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Detectionof vg,v ,,V,

O(km) long muon tracks Electromagnetic and hadronic cascades

m=15m

irection determination
by cherenkov light timing
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High Energy Cascades
100 TeV and beyond

Trigger volume for electromagnetic cascades

| PE radius IPE Volume Full MC: Trigger Vo
(m) (10° m?) (10° m?) (10°m)
=16 =80
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AMANDA-B10: V__(1 PeV, 80 hits) = 0.1 KM3
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photo electrons
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Cherenkov light from muons and cascades

cascade:eor=x

« Maximum likelihood method

Reconstruction . Use expected time profiles of photon flight
times
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VR atk>PeV: Partially contained

Photoelectr

|
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Result: high effective -- !
Volume, only second bang 0

—600 -400 —-200

needs to be SecHtle IC€3 leading edge times, phi 0.00, theto 2.422517

10-20 OM early hits measuring the incoming t-track




Cascade event

Vo+ N -->e-+ X

* the length of the Energy = 375 TeV
e- cascade is small

compared to the
spacing of sensors.
> roughly spherical
density distribution
of light.
- 1 PeV = 500 m
diameter, additional
100 m per decade
of energy
> linear energy

resolution
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angular resolution as a function of zenith angle
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— above 1 TeV, resolution ~ 0.6 - 0.8 degrees for most zenith angles




event rates hefore and after energy cut

EVENTS PEer
yedr at the
ultimate
AMANDA

sensitivity

Atm v
v-Signal (E)

6 7 8

9
log,,(E, / GeV)

ote: 300,000 atmospheric neutrinos per year (TeV. range)




Effective volume

— 0.016 _ ‘ ‘ ‘
T ool 80TeV-TPev e For E2d(E) =10 GeV cm2s'sr!
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= 0012 e N S e
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poos} /L
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0.004
0.002 |-

5 85 6 65 90% CL limit, assuming v,'v,:v,=1:1.1
log(E_,..4./GeV)

E2®,,, (E) <9-10 "7 GeV cm?s'sr
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Diffuse lIimit cascades

Effective volume

0.016

50 TeV - 5 PeV
0.014 [ —— y

V_, [km”]

0.012

0.01

0.008

0.006

0.004

0.002

-4
— 10 R R A LR LR LAY Ry
o
=
O
)
‘v
>
m -
(2 .
= -
= ]
AN
- E
10-9 li'.ll..llllllllllllllllIllllIllllIllll}llll_
4 45 5 55 6 65 7 75 8
log,o(E,/GeV)

90% CL limit, assuming v,:v,:v,=1:1:1:

E*D,, (E)<8.6-10-1"TeV cm?s'sr!

all v



Fireball model for long GRBS External Shock

The Flow decelerating into
Intemal ShOCk the surrounding medium

Collisions betw. diff. 1
parts of the flow
! . )

PeV neutrinos from internal sho

MeV neutrinos at collapse ]
EeVl neutrinos from external

TeV neutrinos from inside the star shocks

PeV-EeV neutrinos from flares




GRB/transient search strategies

Evens Off-Time B Always Blind
Time B Precursor B OnTime
J—Hj» <« ! hour > <0 miQ< 1 hour
Tewvt e ) @V _
1evt 110's T90 time
Rolling Search Satellite Triggered Search

time and directional correlation| -~ & g
reduces background and 'x 3‘
Increases sensitivity s
A
¢4

Optical Follow-up



420 GRB
searched

* AMANDA starts to
exclude models

* |ceCube will reach 70
times the instrumented
volume in 2009




Arrival time of the neutrinos
from the direction of
ES1959+650 detected by

AMANDA

Flux of -
TeV photons
(arb. units)_; _

~ May

4

June July

gamma-rays detected by
TeV gamma telescopes

>

2000 ' 2001 ! 2002 ! 2003 !

Year
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_ grfme L ~
B i = :3‘} South Pole Air Showe
AMANDA-A
—— 810m
—— 1000 m
AMANDA-B10
—— 1150m
Optical
- Module

HYV divider

maim cable
N pressure
=" housing
- \PMT silicon gel
AN
.
light diffuser ball

——2%m Y AMANDA-II: 200 x 500 cylinder + 3 1km st
AMANDA as of 2000 zoomad in on
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AMANDA/IceCube as MeV v detector

20 MeV
positrons

F PMT noise low (~ 300 Hz)
< jce uniformly illuminated

&= detect correlated rate increase
on top of PMT noise

1 meter




SUPERNOVA

AMANDA-B10 with 302 OMs

SEARCH "97 + *98

> AMANDA-IT with 677 OMs

Selection of very stable OMs

SN Signal proportional
To number of OMs |

CRUCIAL = LOW NOISE |

AMANDA-II

215 Days live time; 90% = 9.8 kpc
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kpc 240

. Count ra

1 simulati
3 (IceCube

lceCube *

10 1; 5
|
o |

-10 -5

5 10 15 20
Au [Hz]

Astropart.Phys. 16 (2002) 345

0 5 10 sec

% IceCube: < 500Hz/OM
% 1 string = AMANDA

70% of Galaxy coverage

@, <43 Bent yrt

Joined SNEWS (SuperNova Early Warning System)
[with Super-K, SNO, Kamland, LVD, Boone]




Amanda-ll

B10:
60% of Galaxy o | Anjanda-B10

A-ll:
95% of Galaxy

i Count rates

IceCube: 6 . - :
up to LMC 10° events in millisecond bins from 8 kpc




Summed detector hits

Estimated signal (10.00kpc, 0.5s binning)

x10 +

900 ] expectation values

+ randomized values
850
800
750
700

A L?L“f***ll**+*YY
-5 0 5 10 15 20

Time post-bounce / s

1 million events with millisecond resolution from 8 kpc



Simulation Data
Kitaura, Janka, Hillebrandt (Astron. Astrophys. 450 (2006) 345)

Garching

Luminosities
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Expected IceCube signal (D=10kpc, M =10Mo)
(Without oscillations)
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gamma rays from the Southern sky

 for a gamma source spectrum

aNy _2 _] _]
= — V
3 EL“ cm s Te

i

» the number of'muons reaching
the detector deptirfrom the source is

Ey ,max

dN
d ! >
f Ey dEy NM(EV Eu,sur)

y.,min

N,(zE, )

IR



IceGube as a gamma ray detector: significance for 1Grab
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particle physics




* in the next 10 years IceCube will observe

...........
- - - - - - - - - -
- - - - - - - - -
- - - - - - -~ -

~ 106 neutrinos with energies 0.1—1,000 TeV
~ 10 neutrinos with energy > 100 TeV

-

_%

made in the interactions of cosmic rays with
the Earth’s atmosphere and microwave
photons.

» with m~0.01 eV and E~100 TeV
the gamma factor of the neutrino is

B _ 016
my,




neutrino “astronomy”

* in the next 10 years IceCube will observe

~ 108 neutrinos with energies 0.1—1,000 TeV
~ 10 neutrinos with energy > 10° TeV

made in the interactions of cosmic rays with
the Earth’s atmosphere and microwave photons.

» with m~0.01 eV and E~100 TeV
the gamma factor of the neutrino is

EjEmAE e
my,




« Sun: resolution of solar neutrino puzzle

-2 v’s have mass
-= John Bahcall understands how the sun shines

* Supernova 1987A: ~ 20 events only!

- confirmed basic scenario for the death of a star
- set records on neutrino properties

« Cosmic neutrinos? Discovery instrument, but also
~ 10°® atmospheric and ~ 10° supernova neutrinos

- origin of cosmic rays
- beam for particle physics



R R R R R TR B R B A R A S B B BN S

L I A et I I T

B I IR

1 7l N £ 2itiassa N

1 km

AR RS R

e e




E=6400TeV

-~
r—
—
&
&
=
=
—
=
)
&~
&
)
-
L —
=
e




100 TeV

2000

28N

1000

500

-500

o880

Illlllllllllll

| LA L e “
-600 -400 -200 0 200 460 6&6' ’



event reconstruction hy Gherenkov light timing

~ km-long muon tracks ~10m-long cascades,
fromv, V. V. heutral current

Longer absorption length => larger effective volume
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- identify v flavor

E=375TeV
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 Astronomy: new window on the Universe

 Physics:

o measurement of the high-energy neutrino cross section
> . TeV-scale gravity, quantum decoherence

. physics beyond 3-flavor oscillations

. test special and general relativity with new precision

. search for magnetic monopoles

([ J

. search for topological defects and cosmological remnants

o search for non-standard model neutrino interactions
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quantized space: matter where the geometry IS activated

o




violation of Lorentz invariance may be a tool to study
Planck scale physics

- interaction with Planck mass particles distort
spacetime

-> Planck scale vacuum fluctuations probed by
high energy neutrinos

E
E2=p2+mziE2(M ) '+

Planck

modification to dispersion relation leads to an energy
dependent speed of light.




Lorentz violation: AE vs At

violation of Lorentz invariance because of Plar S
physics can be detected through-time delays
energy neutrinos relativ rgy photon

= M Planck

from a source at a distance d: for instanc




Neutrino Astronomy Explores Higher
Dimensions

atmospheric T
range _ = // vt . - e /
vatveg /’// T 7 -

et ra " 100XSM

LT TSM (NC)
LR, e

.:'. :."bh
;¢ extra dim=3, 6

168 10i0
E, (GeV)

TeV-scale gravity increases PeV v-cross section
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J. Lundberg and J. Edsjo, 2004

J. Edsjs, 2004

Eu >1 GeV
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6, (km?yr™")

ITIIII T T YIITTT]

—— AMANDA 97-99 data
BAKSAN 1997
MACRO 2002
SUPER-K 2004

H®99900000000
H+ #4448 40+4
ettt @+ O++o+d
H4+4++444+¢ 000

+++++t+++ o+

ddd bbb bbb
++++++++ bbb+
+H+trtrrt bbbt bt o+
F4 bbb bbb bbb
R e e o
St R ettt R s B

T IIIIIIII T

...........

LR AL

lim
® Gg; > Og;
lim lim
+ Ogy' > O, > 0.10g;
x 0.164" > O,

L ll”ll

New solar system diffusion og"= CDMS

LI llll"l

Disfavored by
direct search
(CDMS 1)

+..0...0.........;..0..

LI IIHII[

Muon flux from the Sun (km'2 yr")

T ll”lll

*
o+ +066060

+

+
b+

7T Illl”l

+4+
ottt b
d4tdpdddd

N st
. 0.05< th’ <0.2

o 4

.......

2062062020 20 20 20 00 00
K XXX
I+ XX
+!!+!!!XXXXX
OO X XX

XXXXXXX K+ +++++++
XK XK NN A= A b
00K 200602060 O K XXX
+xﬁxxxxnxnﬁx:xxxxxxxxxx

XXXXX XX XXXXX

IIIII[ T T T T

BAKSAN 1997
MACRO 2002

SUPER-K 2004
IceCube Best-Case
AMANDA-II, 2001

Thkm?: (IceCube)

x*‘!xxxxxxXXAAAA)\AI\AI\AI\AAI\AA)\AAAA

KEEXKXXXXKEXX KKK KXALXKAKK XXX XXXXXX XX

XXXXXXXXXXXXXXXXXXX AXXXAKXXXXX XX
P 2. 2.0.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.999.9.94

XXXXXXXXXXXXXXXXXXX
XXX X P99 0.9.9. 9999099999 9999 994

L XXX 111 XXXAXKAXAXK | HAX

10>

Neutralino Mass (GeV/cz)

(S
<

10>

10°

Neutralino Mass (GeV)

1 llllllll L1 11

11 lllllll

L1 lllJlll

11 lllllll

XXXXXXXIXX[ 1111



spin-independent
scattering

Cross section, o; (pb)
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iceCube
accumulated exposure at 100 TeV
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* Electromagnetic cascades: electron-positron pairs and
(mostly)l gammas -> electrically neutral, no radio emission.

- But, Compton scattering of photons on atomic electrons creates
negative charge excess of ~ 20%

 Negative charge radiates coherently at MHz ~ GHz >
Power = Energy 2

- Askarian effect demonstrated at SLAC: consistent with
calculations



Neutrino entersice * Installed ~15 antennas
Neutrino interacts few hundred m depth with
AMANDA strings.

e Tests and data since 1996.

* Most events due to local
radio noise, few candidates.

e Continuing to take data,
and first limits prepared.

e Proposal to Piggyback with
ICECUBE

Two cones show 3 dB

» ' )
M sivvaistrony
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'3. IGECUBE EXTENSION

optical-radio-acoustic detector

lceCube

IceCube Collaboration, ICRC2005

o radio/acoustic

© lceCube

instrumented volume : o ° optial

~(110 +3) km3

o o o] o o o o o] o

Optical: I
80 IceCube + 13 IceCube-Plus strings : © o o o o o

at a 1 km radius, 1.5-2.5 km depth

Radio/Acoustic:
91 holes, 1 km spacing, 1.5 km depth
5 radio + 300 acoustic receivers per hole




EVENT RATES

IceCube Colllaboration, Ic‘j
lceCube

Optical

Radio 12.3
Acoustic 16.0
Optical+Radio 0.2
Optical+Acoustic 0.3
Radio+Acoustic 8.0 !!!
Opt.+Rad.+Acou. 0.1

TOTAL

*Numbers calculated, folding effective volumes
with ESS GZK neutrino flux model




2009, 2006, 2007 deployments

a km squared year . AMANDA

80

data by 2008  °
. B S 72 73 ) “n 5 / IceCube string and
% ° (@ §,3§ (égb IceTop station
. ° 66 67 3 w17 deployed 01/05
. 65 3 é&%
L ] CA,
° ¢ Te sg 59 IceCube string and
a .
° 57 IceTop station
a * 36 ,_ ® @ deployed 12/05 —
. ° 15 50 01/06
° 47 48
° ? 46 ® ‘ IceTop station only
o N P 2006
° COUNTING @ 39 10
. HOUSE o : 38
° ? ® O IceCube string and
° . . ° 29 30 IceTop station to be
o = ° deployed 12/06 —
. ® 01/07
o . o b 21
°
R o *604 DOMs deployed to
. ° J ° o date
° / b
° B . *Want to achieve steady
°
pe . state of 14 strings /

season.

Data from completed Antares detector-> KM3NET



The Worlds Biggest
Physics Experiments

Where to find the monster machines of physics, and how the bookies rate their chances

Finding Elvis alive: 10011 O N
Finding Loch Ness monster: 66/1 CASSINI-HUYGENS PROBE
Largest planelary spacecralt
THE BET: finding intelligent Ife on
Satwn’s moon Than by 2010
00DS: 10,0001
KT s Smamian
lme:?fﬂslon reactor
THE BET: Bullding a rn{
power stietien by 200 -
00 ) M
LR 4 >
NIF
Biggest baser
2 fusion power ‘ ~ Longast m;imbml Fastest
station by 2010 o Wawe detacion Supercom
000S: 1001 THE BET: UIGD sportirg 2 Pt
Y wawe by 2010
- 0DDs: scen
PIERRE AUGER 5
OBSERVATORY
Biggest cosmic ray detector
THE BET: Bndersiandiog the

ofigh f o aps by 200
0005: 40
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