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Neutrino vs. HE gamma and proton astronomy

*

High energy protons
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Neutrino-Production
by proton interaction with matter or with a photon field

l.e. v tv, iv, ~ 1:2:0
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Muons cannot travel in rock

Broton proton, O Water more than ~ 50 km at
any energy

- go deep, look
only to upward

Muan
Detector muc_)ns or
horizontal
muons.
Extraterrestrial

Neutrino
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vN-Wirkungsquerschnitte

Neutrinos are detected indirectly,
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Myon-Reichwelte
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Muon Range
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Muons have long tracks in water Ru (Eu = SOOGGV) ~1 km

Due to the long muon range the target volume is much bigger than the
detector instrumented volume
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vu-Winkel

At >TeV energies the muon and the neutrino are co-linear
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Myonspur im Eis/\Wasser
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Neutrino Telescopes in Water and Ice
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MeV - v astrophysics
HE - v astronomy @rnova@

Point sources ) (GRB coincidences

Dark Matter & Exotics
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AMANDA skyplot 2000-2003
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preliminary
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@ Search for an excess of events

- from candidate sources
- anywhere on the northern sky

2000-2004:
4282 events

Q - ‘- ,
1001 days live-time Atm-v Background from ‘off-source’ data

@ No detection yet, flux upper limits set
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Candidate sources

SS433 4/6.14 2/4.50 0.27
Cl Cam 9/6.72 5/5.11 1.04
Cygnus X-1 8/7.01 4/5.21 0.76
Cygnus X-3 71/6.48 6/5.04 0.67
Crab Nebula 10/6.74 10/5.36 1.01
No significant excess, no indication for a neutrino source
No new events seen from the direction of Crab Nebula
FlUX upper ||m|tS I m p rOMoﬁugl -- Astroteilchenphysik -- WS09/10 -- 5.5 HE-Neutrinos p rel I m I n ary
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1. Diffuse flux of muon neutrinos
(energy <1 PeV)

Experiment AMANDA B10,1997 data
Atmos. v MC
| / LAGN* with 10~ E~ GeVt cm= st sri
E2 ®
' <0.8-10°GeV1icm?2sisri
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Cascades inside detector

Sensitive to all 3 flavors
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44444

33333

neutrino interaction:
" Ver) TN (e 1)+ X cissseee

oo 0000 oM BNEO 2. % ... ...

Qs 4 s aa et
@) . o0 @ - . . .

- 0000  @®0000 - ©

: Q:Q : 00%1)8.8 _OOO_ OO . R . :
o . F .

O e% ®

- - ®- 00000000 -0000-000 -0 - -
0000808 WY GBS 65 °°
1 0g - !

s ®0 PP o0

Detector:amendex-10, 19 sings, 680 modules 238(?0_8 :
= NC neutrino interaction: i

vt N—>v, +X

E? ®

< 0.6 106 GeV1 cm? s’

all—v



-4 | | I | | | | |
el FREJUS | 3

® MACRO
_5 — % f " 3 —
@ : )
) - \
é‘ : .
<,
T

log [E.?- flux(E,) / GeV cm2 s sr]
L
I

8 |- | X \‘-“_
q : ‘ N\ _ ]
éf ,—@é‘?‘ 5 /‘\ \ Experimental
-0 g / ' ..
TP 7 A v |allflavor limits
L7 |
[ A \ "._
0L 441 2 | ! | LN 1 !

|
2 3 4 5 3 7 8 9 10 11
log (E, /GeV)

1: Amanda-B10, muons 3: Baikal all flavor 5: Amanda cascades
2: Amanda-Il, muons 4: Amanda all flavor UHE
Expected: 6. Amanda-ll, 4 years 7: lceCube 3 years
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Indirect Search for WIMPSs

At South Pole the Sun sinks maximally 23° below horizon. Therefore
only Amanda-II with its dramatically improved reconstruction capabilities

for horizontial tracks (compared to Amanda-B10) can be used for
solar WIMP search.
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Limits on the muon flux from neutralino annihilations
at the center of the Earth with AMANDA
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upper limit (cm-2 s srl)
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lceCube b e S el

- 80 Strings
- 4800 PMTs .
Instrumented sl
Volume: 1 km?3
Installation:
2005-2010

2000 i

2400 o
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Cherenkov tank arrays: IceTop

Southpole, Antarctica
1 km?2

80 Stations X 2 x 3.14 m?2
= 503 m?

E>0.3PeV

slightly larger than K-GRANDE
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1500 m

lceCube: DOM
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The first muon — IceTop shower coincident event
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Under construction:
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* string based detector
e 12 strings
* 900 PMTs o8
« 2400 m deep
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Above 10-100 PeV: |
Detection by Acoustic and Radio Waves

P 50 pus | attenuation length in ice 1-4 km !
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S 4 dlo nsec




Sehen und Horen: Nutze alle Sinne

Tellchen horen ?1!I

Akustische Sensoren fur den IceCube Detektor
Thermoakustisches Modell:

= Ultrahochenergetische Kaskade
= Lokale Erwarmung

= Expansion

Akkustische

Sensoren

= Schallwelle

uMm
- ;

180 MeV Protonen »*

TSL, Uppsala

Time [s]
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AMANDA skyplot 2000-2003
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