


atmospheric muon (down)

atmospheric neutrinos (up)
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muon neutrino
interaction — track

VM+N_>M+X
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Event Reconstruction

e Time residuals:

P a
]‘ Direct photon
© time
p A
/
/ /\/‘.
l time
muon

e Tracks are recontructed by maximum likelihood

® Bayesian likelihood takes into account up-down
asymmetry of the muon flux:

P(H | E) = L(E | H) P(H)



low energy pL-track - PE vs distance
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AMANDA: time delay due to scattering
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Understanding Ice and Calibrating
AMANDA

- In situ light sources
- Ice properties
- Relative PMT fiming, gain
- Response to electromagnetic showers
~ crosstalk

- Downgoing cosmic-ray muons
~ Relative PMIFfiming, gain
* AMANDA-SPASE coincidences
= Direciionality
= liGe properiies
* Atmospheric neutrinos
= EUullfdeiecior response




Ice Properties

- most challenging
initial problems
now understood
using /n situ
lasers and LEDs

- Disappearance of
bubbles

oo
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- Mapping of dust
layers

e A
e A

scatter:6m'52m L ST Y
A0 50 0 0 wt

*Om -240 m horizontal projection [m] b, = LA (]

abs




oP
it
|

~
-
g
-
=
V]
-
9
&
Q
Q
of
=
-
2
—
o3
Q
w
)}
>
3
b
)}

traces dust

concentration
power law

for dust




effective scattering coefficient [m™]
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absorptivity [m™']
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Glaciology with Light
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AMANDA: time delay due to scattering
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Photon ﬂlght times |

e Bayesian approach -
use prior knowledge of
expected backgrounds
and signals



Quality parameters:
Example 1: The track length

30:_ E ® Data
I E B Atmosphericv MC
25 | E é
20 - ! &
- : -
15 [ :
10 F : *
- : -
- . . .
[ e +
R b
i ﬂ+ .
o L ]
J

05 0O 100 150 200 250 300 350 400
Ldir [m]



Quality parameters:
Example 2: The smoothness

40
35 B8 Ermr;phcrlcvmc
aer Y 30 b
distributed along b ]! §
the track. : % E
20:- ] %- E
A well reconstructed ol +
muon track is more OF + + EI
likely to have a high st m
smoothness. L.3°

O- ! (] -
0O 01 02 03 04 05 06 07 08

| Spi |

High Low Phit



Quality Parameters

Likelihood

Zenith angle mismatch
between two types of
fits.

Sphericity of Hits
(Brem?)

Track Length (is an
energy cut, too)

Smoothness of hits
along the track

Number of
unscattered photons

parameter.

e Only 2 for
completed detector!




guality cut

® Daia
& Atmosphericy MC

¥ Downgoingu MC
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0O 25 5 75 10 125 15 175 20 225 25

Quality Cut




2002 "standard analysis

| Ratio Data Events / Atmo-v Events |
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Ontimized 2002 analysis

zenith distribution
Zenith Distribution after L7 Cuts 9 10 events per
- day:
.g 400} +
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Neural Network

ATMOSPHERIC v & DIFFUSE FLUK LIMITS [v.J

energy reconstruction

AMANDA test heams: atmospheric v and

Regularized unfolding
— energy spectrum

E? do/dE in GeVcm™? s sr™'
6k|

Neutrino fluxes vs. Energy

A FREJUS
v AMANDA I

Events

First spectrum > 1 TeV (up to 100TeV)

Neutrino Energy spectrum
® exp. data
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Previous analysis publication
Phys. Rev. Lett. 90 251101 (2003)

Includes 33% systematic
uncertainty

E, in GeV

G
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Extraterrestrial E2 neutrino flux
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AMANDA: 7 years




—— Barret al. . — Barr et al.
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AMANDA: final sample for atmospheric v’s (6163 events)
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Expected IceCube 40 sensitivity (no background)
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Channel Source (g,)

AMANDA) E » critical
_ D energy €, :
Muons ~ 400 GeV ~ Pions (115 interaction
GeV) dominate over
. decay
Neutrinos ~ 50 GeV ~ Kaons (850
GeV)
§ > 60 deg = 2°C
0.02 + 30deg <5<60deg 1 3 ¢
Expected variations: 1%-2% ... s o[
§ 001F £ e o
£ s L
o 2 N
= 1.5 . .
S 0 N data compatible with calculated
& 1:_ seasonal variations
S 001y ST == e
neutrinos from high latitudes show 0 5-__} —+ 5> 60° —+
0.02 larger variations . T . 30°<§ < 60°
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IceCube Events

p\ punch-through

., almospheric
neutrinos

extraterrestrial

nautrinos / \\\p

Step 1: Remove background

of downgoing muons

Step 2: Isolate extraterrestrial

events from “irreducible”

background of atmospheric

neutrinos

Strings | rate V rate
AMANDA 80 Hz 4.8 / day
IC22 550 Hz 28 / day
IC40%* 1200 Hz 110 / day
IC80* 1650 Hz 220 / day

AMANDA: O(10%) events/yr
IceCube: O(1019) events/yr

cvents per bin per second

10"
107
107

10

10°

IceCube-22 Data vs. Monte Carlo Simulation Data

("mmm Ray I.Mu‘nl Muulus
———  Coincident Cosmic Ray Induced Muons M
s Neulrimos ’.'."
All Simulated Muces & Newtrinos ‘ o _F_'_,,,.pw—ﬁ.v-
——a—— |ceCube-22 Data | ** *"".’- !
: -
neutrinos * "  muons
_‘:-u-
-
*¥
i _..-'.' =~ ) i
PPE P M PPN BRI PR B
0.8 0.6 0.4 -0.2 0 0.2 04 0.6 0.8 1

cos(8,(MC))



with 22 strings:

background:
downgoing cosmic
ray muons

~ 5580 per second

signal:
upgoing muons
initiated by
neutrinos

~ 1 per hour



Tue Jan 29 08:39:34 2008

Run 110261 Event 32391 [Ons, 13012ns]

one in 10° muon tracks is produced by a neutrino




Neutrino event selection in IC22 and strategy for
analyzing the neutrino energy spectrum
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first look at the Southern hemisphere:

the muon sky is not isotropic
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IceCube Events

p\ punch-through

., almospheric
neutrinos

extraterrestrial

nautrinos / \\\p

Step 1: Remove background

of downgoing muons

Step 2: Isolate extraterrestrial

events from “irreducible”

background of atmospheric

neutrinos

Strings | rate V rate
AMANDA 80 Hz 4.8 / day
IC22 550 Hz 28 / day
IC40%* 1200 Hz 110 / day
IC80* 1650 Hz 220 / day

AMANDA: O(10%) events/yr
IceCube: O(1019) events/yr

cvents per bin per second

10"
107
107

10

10°

IceCube-22 Data vs. Monte Carlo Simulation Data

("mmm Ray I.Mu‘nl Muulus
———  Coincident Cosmic Ray Induced Muons M
s Neulrimos ’.'."
All Simulated Muces & Newtrinos ‘ o _F_'_,,,.pw—ﬁ.v-
——a—— |ceCube-22 Data | ** *"".’- !
: -
neutrinos * "  muons
_‘:-u-
-
*¥
i _..-'.' =~ ) i
PPE P M PPN BRI PR B
0.8 0.6 0.4 -0.2 0 0.2 04 0.6 0.8 1

cos(8,(MC))



IceCube (1/2) turns the corner at the horizon
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