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First cosmic HE neutrino signal

detected by IceCube

After several decades of scientific and technical efforts
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What can ANTARES say?
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Highlighted topics

e Diffuse fluxes
— full-sky (tracks and showers)
— Fermi Bubbles

e Point sources

— Full-sky and selected candidates
— nearthe Galactic Centre

 Multi-messenger searches

e Dark Matter

— Sun, Galactic Centre

Left out : neutrino oscillations, magnetic monopoles, multi-messenger searches with optical devices, GWHEN
\ (VIRGO/LIGO), dark matter: dwarf galaxies, Earth, secluded DM, nuclearites, associated sciences,...




The ANTARES Telescope o

25 storeys / line
3 PMTs / storey
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Diffuse fluxes — S

e Good runs

Period; 29 Jan 2007 to 31 December 2012
Good detector + environmental conditions

Total livetime: 1247days
Burn sample: 135 days.

e Shower reconstruction algorithm
Good reconstruction efficiency

Compares well with simulation:
(“run-by-run Monte Carlo” with
environmental conditions simulated)

 Selection chain:
Muon filter = Hits > 2 lines - No spark events
Fitted zenith >94° + E > 10 TeV

shower

* Sensitivity per neutrino flavour:

E?. &gy, = 2217057 . 1078 GeV/em? - st -

nower analysis
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Reconstruction efficiency vs MC energy
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MC shower energy [GeV]
EVENT NUMBERS AFTER Cosmic  Atmospheric
FINAL OPTIMIZED CUTS signal background
events events
Cosmic signal 1.75
(test flux 1.2 * 1078 per flavour)
Conventional atmospheric - 2.32
neutrinos
Prompt atmospheric neutrinos - 0.56
Tau neutrino estimation 0.78 0.02 (prompt)
Atmospheric muon extrapolation - 1.85
Correction for missing vertex 0.26 0.16

showers in CC muon simulations

High multiplicity muon bundles - 0.01

TOTAL 2.79 4.92
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Energy distribution
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Interpreting excess as

{ Two of the 8 observed events
a background fluctuation:

Limits on normalization of an E~2 flux:

—2050 ANTARES Preliminary
Event 46852/51708
Fitted energy: 39 TeV

o é
E2 bygy, < 3.9x 108 GeV cm2 st srt : ‘ ‘
(Feldman-Cousins 90% C.L. upper limit)

Event 28722/45202 2480
Fitted energy: 39 TeV 2460
Fitted zenith: 106° 2440

2420 'y [m] 8200
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(systematic uncertainties using Pole 1.0)
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Showers (all flavours):

2007-2012 (1247 days)

Expected background: 4.9 events
Observed: 8 events

E2dN/dE <4.9x 108 GeVcm2s1grl
(per flavour, 90% CL)

23TeV <E<7.8PeV

Diffuse flux

Tracks (v.):

2008-2011 (885 days)

Expected background: 8.4 events
Observed: 8 events

E2dN/dE <5.1 x108GeVcm2slsr?
(90% CL)

45 TeV <E <10 PeV

E%® [GeVem 2~ 1sr~1] per neutrino flavour

Limits and measurements of the diffuse neutrino flux
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Diffuse fluxes from special regions

Fermi Bubbles Galactic Plane — central region

*Excess of y- (and X-)rays in extended “bubbles” » The Galactic Plane is a most populated region.
above and below the Galactic Centre. Homogenous

intensity, hard spectrum (E?) probably with cutoff. - . Cosmic rays can interact and produce neutrinos.

LAM. Su et al., ApJ. 724 (2010), G. Dobler et al., ApJ. 717, 825 (2010), M. Su &
D.P. Finkbeiner ApJ 753, 61 (2012), R. Yang et al., astro-ph 1402.040 ° E-27 Spectrum expected (due to the IOW denSIty

leptons can decay). Magnetic fields could enhance

*In the field of view of ANTARES background the neutrino signal.
estimated from average of 3 non-overlapping “off-
zone” data regions (same size, shape and average - In the field of view of ANTARES background
detector efficiency) estimated from off-zones.
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Fermi bubbles

Special regions

Galactic Plane

\

n, = 16551+ 45

Antares:
» n = 177%x13
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Search for Point Sources

+-data
Hatm.p
Eatm.v

§ 106;
e Good runs o -
Period: 29 Jan 2007 to 31 December 2012 g 1:§
r op 3 10°E
Good detector and environmental conditions 5 of
Total livetime: 1338 days 13
4
o I
* Well-reconstructed v events LI st
c:.

Good quality upgoing tracks.with low angular error . -
(A>-5.2; A(ang)<1°;cos6<0.1) A

* Background from data; g iy
Performance from simulation E RS /\
5 2t R
Scambled data £ g o8- o
£ o6[
MC: Angular resolution, Acceptance § oaf \
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L | 0~2:_ \\
e Likelihood method e 1 v 0708 06 04 02 0 02 04 ofs‘bfifin(g;
e Full-sky
* Candidate list n, n,
» Special searches (e.g. Gal. Centre) log Ls+p = Z log [ﬁsﬁ + (' - ﬁ) Bi]
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Analysis optimised on simulation to avoid bias
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* Years 2007-2012 (1338 days)

e All-sky search:

Compatible with background hypothesis

Point sources

5516 neutrino candidates (90 % of which being better reconstructed than 1°)

Most significant cluster, 6 (14) events in 1° (3°) : p-value = 2.7% (2.2 o)

pre-trial skymap

a o (0,8)=(-46.84, -64.87) [2007—12] : ::“:::T 1 ®
z% -62: ':. w:;Nhl:::g = 2
F RN | @ Nhits>=75 g
wf L - 10" &
-64?‘—' 10-2
67 :..-."‘ 10-4
5|2 5‘0‘ -‘-iad 4[6 : ‘-4‘0 10-5
o[’
. 10°
* Fixed search (50 sources):
5 most significant: 107
Name o (%) 5(°) ng P ¢?.0Cl'
HESSJ0632+057 9824 581 160 00012 4.40 O T oA
HESSJI741-302  —9475 —3020 099 0.003 3123 | Limitson normalization factor
30279 16595 —579 111 001 345 2108 -1 o | 24
HESSJ1023-575 15583 —57.76 198 003 201 (E/ GeV) 10" GeV-cm™=s cbo x E
SO139-G12 9559 —5994 0. . 82 :
\EG()] 9-G1 9559 —5994 079 006 1.8 4 (assuming no energy cut-off) J
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Flux sensitivities and limits (90% c.L)
ANTARES 2007-2012 (1338 days) IceCube 2008-2011 (1040 days)

= 10°F
) o ——— ANTARES sensitivity (1338 days)
o 5 =  ANTARES (1338 days)
o & . «  ANTARES full-sky limit - 1" bands (1338 days)
& B = «sss ANTARES E, <100 TeV sensitivity
(& 0 lceCube 3 years
= B -; —— IceCube 3 years sensitivity
() = «sus lceCube 3years E <100 TeV sensitivity
o N
5 ANTARES
g 107 Full-sky limit o
_e_ | ? 10 bands RO, = e I
N : e R e
Lu :‘-—-'—-" g - ..-ll‘ ‘‘‘‘‘‘‘
= () !II‘IIIIII'-.-:..“
B e T - S0 . iz
ANTARES | |, =™ 0 | s _mm @
he y ‘\*_- S
E <100 TeV| - - 2N
10°  ANTARES
B N\ i IceCube
- § 1 E<100TeV 0
i LW i .
B . 0 ) O % "g
Jr "a’".a]- n; ,"'[;, “'..."gi‘.‘:’r/f
0 8-
_9 s v,\ . _,L'fﬁ J
10 - et IceCube
_IllllllllllllllllllIlIIIIIllIlIlIIlIIII
-1 -08 06 -04 02 O 02 04 06 08 1
sin(d)

™

APJL 786 (2014) L5

)




/

Source around the GC?
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ANTARES data excludes a point source as origin of the lceCube’s cluster

ef events only: 2
f-value 8% (post trial). 6
17 z Shower and track events:
p-value 80% (post trial)

TS
0 TS=2log(L/L0) 124

* What about IC’s cluster near the GC?
- Shower events have low angular resolution|

- IC does not claim a signal.
- If it were a point source:
(a,06)=(-79°%, -23°) ;
¢, =6x10%GeVcm?st
(M. C. Gonzalez-Garcia, F. Halzen and V. Niro,arXiv1310.7194)

 ANTARES:
- Point source search at different &’s

- Allow for extended sources:
widths: 0°, 0.5°% 1° and 3°

Recent 3-year IC update does not
add more events to the cluster.

»)




The Multi-Messenger Program

GeV-TeV y-rays UHECR

Fermi / HESS... \

JCAP 03(2013) 006
A&A 559 (2013) A9
JCAP 05 (2014) 001

Auger

APJ 774 (2013) 19

HE neutrinos

Optic / X-ray Gravitational
TAROT, ROTSE / Waves
Swift, ZADKO Virgo / Ligo

APP 36 (2012) 204 JCAP 06 (2013) 008

A&A 559 (2013) A9

Increases chances of detection:
« Common sources for different messengers.
« Limits searches in time and space, Low backgrounds.

» Uncorrelated backgrounds and systematics.




€ Dark matter searches

* Relic WIMPs (neutralinos, KK particles) captured in celestial bodies.

* xx self-annihilations produce tleptons, b, c and t quarks and gauge bosons that in
turn give rise to high energy neutrinos.

* Signal less affected by astrophysical uncertainties/backgrounds than other
messengers

A%
n
In the Sun In the Galactic Centre
— Events in the Sun generated in a model independent s )
s WIMPs self-annihilate according to <o,v> (halo
Py e model-dependent).
— Annihilations into (soft spectrum) and ©
leptons WW/ZZ bosons (hard spectrum) used as Fluxes depend on WIMP density through the
benchmarks J-factor: sow) = [, [oh @ widay
— v interactions in the Sun medium, regeneration of v_
in the Sun and v oscillations taken into account. N S L
— Optimisation of track quality cut and search cone 2o+ O (05010 e :
performed § 10|3 E_ ‘ A sm;; 1;\(\) 11/~.]\ln':1 M. c [1.0e-06 \1.- 1.0e-02M ] _E
- ‘- ‘ - dP/dM o M . .
£ 10F T T s -p, =ZHAO (103.0,1.0) + cyir-mvir = BOL_VIR 7]
g | . - \ .
; é\* \\RM - = .
% B N NUHW\HMFI B 7
> 10} \ " . 3 B |
= £ B “ﬂﬂw v 3 10" :_—Total e, 3
- . ) . i E === Gal. smooth ~.‘."”,||-~\ Wi E
o Y 2 o -
: [ J I 1 1 1 | 1 1 1 I 1 1 1 | 1 1L 1 I 1 1 1 |
al 0 2 4 6 8 10
L 7 S Y SN - R 6 [deg]
Z2=E/Mymp 1 o 15
K = J-factor for a Navarro-Frenk-White profile /
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Dark matter — Results

From the Sun

— Observed events in the Sun’s direction vs.
scrambled data (2007-2012).

— No excess: limits on flux from the Sun.

L L B B
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Background (scrambled data) B
tchi2 <1.4 { \ % 1

N »
LU R |
— ;\

1 T 1 1
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A

From the GC

— Observed events in the Sun’s direction vs.
scrambled data (2007-2012).

— No excess:

limits on flux from the GC

» 70

50

40

TTTTTT

TTT T[T T[Ty

BBFit-single line, tchi2<1

z'70

60

50

30

20

10

U RN R RARRS RR RN RRRRN RRREE RN RN

E 40

L L B

AAFit, lambda>-5.6

b o b b b b b ey

T 5 10 15 20 25 30 35

.40. ..

ofF
af

]

2 4 6 8 10 12 14 16 18 20
w(°)
T e \
5 107 f =
5 - Factor ~4 W\ AAFit Multi-line -
= sl + |
10° f Factor=8 °\\ BBFIt Multi-line
e i k + ]
10" |- \ BBFit Single-line |
10" - ;
- bb ]
10" | W+W- .
8 T+T- — g
10" |- N .
: wr tt
10'° i | R n
10 102 10° 10*
My e (GeV)

C 16
5 10
€ 10"
5_
%:10“
e 10"
N S N
b bbar
10" W+ w-
10" T+ T
JE| wru
10 v vbar -
10° dash-dotted: BBFit-1L | w3
dashed: BBFit-ML
107 solid: AAFit-ML
10° | N | i
10 102 10° 10*
Mume (GeV)




-

Sun — Limits on spin-dependent (SD) cross-sections

E 1 _I L] T Ll L] 1] L I L] 1 1 ] L] LI I L ] T L T LI L
= [ lceCube-79 ANTARES 2007-2008 ]
a 0f (dashed) (upper solid lines)
= F
‘_:O_ - Baksan ‘\‘
g’ 1. 1;7;?2009 ........
Y B TN e .
-2 _—SupngF,--;‘.'._'-.‘.‘.‘.; ]
. 1996-2008 \“ . :
"3 :_BaI:s‘a;.n. ":,‘. T e~ _:
| 1978-2009 - -‘,‘ o . .......... :
-4 ANTARES 2007-2012 —
u - lower solid lines N
sk W*W MSSM-7 ( ) A -
- T'T
-6 :_
:| 1 1 1 1 1 ) I
-7
10 10?

&

There is still room for improvement in ANTARES: better reconstruction at low energies,

unbinned method, more data “on tape”, ...

B

Conversion to limits on
WIMP-proton SD-x sections
assumes equilibrium between
capture and annihilation rates
inside the Sun

Much better sensitivity of
v-telescopes on SD cross-section
w.r.t. direct detection

(due to capture on H in the Sun).

First ANTARES results published
in JCAP11 (2013) 032

MSSM-7 and CMSSM predictions
take into account recent
experimental constraints

(Higgs mass,etc...).

i




Galactic Centre — Limits on <o,v>

E 1 I 1 L | 1 1 LI III I 1 1 L
= DM DM 7'7" IC40 - GC
- C79-Halo,
= I -Halo
A -...]C59-dSphs
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10.22 li— \ o —— -—;_ — il
23 ; ol _/
102 EANTARES op /
= NFW P M < /
24 |_Einasto
- + FERMI
107 + HESS
natural scale
10-26 | | Lol | | Ll | | [ |
10 102 10° 10*

*(a,B,y) = (1,3,1.3) and p = 0.3 GeV.cm™3, and R, = 21.7 kpc. Mume (GeV)
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Conclusions

« ANTARES —the first undersea Neutrino Telescope— is in its seventh
year of operation.

* Despite its moderate size, but thanks to its location and excellent
angular resolution, it is yielding:
— Diffuse flux sensitivities in the relevant range;

— Best limits for Galactic sources in the relevant energy range, with impact on
interpretation of IC results;

— Best limits on dark matter from neutrinos coming from the Sun and the
Galactic Centre.

* |t will keep producing excellent results until the next generation
Mediterranean NT, KM3NeT, takes over (just around the corner:
cf. de Jong’s talk this conf.).
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