






1968  OSO-3  (Kraushaar et al. 1972)
•  effective area 4 cm2

•  600 photons
sources seen in 
next mission! 

SAS-2 100 cm2 



On-Source 

Off-Source 

ApJ 583, 1040 (2003); Phys. Rev. Lett. 92, 071102 (2004); Astropart. Phys. 22, 339 (2005)  

search for point sources in the Northern Sky: 
• angular cuts are applied to the reconstructed events to 
  reject misreconstructed atmospheric  
  (i.e. down-wardgoing) muons 

• the background is determined from the event densities  
   in the off-source declination band 

• at the South Pole a declination band  
  has uniform coverage  
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AMANDA skyplot 2000-2003  

3369 events 

below horizon 
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⇒  also search for neutrinos from unresolved sources 

Search for clustering  
un-binned statistical analysis 
 no significant excess 

              2000-2003 (807 days) 
3329 µ  from northern hemisphere 
3438 µ expected from atmospheric νµ  

Maximum significance 3.4 σ 
compatible w. atmospheric νµ  

Search for localized sources 
(AMANDA) 

quite expected ... 
92% of experiments would 
yield even higher maximum 



Combined PS Search 2000-2002 

   on average expect 2.3 hotspots with > 3σ 
   two spots seen with > 3σ, maximum 3.6σ 

   combined 2000/2001 analysis: 959 events (453 above 90°)  
   standalone 2002 analysis: 927 (469 above 90°)  

    putting together both data sets w/o re-optimizing for 
 best sensitivity yields 1883 events (922 above 90°)  

SCRAMBLED 



Combined PS Search 2000-2002 

Thomas Becka, Wuppertal AMANDA meeting, June 20-24, 2004  

UNSCRAMBLED 

   one spot seen with > 3σ 
   observed maximum significance is 3.41σ 
   very close to what is expected 

    no evidence for signal  



Combined PS Search 2000-2002 hotspots 

Spot with highest significance Crab nebula 



Combined PS Search 2000-2002 
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              Markarian 501

LS I +61 303

note: 
  with 30 „random“ sources to discuss,  
  probability that  >0 source falls into 2 sigma hotspot:    ≈  40% 
                                                          3 sigma hotspot:    ≈    4% 

more hotspots 



Active Galaxy 
Mkn 421 



2000-03: scrambled (top) and unblinded (bottom) 



grid search 2000-04 

2000-2004 Significance / σ

Largest fluctuation:  
3.7σ

at 12.6 h, +4.5 deg 

Random events 

69 out of 100 sky maps 
 with randomized events 

show an excess higher than 
3.7σ



likelihood distribution 



neutrino effective areas 

muon neutrinos 

tau neutrinos via  
ντ ◊ τ ◊µ + ντ+ νµ 

(17.7 %) 



neutrino effective area 

νµ (2000-2004) 



33 selected sources 



search for clusters of events in the 
Northern sky 

Source Nr. of ν 
events 

(4 years) 

Expected 
backgr. 

(4 years) 

Flux Upper Limit  
Φ90%(Eν>10 GeV) 

[10-8cm-2s-1] 
Markarian 421 6 5.58 0.68 
1ES1959+650 5 3.71 0.38 
SS433 2 4.50 0.21 
Cygnus X-3 6 5.04 0.77 
Cygnus X-1  4 5.21 0.40 
Crab Nebula 10 5.36 1.25 

… out of 33 sources 

Crab Nebula: MC 
probability to obtain 

an entry with at 
least this excess 

significance is 64% 

Sensitivity Φν/
Φγ~2 
for 200 days of 
“high-state” and 
spectral results 
from HEGRA 



sensitivity to point sources 

Sensitivities to point source with 
an energy spectrum proportional 

to dN/dE ~ E -2 

Neutrino effective area vs 
energy and declination 

Declination averaged 
sensitivity, integrated 
in energy (E>10 GeV), 
dN/dE ~ E-2 : 
Φν

lim ≈ 0.6·10-8 cm-2s-1  



Source Nr. of ν 
events 

Expected 
 background 

6 5.6 
Markarian 501 5 5.0 
1ES 1426+428 4 4.3 
1ES 2344+514 3 4.9 
1ES 1959+650 5 3.7 
QSO 0528+134 4 5.0 
QSO 0235+164 6 5.0 
QSO 1611+343 5 5.2 
QSO 1633+382 4 5.6 
QSO 0219+428 4 4.3 
QSO 0954+556 2 5.2 
QSO 0716+714 1 3.3 
SS433 2 4.5 
GRS 1915+105 6 4.8 
GRO J0422+32 5 5.1 
Cygnus X-1 4 5.2 
Cygnus X-3  6 5.0 
XTE J1118+480 2 5.4 
CI Cam 5 5.1 
LSI +61 303 3 3.7 
SGR 1900+14 3 4.3 
Crab Nebula 10 5.4 
Cassiopeia A 4 4.6 
Geminga 3 5.2 
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Φ90%(Eν>10 GeV)  

[10-8cm-2s-1] 
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The chance 
probability of such 
an excess (or 
higher) in any of 
the 33 objects is 
64% 

The statistical 
significance is 
evaluated with 

MC experiments 
on events with 

randomized right 
ascension 

= 2.25°-3.75° 
= 807 days 

Statistical test of 33 pre-selected objects 



Source Nr. of ν 
events 

Expected 
 background 

Φ90%(Eν>10 GeV)  
[10-8cm-2s-1] 
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= 2.25°-3.75° 

= 807 days 

The statistical 
significance is 
evaluated with 

MC experiments 
on events with 

randomized right 
ascension 

The chance 
probability of such 
an excess (or 
higher) in any of 
the 33 objects is 
64% 

Statistical test of 33 pre-selected objects 





intermezzo on point source search 









IceCube 5 years (E > 40 TeV) 



data taken with IceCube 22 strings (>5000 events) 

22strings 

•  250 days 
•  > 25 per day 

80 strings 
(conservatively) 

•  200 per day 

(scrambled map) 



2008‐08‐22  NYC/Madison  C. Finley! 32 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the hottest spot location is: Ra 153.5 , Dec 11.5    
estimated number of events = 7.7   estimated gamma = 1.65 

  pre-trials:  -log10(p-value) :  6.14 (4.8 sigma) 

post-trials p-value of analysis is ~ 1.34% (2.2 sigma)  

IC22 (255 days) all-sky results (unblinded) 



2008‐08‐22  NYC/Madison 

C. Finley!

33 

IC22 (255 days) All-Sky Results 

all sky search, not using energy term in likelihood 
neutrino events overlayed 
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IC22 (255 days) All-Sky Results 



the hottest spot location is: Ra 153.5 , Dec 11.5    
estimated number of events = 7.7   estimated gamma = 1.65 

  pre-trials:  -log10(p-value) :  6.14 (4.8 sigma) 

post-trials p-value of analysis is ~ 1.34% (2.2 sigma)  










