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● Several programs to compute the amount of neutrino                                                          
that interact in the active volume of the detector.
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Cross Section in KM3Net/ARCA:
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● Three main processes have to be taken into account.
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Cross Section in KM3Net/ARCA:
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● I’ve been able to install and run GiBUU and GENIE. 

● Currently try to increases their energy range. 

● I want also to include Aart’s cross section in the plots.
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● DIS cross section is “easy” to compute at LO (assuming mass of lepton zero and 
isoscalar target).

the Bjorken scaling variables x = Q2/2Mν and y = ν/Eν as

d2σ

dxdy
=

2G2
FMEν

π

(

M2
W

Q2 + M2
W

)2
[

xq(x, Q2) + xq(x, Q2)(1 − y)2
]

, (8)

where −Q2 is the invariant momentum transfer between the incident neutrino
and outgoing muon, ν = Eν−Eµ is the energy loss in the lab (target) frame, M
and MW are the nucleon and intermediate-boson masses, and GF = 1.16632×
10−5 GeV−2 is the Fermi constant. The quark distribution functions are

q(x, Q2)=
uv(x, Q2) + dv(x, Q2)

2
+

us(x, Q2) + ds(x, Q2)

2
+ss(x, Q2) + bs(x, Q2) (9)

q(x, Q2)=
us(x, Q2) + ds(x, Q2)

2
+ cs(x, Q2) + ts(x, Q2),

where the subscripts v and s label valence and sea contributions, and u, d, c,
s, t, b denote the distributions for various quark flavors in a proton. At the
energies of interest for neutrino astronomy, perturbative QCD corrections to
the cross section formula (8) are insignificant, so we omit them. In particular,
in the DIS factorization scheme (the CTEQ-DIS parton distributions), the
terms proportional to αs [65] in the NLO cross section contribute only a few
percent.

Because of the great mass of the top quark, tt̄ pairs are a negligible component
of the nucleon over the Q2-range relevant to neutrino-nucleon scattering. Con-
sequently we drop the contribution of the top sea. At the energies of interest
here, it is a sound kinematical simplification to treat charm and bottom quarks
as massless. However, the threshold suppression of the b → t transition must
be taken into account. We adopt the standard “slow-rescaling” prescription
[64], with mt = 175 GeV/c2. Numerical integrations were carried out using the
adaptive Monte Carlo routine vegas [66], and Gaussian techniques.

We show in Figure 2 the contributions of valence quarks and of the different
quark flavors in the sea to the νN charged-current total cross section, accord-
ing to the CTEQ3 parton distributions. As expected, the valence contribution
dominates at low energies. There, in the parton-model idealization that quark
distributions are independent of Q2, differential and total cross sections are
proportional to the neutrino energy. Up to energies Eν ∼ 1011 eV, the fa-
miliar manifestation of the QCD evolution of the parton distributions is to
degrade the valence component, and so to decrease the total cross section. At
still higher energies, the gauge-boson propagator restricts Q2 = 2MEνxy to
values near M2

W , and so limits the effective interval in x to the region around
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● A group of theoreticians from NIKHEF want to provide us “state of the art” cross 
sections.
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Importance of D-hadron data constraints

 [GeV]νE
210 310 410 510 610 710 810 910 1010 1110 1210

 [p
b]

ν CC
σ

1

10

210

310

410

510 NNPDF3.0 NLO

13+N7+N5N

1010 1110 1210
20

40

60

80

100

120

140

310×

Theory:

4

TABLE I. Neutrino-nucleon charged-current inclusive cross
sections, averaged between neutrinos (�CC

⌫N ) and anti-
neutrinos (�CC

⌫̄N ), extracted from 6 years of IceCube HESE
showers. To obtain these results, we fixed �CC

⌫̄N = h�CC
⌫̄N/�CC

⌫N i ·
�CC
⌫N — where h�CC

⌫̄N/�CC
⌫N i is the average ratio of ⌫̄ to ⌫ cross

sections calculated using the standard prediction from Ref.
[60] — and �NC

⌫N = �CC
⌫N/3, �NC

⌫̄N = �CC
⌫̄N/3. Uncertainties are

statistical plus systematic, added in quadrature.

E⌫ [TeV] hE⌫i [TeV] h�CC
⌫̄N/�CC

⌫N i log10[
1
2 (�

CC
⌫N + �CC

⌫̄N )/cm2]

18–50 32 0.752 �34.35± 0.53

50–100 75 0.825 �33.80± 0.67

100–400 250 0.888 �33.84± 0.67

400–2004 1202 0.957 > �33.21 (1�)

extracted cross section as a function of E⌫ ⇡ Edep.
Second, CC cross sections dominate over NC cross sec-

tions. We assume �NC
⌫N = �CC

⌫N/3 and �NC
⌫̄N = �CC

⌫̄N/3, fol-
lowing, e.g., Ref. [5]. This assumption allows us to fit
only for CC cross sections.

Third, the ratio of ⌫̄N to ⌫N cross sections is fixed in
each bin. Hence, when fitting, �CC

⌫̄N = h�CC
⌫̄N/�CC

⌫N i · �CC
⌫N ,

where h�CC
⌫̄N/�CC

⌫N i is the average ratio in that bin pre-
dicted by Ref. [60] (see Table I). This assumption allows
us to fit only for ⌫N cross sections.

Thus, within each energy bin, we independently vary
only the ⌫N CC cross section �CC

⌫N and three nuisance pa-
rameters — the number of showers due to atmospheric
neutrinos Natm

sh , the number of showers due to astrophys-
ical neutrinos Nast

sh , and the astrophysical spectral index
�. To avoid introducing bias, we assume flat priors for all
of them. For each choice of values, we compare the test
shower spectrum to the IceCube shower spectrum via a
likelihood. To find the best-fit values of the parameters,
we maximize the likelihood. Appendix B describes the
statistical analysis in detail. We present values of the
cross section marginalized over the nuisance parameters.

Results.— Table I shows the best-fit values and 1�
errors of the extracted cross section. Because the ⌫N
and ⌫̄N cross sections are not independent in the fit, we
present their average there and in Figs. 2 and 3.

Figure 3 shows that, in each bin, results agree within
1� with widely used standard predictions. The IceCube
Collaboration has adopted the cross section from Cooper-
Sarkar et al. [60], which is computed self-consistently to
next-to-leading-order in perturbative QCD and uses the
HERA1.5 PDFs extracted from low-x data [54]. We in-
clude other calculations for comparison [5, 56, 57, 61, 63].
All predictions are consistent with our measurements
within errors. Distinguishing between them might be
possible at higher energies; we comment on this later.

Our results are consistent with the IceCube analysis
[4], which found a cross section compatible with Ref. [60]
within 1�. Their smaller uncertainty is due to using ⇠104

through-going muons. However, by grouping all events
in a single energy bin, their analysis did not probe the
energy dependence of the cross section. Our results are
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FIG. 3. Neutrino-nucleon charged-current cross section, av-
eraged for neutrinos and anti-neutrinos, from di↵erent pre-
dictions (lines) [5, 57, 60, 61, 63], compared to measurements
from this work (stars). The low-energy global average [52] has
the linear dependence on E⌫ appropriate below ⇠10 TeV. The
model of large extra dimensions, included for illustration, is
from Ref. [22] (quantum-gravity scale of 1 TeV and all partial
waves summed), corrected here to match modern standard
predictions of the cross section below 1 PeV.

also consistent with standard cross-section predictions,
but in narrower energy intervals.

Because the number of showers in each bin is small,
statistical fluctuations weaken the interplay of downgo-
ing versus upgoing showers described above. To isolate
the dominant statistical uncertainty, we minimized again
the likelihood, this time keeping the nuisance parame-
ters fixed at their best-fit values (see Table II). The re-
sulting uncertainty, attributed to statistics only, is 0.51,
0.63, and 0.62 in the first three bins, where we have a
measurement. The systematic uncertainty, obtained by
subtracting these values in quadrature from the total un-
certainties in Table I is 0.14, 0.23, and 0.25 in each bin,
slightly higher than in Ref. [4], due to a less detailed
modeling of the detector. While Ref. [4] found compara-
ble statistical and systematic uncertainties, our analysis
is presently dominated by systematics, since it uses an
event sample that is smaller by a factor of ⇠200.

Nevertheless, our results disfavor new-physics mod-
els where the cross section rises sharply below 1 PeV
[7, 8, 22–30]. Figure 3 shows as example a model of TeV-
scale gravity with large extra dimensions [22]. While this
model has been disfavored by the LHC [110, 111], we pro-
vide independent confirmation via a di↵erent channel.


