 (Auger), λ = 1.0 (HiRes), λ = 0.75 (AGASA),
λ = 0.625 (Yakutsk).



COSMOGENIC NEUTRINO FLUXES IN THE DIP MODEL
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COSMOGENIC NEUTRINO FLUXES FROM AGN
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LOWER LIMIT ON NEUTRINO FLUXES

IN THE PROTON MODELS

V.B. and A. Gazizov 2009

E, eV
1810 1910 2010 2110

-1
st

er
-1

se
c

-2
m2

J(
E

) 
eV

3
E

2310

2410

2510
eV; m=021=10

max
=2; Emaxz

HiRes II HiRes I

p

iνΣ

2.7

2.0

2.7

2.0

2.0

2.7



CASCADE UPPER LIMIT

V.B. and A.Smirnov 1975

e−m cascade on target photons :
{

γ + γtar → e+ + e−

e + γtar → e′ + γ′

Spectrum of cascade photons

Jcas
γ (E) =

{
K(E/εX)−3/2 for E ≤ εX ,
K(E/εX)−2 for εX ≤ E ≤ εa ,

(1)

with a steepening atE > εa, and εX = 1/3 (εa/me)
2
εcmb .

EGRET: agreement with spectrum (1) andωobs
γ ∼ 3× 10−6eV/cm3 .



UPPER LIMIT ON NEUTRINO FLUX

ωcas >
4π

c

∫ ∞

E

EJν(E)dE >
4π

c
E

∫ ∞

E

Jν(E)dE ≡ 4π

c
EJν(> E)

E2Iν(E) <
c

4π
ωcas.

E−2- generation spectrum:

E2Jν(E) <
c

4π

ωcas

ln Emax/Emin
.



CASCADE UPPER LIMIT FROM FERMI LAT

V.B., Gazizov, Kachelriess, Ostapchenko Phys. Lett. B 695 (2011) 13.
Ahlers, Anchordoqui, Gonzales-Garcia, Halzen, Sarkar Astrop. Phys. 34 (2010) 106.

G. Gelmini, O. Kalashev, D. Semikoz arXiv:1107.1672

ωmax
cas = 5.8× 10−7 eVcm−3



OBSERVATIONAL AND THEORETICAL UPPER LIMITS
V.B., Gazizov, Kachelriess, Ostapchenko 2010.



Reionization of Universe: Bright Phase
Burst of first massive star formation

• Cooling of universe andrecombinationatTdec ∼ 3600 K, zdec ∼ 1100.
• DARK AGES: Evolution of DM structures with neutral hydrogen.
• Cooling of baryonic gas byH2 formationz ≤ 20− 30
• Formation of the firstPop III stars hosted byM ∼ 106M¯ DM halos.

Properties: metal poor, massive (M ≥ 100M¯), hot (ε ∼ 30 eV), short-lived,
strong wind, finishing evolution by SN explosion withWSN up to1053 erg.

• Reionization by Pop III radiation and by Pop III SN, observed by WMAP. For
model ofInstantaneous reionizationzreion = 11.0± 1.4 (WMAP).

Pop III scenario fills in several blanks in astrophysics:
• Producesmetalsneeded for evolution of normal stars.

• Producesreionization observed by WMAP.

• Producesmagnetic fieldsin Universe.
Pioneering proposal: Bisnovatiy-Kogan, Ruzmaikin, Syunyaev 1973.
Magn. field productionwithout pre-existing magn. field:
Collisionless shock without magn. field (e.g. Spitkowsky 2008).
Weibel instability in shocks and winds (Medvedev et al 1999, 2006).
Resistive mechanismin shocks and winds (Miniati and Bell 2010).



UHE NEUTRINOS from BRIGHT PHASE
V.B., Ozernoy 1981; Gao et al 2011, V.B., Blasi 2011.

At zb ∼ 10− 20 CRs (mostly protons) are accelerated in Pop III SN.
Cosmogenic neutrinos are produced inpγcmb.
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Energy losses of protons atzb.

Neutrino flux has a maximum at:

Eν ∼ 0.05 EGZK
(1+zb)2

≈ 7.5× 1015 eV,

Emax
ν ∼ 0.05 Emax

p

(1+zb)
≈ 2.5× 1017 eV.

E2
νJν(E) = 0.1

c

4π

ωp(zb)
(1 + zb)4

1
ln Emax/Emin

The value ofbasic parameterωp(zb)
(1+zb)4

= 9.5 × 10−7 eV/cm3 corresponds to future

IceCube sensitivityE2Jν(E) = 3× 10−9 GeV/cm2 s sr and respects the Fermi upper
limit ωmax

cas = 5.8× 10−8 eV/cm3.



TOPOLOGICAL DEFECTS

Symmetry breaking in early universe results inphase transitions(D.A. Kirzhnitz 1972),
accompanied by TDs. Their common feature isproduction of HE particles.

Ordinary and superconducting strings

Produced atU(1) symmetry breaking.
Particles are massless inside the string and massive outside.
Loop oscillates with periodically produced cusp (v = c) and with
large Lorentz factors, e.g. aboveΓ ∼ 1010, at nearby points.
Particles escaping from cusp segment have energyE ∼ ΓmX ,
Particles are emitted asjetswith θ ∼ 1/Γc.

In a wide class of particle physics strings aresuperconducting(Witten 1985)

UHE neutrino jets from superconducting strings
V.B., K.Olum, E.Sabancilar and A.Vilenkin 2009

Electric current is generated in magnetic fields (B, fB), dominated by clusters.
Clusters of galaxiesdominate.
Lorentz factor of cuspΓc ∼ 1× 1012.
Diffuse neutrino flux :

E2Jν(E) = 2× 10−8icB−6f−3 GeVcm−2s−1



UHE NEUTRINOS FROM ORDINARY STRINGS.

1. Ordinary strings with EW Higgs condensate. Vachaspati 2010

Interaction of EW Higgsφ with the string fieldΦ ( κ is coupling constant):

Sint = κ
∫

d4x(Φ+Φ− η2)φ+φ

After GUT symmetry breaking (< Φ >= η ):

Sint = −κη
∫

d2σ
√−γ φ,

whered2σ is string world-sheet space,γab is the world-sheet metric.
The higgses are emitted through the cusp.

1. UHE neutrinos emitted from ordinary strings via dilatons and moduli.
VB, Sabancilar, Vilenkin, 2011 following Damour and Vilenkin 1997.

Sint = (
√

4πα/MPl)
∫

d4x φ T ν
ν ,

T ν
ν (x) = −2η2

∫
d2σ

√−γ δ4(xα − xα(σ))

is the trace of energy-momentum tensor of string.
Dilatons and moduliare produced as radiation quanta from thecusp.
In terms of the Fourier momentak : dN(k) = α2Gη4`2/3k−7/3dk.



CONCLUSIONS

• Fluxes of diffuse cosmogenic neutrinosstrongly depend on the mass com-
position of UHECR. According to Auger data mass composition becomes
heavy at highest energy, which dramatically decreases the predicted neu-
trino flux.

• HiRes data are compatible with pure proton composition and with much
larger fluxes of cosmogenic neutrinos. However, these fluxes are strongly
bounded bythe cascade upper limitbased on latest Fermi-LAT data. With
this upper limit cosmogenic neutrinos can be detected only marginally by
JEM-EUSO in the extreme models.

• IceCube detectoralso can detect only marginally cosmogenic fluxes in case
of extreme models. However, IceCube can detect cosmogenic neutrinos
from the bright phase. These fluxes are limited weaker by the cascade up-
per bound.

• IceCube is the first detector which crossed the cascade upper bound and
entered the physically allowed domain of cosmogenic neutrino fluxes.



• In the light of new stronger limit on diffuse flux of cosmogenic neutrinos
search for the sourcesbecomes the priority goal of neutrino astronomy and
JEM-EUSO and IceCube detectors. This task is viable even if protons con-
stitute a small part of primary radiation. Discovery of HE neutrino radi-
ation from SNR (in case of IceCube) will give the final proof ofGCR SM,
from AGN and GRB - proof of UHECR sources.

• There is an impressive progress in theoretical study ofTDs as UHE neu-
trino sources: The ordinary cosmic strings, which are the simplest TDs,
can produce the large fluxes with extremely highEmax. This prediction di-
rectly follows from fundamental properties of the strings: existence ofcusp,
gravitational interaction of intermediate particles (higgses, dilatons, mod-
uli) with the string field Φ and basic string parameterη2 = µ, satisfying
Gµ >∼ 10−20, while observational limits areGµ <∼ 10−6.



PRINCIPLES OF EUSO OBSERVATIONS








