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ANTARES

T ] 7 Detschland e Largest neutrino telescope in
\“fiw X the Northern Hemisphere.
5 i ) o PR
S * Placed near the French
W e Mediterranean coast (La
° ’ Seyne sur Mer, France).
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* Collaboration of 31 research
institutes from 8 countries
(~150 collaborators).

* First designs in 1999,
completed in 2008.
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e Large array of PMTs deep in ice or water.
* Neutrino CC interaction near the detector = muon track
* Muon detected through Cherenkov light in transparent medium (ice, water)

» Position and time of hits are collected by the PMT array =2 Track
reconstruction
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Data selection

Data range: 2007-2012 10°k, +da
ata
— Livetime: 1338 days (60% larger 107 _
o . [2]
than the previous analysis) = Edatm. v
o 10°
()
Simulation of events: 3
— Neutrino (GENHEN) and muon £ 10* E
(MUPAGE) flux estimation. E 103;5
— Run by run: Same conditions 5 ol
s 10°F
generated than real data. = 3
>
o 1025
Identical track reconstruction - o | .

with a log likelihood
maximization method (A
quality parameter)
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Data selection
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Data vs simulation comparison: Events as a
function of the zenith angle.

Data vs simulation comparison: N, ;.. energy
estimator.
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Data selection

number of events / bin

ratio

Data vs simulation comparison: Angular error
estimator ()

Final data sample obtained by
requiring a minimum discovery flux
at 5o significance.

Optimal parameters:
- NA>-5.2
- B<1°
— cos(8)>-0.1

- Nhits

Final sample with 5516 candidate
events.
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Detector performance

Cumulative distribution
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Cumulative angular resolution distribution for the
final sample assuming an E-2 spectrum. Median: 0.4°

Acceptance: Number of expected signal events vs
declination for a point-source (®,= 10® GeV cm? s,

E-2 spectrum)
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Point source analyses

e Search for accumulation of events (clusters) by using an unbinned
likelihood:

ng: Fitted source

|OgL( ) ElogL( ) Elog S+ ]__ Bi events.

N N: Total events.

Signal PDF: Background PDF:
2
"Xs'xi‘
] 22
S = e * P(E.8) B =B(&)P (E.B
| 2 S I ]
270
X,: Source position. §;: Declination of the i-event.
x;: Event position. E;: Energy (estimator) of the i-event.
E;: Energy (estimator) of the i-event. B.: Angular error estimate of the i-event.

B.: Angular error estimate of the i-event.
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Signal PDF:
: |

5 = P (E.B

| 2.77,’/37’26 S( | ﬁll)

Background PDF: Cy A
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Point source analyses

e Search for accumulation of events (clusters) by using an unbinned
likelihood:

n: Fitted source

IogL(ns)=2IogLi( ) Elog =S+ s B events.

N N: Total events.

* From this likelihood, we define the TS sample distributions
following test statistic:

IS=logL™(n )-logL(n, =0)

Sample TS distribution for background,
1 source event, 3 source events and 6
source events for a source position of 1 i ‘

° 0 5 10 15 20 25 30 35 40
dec =-45 TS
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Point source analyses: Strategies

Full sky search

e Search for accumulation of events (“clusters”)
* Pre-selection: 4 events in a cone radius of 3°.
* TS evaluation (Free parameters: n,, §,, o).

Candidate list search

e List of 50 known sources which are neutrino candidates.
* SNRs, AGNs, ...
e TS evaluation (Free parameter: n,)
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Point source analyses: ANTARES

(.0)=(98.24, 5.81) [2007-12] vz
= — — ® 25<=Nhits<50
= F P .. 50<=Nhits<75
© b e "~ Lo Nnits>=75
E Candidate list:
3 77"~ | Posttrial p-value: 0.061 pre-trial skymap
SR «®. | Significance: 1.90 1 P
L0 | RAT9s2 DEC: 5°8 e 3
: "o | HESS J0632+057 10" &
- 1 PR T LA 10-2
96 97 98 99 100 101
al]
10°
5=0°
(0,8)=(-46.84, -64.87) [2007-12] ® Nhits<25 10%
= ,62'_”\":.  25<=Nhits<50
w I - ’ 50<=Nhits<75|
r .. | @ Nhits>=75 10°
»63_— .
e 10
-65:— 107
el o Full sky search:
C 7| Post trial p-value: 0.027
71 s T Significance: 2.20
T T o RA: -46°8 DEC: -64°9
oo e e, i: Same cluster than in the 2007-2010 .
analysis
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Point source analyses: Limits

ANTARES has the best
sensitivity for the Southern
sky for a reasonable energy
spectrum (Galactic sources:
E uiorr < 100 TeV)

—
n —— ANTARES sensitivity (1338 days)
l ANTARES (1338 days)
S ANTARES full-sky limit - 1° bands (1338 days)
E =xs ANTARES E, <100 TeV sensitivity
3) - ... IceCube 3 years sensitivity
H == IceCube 3 years E_ <100 TeV sensitivity
> . D IceCube 4 years *
GJ -
O,

—— Icecube 4 years sensitivity

2 107F -
i - ——
NLlJ :-'-'—’--,-._,,.mmm H B

IC sensitivity comes mostly ":'

from events with E >100 TeV.
10°

Combined analysis (ANTARES
+lceCube data) will help to

improve the sensitivity over . o

. 10°h
the Southern Hemisphere ST SO
(ongoing). -1 -0.8-06-04-02 0 0.2 0.4 06 0.8 1

sin(d)
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Point source analyses: Implications on
IceCube HE analysis

If the events around GC come from
point-like source: E20 = 8x108 GeV p

)

cm2 s (MC Gonzalez et al, arXiv: @ 2o ian-os
1310.7194 ). 2 e
©)
Search 20° around the Galactic ;:j 107
Centre < - -
— Same algorithm than Full Sky Search e

— Search both for point and extended
sources up to 3°.

Single source with up to 0.5° width o
is discarded (for such a flux) for A R e e e e s
most of possible source
declinations.
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Conclusions

2007-2012 analysis: Livetime 60% larger than in the previous analysis
(2007-2010)

Two types of searches have been used:
— Candidate list: HESS J0632+057 , significance of 1.90
— Full sky search: (a,6) =(313.2, -64.9), significance of 2.30

Limits between 1-4 x 108 GeV cm2s1,

Implications of the IceCube HE analysis:
— No statistical significance of a cluster found.
— Events cannot come from a single point source.
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