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B The south pole
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B The IceCube experiment

-
- - -

» to detect VHE neutrinos from astrophysical
sources

» deployed in the Antarctica glacier
» >70 strings
» >4200 photo-multiplier tubes (PMTSs)

> Detector volume: ~1km?3

» ATWD 300MHz, effectively 16 bits
» 3 different gains (x16, x2, x0.25)

» 10 bits FADC for long duration pulse

» Neutrino energy of above 100 GeV is
detectable.

» 22 strings are deployed so far, and taking
data as the biggest neutrino detector.
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2| The detection principle
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B Particle identification

Particle identification possible from the shape
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22 strings deployed!

MNorthings (i)
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B The perfomance R

1 p.e. distribution . Gain check N
AN ] -2
\ g _
=2 L
E ]_4: “_-f" -500
- /
< 12}
B oL //
g 1
£ ]
5 ME -1000
b . . . 07 F 9 W 1 12 13 1 15
] 1 el 3 4 5 6 7 8 Chi Intagral (Arbitrary Unita}
Charge(pC)
: Time resolution ? Multiplicity distribution
- p 10" g :
E1ﬂ N %106% S gﬂiﬂmkm ~1500 %
i ~ 10°F ] 2
. 1 ns 104F
ar 3 F £
[ 10°F e
- ’]I 10°F ™ 2000
ﬂ- T A | ..IIl....|....|....|....|....|.... 10 — bl L L L E
0 05 1 15 2 25 3 35 4 45 5 o 1o 20 30 40 S0 60
time rms resolution measured with flashers [ ns | multiplicity :
A. Achterberg et al., Astropart. Phys., 26, 3, 155-173 (2006)
2500 ;
The IceCube detectors are working as expected. 200 270

mn 86758 event 24379
DBDO07 (2007, 12th, June) K. Mase



L |
Wide-Field Radio Image of the
Galactic Center
Ser D HIL g
-
Sgr D SNR Vv
SNR 0.9+0.1 &l

Inferred Structure of & Guasar

Accreliion Disk ; Lln; Emitiing Slou G R BS D ar k M att

:
m Cosmic ray origin

m Extremely high
energy (EHE)
neutrinos

GZK, Z-burst, TDs

DBDO07 (2007, 12th, June) Su pernova K. Mase



B Point source search
Unfortunately, no signal so far...

Search for clustering in northern hemisphere
e compare significance of local fluctuation to

atmospheric v expectations

Maximum significance

3.70
compatible with
atmospheric v

.-:rr i
by AMANDA I

2000-2004 (1001 days)
4282 v from northern hemisphere

4600 v expected from atmosphere

A. Achteberg et al., Phys. Rev. D, 75, 102001 (2007)




BeoM A MDDl =X T

90% c.l. limits and sensitivities onv E? diffuse fluxes
I i; I ‘l__|10-4:} 1T 17 17T 17T 17T 17T T 1T 1T T T T » AMANUAaImvudﬁta
: !. 'a ; %E assumes a 1:1:1 flavor ratio at Earth Dmm]m]]m Eg‘:gg}&ms" :
||| Even though we can't W [ d .
| - resolve signals from each %, .| T+ —— Rl 1998290 e avor /)
|| source, wecanintegral o7 E 1t —— AR
| signalsin all sky and should 2 e T AVANDAI 50003, i (i)
| ‘I, see some excess. Ems_ i s WeB fmit2 (iansparent sources)
14l RS = i 3
Al Z | .
. , . 'u L | —
ni N - s
il a Wl ol AMANDA-II (200Q-3)
But, no excess so far : WEB limit -
10° = I Full lceCube (1yr)
14 : ¥yYyy :_ﬂ :
10-9 | | [ I | [ , EHHHHI L 1 | I | | [ | | (|
3 4 5 6 7 8 9

log,, [E, (GeV)]

A. Achteberg et al., astro-ph 0705.1315 (2007)



J WIMP Search

Neutralino scatters and loses energy
Becomes trapped in gravity well
Annihilates to pairs of SM particles
SM particles decay producing v

X+ X - 1*1-,q9,W*W-,2°Z0
X10+ X1o - Hollz HO3,ZOH01,2,W+H',W‘H+




J WIMP Search Limits
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B The extremely high energy
(EHE) neutrinos (>107 GeV)

GZK neutrinos as

i
> Bottom up model (AGNs, GRBs...) %
» Top down model (super heavy 'g
particles, cosmic strings...) R
» Z-bursts E
— In either case, neutrinos -
We test GZK (p+ ¥y —N+1): S,
conventional N

)
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B How to detect EHE neutrinos
CR

down-going

EHE v

e Earth is opaque for EHE
Neutrinos. (The cross section
increase lineally with the energy.)

e Therefore, EHE neutrinos
come from above horizontal.

GZK signal

GZK Neutrino from E” sampl
1

U) D.5§

O CN.;
v <1Pev ©*

-0 E ; o

VLl > 1Pevuu p_gO|ng

0.2

0.4

0.6F

-0.8F

.11§

Total Npe

DBDO07 (2007, 12th, June)

Atmo.

U

Atmospheric Muon from E? sample

2 3 5

[

Total Npe
A. Ishihara, astro-ph/0611794

K. Mase



B The event rate (MC study)

IceCube Prellmlnary —
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B EHE analysis 2006 with 9 strings.. .
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The sensitivity becomes better as the string number increases.
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Cherenkov Light | Cherenkov Radio | Acoustic s
Attenuation length ~30 m ~1 km ~10 km
RICE (radio detector) SPATS (acoustic detector)

S. Boeser/DES

A v -induced cascade will
produce localized heating in
the medium, creating a
pressure wave

The Cherenkov radiation is
also emitted at radio
wavelength. (Askaryan effect)
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Hybrid IceCube+Radio+Acoustic (IRA)
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B Summary

» IceCube is working as expected as the biggest
neutrino detector in the word with 22 strings.

» AMANDA detector does not see any signal from
sources so far.

» We hope IceCube see a signal from a source,
which will open the neutrino astronomy.

» We are also planning for the next generation
detector.
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