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Abstract:  The construction of the IceCube Neutrino Observatory begaring the austral sum-
mer of 2004-05, and is expected to continue through 2011.inBuW006, nine of the projected 80
strings were already deployed and taking data, making lbeGin operational neutrino observatory
while still at about 10% of its final size. We present the fiesults of a point-source search based
on the analysis of this year of data, and characterize thalangesolution and effective area of the
nine string configuration. With 137.4 days of detector livet, 233 neutrino candidate events were
selected in the analysis; the sky-averaged point-sournsitséty for an E~2 spectrum is% =

12 x 107" TeV~'em™2s™! (E/TeV)™2. No significant point-source is found. We also discuss
how the performance is expected to improve as the detecteesrtoward completion.

I ntroduction

The IceCube Neutrino Observatory is a cubic
kilometer-scale detector under construction at the ¢z _ 1
geographic South Pole. Its primary mission is the = o ©
search for high energy extraterrestrial neutrinos, o ° 0 °
which may reveal the origin of cosmic rays and of-  **| Lo o ° L

fer insight into the most energetic phenomena in o © s ®
the universe. The detector consists of an array of 2| ’ o o ° ° .
digital optical modules: 60 modules are connected ° 0 © .
on one string, and a planned total of up to 80 strings o o ° o ©

are to be deployed in the Antarctic ice at depths be- o ° . o ®
tween 1.5 and 2.5 kilometers beneath the ice sur- 200} o © o ®
face. Construction is limited to the austral sum- o © 0

mer time, and therefore is spread over a number | o o °
of years. As the detector grows, commissioning of . o °
the new strings and data-taking occur during the |

rest of the year. 600 -400  -200 0 200 400 600

Nine strings were in operation during 2006, shown x[m]

in Figure 1. At about 10% of its completed size,

the partial detector configuration is not optimal:

muon tracks which traverse the long axis of the Figure 1. Configuration of IceCube strings; fille
detector can be reconstructed much more accu-markers indicate the location of the nine strings
rately than those which pass through from other eady deployed and taking data in 2006.
directions. Nevertheless, high-quality data was ob-

tained between June and November, providing the
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Data

first opportunity to perform a search for extrater-
restrial neutrinos with the IceCube detector. Point 2 ‘
source searches like the one presented here are thi 5 |
simplest and most direct way to distinguish an ex- Jr L | | JFJT |
traterrestrial neutrino signal from the experimen- + Jr | JFJF J‘r
$+
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tal backgrounds. Discovery of point sources would
also directly indicate the sites of cosmic ray accel-
eration.
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An unbinned maximum likelihood method is used
to search for point sources. For a specified, hy- 2
pothetical source location, and total number of 1

eventsny., the source hypothesis is that the data L ==

set is a mixture ofn, signal events (distributed waman
around the source according to their individual an-

gular uncertainty) and;.; —n, background events ) o ) )
(distributed over the sky according to the detector Figure 2: Distribution of data events in zeni

background distributions). This can be expressed @1d azimuth after analysis cuts have been
as the partial probability?; of each event: plied, compared with simulated atmospheric n¢
trino events. (Note: declinatioh= 6,., — 90°.)
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Pi(z,z5,n5)= ls Si(x,xs) + (1 L >Bl(¢)

Ntot Ntot Event Selection

whereS;(z, z,) is the source pdf of the event (de- o o
termined by its angular uncertainty) aj(z) is Data in thls.anaIyS|s flrst_passed two levels of |
the background pdf. The background pdf is deter- tering to reject down-going muon events; the

mined by using the declination distribution of the filter levels are described in [1]. The remainit
real data set. events were reconstructed using a likelihood

gorithm that also provides an angular uncertai
estimate by evaluation of the likelihood functic
around the direction of the best fit. After filte
ing, the main background is still mis-reconstruct
down-going muons and muon bundles from ct
L(zs,ns) = H Pi(zi, x5, ns) mic ray showers. To reduce this mis-reconstruc
background, a tight cut on each track’s angular |
certainty was used, and only tracks which rect
structed as up-going (zenith angle greater W)

are kept in the analysis. A second cut on the
L(ws, i) imum number of modules which were hit by d
5 rect Cherenkov photons (as estimated for the
L(ws,ns = 0) constructed track, using a time window efl5

log \ is the test statistic which determines the sig- {0 +75 ns around the expected arrival time) pr

nificance of an observed deviation from the null Vides additional background rejection, primarily
hypothesis. down-going muons from two different cosmic re

showers which trigger the detector in coincider
and reconstruct as a single upward-going evt
What remains after tight cuts on both of these |

The likelihood £ is defined as the product of all
individual event pdf's evaluated at the event and
source coordinates:

The best estimate for the number of signal events
7 1S found by maximizing the log likelihood ratio
A with respect to the null hypothesis = 0:

log A = log
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Figure 4: IC-9 sensitivity as a function of de:
lination to a point source with differential flu:
92 — O(E/TeV)~2. Specifically,®? is the min-
imum source flux normalization (assumirig 2
spectrum) such that 90% of simulated trials res
in a log likelihood ratiolog A greater than the me
dian log likelihood ratio in background-only trial
(log A = 0).

7 8
Iogm Energy/GeV

Figure 3: IC-9 effective area to a flux of, + 7,
averaged over different declination ranges.

rameters is the “irreducible” background of well-
reconstructed upward-going atmospheric neutrino

events, the product of cosmic ray showers in the . .
reconstructed down-going muons, which are

northern hemisphere. . . .
) i ) creasingly hard to reject near the horizon. Beca
To determine the final cut values, the point source e cut optimization was performed using scra

analysis was performed on simulated data sets,pled real data, this residue of mis-reconstruc
consisting of simulated source events added to real o\ ents indicates that harder cuts. which could el

data scrambled in right ascension. The cuts wWere i ate these events entirely, would ultimately c
optimized for discovery potential: the combination ra5se the discovery potential.

of cuts which could detect the smallest source flux The azimuth distribution of data and simulation
at 5 o significance in 50% of the trials. For most

i L also shown in Figure 2. The two directions corl
possible source declinations and a range of spectra 9

A _ sponding to the long axis of the nine-string detec
22 o« E77 for th =2 = h - S e
(75 or the range; oy = 3)the are clearly visible. For other directions, it is mo

imal were th me. e . :
optimal cuts were the same difficult to reconstruct tracks with high accurac
and to reject background.

Data Sample The effective area to an equal-ratio fluxigf + v,
is shown in Figure 3. In Figure 4, the sensiti
Data taking occurred between June and Novem- ity (median flux upper limit) is shown as a fun
ber 2006. The detector livetime was 137.4 days. tion of declination. The sky-averaged point-soul
The zenith distribution of data events is shown af- sensitivity to anE—2 source spectrum ig% =
ter final cuts and compared with simulated atmo- 12 x 107 TeV~! cm™2s~! (E/TeV)~2. The
spheric neutrino events (using the spectrum pre- median angular reconstruction erropig°.
dicted by the Bartol group[2]) in Figure 2. The
final sample is restricted to events with declination
less thar85°, because the right-ascension scram-
bling technique for estimating background does
not work near the pole, where statistics are low and The analysis consists of an all-sky point soul
the events cannot be scrambled. After cuts, there S€arch, and individual point source searches u:
are 233 events in the data sample, and 227 pre-2 pre-defined source list. The result of the all-<
dicted atmospheric neutrino events. The excess ofS€archis shownin Figure 5. The maximum upw:

data events at low zenith angles is most likely m

Results
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declination

Figure 5: Sky map of the significance][of deviations from background, estimated from the maxim
likelihood point-source search. (Black points are reaoreséd event directions.)

deviation from background is at r.a= 276.6°, enlarging the array will not only increase the d
dec= 20.4°, with 3.35 o significance. Thisis con-  tector volume, but also greatly improve the an¢
sistent with random fluctuations: in simulations of lar resolution in all directions. This should becor
background-only data sets (data scrambled in right apparent with the 22-string configuration whi
ascension), 60% have a maximum deviation (any- began operating this year. Continued software
where) 0f3.35 o or greater. velopment should also deliver more advanced tr:

Twenty-six galactic and extragalactic objects were reconstruction algorithms and background rej
included in the pre-defined source list. Of these, tion techniques. The current analysis can se
the most significant excess over background was @s @ benchmark for evaluating the performance
1.77 o, found for the Crab Nebula. This is also these new tools. Extrapolating the present r
consistent with random fluctuations: the prob- Of growth, the IceCube Neutrino Observatory w
ability for at least one out of 26 source di- begin to deliver results of unsurpassed sensiti
rections to have an excess of77o or greater well before detector construction is completed.
is 65%. The 90% confidence level flux up-
per limit for the Crab Nebula istz = 22 x

10~ TeV—1 em=2 51 (B/TeV)2. Acknowledgments
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Nine IceCube strings (out of a projected total of
80) were operating and taking data in 2006. Anal-
ysis of this first year of data indicates that the
point-source sensitivity of the nine string detec-
tor is comparable to an equivalent livetime of the
AMANDA-II detector. This is a promising result,

given that the configuration of the nine-string de-
tector is far from optimal. For example, as seen
in Fig. 2, more than half of the well-reconstructed
events arrive from less than 10% of the full range
of azimuth. Therefore as construction continues,
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