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Manual of use/disclaimer

• There is NO physics BSM in this talk.

• Emphasis in qualitative aspects. Equations and diagrams only schematic.

• Do not lose sight of this guy,

Region probed in

UHE neutrino interactions
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1. Motivation
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nN cross section

• General structure of factorization theorems,

snN ⇠

0

B@

Probability of

finding a quark/gluon
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: Parton Distribution Function,

Unintegrated Gluon Distribution

1. Motivation 5



nN kinematic regime

) Test of QCD at high energies

) No available data in nN phase space region

)
Q2⇠ M2

i ⇠ 104 GeV2

&

10�11 . x . 10�5
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Where do they come from? [Berezinsky and Zatsepin ’69] [Kotera,Allard and Olinto ’10]

• Sources of UHE neutrino: GZK

pg ! pN

p+ ! µ+nµ

Sources of UHE neutrino: 
cosmogenic or “GZK” 

Kotera, Allard and 
Olinto, JCAP 1010 
(2010) 013 

p� ! �N

�+ ! µ+�µ

n ! pe�̄e

E� ⇠ 1012 GeV

1021 eV

• Up to En ⇠ 1014 GeV. Information about UHECRs: nature, sources, spectrum. . .
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Who is looking for these neutrinos? IceCube (and many more. . . )

) 1km3 of Antartic glacier ice

) Neutrino telescope

) Cosmic ray physics

) Observes Cherenkov light
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Neutrinos @ IceCube
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Neutrinos @ IceCube [IceCube’15]

• So far the fattest neutrino at IceCube has En = 2.6 PeV = 2.6 · 106 GeV

dN
dE

⇠ fn · snN

–
dN
dE

: what they measure.

– fn: what they want to know.
– snN: our contribution.
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Road map [The Pierre Auger collaboration ’15]

• Study of the different approaches to QCD dynamics at high energies.

• New dynamical effects in the QCD evolution ) Is snN sensitive?

• Recalculate the actual limits of the UHE neutrino flux for various experiments.
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2. Ingredients
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d2sCC
nN

dxdy
,

d2sNC
nN

dxdy

• The cross section can be computed as:

d2sCC,NC
nN

dxdy
=

G2
Fs

p

✓
M2

i
M2

i + Q2

◆2 h
xy2FCC,NC

1 (x, Q2) + (1 � y) FCC,NC
2 (x, Q2)

+ y
⇣

1 � y
2

⌘
xFCC,NC

3 (x, Q2)
i

where,

–FCC,NC
1,2,3 (x, Q2): structure functions.

– Integral dominated by:

Q2⇠ M2
i ⇠ 104 GeV2

&

xmin⇠M2
i /2MNEn< 10�5 for En> 108 GeV

No experimental data

) Expressions for the structure functions?
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Map of high energy QCD

• For nN interaction, both ln Q2 and ln 1/x are relevant.
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DGLAP approach (as ln(Q2/Q2
0) ⇠ 1) [Dokshitzer’77, Gribov&Lipatov’72, Altarelli&Parisi’77]

• We can compute snN as,

snN = PDF(x, Q2) ⌦ snq

+
∂PDF(x, Q2)

∂ ln Q2 µ P ⌦ PDF(x, Q2) x . 10�6 PDFs are essentially unconstrained!!
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DGLAP approach PDFs [MSTW collaboration]
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DGLAP approach snN

• This uncertainty is fully propagated to the neutrino x-sections
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✓
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• Note: 20% error at the highest En. NLO DGLAP+NNPDF3.0
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DGLAP approach MSTW08 vs NNPDF3.0 [Gandhi’98, Cooper-Sarkar’08, Chen’14 et Al.]
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• Note: 30% error at the highest En. NLO DGLAP+MSTW08/NNPDF3.0

• They become incompatible within the error band at En = 1012 GeV.
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À la BK (as ln(x0/x) ⇠ 1) [Balitsky’96, Kovchegov’99]

• We can compute snN,

snN ⇠ |yW±,Z0

T,L (z, Q2, r)|2 ⌦ N (x, r) +

∂N (x, r)
∂ ln(x0/x)

µ K ⌦ [N (x, r1) + . . . � N (x, r1)N (x, r2)]
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Parametrizations of N Theoretical fits to HERA data

PHENO

DLA Q2
fit=500 GeV2

DLA Q2
fit=50 GeV2

RUN Q2
fit=500 GeV2
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) RUN: [AAMQS], [Gonçalves’13]

) DLA: [see talks by Albacete,Iancu]

) PHENO: [GBW,IIM and Soyez]

• Uncertainty in snN is due to the evolution kernel NOT to the initial conditions.
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4. Results
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4.1 The neutrino-nucleon cross section at UHE
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NLO DGLAP+NNPDF3.0 vs rcBK+DLA
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• Differences for En > 108 GeV, as large as a factor 4.5 at En = 1014 GeV.
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4.2 . . . and its astrophysical implications
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Limits on astrophysical n fluxes The P. Auger [P.Auger collab. ’15]

• The event rate is neutrino flavor and interaction dependent

Nevt = Â
i=1,2,3

Â
ni,n̄i

ˆ
dEn

dfn

dEn
wni(En)

ˆ 1

0
dy E(yEn)

dsni N

dy

Assuming the same flux of all flavors they set a limit at 90% C.L,

dfn

dEn
= k E�2

n ) k90 <
Nup´

dEn E�2
n Etot(En)

= 6.4 ⇥ 10�9 GeV cm�2 sr�1 s�1
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With rcBK+DLA snN:

k90 ⇠ 1.5 ⇥ k90

at En = 109 GeV.
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Limits on astrophysical n fluxes ANITA-II [The ANITA collab. ’10]

• Higher energies are accesible with neutrino radio-detection experiments based on
the Askaryan effect:

) Production of a coherent radio emission in the
UHE particle interaction.
) Radio transparent medium needed: ice, sand, lu-
nar regolith. . .
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With rcBK+DLA snN:

k90 ⇠ 1.4 ⇥ k90

at En = 1011 GeV.
(Scales with s0.45

nN ).

4. Results 26



Limits on astrophysical n fluxes LUNASKA [Bray et Al. ’15]

• Several experiments detecting radio pulses in the Moon:

– Only sensitive to En > 1012 GeV (dmoon ⇠ 3.8 ⇥ 108 m).

– Future prospects (2018): the Square Kilometre Array (SKA).

The flux limits can be up to 2.5-4.5 larger in 1012 < En < 1014 GeV
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Take home message

• Goal: Obtain sCC,NC
nN in the ultrahigh energy regime.

• Why?: Essential to characterize cosmogenic neutrino flux.

• Problem: The kinematical region is uncharted territory.

• Theoretical tools:

– NLO DGLAP with different sets of PDFs.

– Running coupling+DLA BK small-x evolution with HERA tested UGDs.

• Conclusions:

– sDGLAP
nN = 4.5 sBK

nN at En = 1014 GeV.

– Current upper limits for the UHE neutrino flux could be modified accordingly.
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