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200m ¢ 19 Strings

¢ 677 Optical Modules
¢ ~200 m diameter
¢ ~400 m height
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¢ 10 strings
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Astronomical Messengers
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Neutrinos are a high energy astronomy tool



AMANDA can operate in very different energy regimes:

Energy range Anaysis Signal
30 MeV SN Supernova
50 GeV -3 TeV atm. atm.
6 T \ 1 P \ d ff V, ccccc d A G N G R BI P t
10 PeV - 5 EeV UHE AGN, TD,

> EeV EHE Micro Black Holes, etc.
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» ~300atm. (130 days)

* Proof of concept
» "Cadlibration source"

Physical Review D 66, 012005 (2002)



Atmospheric Neutrinos 1997
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Space angle resolution ~4°

no clustering - fully consistent
with atm.



Atmospheric Neutrinos 2000

» Using aneura net for energy reconstruction
» Regularised unfolding
» Unfolds the expected atmospheric neutrino flux

oJ N 10 | 1w 10° 10
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Cascade Analysis 1997, 2000

» Search for ‘point like' energy depositionsfromu , u_and u,

Motivation: Drawbacks:

» oscillations: effective volume smaller

® than for
» better E measurment

. angular resolution worse
» |ess cosmic ray background than for tracks

» contained events. sensitivity
over 4

* easer to calibrate
«» aE>100TeV,only can

penetrate the earth
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Optimal cut procedure

» Uses background and signal MC

» Plot bgr and signal as function of final cut

» For each cut value derive average upper limit (sensitivity) for
expected background

» Use minimum aul/n
signal

no need to look at the exp. data



Diffuse Flux of 1997

Using N as energy sensitive cut
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submitted to PRL, astro-ph/0303218



Point Source Search 1997

oY =39°
» 815 events

® ho clustering Ap. J. 583, 1040 (2003)



Point Source Search 1997

Ap. J. 583, 1040 (2003)



* Analysis developed with scrambled data
* Cuts optimised in each declination band
» 700 events below horizon

* no significant cluster seen



Point Source Search 2000

No excess above atm

|

Limit (E>10GeV)  (10°cm™®s?)

[ D 1997 2
Crab 22 4.2 2.1
Mkn421 382 11.2 3.1
Mkn501  39.8 9.5 1.6
Cygnus X-3 415 4.9 3.1
Cass. A 58.8 0.8 1.0

» Sengitivity (2000) averaged over
declination ~2.3-10°cm™®s*

o was~1-10"cm?stin 1997

*Cuts are optimised in declination bands
here the cut is 2x "weaker" than in neighbor bins



Point Source Search expected sensitivity for 3 years operation



SPASE air shower array

Unique: ” / measures electron

= “r = component of air shower

AMANDA measures the muon

/ component
'

Mass composition measurment at the knee

2 km |-




SPASE-AMANDA Analysis 1997

* Trend towards heavier e ements
for higher energies seen
» Sde effect;

Spase provides reconstruction cross check
publication in preparation



Cosmic Ray Flux

<«—— 1 paricle/ m* second

Flux (m*sr s GeV)?*

Knee
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Ankle ad
1 paricle/ kny year

Energy (eV)

UHE in AMANDA:

¢ Where do they come from ?

¢ How arethey accelerated ?

¢ |stherealimit for the energy ?
¢ Candidate source: AGN



UHE in AMANDA 1997
E >10%eV

Search in the upper hemisphere
Large -xsection

Long pathlength (>10km)

Glasstetter (Kascade)



&
UHE in AMANDA 1997 $@
Q
263k events 3k events
optimal cut
\J

* M C background agrees with exp. data (shape and rate)
» Selection viamodel rejection method (independent of exp. data)
* above optimal cut 2.8 events expected, 5 seen in experiment



UHE in AMANDA 1997
* Analysis extends energy reach
for AMANDA
* A factor of ~3 away from excluding
models
» Currently best limit from a neutrino

detector above 10°eV
* Even higher energies possible
with A-II
§
&
>
N

sensitivity (without sys. error) 2.1-10° cm® s* sr* GeV o _
publication in preparation



Flash ADC upgrade finished !

lmproves:

» PE resolution
* Charge measurment

3

* Energy resolution
* UHE / EHE analysis



Recently published papers
» Search for neutrino-induced cascades... PRD 67, 012003 (2003)

» Search for point sources of high energy...  AP.J. 583, 1040 (2003)
» Observation of high energy atmospheric... PRD 66, 012005 (2002)

» Limits to the muon flux from WIMP... PRD 66, 032006 (2002)
» Search for supernova neutrino burst... Astrop. Phys. 16, 345 (2002)
Submitted

» Limits on diffuse fluxes of high energy... PRL

Internal referee process
» Measurment of the CR Compositon ... (Spase/AMANDA)
» Search for UHE neutrinos with ...




Summary

» AMANDA-II isasuccessfull operating neutrino telescope

» Analyses cover a huge range of energies

* AMANDA limits abovethe TeV region are the best currently availible
* Started to publish, more analyses are in the "pipe"

» Fast ADC upgrade added potential

The future with IceCube:
» This season the EHWD (the drill) will be tested at South Pole
* First IceCube strings to be deployed 2004/05



