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Abstract

Many Galactic sources of gamma rays, such as supernova remnants, are expected to produce neutrinos with a typical

energy cutoff well below 100 TeV. For the IceCube Neutrino Observatory located at the South Pole, the southern sky,

containing the inner part of the Galactic plane and the Galactic Center, is a particularly challenging region at these

energies, because of the large background of atmospheric muons. In this paper, we present recent advancements in

data selection strategies for track-like muon neutrino events with energies below 100 TeV from the southern sky. The

2



strategies utilize the outer detector regions as veto and features of the signal pattern to reduce the background of

atmospheric muons to a level which, for the first time, allows IceCube searching for point-like sources of neutrinos

in the southern sky at energies between 100 GeV and several TeV in the muon neutrino charged current channel. No

significant clustering of neutrinos above background expectation was observed in four years of data recorded with the

completed IceCube detector. Upper limits on the neutrino flux for a number of spectral hypotheses are reported for a

list of astrophysical objects in the southern hemisphere.

Keywords: neutrinos, point sources, veto techniques

1. Introduction

Cosmic rays below the knee are often thought to be

of Galactic origin [1]. This theory is strengthened by

observations by H.E.S.S. [2] and Fermi [3] of gamma

rays associated with Galactic sources which are mainly

found in the southern sky, containing the Galactic cen-

ter and the majority of the Galactic plane. For many

gamma-ray observations, however, it is unclear whether

they are produced by interactions of cosmic ray nu-

clei or leptonic processes. The observation of neutrinos

from a Galactic object would be an unambiguous in-

dication of cosmic ray production or interaction in its

vicinity. A diffuse astrophysical flux of high-energy

neutrinos was first detected with the IceCube detector

in 2013 [4] and recently, for the very first time, convinc-

ing evidence for the association of high-energy neutri-

nos with an astrophysical source (an active galactic nu-

cleus) was presented [5, 6]. Independent of these suc-

cesses, observations in particular in the southern sky re-

main challenging for IceCube because of the large back-

ground, on the order of 100 billion muons per year, pro-

duced in the atmosphere by cosmic ray interactions.

Neutrino interactions result in two basic patterns in

the IceCube detector: tracks and cascades. Muon neu-

trinos undergoing a charged-current interaction gener-

ate a muon which, while traveling through the detector,

leaves a track-like pattern of light in the detector. This

allows the reconstruction of the direction of the origi-

nal neutrino with a precision of half a degree to a few

degrees in the energy range below 100 TeV depending

on the track length and energy [7]. All other neutrino

interactions in this energy range lead to a point-like

energy deposition generating a spherical (cascade-like)

light pattern with a considerably worse angular resolu-

tion of up to several tens of degrees [8].

So far, IceCube has used two general strategies to

search for emission from point-like sources in the south-

ern sky. In one approach, a cut on the deposited energy

retains only events above ∼1 PeV (see for example [9])

where the flux of atmospheric muons is substantially

suppressed due to their steeply falling energy spectrum.

This is challenging for Galactic sources, however, since

these are predicted to emit neutrinos only up to a few

tens of TeV [10, 11, 12]. For the detection of neutrinos

with energies below 1 PeV from the southern sky, a dif-

ferent approach has been used. By focusing on muon

neutrino interactions inside the detector volume and us-

ing the outer region as a veto, interactions of astrophys-

ical neutrinos can be distinguished from those of muons

and neutrinos of atmospheric origin. This analysis tech-

nique was first applied in the discovery of the diffuse as-

trophysical neutrino flux [4]. A modified version of this

selection, the Medium-Energy Starting Event (MESE)

analysis [13], has been used to improve the sensitivity

of the IceCube detector to point-like neutrino sources

in the southern sky for energies below 100 TeV, with

most of the gain applying to neutrinos above 50 TeV.

In addition, a search for neutrino sources in the south-

ern hemisphere was performed looking for cascade-like

event signatures [8], resulting in an improved sensitivity

to spatially extended sources and sources that follow a

soft energy spectrum.

To improve the sensitivity of track-like searches in

the range from 100 TeV down to 100 GeV, two new

selection strategies, STeVE (Starting TeV Events) and

LESE (Low-Energy Starting Events), have been devel-

oped and are presented in this paper. These strategies

use several veto techniques with the aim of keeping the

fiducial volume of the detector large while reducing the

background from atmospheric muons.

The paper is structured as follows: In Section 2 we

introduce the IceCube Neutrino Observatory, includ-

ing a brief discussion of the conditions used to form

event triggers relevant for veto-based selection strate-

gies. Section 3 describes the Full Sky Starting (FSS) on-

line event filter developed for online2 selection of low-

energy events from the southern sky, and in Section 4

the STeVE and LESE event selections are presented (in-

depth discussions can be found in [14] and [15], respec-

tively). The performance of these event selections is

demonstrated in Section 5, where they are applied to a

search for point-like sources in the southern sky using

2Processing in the IceCube Laboratory at the South Pole.
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2.1. Noise cleaning

Dedicated cleaning algorithms are used to identify

and remove hits related to noise in the detector. Angular

reconstructions are quite sensitive to noise hits, and thus

require a strict cleaning. In contrast, semi-isolated hits

of low quality contain important information for use in a

veto. This is why the reconstructions of neutrino inter-

action vertices are performed using a less strict clean-

ing. The cleaning and subsequent reconstructions are

based on the collection of observed pulses in each event,

where each pulse is defined by the charge and leading

edge time as extracted from the corresponding wave-

forms using an iterative unfolding algorithm with pre-

defined templates [24].

For reconstruction of the neutrino interaction vertex,

pulses are first cleaned using a time-window cleaning

algorithm in which pulses are rejected if they are out-

side the range [-4, 6] µs relative to the earliest recorded

trigger in the event. In a second step, both timing and

spatial information are used to remove pulses that are

isolated from the main clusters of hits. This cleaning re-

tains 96% of the physics hits and about 18% of the noise

hits.

For the angular reconstructions, an iterative causal-

ity cleaning algorithm, initially considering only a clean

subset of HLC pulses, is applied. Starting from this

core, pulses are added if they are within a specified time

and radius of the seed pulses. This is followed by the ap-

plication of a time-window cleaning algorithm rejecting

pulses outside the range [-4, 10] µs, relative to the earli-

est trigger of the event. This cleaning is slightly stricter

than the cleaning used for the reconstruction of the inter-

action vertex, and keeps 92% of the physics hits, while

rejecting 97% of the noise hits.

2.2. Reconstruction techniques

The timing and location of the DOMs participating

in an event provide the most important information in

the determination of the most likely direction and po-

sition of the muon in the detector, which is in turn the

best available proxy for the neutrino arrival direction;

the neutrino-induced muons are highly boosted in the

forward direction but are produced with a small angle,

approximately 〈ψνµ〉 ≈ 0.7◦/(Eν/TeV)0.7 [25], com-

pared to the primary neutrino direction. A simple algo-

rithm [26] is used as a first guess, while more advanced

algorithms [27] are applied following several stages of

cuts, when the number of events has been reduced sig-

nificantly. The advanced algorithms use the expected

photon arrival time distribution from the track hypothe-

sis, taking into account effects of the ice [28].

Early levels of event selections use the result from an

iterative fit based on a single photoelectron (SPE) PDF,

approximating the timing distribution of the Cherenkov

photons arriving at a given PMT using only the time

of the first recorded pulse for each participating DOM.

The first recorded pulse is likely to be the least scattered

and hence contains the most information about the true

track direction. At higher levels of the selections, the

so-called multi-photoelectron (MPE) likelihood is used

which, in addition to the time and charge of the first pho-

ton, uses the sum of charges of all subsequent photons.

Furthermore, while the SPE-based reconstruction uses

an analytical approximation of the timing distribution

of the Cherenkov photons arriving at a given PMT, in

the MPE algorithm a parametrization of a Monte Carlo

simulation of the photon transport in ice is used [29].

The resulting multi-dimensional spline tables are used

together with a depth-dependent model of the optical

properties of the ice [28]. The SPE-based reconstruc-

tion is used in the online event selection described in

Section 3, while the MPE-based reconstruction is used

in a likelihood analysis to search for clustering of signal-

like events.

The angular uncertainty of each event is estimated by

fitting a paraboloid to the likelihood space around the

reconstructed direction obtained from the MPE-based

algorithm [30]. Since the paraboloid algorithm often

underestimates the true angular uncertainty, an energy-

dependent correction, determined from simulation, is

applied. In early steps of the LESE selection, an ad-

ditional cut is applied on the angular uncertainty, esti-

mated using the Fisher information matrix of the pro-

vided track reconstruction.

The reconstructed vertex position of the neutrino in-

teraction is a key parameter in the low-energy veto-

based event selections described in Section 4. A simple

first-guess approach is used in the initial event filter: the

point of earliest photon emission is estimated by pro-

jecting all hits within 200 m of the input seed track onto

that track along the Cherenkov angle [31].

At higher levels of the selections, a more advanced

vertex reconstruction algorithm is used, that estimates

both the starting and stopping point of the muon. The

algorithm minimizes a likelihood considering the prob-

ability to not observe photons, given an infinite/finite

track hypothesis. Further details of this procedure are

presented in [31]. Additional variables are derived

from these reconstructions, for example the reduced

log-likelihood value indicating the overall quality of the

fit, and the ratio between the individual likelihoods for

the finite and infinite track hypotheses. These variables

are used in the LESE selection, see Section 4.2.
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ation. The sparse DOM instrumentation poses a ma-

jor challenge for using vetoes to suppress atmospheric

muons with energies below 10 TeV. Atmospheric muons

that reach the inner detector volume without leaving a

detectable signal in the outer regions become an irre-

ducible background for point-source searches, similar

to atmospheric neutrinos.

The idea for STeVE is based on the event selection

presented in [13] (MESE) with the aim of lowering the

energy threshold further, below 50 TeV. The second

strategy, LESE, aims at selecting track-like events with

energies as low as 100 GeV, leveraging the experience

gained with veto-based selection techniques in searches

for dark matter [33, 34, 35]. Common to both strate-

gies is the suppression of events with multiple atmo-

spheric muons. Such coincident events are particularly

challenging to veto and reconstruct as a whole as they

do not fit the hypothesis of a single muon. Therefore,

such events are split into separate single-muon events

utilizing the spatial and temporal pattern of hits.

Throughout the event selections we use a sub-sample

of experimental data to represent the atmospheric muon

background, while simulated muon-neutrino events

were used to describe the signal. Simulated atmospheric

muons were used to verify the overall shape of each

variable compared to the experimental data sample:

variables with significant discrepancy beyond the sta-

tistical uncertainty of the samples were excluded from

the analyses.

4.1. Starting TeV Events (STeVE)

This event selection strategy exploits the difference

in the observed photon pattern of bundles of low-energy

muons compared to individual high-energy muons. The

selection focuses on identifying starting events from the

southern hemisphere at energies between 10 TeV and

100 TeV. In order to reduce the event rate to a level

where sophisticated reconstructions for the extraction of

detailed track parameters can be used, a cut on a first-

guess energy estimator is applied. The energy is recon-

structed by evaluating the average light yield of a hypo-

thetical infinite muon track with emission of photons at

the Cherenkov angle. The expected number of photons

for each DOM is compared to the observed photon pat-

tern and the difference is minimized using a likelihood.

The ice properties are described analytically, neglect-

ing depth dependency [24]. While events with a recon-

structed energy larger than 10 TeV pass, events with a

lower reconstructed energy, down to 1 TeV, only pass

the selection if the maximal distance between a pair of

HLC DOMs in the event exceeds 150 m, or if the first

DOM with an HLC pulse is not on the second outer-

most layer of the detector marked by the dotted line in

Fig. 1. Note that events with the first HLC on the outer-

most layer are already removed by the FSS filter.

After this initial rejection more sophisticated direc-

tion and energy reconstruction algorithms are applied,

aiming for efficient separation of neutrino-induced sin-

gle muon tracks that start inside the detector vol-

ume from background muon tracks passing undetected

through the veto layers. The latter mainly consists of

atmospheric muon bundles with a smooth energy loss

distribution. In contrast the energy loss of individual

high-energy muons is dominated by stochastic losses,

as illustrated in Fig. 3.

The events are reconstructed using the segmented

energy-loss algorithm discussed in [24]. This deter-

mines the energy deposition of the event by fitting

stochastic energy losses in segments along the recon-

structed track, in this case with a spacing of 15 m be-

tween each segment. The position and energy of the

fitted losses are used to calculate several length and en-

ergy parameters of the track (Fig. 3). The reconstructed

length in the detector is defined by the distance between

the first and last energy loss along the track. Two ad-

ditional track variables are derived with respect to the

veto-boundary depicted with a grey solid line (see also

Fig. 2): the length-to-entry, defined as the distance be-

tween the first energy loss along the track and the entry

point of the track through the veto-boundary, and the

length-to-exit, defined as the distance between the last

energy loss along the track and the exit point of the track

through the veto-boundary. As muons with TeV ener-

gies have average propagation lengths well above the

size of the IceCube detector, a muon generated inside

the detector will generally leave the detector. On the

other hand, an atmospheric muon can lose most of its

energy before reaching the detector and therefore stop

inside. An energy estimate of the total deposited energy

for each event is defined as the sum of the individually

reconstructed energy depositions in each segment, ex-

cluding depositions reconstructed outside of the instru-

mented detector volume.

Apart from the quantities discussed above, additional

parameters describing the event, for example the charge

weighted mean of DOM positions, have been found

to provide separation power between signal and back-

ground. In total, 19 observables were selected. De-

tails about these observables can be found in [14]. The

observables were used as the inputs to a binary clas-

sifier which made use of both boosting and pruning,

producing an event score between −1 and 1 indicat-

ing whether the events are background- or signal-like,
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due to their considerably better pointing, would enable

the localization of a sufficiently strong source.

The samples are well suited for a large variety of anal-

yses, including searches for extended sources and for

neutrino emission in the Galactic plane.
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Appendix A. Tabulated results for sources in the a

priori search list

This appendix contains the tabulated results for

sources in the a priori search list of astrophysical ob-

jects.
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Source R.A. [◦] dec. [◦] − log10(p-val.) n̂S γ̂
Φ90%
νµ+ν̄µ

× TeVcm−2s−1

E−2
ν E−2

ν e−Eν/10 TeV E−3
ν

IGR J18490-0000 282.3 0.0 - 0.0 - 1.11·10−10 8.60·10−10 1.38·10−11

HESS J1848-018 282.1 -1.8 - 0.0 - 3.82·10−11 2.24·10−10 2.63·10−12

HESS J1846-029 281.6 -3.0 - 0.0 - 4.37·10−11 1.75·10−10 1.96·10−12

HESS J1843-033 280.8 -3.3 - 0.0 - 4.26·10−11 1.69·10−10 1.86·10−12

HESS J1841-055 280.2 -5.5 - 0.0 - 3.08·10−11 1.84·10−10 1.84·10−12

3C 279 194.0 -5.8 - 0.0 - 3.21·10−11 1.84·10−10 1.89·10−12

HESS J1837-069 279.4 -7.0 - 0.0 - 3.84·10−11 2.08·10−10 2.15·10−12

QSO 2022-077 306.4 -7.6 0.11 7.0 6.0 6.35·10−11 4.15·10−10 4.17·10−12

PKS 1406-076 212.2 -7.9 - 0.0 - 3.99·10−11 2.23·10−10 2.25·10−12

HESS J1834-087 278.7 -8.8 0.37 1.5 2.5 4.01·10−11 2.67·10−10 2.70·10−12

PKS 1510-089 228.2 -9.1 - 0.0 - 3.39·10−11 2.12·10−10 2.21·10−12

HESS J1832-093 278.2 -9.4 0.26 2.4 2.3 5.08·10−11 3.35·10−10 3.39·10−12

HESS J1831-098 277.9 -9.9 0.08 4.5 2.3 6.46·10−11 4.78·10−10 5.04·10−12

PKS 0727-11 112.6 -11.7 0.18 7.3 3.6 6.14·10−11 4.29·10−10 4.31·10−12

1ES 0347-121 57.3 -12.0 - 0.0 - 4.28·10−11 2.84·10−10 2.95·10−12

QSO 1730-130 263.3 -13.1 0.12 6.4 4.6 5.81·10−11 5.46·10−10 6.30·10−12

HESS J1825-137 276.4 -13.8 - 0.0 - 3.72·10−11 3.17·10−10 4.10·10−12

LS 5039 276.6 -14.8 - 0.0 - 3.84·10−11 4.13·10−10 5.26·10−12

SNR G015.4+00.1 274.5 -15.5 0.41 0.5 3.5 4.53·10−11 4.80·10−10 6.31·10−12

HESS J1813-178 273.4 -17.8 0.44 0.3 2.6 4.33·10−11 4.27·10−10 7.60·10−12

SHBL J001355.9-185406 3.5 -18.9 0.40 0.9 3.0 4.72·10−11 4.48·10−10 8.30·10−12

HESS J1809-193 272.6 -19.3 0.22 3.9 3.8 5.81·10−11 4.71·10−10 1.12·10−11

KUV 00311-1938 8.4 -19.4 0.01 16.3 3.0 1.08·10−10 4.75·10−10 2.31·10−11

HESS J1808-204 272.2 -20.4 - 0.0 - 5.15·10−11 5.29·10−10 9.12·10−12

HESS J1804-216 271.1 -21.7 0.15 2.8 3.2 6.23·10−11 5.94·10−10 1.49·10−11

W 28 270.4 -23.3 - 0.0 - 4.31·10−11 5.58·10−10 1.16·10−11

PKS 0454-234 74.3 -23.4 0.34 0.1 2.9 4.33·10−11 6.21·10−10 1.21·10−11

1ES 1101-232 165.9 -23.5 0.37 0.2 2.8 4.36·10−11 5.63·10−10 1.16·10−11

HESS J1800-240A 270.5 -24.0 - 0.0 - 4.55·10−11 5.86·10−10 1.23·10−11

HESS J1800-240B 270.1 -24.0 0.37 0.2 2.9 4.64·10−11 5.89·10−10 1.21·10−11

PKS 0301-243 45.8 -24.1 0.03 12.8 3.7 7.76·10−11 5.93·10−10 2.45·10−11

AP Lib 229.4 -24.4 - 0.0 - 5.01·10−11 6.01·10−10 1.20·10−11

Terzan 5 267.0 -24.8 - 0.0 - 5.11·10−11 6.10·10−10 1.28·10−11

NGC 253 11.9 -25.3 0.21 1.7 3.4 5.33·10−11 6.12·10−10 1.57·10−11

SNR G000.9+00.1 266.8 -28.2 0.13 2.6 2.8 4.66·10−11 5.22·10−10 1.77·10−11

Galactic Centre 266.4 -29.0 - 0.0 - 3.30·10−11 4.96·10−10 1.05·10−11

PKS 1622-297 246.5 -29.9 - 0.0 - 3.41·10−11 5.18·10−10 1.06·10−11

HESS J1741-302 265.2 -30.2 - 0.0 - 3.69·10−11 5.22·10−10 1.07·10−11

PKS 2155-304 329.7 -30.2 - 0.0 - 3.71·10−11 5.23·10−10 1.06·10−11

HESS J1745-303 266.3 -30.4 - 0.0 - 3.86·10−11 5.28·10−10 1.07·10−11

H 2356-309 359.8 -30.6 0.39 0.6 2.7 4.59·10−11 5.37·10−10 1.18·10−11

1RXS J101015.9-311909 152.6 -31.3 0.05 6.4 3.0 6.67·10−11 5.49·10−10 2.13·10−11

PKS 0548-322 87.7 -32.3 0.15 5.4 3.3 5.30·10−11 5.14·10−10 1.54·10−11

HESS J1729-345 262.4 -34.5 - 0.0 - 4.35·10−11 5.23·10−10 1.14·10−11

HESS J1731-347 263.0 -34.8 - 0.0 - 4.35·10−11 5.27·10−10 1.16·10−11

PKS 1454-354 224.4 -35.6 - 0.0 - 4.06·10−11 5.28·10−10 1.13·10−11

SNR G349.7+00.2 259.5 -37.4 - 0.0 - 4.61·10−11 5.44·10−10 1.17·10−11

PKS 0426-380 67.2 -37.9 - 0.0 - 4.38·10−11 5.55·10−10 1.17·10−11

CTB 37B 258.5 -38.2 0.32 0.5 2.5 4.75·10−11 5.62·10−10 1.30·10−11

Table A.1: Best-fit results and upper limits at 90% C.L. for the astrophysical sources in the a priori search list. The n̂S and γ̂ columns give the

best-fit values for the number of signal events and spectral index for the assumed power-law spectrum E−γ, respectively. The last three columns

show the 90% C.L. flux upper limits for νµ+ ν̄µ, based on the classical approach [45], for various source spectra. Note that the limits in the rightmost

column are normalized to an E−2
ν spectrum at E = 100 TeV.
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Source R.A. [◦] dec. [◦] − log10(p-val.) n̂S γ̂
Φ90%
νµ+ν̄µ

× TeVcm−2s−1

E−2
ν E−2

ν e−Eν/10 TeV E−3
ν

HESS J1718-385 259.5 -38.5 - 0.0 - 4.56·10−11 5.84·10−10 1.22·10−11

CTB 37A 258.6 -38.6 0.37 0.1 2.5 4.62·10−11 5.70·10−10 1.24·10−11

RX J1713.7-3946 258.4 -39.8 - 0.0 - 3.73·10−11 5.90·10−10 1.22·10−11

HESS J1708-410 257.1 -41.1 0.35 0.1 2.6 3.76·10−11 6.23·10−10 1.23·10−11

SN 1006-SW 225.5 -41.1 - 0.0 - 3.62·10−11 6.01·10−10 1.22·10−11

SN 1006-NE 226.0 -41.8 0.04 5.8 4.0 6.37·10−11 1.16·10−9 2.08·10−11

HESS J1702-420 255.7 -42.0 - 0.0 - 3.53·10−11 5.54·10−10 1.17·10−11

1ES 1312-423 198.7 -42.6 - 0.0 - 3.48·10−11 5.21·10−10 1.11·10−11

Centaurus A 201.4 -43.0 - 0.0 - 3.54·10−11 4.95·10−10 1.07·10−11

PKS 0447-439 72.4 -43.8 - 0.0 - 3.08·10−11 4.48·10−10 9.57·10−12

PKS 0537-441 84.7 -44.1 - 0.0 - 3.01·10−11 4.44·10−10 9.48·10−12

HESS J1708-443 257.0 -44.3 0.38 0.7 2.9 3.06·10−11 4.84·10−10 1.03·10−11

Vela Pulsar 128.8 -45.2 0.19 1.9 3.4 3.96·10−11 6.81·10−10 1.32·10−11

Vela X 128.8 -45.6 0.34 0.3 2.9 3.03·10−11 5.46·10−10 1.09·10−11

Westerlund 1 251.7 -45.8 0.33 0.6 2.9 3.11·10−11 5.44·10−10 1.10·10−11

HESS J1641-463 250.3 -46.3 0.27 0.7 3.0 3.66·10−11 5.98·10−10 1.17·10−11

RX J0852.0-4622 133.0 -46.4 - 0.0 - 3.12·10−11 5.37·10−10 1.08·10−11

HESS J1640-465 250.2 -46.5 0.28 0.6 2.9 3.69·10−11 5.93·10−10 1.23·10−11

HESS J1634-472 248.7 -47.3 0.26 1.6 3.2 3.56·10−11 6.29·10−10 1.29·10−11

HESS J1632-478 248.0 -47.8 0.24 1.3 2.7 3.83·10−11 6.67·10−10 1.39·10−11

GX 339-4 255.7 -48.8 - 0.0 - 3.55·10−11 6.02·10−10 1.27·10−11

PKS 2005-489 302.4 -48.8 0.06 3.0 2.3 5.00·10−11 1.09·10−9 2.07·10−11

HESS J1626-490 246.5 -49.1 0.06 4.9 3.6 5.02·10−11 1.12·10−9 2.08·10−11

HESS J1616-508 244.1 -50.9 0.00 2.7 1.9 7.85·10−11 1.88·10−9 3.29·10−11

HESS J1614-518 243.6 -51.8 0.01 1.8 1.8 5.84·10−11 1.52·10−9 2.63·10−11

SNR G327.1-01.1 238.7 -55.1 0.12 3.8 3.5 4.37·10−11 9.03·10−10 1.77·10−11

Cir X-1 230.2 -57.2 - 0.0 - 4.03·10−11 8.32·10−10 1.68·10−11

Westerlund 2 155.8 -57.8 - 0.0 - 3.98·10−11 8.94·10−10 1.70·10−11

HESS J1026-582 156.7 -58.2 - 0.0 - 3.87·10−11 9.19·10−10 1.74·10−11

HESS J1503-582 225.9 -58.2 - 0.0 - 3.86·10−11 9.26·10−10 1.72·10−11

HESS J1018-589 154.4 -59.0 - 0.0 - 3.62·10−11 9.32·10−10 1.74·10−11

MSH 15-52 228.5 -59.2 - 0.0 - 3.61·10−11 9.22·10−10 1.73·10−11

SNR G318.2+00.1 224.4 -59.5 - 0.0 - 3.56·10−11 9.04·10−10 1.75·10−11

ESO 139-G12 264.4 -59.9 - 0.0 - 3.49·10−11 8.83·10−10 1.67·10−11

Kookaburra (PWN) 215.0 -60.8 0.29 0.5 3.0 3.50·10−11 9.42·10−10 1.78·10−11

HESS J1427-608 217.0 -60.9 - 0.0 - 3.36·10−11 9.29·10−10 1.75·10−11

HESS J1458-608 224.5 -60.9 - 0.0 - 3.32·10−11 9.23·10−10 1.75·10−11

Kookaburra (Rabbit) 214.5 -61.0 0.27 0.6 3.0 3.43·10−11 9.30·10−10 1.81·10−11

SNR G292.2-00.5 169.8 -61.4 - 0.0 - 3.36·10−11 9.46·10−10 1.73·10−11

HESS J1507-622 226.7 -62.4 0.34 0.2 2.5 3.29·10−11 8.77·10−10 1.64·10−11

RCW 86 220.7 -62.4 - 0.0 - 3.30·10−11 9.06·10−10 1.67·10−11

HESS J1303-631 195.7 -63.2 - 0.0 - 3.15·10−11 8.90·10−10 1.63·10−11

PSR B1259-63 195.7 -63.8 - 0.0 - 3.21·10−11 9.23·10−10 1.67·10−11

HESS J1356-645 209.0 -64.5 0.32 0.4 2.2 3.27·10−11 9.79·10−10 1.73·10−11

LHA 120 84.4 -69.2 - 0.0 - 3.85·10−11 1.22·10−9 2.21·10−11

30 Dor-C 84.0 -69.2 - 0.0 - 3.85·10−11 1.27·10−9 2.21·10−11

LMC N132D 81.3 -69.6 - 0.0 - 3.83·10−11 1.32·10−9 2.32·10−11

Table A.2: Table continued. Best-fit results and upper limits at 90% C.L. for astrophysical sources in the a priori search list.
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