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v astronomy

° v astronomy requires

* Baikal, ANTARES, NESTOR, RICE...
> IceCube, ANITA, NEMO...
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alti-Messenger Astronomy

rotons, - v, neutrinos, [gravitational waves] as
probes of the high-energy Universe

y-rays : straight-line propagation but

reprocessed in the sources
extragalactic backgrounds absorb Ey > TeV

: straight-line propagation,
unabsorbed, but difficult to detect







Galactic and Extragalactic Cosmic Rays

I I I I
All particle spectrum All particle spectrum
10° F JACEE[11 - 10° F JACEE[11] F—< -
Akeno[12] a Akeno[12] -
Tien Shan[13] ——— Tien Shan[13] ———
MSU[14 MSU[14
CASA-BLANCA[19] —=— CASA-BLANCA[19] —=—
» DICE[17] —e— ) DICE[17] +—e—
— 107 HEGRA[18] —&— 7 — 107 HEGRA[18] —&— N
i CasaMia[16] —e— i CasaMia[16] —e—
Y Tibet[15] —a— o Tibet[15] —a—
» »
o o
E E
o Aol o 4
10 10 —
=
> °
9} 9]
% L
= 1% 7 g 10° -
o e
i o
L
New component
¢ Wwith hard spectrum?
Fixed target Fixed target
HERA HERA
i RHIC TEVATON LHC I RHIC TEVATRON .-
1071° ' ' i l ' ' l ' 10 ! | i l ! l ! l !
10° 10?10 10'®  10'® 10 B P R R

eV / nucleus eV / nucleus



Energy in extra-galactic cosmic rays ~
3x10%° erg/cm3 or 10** erg/yr per (Mpc)?
for 1010 years

3x1037 erg/s per galaxy
3x10** erg/s per active galaxy
2x10°? erg per gamma ray burst

1 TeV =1.6 erg



NEUTRINO BEAMS: HEAVEN & EARTH

— black hole

o target

— radiation
enveloping
black hole

pty->n+n’
~ ¢cosmic ray + neutrino

magnetic ! 0
fields =P +7
~ COSIMIC ray sl gamima




neutrinos associated with the source of the cosmic rays?
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AMANDA-II

top view

-« >
200 m




AUV DIEIS
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Radiation from topological

— GRB fireballs defects

— Jets in active galaxies — Decays of massive relic

— Accretion shocks in particles in Galactic halo
galaxy clusters — Resonant neutrino interactions

_ Galaxy mergers on relic v’s (Z-bursts)

— Young supernova *  Mostly pions (neutrinos, photons,
remnants

— Pulsars, Magnetars
— Mini-quasars

not protons)

N Distavored.
* Observed showers either * Highest energy cosmic rays
protons (or nuclei) are not gamma rays
* Overproduce TeV-neutrinos




active galaxy

Radiation field:
Ask astronomers

Produces cosmic ray beam?



Supernova shocks
expanding in
interstellar medium

Crab nebula




Dense
molecular
cloud

Supernova
remnant

Compressed

shell of hot gas
Inverse Compton

scattering— y-rays



Moteing yieins e same conc

e Line-emitting quasars such as 3C279
Beam: blazar jet with equal power in
electrons and protons
Target: external quasi-isotropic radiation

* Supernova remnants such as RX 1713.7-3946 (?)
Beam: shock in interstellar medium
Target: molecular cloud




the science: a sampler

 Source(s) of cosmic rays:
gamma-ray bursts, active galaxies,
cosmological remnants...?

e Dark matter

* Higher compact dimensions...







I\[l[|

(RN

-

AMANDA 99
BAKSAN 1997
MACRO 1999
SUPER-K 2000

‘ | JIH‘ | \HHI\\ \
o

e
R R e
s ik S T S )

‘_‘f'\
>
o
=
i
| —
i —
~
e
3
=
@V
o —
~—
=
o
=
v
-
Lru
=
S
s

* 10 strings only

XXX K K X+ X X

*

XX X X ¥ %X X %+ + X °

XXX XX ¥ ¥ ¥ X X a S On

XXX XX ¥ % XXX
XXX XX X ¥ X X X

L1 % XXX[X|X X K X

2 3 4
10 10 10
Neutralino Mass (GeV)




1

104

10~ <

Muons >50 GeV (km ~ yr
S
N

106

l k
ey 00 1+
. 11-
- oE' o
. +
"5. +
4-. ‘t"!
+
] "‘ﬁ' +
E e
" se K
+
ES IR
* B +
.""s..-i
s W
*h.t -
Oi‘a'.
L]
e e
" ®a
w' -
-
RS *
.+
+ +4
x =" +
+
+ LI { + -
* A P
. * * * + o, *
x ey + fr“_-ﬁ-
. + +,
I 1 I i I I 1 F I‘ 1 1 1 1 b“‘ %

Zeppelin4/Genius)

Black: out
Green: yes
Blue: no




10°

Neutralino Mass (GeV)

10°

ble

ome visi

a8

3

10
Neutralino Mass (GeV)

Harth, km?

* None visible

qqedqggdgux
X X gdddd4d4d44944dq
q4qd4de s 444494949494
449494949494949949494949
44<a4ddd<dg44d4

101

t detect
/Cresst

irec
Genius

D

&
U
S
2
]
=
=]
£
E
g
=
w
4




" extra dim=23, 6

| , . GZK range

108 1010 10l1e
B (GeV)




|

L] L ]
[ AT

High Energy
Neutrino

€00 & o®ecC o
4,00, 8-S .m&gnﬁooe-o

muon range
exceeds

Micro-
Black Hole

é
A
£
€3
Ig

AMANDA.II







‘Infrequently, a cosmic neutrino is
captured in the ice, i.e. the
neutrino interacts with an ice
nucleus

*In the crash a muon (or electron,
or tau) is produced

Cerenkov
light cone . muon or fau
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AMANDA-II

* Construction beganin
1995 (4 strings)

« AMANDA-II completed
in 2000 (19 strings total)

' 677 optical modules
¢ 200 m across

s =500 m tall (most densely
mstrumented volume)

The AMANDA detector
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cascade: eor

 Maximum likelihood method
« Use expected time profiles of photon flight times

Reconstruction




Atmospheric V 's as Test Beam

& FREJUS

¥ AMANDA I

leutrinosenergyain| Ge




Atmospheric v 's as Test Beam
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required background rejection

Signature neutrino signal /
cosmic muon bkg
Diffuse flux ~108

Point source >10-6

Gamma ray burst >104



(A) (B)
v AMANDA-IL (this work) - ' v AMANDA-II (this work)
4 Monte Carlo (CORSIKA) _ a Monte Carlo (CORSIKA)
Sinegovskaya et al. (g =20Gev) ; Vavilov (1970)
- = Fvodorov ( 1985)

DUMAND (1990)
BAIKAL NT-36 (1995)
AMANDA-B4 (1999)

Bugaev etal. (& =20Gev)

=
4

L

I {cm'zscc"sr"}

' 1
0.2 03 04 05 06 07 08 09 1 6 7
cosf depth (kmwe)




AMANDA 11 2000

gﬂ 1555 evears

= I - e 4
s -;-I!"" P ral t’ t: ',“*:*i‘.iﬁ‘*‘ * -h'i ++ "?‘-."” ‘:,-l"- g, 4"‘;-.1'
1"?;-' ; H + - o Iy +|',= n* q: t
1-t.- =F ' + l‘"'d-l ot 4 +‘_' ;-I- O M + +\" .:- -.'f+ 4-*.1_4:!;*_ :I
- gt - et . ++ PR +-F' -Fi'l' -t i 5. .
¥ L i -+ v i I ‘IT -+ i .'1‘ . 1 _.“_+_'+_‘ b-i
e 1-7*1—1.%_.(_.'___ : r:_,.‘ + | 1.*"' *lll".-‘-'l i e gt Fa s e
’ rt H ———— = e o s _'.:.- _He-ﬁ—'-l : .
R o :; = * tors 1 *l ro, . . *h- 'Fﬂ\ K 1-"'.:
. FrA K +F o - I L e+ - . ., .
f 3 [ 4 *+ o4 L T e (. £ *“-!:F ‘tt'.ﬂ’..q. + - -+ L 3
L 0+ ST e dL T . it 5 - P W T X !
* ! [ | i |+ 4+ # ] e -t
N T SRR L R ot W A S AP Bl
R S A T A B 4 i " ! + + 2l
24'. =+ -_ . +i 4 ’ ! l-l.+r + E:ld- 1 F ‘r -l' = o + . u||
SEYT Y TARNENE Ay ST F . IS PR T e T A W S T e e
N - ! H I c oz ) .
1 \ | ! ' [ ! | I !
L I_. & “ H I ! \ ) .} .
) L w A " ' h ._. . )
A \ ‘-1, 4 "* L » K ; ;
~| I'l ;----‘:"-----‘--'--- I-- --‘ ---..._.1—.—______;“‘--'--" ’r
- I._----*-". 5 "'-. ] a r . ) —— -
_rT ‘,. % L] X [ s . a s ‘__‘ -
" ; ) * ! ! L * [ o+
5 s ! . ] | ; . P
'\.l- "'\ ‘-"‘ " “ i . " . *'
- N - L ’ , i
e - " "W 4 ! - - e
T, e "_1__,-.!.-——1---—|--—-;J-____.____ - - .
e ll_...-- R 5 n P ‘I..- }1-_‘_"". -
L— \. M 5 Y 1 - .- . .
J-"'H--_ - L. =, i r B - - _,-::_‘
‘r-\._-.‘ '\-1- - - . ‘;1. *.‘ -..,- __,.rF -f‘. “-_i‘--.
-h..ﬁh'h-_'\:.:--q .‘-J_f_i_-...f_:—“,__‘







8%

SEEE5LLTZEE

%)

SEEEELEZEE

8%

SEEEELETZES

Final Eaip Data (above 0°)

Lerig W

= J"'_’;.
l'u l?i%‘l jiﬁ ‘l
1] 2..5 5 75 10 1A5 15 175 M 2A5
ral h}

0 25 5 75 10125 15 175 20 215
ralh)

0 L5 5 75 1012.5]51?.510115
ralh)

\.__-_,_g_-._ e :_' Hg{

SEEEELLTZESE

SEEEELETZES

0 L5 5 TS5 1 125 15 175 20 2L5
ralh)

0 L5 5 75 lﬂLl.S]ﬁlT.SlﬂllS
raih)




sensitivity ~ flat above horizon - 4 times better than B10 1! &G@§, »
a2
¢

“E T Sensitivity vs. Declination Sources declination‘ 1997 T ‘ 2000
=3 2= $8433 5.07 : 0.7

£ M87 12.4° 17.0 1.0
P Crab 22.0° 4.2 2.4
WJ Mkn421  382° 112 35
N . Mkn501  39.8° 9.5 1.8
MRS GRS X 410 49 35

Cas. A 58.8° 0.8 1.2

declination averaged sensitivity:
J y upper limits @ 90% CL in units of 10-8cm2s"

® M~ 0.23+10" cm=s" @90%
T published Ap. J, 582 (2003)
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NEUTRINO BEAMS: HEAVEN & EARTH
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.. for now use number of hit channels as enerqy variable ...

muon neutrinos (1997 B10-data)
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neutrinos associated with the source of the cosmic rays?
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-I//// Bonus Physics: Cosmic ray composition
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Optical Cerenkov
Neutrino Telescope Projects

ANTARES

La-Seyne-sur-Mer, France
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300 atmospheric
neutrinos per day

AMANDA II

IceCube:

-> Larger telescope
-> Superior detector




E,=10 TeV
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/Measure :energy by counting the number of fired PMT.
(This is a very simple but robust method)




Casc¢ade event

* the length of the
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

v, t N-->e-+X

Energy = 375 TeV
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6 9 12 15 18 21
Log(energy/eV)

*Filled area: particle id, direction, energy
*Shaded area: energy only



* cosmic beam: v, = v = v,
because of oscillations

-v. hot absorbed by the Earth
(regeneration)

> pile-up near 1 PeV
where ideal sensitivity



B10:
60% of Galaxy

A-ll:
95% of Galaxy

 Count rates

lceCube:
up to LMC

Amanda-ll

dnda-B10

Raffelt astro-ph/0303210 !
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Enhanced role of tau

* cosmic beam: v, =v, =V,
because of oscillations

- v_ not absorbed by the Earth
(regeneration)

-up near 1 PeV
ideal sensitivity
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11K Heaters <
IceCube Drilling

«—— Water level (30-50m)

—~—
* | ™ Pump Drill to following:

5 MW

1000psi

High pressure
pumps

¢ 2400 m depth

¢ 60 cm diameter

e Deviation from vertical 1s
+1m

e Drill rate 60-100 m/hr

— Hot water drill






Evolution of read-out strategy

=dyn-range

=no x-talk:

= easy.
calibration

control

1J_|_ﬂﬂJ_
100 V

|

= robustness
=dynamic
range

synchro
T pulses

e

local
coinc.

01/02 - 03/04: Equipping all Amanda channels with FADCs to get full
waveform information (lIceCube compatibility)
— better reconstruction, particularly cascades and high energy tracks
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* n. 8 secondary Junction Box
* n. 64 towers

* 200 m between each row and the others

* 200 m between each columns and the otht-;l"‘soo "
* 16 storeys for each tower

» 64 PMT for each tower

* 4096 PMT

secondary JB

I B B I N | [

S

tower |:| |:| |:| |:|

]

]
S oo oo
T O o oo | o

main electro optical cable
* 48 optical fibers
* 3 or 4 electrical conductors

HEaEs B E N



ower than Z0m.

The mechanical stresses on the rigid part of the structure are:
* a bending due to the weight of the spheres when it is out of the sea
water;

« an axial load during the useful life due to the draught of the upper
buoy.

The electro optical cables can be easily fixed on the ropes.

During the deployment the main ropes can be kept in position on the
pipes by means of small breakable ropes.



IceCube Riaspcer
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o telescope area ( > 1km? after all cuts)

o detection volume ( > 1km?3 after all cuts)

° energy measurement:

secondary muons ( < 0.3 in In E) and

electromagnetic showers ( <20% in E)

s identification of neutrinf flavor

* Sub-degree angular resolution

(< unavoidable neutrino-muon misalignment)



« AMANDA collected > 3,000 v’s

* 4 more every day on-line

* neutrino sensitivity has reached v =1y

* > 300,000 per year from IceCube

* race for solving the CR puzzle is on!
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