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Motivation: link CR/ ¥ /photon

Open question of the jet composition?
- How many reach relativistic energies?
- Which energies do they reach?
- Where are the UHECRs produced?

- Signatures of CRs in blazar SEDs?
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ANTARES performances

ANTARES in numbers.

-12-line data taking since 2008

- 0(7000) detected neutrinos

- Angular resolution: 0.3-0.4° (median)
- Effective area: ~Im? @ 30 TeV

- Visibility: % of the sky, most of the
galactic plane

- Real-time data processing
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Background suppression

Atmospheric muons ~10 per second
Kovam Atmospheric neutrinos few per day
el Cosmic neutrinos few per year (may be)
& 2 10°
S S 2
i< % 10°
10°
I 107
I 10
/ 1
&l

1 08 06 04 02 0 02 04 06 08 1
Proton cos(zenith angle)

= Atm muons: quite easy to remove (zenith +quality cuts)
= Atm neutrinos: irreducible isotropic background, low energy

D. Dornic — Rencontres de Moriond 2013



Neutrino search method
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Neutrino source: quite high energy and sharp R
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directional distribution, possible specific time
distribution

=> Search of clusters in space with a high
energy content (adding the information of energy
allows to gain ~25% discovery potential) E e
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2 types of point-source analysis:
- All sky search: significant cluster y
=> 8-10 v per source @ 50 discov [ |

- Candidate list: 50 most promising sources A ey
=> 5-6 v per source @ 5¢ discov
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Neutrino search method

2 types of point-source analysis:
- All sky search: significant cluster => 8-10 neutrinos per source
- Candidate list: 50 most promising sources => 5-6 neutrinos per source

| Signal needed fora 5 o evidence the 50% of the times VS flare length |

Adding the time information:

7

=> 2-3 v per source @ 5o discov
=> [ncrease sensitivity by a factor 2-3

6
Time Integrated Analysis (no nhits info used)
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<Signal> (50% prob)

___Time Integrated Analysis
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=> For a very short transient (GRB),
only 1 v per source is sufficient !!!

Analysis for micro-quasars, flares of
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AGN, supernovae, magnetar, GRB...

For the GRB study, see talk of Julia Schmid
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Search for v from microquasars

Six micro-quasars with X-ray or y-ray outbursts in the 2007-2010 satellite data:
Circinus X-1, GX339-4, H 1743-322, IGRJ17091-3624, Cygnus X-1, Cygnus X-3

Analysis of the 6 micro-quasars:

« For 4 black hole binaries v-search split in two:
- During hard X-ray states : “slow” steady jet
- During transition hard—soft : “fast” discrete ejection

« Cyg X-3 : y-ray outburst using Fermi/LAT data
« Cir X-1: X-rays + orbital phase/jet connection
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Search for v from microquasars

No neutrino found in time coincidence with microquasars
=> Upper-limit on the neutrino flux (F.C. 90%)

§ e this analysis
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Model: Levinson, Waxman (2001),
Distefano (2002) assuming a flux
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Search for v from AGN flares

ez Analysis of Fermi data:

- Counting map + lighcurve (2deg)

- Denoising LC (Maximum Likelihood Block method)
- Selection of significant flares

4C +21.35 (MAGIC)
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First analysis: selection of 10 Fermi flaring blazars in 2008:
=> Astropart. Phys. 36 (2012) 204
Updated analyis: 2008-2012 (Fermi+HESS/MAGIC/VERITAS+X-ray)

=> unblinding in progress
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Search for v from AGN flares

Results.

> For 9 sources: no event

2> For 3C279: 1 event compatible with
the source direction (40=0.56°) and time
distribution. Post trial value 10%
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Astropart. Phys. 36 (2012) 204

Source Vis | timePDF(MJD-54000) | LT | N(5¢) | N | Fluence U.L.
PKS0208-512 | 1.0 712-5,722-4,745-7, 8.8 4.5 0 2.8
750-2,753-7,764-74,
820-2
A00235+164 | 0.41 | 710-33,738-43,746-64, | 24.5 | 4.3 0 18.7
766-74,785-7,805-8,
810-2
PKS1510-089 | 0.55 | 716-9,720-5,726-35, 49 | 38 0 2.8
788-90,801-3
3C273 0.49 714-6,716-8,742-5 24 2.5 0 1.1
3C279 0.53 749-51,787-809, 13.8 5.0 1 8.2
812-5,817-21,824-6
3C454.3 0.41 713-51,761-5,767-9, 308 | 44 0 23.5
784-801
0J287 0.39 733-5,752-4,760-2, 43 | 39 0 3.4
768-70,774-6,800-2,
814-6
PKS0454-234 | 0.63 743-5,792-6,811-3 6.0 3.3 0 2.9
WComae | 0.33 726-9,771-3,790-2, 39 | 38 0 3.6
795-7,815-7
PKS2155-304 | 0.68 | 753-5,766-8,799-801, 3.1 3.7 0 1.6
828-30
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Optical follow-up ot v directions

N 3 types of triggers:

ANTARES Shore Station:
On-line reconstruction - doublet (0-04/ yr)
Trigger decision - single HE (1 2/yr)
Alert message (GCN format) ) - single + loc galaxy
directions (12/yr)
ANTARES £
Neutrino Telescope =
O
o{o f o+' ofe o

Optical telescopes Optical images

i Sky coverage (>2r sr) + high duty cycle
Avantages:  Very oood sensitivity (1 neutrino could yield to a discovery !!1)

| No hypothesis on the nature of the source
Astroparticle Physics 35 (2012) 5630-536, arXiv:1103.4477
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TAToO: alert sending

Online processing:

- Online reconstruction + trigger: ~3-5 s

- Alert sending: ~1-10 s depending on the telescope response
- Telescope slewing: ~1-5 s

Minimum delay between the 15t image and the neutrino: ~20 s

Anqular performances:
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TAToO: tollow-up network

Rotse: operation will end november 2012
Swift/XRT: start beginning 2013

Image by Craig Mayhew and Robert Simmon, NASA GSFC, based on DMSP data




TAToO: observation strategy
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TAToO: optical image analysis

2 independent software chains based on the image subtraction.
- SNSL / LAM adapted to the TAROT/ROTSE image quality
- ROTSE SN pipeline

Image from TAToO Follow-Up Reference Image (No signal) Residual Image
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TAToO: Prompt image analysis

=> NNo transient optical counterpart associated to a neutrino detection

=> [nterpretation of the UL in the case of the GRB afterglow

(model independant)
Alert &‘Z’;‘Z) U'SL/'N":§9
ANTI100123A 0.64 12
ANT100302A 1.01 15.7
ANTIO0725A  8.7e-4 145
ANTI00922A  4.7e2  14.0
ANTIOI2IIA  0.50 15.1
ANT110409A 3.0e-3 18.1
ANT110529A 5.2e-3 15.6
ANT110613A 7.8e-4 17.0
ANTI20730  2.4e-4 176
ANTI20907  2.9e-4 169
ANT121010 2.8e-4 18.6
ANT121206 3.1e-4 16.9
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Based on only detected light curves [kann2010]
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Summary and perspectives

v ANTARES : Most sensitive neutrino telsecope in the TeV-PeV range
seeing the southern sky

= No cosmic signal yet (but taking data untill 2016)

v Many coincident searches with other messengers (E.M., G.W., ...)
Off-line : GRBs, micro-quasars, blazars, unknowns
On-line : optical and gamma follow-up



