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Neutrino cross sections and the future

observations of UHECR

• UHE neutrinos are out there and will be discovered!

• Detection of UHE neutrinos requires minimal knowledge of the neutrino
cross section

• Future observations will allow one to measure the neutrino-nucleon cross
section at an unprecedented energy,

√
s ∼ 106 GeV, and compare σ to

the Standard Model prediction (Frichter, McKay, Ralston; Gandhi, Reno,

Quigg, Sarcevic)

AK and T.J.Weiler, Phys.Rev.Lett.88:161101,2002
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This talk could be titled...

The opposite of precision measurements

• Experimentation with a 1011 GeV beam (which almost certainly is
running)

• Luminosity 10−20cm−2s−1 is achieved

• Calibration at
√
s = 1 GeV yields unexpected results: UHECR

• Prospects for future measurements of the neutrino-nucleon cross section
at
√
s ∼ 106 GeV.
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Is the beam on?

• UHECR ⇒ neutrinos from pion photoproduction on CMBR: pγ → nπ+,
π+ → e+νeν̄µνµ.

• Astrophysical sources: AGN, GRB, etc.

• Z-bursts [Weiler, Fargion et al.], TDs ⇒ a lot of neutrinos
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Predictions and limits
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Z-bursts as a source of neutrinos:

p

ν

γ

Gelmini and Varieschi; Kalashev et al.
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There are UHE neutrinos out there:

• GZK interactions imply a (predictable) flux of UHE
neutrinos.

• Additional sources can provide additional flux.
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Experimental hunt for ∼ 1011 GeV neutrinos

• Pierre Augere experiment

• Future EUSO, OWL, TA,...
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Extreme Universal Space Observatory (EUSO)
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EUSO is designed to observe fluorescent air showers initiated by extremely
high energy cosmic rays - and neutrinos
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EUSO field of view
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UHE neutrino astronomy
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Cross sections

Several approved and proposed experiments plan to detect UHE neutrinos
by observations of nearly horizontal air showers.

Neutrinos are the only particles that interact weakly enough to produce
horizontal air showers (assuming the cross section σνN ∼ 10−31cm2 at
1020eV) Hence, particle ID is straightforward.
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Cross sections

Several approved and proposed experiments plan to detect UHE neutrinos
by observations of nearly horizontal air showers.

Neutrinos are the only particles that interact weakly enough to produce
horizontal air showers (assuming the cross section σνN ∼ 10−31cm2 at
1020eV) Hence, particle ID is straightforward.

But how well do we know the neutrino-nucleon cross section?
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Calculations of neutrino-nucleon cross section at√
s ∼ 106GeV

Calculations of σνN at 1020eV necessarily use extrapolations of PDF and
standard model parameters.
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Dicus et al.
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Neutrino-nucleon cross section at
√
s ∼ 106GeV

Calculations necessarily use extrapolations of PDF and standard model
parameters.
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Dicus et al.

SM is probably right, but we want to measure this cross section.
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NLO and saturation effects may lower the cross section [hep-phg/0208125]
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NLO and saturation effects may lower the cross section [hep-phg/0208125]

10−3

10−2

10−1

1

10 103 105 107 109 1011

σ 
E

ν−1
/2

 (
Pb

 G
eV

-1
/2

)

Eν  (GeV)

CC

NC

(a) Neutrino-Isoscalar Nucleon

10 103 105 107 109 1011

E
.

−
.

ν (GeV)

CC

NC

(b) Antineutrino-Isoscalar Nucleon

The solid (dashed) line represents the NLO (LO) cross sections.

17



Alushta 2002 Alexander Kusenko

Extrapolation of SM parameters, PDF, etc.,
in the small-x [Manjavidze], large Q region
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Extrapolation of SM parameters, PDF, etc.,
in the small-x [Manjavidze], large Q region

⇒ additional uncertainties

Can one measure the cross section at these extreme
energies?

To measure the cross section, one must consider values that are different
from the SM prediction.

The cross section may be higher or lower than the Standard Model
prediction...
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If the cross section is strong, GZK neutrinos may actually explain the
UHECR events!

Berezinsky; Bordes et al.; Domokos, Nussinov; Nussinov, Shrock; Domokos, Kovesi-

Domokos; Jain, McKay, Panda, Ralston; Sigl et al.
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However, if the cross section is lower than the Standard Model
prediction, the air horizontal showers may be too few to observe...

The rate of horizontal air showers is proportional to σνN . If the cross
section is smaller than 10−31cm2, the horizontal air showers cannot be
observed even by OWL and EUSO.
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However, if the cross section is lower than the Standard Model
prediction, the air horizontal showers may be too few to observe...

The rate of horizontal air showers is proportional to σνN . If the cross
section is smaller than 10−31cm2, the horizontal air showers cannot be
observed even by OWL and EUSO.

Are the planned experiments in trouble if the cross section if lower than
expected?

On the contrary, the smaller cross section is a
boon!

[AK, Weiler, Phys.Rev.Lett.88:161101,2002 ]
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If the cross section is smaller, the Earth becomes more transparent to
neutrinos. More neutrinos can get through the Earth, interact just below
the surface and produce a charged lepton that originates an up-going air
shower (UAS) .

• The increase in UAS rate compensates for the decrease in HAS.

• The comparison of the two rates allows a measurement of the
cross section at 1011GeV

• Angular distribution of UAS can provide an additional independent
information about the cross section
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Earth-skimming events have been discussed in the literature

ν

τ

Domokos, Kovesi-Domokos, hep-ph/9805221; Fargion, astro-ph/0002453;
Bertou et al., astro-ph/0104452; Feng, Fisher, Wilczek, Yu, hep-
ph/0105067
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ν

τ

The probability of a neutrino conversion into an up-going τ grows with
the mean free path λν, for λν < R⊕, because the shadowing by the Earth
decreases.

23



Alushta 2002 Alexander Kusenko

ν
τ

UAS requires a neutrino to interact and produce a τ below the surface.
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ν
τ

UAS requires a neutrino to interact and produce a τ below the surface.

The number of UAS is higher for a smaller cross section.
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How many τ ’s per neutrino?
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The ratio rτ of the upward going τ flux to the incident tau neutrino flux Fντ as a

function of ξ = λν/R = 1/(σνN
nR), with fixed λτ/R = 3.5× 10−3, appropriate for

events initiated by ∼ 1020 eV neutrinos. The value of ξ is limited from above by the

weak-interaction cross section measured at HERA shown by a vertical dashed line.
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The ratio rτ of the upward going τ flux to the incident tau neutrino flux Fντ as a

function of ξ = λν/R = 1/(σνN
nR), with fixed λτ/R = 3.5× 10−3, appropriate for

events initiated by ∼ 1020 eV neutrinos. The value of ξ is limited from above by the

weak-interaction cross section measured at HERA shown by a vertical dashed line.

τ must decay in the atmosphere.
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The shower probability per incident neutrino:
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The energy threshold for detection of UAS was assumed Eth = 1018eV for curve 1 and

Eth = 1019eV for curve 2. Additional UAS events, not included here, can be detected

by EUSO or OWL via Cerenkov radiation of tau leptons.
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In addition, the angular distributing depends on the cross section.
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Can one disentangle the unknown flux from the unknown cross section?
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Can one disentangle the unknown flux from the unknown cross section?

Rate of HAS: ∝ FνσνN

Rate of UAS: ∝ Fν/σνN

Angular distribution: cos θpeak ∝ 1/σνN

⇒ can determine σνN and Fν independently

All one needs is enough statistics. Need neutrino telescopes!

Need ICE CUBE, EUSO, OWL, and more!
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A side comment:

Bounds on the neutrino flux

• due to non-observation of neutrino-initiated HAS

• non-observation of radio signals from neutrino-initiated showers below
the surface of the Moon

are weaker if the cross section is small.
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Conclusion

• Future discovery of UHE neutrinos, in addition to opening a new window
on the Universe, will present an opportunity to search for new particle
physics

31



Alushta 2002 Alexander Kusenko

Conclusion

• Future discovery of UHE neutrinos, in addition to opening a new window
on the Universe, will present an opportunity to search for new particle
physics

• future experiments can measure the neutrino cross section at an
unprecedented energy scale

√
s ∼ 106GeV.

31



Alushta 2002 Alexander Kusenko

Conclusion

• Future discovery of UHE neutrinos, in addition to opening a new window
on the Universe, will present an opportunity to search for new particle
physics

• future experiments can measure the neutrino cross section at an
unprecedented energy scale

√
s ∼ 106GeV.

• The world’s largest detector will use the Earth.
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