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● High energy neutrinos come from two different sources. 

o Cosmic rays interactions in the Earth -> BACKGROUND 
o Extraterrestrial sources -> SIGNAL
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● Background should be isotropic. 
● Signal should cluster in a particular region of the sky. 

o Reconstruct the direction of the incoming neutrino.
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● Background should be isotropic. 
● Signal should cluster in a particular region of the sky. 

o Reconstruct the direction of the incoming neutrino.
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Shower events
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● Need other variables to discriminate between SIGNAL & BACKGROUND. 

o Reconstruct the energy of the incoming neutrino. 
o Very handy for SHOWERS because they are contained in the detector.
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Figure 1. Reconstructed energy (left) and declination (right) distributions for the best-fit atmospheric and astrophysical spectra
(shaded histograms) obtained in Aartsen et al. (2015b) compared to the distributions for the 263 cascades (black crosses)
depositing at least 1 TeV observed in that analysis. Atmospheric muons misidentified as cascades after passing undetected
through the veto layer are concentrated at sin(�) < �0.3, while in the same range some atmospheric neutrinos are rejected
because they are accompanied by incoming muons.

tested directly in this paper. For an E�3 spectrum, we
expect 90% of events to have energies between 2 TeV
and 90TeV; for an E�2 spectrum this range shifts to
6 TeV � 5 PeV.

In this work, we use the same per-event reconstruc-
tions as in the spectral analysis. The strict containment
requirement results in good energy resolution up to at
least ⇠ few PeV. The reconstructed energy agrees with
the neutrino energy within ⇠ 10% for 68% of CC ⌫e in-
teractions and is on average proportional to neutrino en-
ergy for other interaction flavors (Aartsen et al. 2015b).
Agreement between reconstructed and true neutrino en-
ergy is shown in Figure 3. The primary challenge for
source searches with cascades is the angular reconstruc-
tion, for which the performance is shown as a function
of energy in Figure 4 and averaged over all energies
in Figure 5. At low energies, the reconstruction ben-
efits to some degree from the preferential selection of
interactions in or near the more densely instrumented
DeepCore. At high energies, performance is somewhat
poorer than optimal — compare with, e.g., Aartsen et al.
(2014a) — likely due to the specific reconstruction set-
tings used for this sample, which are less computation-
ally intensive but which employ a coarser description of
the expected light yield and a less rigorous scan of the
directional likelihood landscape.

4. METHODS AND PERFORMANCE

We use an unbinned maximum likelihood method to
quantify the extent to which the observed events are
more consistent with a spatially localized astrophysi-
cal signal hypothesis than a randomly distributed back-
ground hypothesis. This method exploits the spatial
distribution of events as well as the distribution of per-
event deposited energies, where the latter improves the
sensitivity to sources with harder spectra than atmo-
spheric backgrounds. While we largely follow the ap-
proach used in traditional track analyses (most recently
Aartsen et al. 2017a), the specific signal and background
models are modified to accommodate the large angular
uncertainties and overall low statistics of the cascade
event selection. In Section 4.1 we review the likelihood
construction, including explanations for changes with
respect to previous work with tracks. In Section 4.2
we introduce the specific hypothesis tests considered in
this work. Systematic uncertainties are discussed in Sec-
tion 4.3 and the performance of the cascade analysis is
presented in Section 4.4.



● Reconstructing energy and direction we obtain some discrimination power.
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2013b), the optical efficiency of Cherenkov light pro-
duction yield and detection in the DOMs (Abbasi et al.
2010), and different photo-nuclear interaction mod-
els (Bugaev & Shlepin 2003a,b; Abramowicz et al. 1991;
Abramowicz & Levy 1997). All systematic effects are
propagated through the entire likelihood analysis de-
scribed in Section 3 to obtain the uncertainties on the
fluxes using dφ/dEν ∝ E−2 spectra. The biggest impact
on the fluxes comes from varying the optical efficiency by
±10%, resulting in a flux uncertainty of 7.5%. Increas-
ing the absorption or scattering of photons in ice by 10%
affects the flux by 5.6%. Uncertainties in the photo-
nuclear cross-sections (Bugaev & Shlepin 2003a,b) re-
sult in an flux uncertainty of similar size with 5.9%.
Adding these values in quadrature yields a total sys-
tematic uncertainty of 11% on νµ + ν̄µ fluxes quoted in
the following.
For all locations tested, only the maximal likelihood

values of n̂S and γ̂ are reported. Because of small event
statistics at the position of the likelihood maximization
and limited energy resolution of the neutrino energy
(compare Section 2.2), uncertainties on the spectral in-
dex are of the order ±1 and reduce to ±0.5 for values of
nS of ∼ 15 and ∼ 50, respectively (Braun et al. 2008).
Hence, the impact of systematic uncertainties in the en-
ergy reconstruction is small compared to the statistical
limitations.
Albeit not a systematic uncertainty per se, so far

only fluxes of νµ + ν̄µ were considered. This is a con-
servative estimate, because track-like events can also
originate in other cases that are discussed in the fol-
lowing. Firstly, tau-leptons created in charged-current
ντ + ν̄τ interactions decay into muons with 17% branch-
ing ratio (Jeong & Reno 2010; Olive et al. 2014), re-
sulting in a muon track with lower energy due to the
three-body decay τ → µνµντ . This decay is impor-
tant for up-going events, because secondary neutrinos
are produced in τ -neutrino regeneration during prop-
agation. Secondly, interactions of ν̄e + e− → W− at
the Glashow-resonance (Glashow 1960) at 6.3 PeV pro-
duce tracks (ν̄e + e− → ν̄µ + µ−) at 10.6% branching
ratio (Olive et al. 2014). Lastly, at the highest ener-
gies above PeV, τ -neutrino induced double bangs are
well-reconstructable and further increase the number of
τ -flavored events in the sample. Accounting for these
fluxes assuming an equal flavor ratio at Earth reduces
the per-flavor flux necessary for detection by 5% assum-
ing an unbroken E−2 spectrum. For harder spectra, the
sensitivity gain due to regeneration effects in the north-
ern sky becomes stronger. For example, a spectrum of
dφ/dEν ∝ E−1 has an 30% improved sensitivity com-
pared to only considering muon neutrinos. This greatly
increases the sensitivity with respect to models that pre-
dict very hard neutrino energy spectra peaking above
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Figure 6. All-sky result of the unbinned likelihood maxi-
mization shown in equatorial coordinates (J2000). Shown is
the negative logarithm of the pre-trial p-value, − log10 p, as-
suming no clustering as null-hypothesis. The Galactic Plane
is shown as black line.

PeV energies (Petropoulou et al. 2015; Reimer 2015).

4. RESULTS AND IMPLICATIONS

In the unbinned likelihood analysis using seven years
of IceCube livetime, no significant excess of astrophys-
ical neutrino sources was found. In the following, the
results of the three tests introduced in the previous sec-
tions are discussed and 90% upper-limits on neutrino
source fluxes are calculated. Finally, implications with
respect to neutrino models of γ-ray sources and the ob-
served diffuse neutrino flux are presented.

4.1. All sky scan

Figure 6 depicts the pre-trial p-value − log10 p of all
points in the sky in equatorial coordinates (J2000) with
respect to the null-hypothesis of no observed clustering.
In the northern sky, the most significant position was

at α = 32.2◦, δ = 62.1◦ at an accuracy of 0.35◦ (0.5◦)
for 1σ (90%) contours using Wilks’ theorem with two
degrees of freedom. The best fit parameters at the lo-
cation are n̂S = 32.6 and γ̂ = 2.8, yielding a pre-trial
p-value of 1.82 × 10−6. Looking at each of the com-
bined seasons individually reveals that for each season
clustering is observed, providing no indication of time-
dependence that could suggest additional evidence for
an astrophysical origin.
In the southern sky, the most significant point is at

α = 174.6◦, δ = −39.3◦. The best fit point is at n̂S =
15.4, with spectral index γ̂ = 2.9. The uncertainty of
the location amounts to 0.22◦ (0.32◦) for 1σ (90%). The
pre-trial p-value is 0.93× 10−6; most of the significance
at this location is shared by the newly added data of
through-going and starting tracks. Indeed, one starting
track is within 0.9◦ distance to the location which is
wihtin 1σ of its reconstruction uncertainty.
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Figure 8. Per-flavor sensitivity as a function of angular ex-
tension of the source. For cascades, a point source hypoth-
esis is used in the likelihood regardless of injected source
extension. For tracks, the sensitivity is found for an ex-
tended source hypothesis matching the injected signal using
the throughgoing track dataset from Aartsen et al. (2017a).

source. The source extension is modeled as a Gaussian
smearing of a point source hypothesis. For a smear-
ing of up to 10�, the sensitivity of this search is only
30% weaker than for a point source. In the classic track
searches with angular resolution . 1�, the sensitivity
flux increases much more rapidly with source extension
— even when a matching extended source hypothesis is
used in the likelihood. As shown in Figure 8, the per-
flavor sensitivity flux for a source with extension � 2�

in the southern sky at �  �30� is lower with just two
years of cascades than with seven years of tracks. The
cascade analysis performance is su�ciently independent
of source extension that we need not apply dedicated
extended source hypothesis tests in this work.

5. RESULTS

The result of the all-sky scan is shown in Figure 9. The
most significant deviation from the isotropic expectation
is found in the southern sky at (↵, �) = (277.3�, �43.4�).
The pre-trials significance is ppre = 0.6%, and the best-
fit number of signal events and spectral index are n̂s =
7.1 and �̂ = 2.2, respectively. Accounting for the large
number of partially correlated hypothesis tests in this
scan, as described in 4.2, the post-trials significance is
ppost = 66%.

For the source candidate catalog search, an ensemble
of 74 promising source candidates was selected a pri-
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Figure 9. Two-year starting cascade skymap in equatorial
coordinates (J2000). The skymap shows pre-trial p-values for
all locations in the sky. The grey curve indicates the galactic
plane, and the grey dot indicates the galactic center.

ori by merging previously studied catalogs of interest-
ing galactic and extra-galactic objects (Aartsen et al.
2017a; Adrian-Martinez et al. 2016b). The result of the
search is shown in Table 1. The most significant source
is BL Lac, located at (↵, �) = (330.68�, 42.28�). The
pre-trials significance is ppre = 1.0%, and the best-fit
number of signal events and spectral index are n̂s = 6.9
and �̂ = 3.0, respectively. The post-trials significance is
ppost = 36%. Flux upper limits for each object in the
catalog are shown in Figure 10 along with the sensitivity
and 5� discovery potential as functions of declination.

Of the galactic plane searches, the southern-sky-only
hypothesis test was more significant, with a pre-trials
ppre = 50%. The fit obtained ns = 2.7 and � = 2. This
test is strongly correlated with the all-sky search; the
post-trials significance is ppost = 65%.

6. CONCLUSION AND OUTLOOK

In this first search for sources of astrophysical neutri-
nos using cascades with energies as low as 1 TeV in two
years of IceCube data, no significant source was found.
This result is consistent with previous ⌫µ searches (Aart-
sen et al. 2017a; Adrian-Martinez et al. 2012, 2016b)
which already find stringent constraints on emission
from astrophysical point sources of neutrinos. Never-
theless, this analysis shows that despite large angular
uncertainties, all-flavor source searches with cascades
are surprisingly sensitive, particularly to emission from
southern sources that follow a soft energy spectrum or
are spatially extended. This type of analysis is therefore
complementary to standard ⌫µ searches, which are most
sensitive to point-like and northern sources.

Future source searches with cascades will benefit from
several improvements. Most importantly, the adaptive
veto method will soon be applied to at least four more
years of IceCube data. Because of the low background
in this event selection, the sensitivity strengthens faster

Shower events



● Both Track & Shower events are used to state how good is our telescope.
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Results: Discovery flux for 6 years of ARCA 
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Figure 6. Per-flavor sensitivity of the present 2-year cascade
analysis and previous 7-year IceCube (Aartsen et al. 2017a)
and 1338-day ANTARES (Adrian-Martinez et al. 2014) track
analyses as a function of declination for a hard spectrum
(� = 2) and soft spectrum (� = 3).

a neutrino upon arrival in the instrumented volume but
decrease (increase) the probability of a neutrino reaching
the detector after passing through the intervening earth
and ice. We take ⇠ 4% as a conservative estimate of
the acceptance uncertainty due to neutrino interaction
cross section uncertainties.

While the signal acceptance depends largely on the
total amount of light recorded by the DOMs, the angu-
lar resolution depends most strongly on the spatial and
temporal distribution of light in the detector. Therefore,
we take these e↵ects to be approximately independent
and add the above values in quadrature to obtain a total
systematic uncertainty of 21% (24%) for sources follow-
ing an E�2 (E�3) spectrum. All following sensitivities,
discovery potentials, and flux upper limits include this
factor.

4.4. Performance

The per-flavor sensitivity flux as a function of source
declination for this work and the most recently pub-
lished IceCube (Aartsen et al. 2017a) and ANTARES
(Adrian-Martinez et al. 2014) track analyses are com-
pared in Figure 6. The cascade sensitivity shows only
weak declination dependence and, for an E�2 spec-
trum, roughly traces the sensitivity of ANTARES. Near
the South Pole, the sensitivity is enhanced by the veto
of atmospheric neutrinos accompanied by muons from
the same cosmic ray-induced shower. The sensitivity

Figure 7. Per-flavor di↵erential sensitivity for a source at
� = �60� for track analyses of throughgoing (Aartsen et al.
2014d) and starting (Aartsen et al. 2016b) tracks, compared
to this cascade analysis using the event selection from Aart-
sen et al. (2015b). The sensitivity in cascades is enhanced
at 6.3 PeV due to the Glashow resonance (Glashow 1960).
In this plot, all sensitivities are calculated for an equal three
year exposure.

is weaker near the horizon, where this veto of atmo-
spheric neutrinos is not possible. From the horizon to
the North Pole, the sensitivity then improves for a soft
E�3 spectrum but continues to weaken for a hard E�2

spectrum because high-energy neutrinos are subject to
significant absorption in transit through the Earth. The
sensitivity of the classic track search, by contrast, is
strongly declination-dependent, with best performance
in the northern sky. For a southern source with a soft
spectrum, the sensitivity flux is better with just two
years of cascades than with seven years of tracks.

We further explore the sensitivity to a southern source
at � = �60� in Figure 7, which shows the per-flavor
sensitivity flux for an E�2 signal spectrum injected in
quarter-decade bins in neutrino energy. Here we directly
compare the cascade and track channels by scaling each
analysis to an equal three year livetime — the same
exposure as in the first IceCube point source search to
make use of starting tracks (Aartsen et al. 2016b). At
this declination, the low background cascade search is
more sensitive to such a southern source than IceCube
track-based searches up to ⇠ 1 PeV.

Because of the large angular uncertainty for cascade
events in IceCube, the sensitivity depends only weakly
on the angular size of the source. In Figure 8, the sensi-
tivity is shown as a function of angular extension of the



● Both Track & Shower events are used to state how good is our telescope.
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a neutrino upon arrival in the instrumented volume but
decrease (increase) the probability of a neutrino reaching
the detector after passing through the intervening earth
and ice. We take ⇠ 4% as a conservative estimate of
the acceptance uncertainty due to neutrino interaction
cross section uncertainties.

While the signal acceptance depends largely on the
total amount of light recorded by the DOMs, the angu-
lar resolution depends most strongly on the spatial and
temporal distribution of light in the detector. Therefore,
we take these e↵ects to be approximately independent
and add the above values in quadrature to obtain a total
systematic uncertainty of 21% (24%) for sources follow-
ing an E�2 (E�3) spectrum. All following sensitivities,
discovery potentials, and flux upper limits include this
factor.

4.4. Performance

The per-flavor sensitivity flux as a function of source
declination for this work and the most recently pub-
lished IceCube (Aartsen et al. 2017a) and ANTARES
(Adrian-Martinez et al. 2014) track analyses are com-
pared in Figure 6. The cascade sensitivity shows only
weak declination dependence and, for an E�2 spec-
trum, roughly traces the sensitivity of ANTARES. Near
the South Pole, the sensitivity is enhanced by the veto
of atmospheric neutrinos accompanied by muons from
the same cosmic ray-induced shower. The sensitivity

Figure 7. Per-flavor di↵erential sensitivity for a source at
� = �60� for track analyses of throughgoing (Aartsen et al.
2014d) and starting (Aartsen et al. 2016b) tracks, compared
to this cascade analysis using the event selection from Aart-
sen et al. (2015b). The sensitivity in cascades is enhanced
at 6.3 PeV due to the Glashow resonance (Glashow 1960).
In this plot, all sensitivities are calculated for an equal three
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is weaker near the horizon, where this veto of atmo-
spheric neutrinos is not possible. From the horizon to
the North Pole, the sensitivity then improves for a soft
E�3 spectrum but continues to weaken for a hard E�2

spectrum because high-energy neutrinos are subject to
significant absorption in transit through the Earth. The
sensitivity of the classic track search, by contrast, is
strongly declination-dependent, with best performance
in the northern sky. For a southern source with a soft
spectrum, the sensitivity flux is better with just two
years of cascades than with seven years of tracks.

We further explore the sensitivity to a southern source
at � = �60� in Figure 7, which shows the per-flavor
sensitivity flux for an E�2 signal spectrum injected in
quarter-decade bins in neutrino energy. Here we directly
compare the cascade and track channels by scaling each
analysis to an equal three year livetime — the same
exposure as in the first IceCube point source search to
make use of starting tracks (Aartsen et al. 2016b). At
this declination, the low background cascade search is
more sensitive to such a southern source than IceCube
track-based searches up to ⇠ 1 PeV.

Because of the large angular uncertainty for cascade
events in IceCube, the sensitivity depends only weakly
on the angular size of the source. In Figure 8, the sensi-
tivity is shown as a function of angular extension of the

Where is cross section playing a role??



● It tells us how likely an interaction is going to happen at different energies.. 

● It affects to the rate of events, thus the effective area.
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2 Astroparticle Research with Cosmics in the Abyss (ARCA)

 [GeV]νE
310 410 510 610 710 810

]2
Ef

fe
ct

iv
e 

ar
ea

 [m

4−10

3−10

2−10

1−10

1

10

210

310

410
KM3NeT

 µν
eν
τν

Figure 19: Effective areas of ARCA (two blocks) at trigger level for ⌫µ, ⌫e , and ⌫⌧ , as a function of neutrino
energy E⌫ . The effective area is defined relative to an isotropic neutrino flux incident on the Earth, is
averaged over both ⌫ and ⌫, and includes both NC and CC interactions. The peak at 6.3 PeV is due to the
Glashow resonance of ⌫e .

that survive the cuts of the analysis.
The simulation times per event for different stages are shown in Fig. 20. The simulation time is domin-

ated by event reconstruction and light propagation, which can reach up to a few seconds per event at high
energies. The cascade reconstruction time does not reduce quickly at low energies, since it includes in the
likelihood fit PMTs which have no detections.

The MC events simulated with the described codes have been compared with the data from a prototype
of the string that was deployed at the Italian site and that took data for about one year [3]. The very
good agreement between the data and the MC simulation have demonstrated the high reliability of the MC
simulation chain.

2.2.3 Further improvements

The simulation chain for ARCA is mature, but not complete, and several additions will be required for future
data analysis. These are:

• The simulation of tau (anti-)neutrinos is performed using some simplifications. Charged-current tau
interactions within the Earth are treated as absorbing the neutrino, i.e. the tau ‘regeneration’ effect is
not included. Additionally, only two- and three-body tau decay modes (approximately three quarters
of all decays) are currently implemented – the branching ratio of ⇠ 17.4% for the decay to a muon
is kept constant, while other modes are re-normalised to the remaining 83.6%, and result in almost
identical event topologies at high energies.

• The MUPAGE package for generation of atmospheric muons does not contain a prompt component
originating from charm decays in cosmic-ray-induced air showers. The flux of atmospheric muons with
energies above roughly 10 TeV is therefore underestimated, although likely only by a small amount. A
refined simulation has recently been provided in the CORSIKA [31] framework, where the correlations
between conventional and prompt muon and neutrino fluxes are adequately included at the event-by-
event level. While a production with the new CORSIKA v7.4005 has begun, the high CPU demand
has so far prevented this simulation from being fully processed through the Monte Carlo chain and
used for analysis.

• Atmospheric muon events which coincidentally arrive simultaneously with neutrino events have not
been simulated, since it is anticipated that resolving multiple components will prove feasible for ARCA.
An explicit production of coincident muon events will need to be produced in order to verify this.
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● It tells us how likely an interaction is going to happen at different energies.. 

● It affects to the rate of events, thus the effective area.
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● It tells us the energy of the outgoing lepton and shower. 

● It affects to the energy reconstruction. 

o NN trained with simulated                                                                                                                           
neutrino interactions ->                                                                                                                         
very model dependent!!! 

• Tracks -> How much energy is given                                                                                                                    
to the muon? 

• Shower (NC) -> How much energy                                                                                                                      
is given to the neutrino?
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Erec∝dσ/dy

Figure 1: Energy deposited in Cherenkov-radiating parti-
cles by deep-inelastic ⌫e-nucleon scatterings in ice [5]. In
charged-current interactions within the detector this de-
posited energy is very nearly equal to the neutrino en-
ergy. The larger spread to lower deposited energies in the
right panel is due to neutral-current scattering; the rate
of neutral-current interactions is approximately 3 times
smaller than that of charged-current interactions in the
energy region of interest [6].

energy, in conjunction with the energies of detected out-
going leptons, can then be used to infer the energy of the
original neutrino. In identifiable charged-current interac-
tions (e.g. ⌫µ CC events), neutrino energy resolution for
events where the interaction vertex is observed is in princi-
ple limited only by detector resolution. For neutral-current
events, neutrino energy spectra can be inferred statisti-
cally. A similar method can be used to estimate energy
spectra for events where not all charged particles are con-
tained within the detector [4], such as muons produced in
charged-current ⌫µ interactions an unknown distance out-
side the detector.

Electromagnetic showers are produced in ⌫e charged-
current interactions from the outgoing electron, in ⌧ de-
cays, and along muon tracks from muon bremsstrahlung
and pair production interactions. At high energies (& 1
TeV) such stochastic showers dominate light output from
muons. Electromagnetic showers have nearly identical light
deposition patterns independent of energy [3] from Ice-
Cube’s threshold until the onset of the LPM e↵ect [7–9] at
energies of many PeV. Hadronic showers, produced as the
sole signature of neutral-current neutrino scatterings, as a
component of charged-current scatterings, and from muon
photonuclear interactions, provide very similar profiles but
with a suppressed light yield. These also have larger sta-
tistical variance in the relationship between energy and
Cherenkov light due to the presence of more neutral par-

ticles [10]. Both the relative suppression and variance de-
crease with energy as more neutral pions directly feed the
electromagnetic part of the shower [11]; a 100 GeV (100
TeV) hadronic cascade produces on average 74% (89%) as
much Cherenkov light as a purely electromagnetic cascade
of the same energy, with shower-to-shower variations of
17% (6%) relative to the average [10].

As a result of the dominance of the electromagnetic
shower, the energy deposited in the detector is nearly iden-
tical to the neutrino energy for charged-current ⌫e interac-
tions (Table 1, Fig. 1), but the distribution is quite broad
for neutral-current interactions, in which the outgoing neu-
trino carries a large and highly variable fraction of the
energy out of the detector.

IceCube events have two basic topologies: tracks and
cascades (Table 1, Fig. 2). Tracks are made predomi-
nantly by muons, either from cosmic-ray air showers or ⌫µ
charged-current interactions. Cascades are those events
without visible muon tracks and are formed by particle
showers near the neutrino vertex. These are produced in
⌫e charged-current and all-flavor neutral-current interac-
tions. The particle showers in cascade events have typical
lengths of 10 m (Fig. 3), which are not in general resolvable
with the 17 m vertical inter-PMT spacing and 125 meter
horizontal inter-string spacing of the IceCube array. As
a result, it is not possible to separate ⌫e charged-current
interactions from neutral-current interactions.

For both track and cascade events, we discuss the gen-
eral approach to energy reconstruction and provide exam-
ples of the most commonly used algorithms. All energy
reconstruction methods described here are based on the
linearity of light yield with energy loss and use the com-
mon likelihood model described below. Performance data
provided are meant to characterize the behavior of the
energy reconstruction only and, except when noted other-
wise, are given assuming that the topology of the events,
in particular direction and position, are known exactly.
This controls for uncertainties induced by positional and
directional reconstructions and shows the intrinsic uncer-
tainties of the reconstruction being discussed. Although
the resolutions shown here are typical of energy resolu-
tions in IceCube physics analyses, some variation should
be expected due to uncertainties from topology reconstruc-
tions, which will tend to worsen the resolution, as well as
from selection of well-reconstructed events in the analyses,
which tends to improve it. To show typical performance
in physics analyses, we include the final-level resolutions
of the algorithm being discussed for a recent example Ice-
Cube analysis at the end of each section.

In addition to performance of energy reconstruction in
simulation, we also discuss relevant calibration issues in
data. Accurate measurement of energies requires correct
inference of incident Cherenkov photon fluxes from the dig-
itized photomultiplier signals. We demonstrate this here
using verification of the PMT anode current reconstruction
and single-photoelectron calibration (Sec. 4), the PMT
quantum e�ciency, optical transmissivity of the DOM,

3
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● It affects to the energy reconstruction. 

o Neural network trained with simulated neutrino interactions -> very model dependent!!! 

● It tells us the ID of the outgoing hadrons. 

o Current simulations only take into account light quark mesons (K,π) in the final state. 

o At high energies, more exotic mesons (B,D) can contribute. 

• They will immediately decay into leptons? other hadrons?
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Erec∝σ(q)

Quark

u 14 % 15 %

d 43 % 48 %

c 8 % 10 %

s 23 % 25 %

b 10 % 1 %

E = 106 GeV

Quark content:


