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Understanding production mechanisms of HE cosmic rays.

Study very energetic objects:
__Galactic: SN, SNR, Microquasars, ..
_ Extra-Galactic:-AGN, GRB, ...

Search for new physics:
Dark matter.(Sun, GC), Monopoles, Nuclearites, ...

Multidisciplinary science:
Oceanography, Sea biology, Seismology, Environment monitoring, ...




Cherenkov

emission

Time-position correlation
=) muon direction.
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AMANDA/IceCube (South Pole) ANTARES (43° North)
(resolution in ice: ~2°/0.8°) (resolution in water: 0.3°)
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Lines 1, Line 2

* 2006
* 2007
* 2008

Lines 3 -5, Lines 6 -10

Lines 11-12
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Optical Background
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Neutrinos
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Scrambled neutrino sky map
2007-2008
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Magnetic monopole search
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Magnetic monopole search.

L e
- = - - -
- - - g
¥ = - - [ L&
- &
- i el
e g g,
L - " o
F S - - = -
s =
iy _"r'- s =i ﬁ."l- -
1 = H
-
k - iy -
- = - - - e |
ey e =
> = -
- -~ — -
| b gy
i =, 0] § rm—
S - .- T »
.-”_-:'qh—h:r I_____:--_.5_—-__.



- _ - . + b = o - = i
s il - 3 - o s - i

g e

]

Magnetic monopole search. - ..

it o - H e
-

* Expected sensitivity 90% C.L. after one year of data taking with the 12-line detector.

—
"
-
-

T TR

P
g,

Flux (cm™.s.sr)
S
n

)

o s S B E g6 S

¥
f
—
[ =]

-

=

l;
|
|111|I|

1
A
=

== Parker bound
~ MACRO (5 years)
4 Baikal (1003 days) |
-8~ AMANDA Il preliminary (154 days) |

i

10"

=i~ ANTARES 12-line (1 year) ; ] H
1 [l I 1 | I 1 L 1 | L 1 L 1 | | (] 1 | | I L I | 1 | L

0.75 0.8 0.85 0.9 0.95

2 o L L T R

-
(=]
-
=
o

Nicolas Picot-Clémente, CPPM,-Marseille
28 Feb.- 06 March 2010 Les Rencontres de Physique de la Vallée d’Aoste.



Conclusion and Outlook

ANTARES is the largest neutrino telescope in the_
northern hemisphere. —Y S e

First neutrino telescope under sea completed and

takmg data _ e, —"-__ﬁ._-_*-- S e ;"‘;__—:
- --_Medlterranean S|te eemplementaryitbﬁouth Fol —
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Search for Large Scale Asymetry
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T Link_ to the cosmic ray composition.

- EM showers from atm. muons--

-

|IIII|IIII|IIII|IIII|IIIllIILLlJJ.IIlIIIIlIIII|II

10

0 1

N
= £ MC Corsika Fe
I0E = B MC Corsika p
® 10 = Data (5.6 days)
3 po)
. 10 /'G///.;)
] 10-4 /,SQ/.
- S
— 10°
—n Wyt
e
G —
-
=

28 Feb.- 06 March 2010

2 3 4 5 6 7 8 9

Number of showers

e

[—

S —————

e

¥

b - =

e e e, = —d
2l Preliminary Ja::.-:._.
= Antares Data (5.6 days)

== B Atmospheric u (MC) h——

o

5 6 7 8 9
Number of showers

2 3

——'--—h-.-‘._-

(Hbrandem';aél)_




28 Feb.- 06 March 2010



B = - -_ — -;:"'- :T' . -: '__.' -
’ S - =~ -|..__\_|
Leptonic process p TSamtror AlIo A~ =

: S (- Jab) mvers"e“rn——.
e - ' - e Comptgn scﬁﬂ!’l‘fﬂg =

28 Feb.- 06 March 2010



g e

i

. _'\-.l.-
. i s
— - e
=k i
gu & -
e
‘}_‘#;_
- 5 el
— . g
= -
. - — 3
ered‘in October -Z_
i —
e -
E —=am
_._. e
-
102 ) -

-t
&
-ty
- 1
il
e —
%
--
L
e
-
ecov
S
-
o
r——
ann

=

6:R

Line
e

-

——

=

L/ ﬁnmAﬁﬁﬁaAﬁhﬁﬁﬁAﬁﬁﬁaﬁaﬁﬁnar
1 h , didiad ettt LIt I LLL AL 2
W T P T T T P LT T
I LIz

AL i it it i L i AL A A A AL LEE R

6 7 8 9 10 11 12

)
-
)
(gs]
o
(7]
e
Q
v
U ! -
P i) cgfeec st et et et
o
o
(&)
Q
)
mw L L e e LS e L=
L I P P P P PP P P PP P PR PP S
TSI LI L LLL L I "
ng ol ol ﬁﬁhh&ﬂ#&hﬂhﬁh&ﬁﬁh&hhhﬁlsm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁlzlm

rrY- ﬁﬁﬁaﬁaAﬁa P ﬁﬁﬁ;lq.u

L1 [ i1 1 i 1 L1 - 1 1l i i1 1

e =

A ANAVAR

Line 1-12 Physics Trigger IN+2T3+GC+K40 2009V31

Run 46736 Mon ;lhﬂ 15:22:58 2010
25

28 Feb.- 06 March 2010

R



Expected perform_ance"s
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Introduction of magnetic monopoles

@ Initially introduced by Dirac in 1931:

- = g ] -F . .\-" . -
ﬁ ? -- - ™ -.--—..-.- =
| - q_-} " - - --—-.
Ao Make symmetric Maxwell’s equations. " — _ Sy ===

—

_h—.

;‘ ast maghetic ¢

F
w1 1CA 1 $=
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Introduction of magnetic monopoles

® 't Hooftand Polyakov in 1974: SR SRSty oy : _ :

Any unified gauge theory in WhICh U(l)E M. 1S embedded ina spontaneously IR ‘_::
broken semi-simple gauge group necessarlly conta1ns M. Ms, — ' ]
~ = - -.;-__4,,;._,_ i~
T e - e —_——
e e
= Transmon exampfe erth the_rmmma[@UT e e
. e e e e
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Acceleration of magnetic monopoles in the
Universe

Energy gain in a mégnetic coherent field: |Ex = gB¢

B/uG £/ Mpe gBEg eV

normal galaxies 3 to 10 102 (0.3 to 1) x 10**
starburst galaxies 10 to 50 1073 (1.7 to 8) x 10*° =
AGN jets ~ 100 10-* to 102 1.7 x (10%° t0 10%2) |
- . T -
galaxy clusters 5 to 30 107%to 1 3 % 10" to 5 x 10*3 = =
Extragal. sheets 0.1to 1.0 1 to 30 1.7x 10#2 to 5 x 1078 s =
= — — — "l-.._Lr‘;‘_-___:
— = ._Magnetlc monopoles with 1 masses below 101’1 er‘ ' ivisti : —

" extragalacti csheets expec he s ectrum ;
e - (with lacti '_ X Tﬁg'f%-‘mm'uﬂu pec
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E s e

Magnetic monopole’s signal in ANTARES

@® Direct Cherenkov emission_ B>0.74 :

Nsea water ~ 1.35

d? N
d:rd; - Ef?(%)z(l_ ﬁglnz) ~

—r -,
e - s

“Number of _phgtons emitted by a MM with the
minimal charge g ~ 68.5 e, compared to a muon of
same velocity is about ~ 8500 more! = —

— —

= _ — —
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— Maximise physics potential ;‘ ’f i
* Instrumented volume >1km3 ! l
|

e Angular resolution ~0.1 degrees (E>10 TeV)

—  Build in areasonable.time ~4 years
e Multi-line deployment techniques

o. Speed-up integration-time
e Sub contractpart of the production




Dark matter search: Neutrino limits
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