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Neutrino Detection in IceCube

-Cherenkov radiation emitted by muon

-Optical sensors record arrival time of
photons for track reconstruction
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IC Status
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IC40 Event

IC40 down-going
muon event
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Challenges in IceCube for point sources

• Down-going muons from CR showers
misreconstructed as up-going
– Particularly coincident muons from

independent showers
– Must reject with tight quality cuts

• Up-going atmospheric neutrinos from
CR showers on other side of Earth
– Irreducible background when looking

for extra-terrestrial neutrinos At the depth of
IceCube, ~2000m



Blois, France Jon Dumm 7

Unbinned Maximum Likelihood Analysis

• Partial Prob for each event

• Likelihood function

• Log Likelihood Ratio

is the number of signal events which maximize the likelihood

is the signal pdf, based on individual reconstructed uncertainty estimates

is the background pdf, based on dec. distribution of data

Determine significance by evaluating Log Likelihood Ratio over
background-only (scrambled) datasets

Braun et al, arXiv:0801.1604
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First IC9 Skymap
233 up-going events in 137d; median ang res = 2°

Max deviation of 3.35 sigma at ra=276.6°, dec=20.4°

Chance probability of hottest spot from background = 60%
Presented at ICRC2007, C. Finley, J.Dumm
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IC9, A priori sources

On a list of pre-determined
sources, largest deviation of
1.77 Sigma at Crab

65% chance of 1 in 26
sources having this sigma
from background alone
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IC22 analysis almost ready
Transition to Atms Nu in IC22

221 data events

225 sim events
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IC22 scrambled skymap

~6000 neutrino candidates in 300d of IC22

~1.5° median resolution
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IC22 sensitivity studied

Preliminary, will improve with
better method/reconstructions
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Adding Energy to Likelihood

E-2, 15 events

E-2, 30 events

Any observable that
distinguishes signal
from background can
be incorporated into the
likelihood analysis

First try something
simple - the number of
channels hit.
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Adding Energy to Likelihood

Simulated E-2 source at declination +30:
 5-sigma Discovery potential (Power 50%):
without energy term in likelihood:  6.1 × 10-8   GeV-1 cm-2 s-1 (E/GeV)-2 

     (mean number of source events: 15)
 with energy term in likelihood:  4.2 × 10-8   GeV-1 cm-2 s-1 (E/GeV)-2 

  (mean number of source events: 10.5)

Pre
lim

ina
ry
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AMANDA 7-year Results

E2Φ < µ90*10-11 TeV cm-2s-1

@90% CL
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Performance, now and then
Effective area for neutrinos Cumulative PSF for neutrinos

IC22: 20 nu/day; 1.5° after cuts

IC80: 200 nu/day; 0.8° after cuts
Gain is manyfold while
detector increasing in size!
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Point-source Limits
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Multi-messenger studies

• More can be gained if you know more
about your sources
– Flaring (e.g. AGN) or transient (e.g. GRB)

coincidence studies
• Starting to define many partnerships

– MAGIC, ROTSE, Swift, AGILE, RATAN,
GLAST, LIGO, VERITAS
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Conclusions

• 1 year of 9-string data unblinded
• 1 year of IceCube 22-string data almost

ready for unblinding; already expecting
an improvement over AMANDA 7-yrs

• IceCube 40-string configuration taking
data, ready for discovery!

• IceCube ~80-string configuration ready
by 2011


