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¥ Outline

* The IceCube detector

*  Energy dependence of the large scale anisotropy (paper in preparation):
» preliminary results at 20 and 400 TeV.

» solar dipole

*  Medium and small scale structures (submitted to ApJ, arXiv:1105.2326):
» analysis
»  systematics

*  Conclusions
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2222 | he IceCube detector
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#  (Uosmic rays 1n IceCube

IceCube tries to identify cosmic ray sources by cosmic ray

their neutrino signal, but it also allows for a study
of the cosmic ray flux itself, as the detector is
sensitive to downward going muons produced in
cosmic ray air showers in the southern hemisphere.

air shower

By detecting downgoing muons, IceCube can
study the arrival direction distribution of cosmic rays
in the energy range -10 TeV to several 100 TeV
and produce a cosmic ray sky map of the southern
sky.

muons from
air showers
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Data set

*IceCube collects billions of down-going
muons generated in CR air showers
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Observation of the CRs large scale anisotropy

There have been several observations of large-scale, part- per-mille anisotropy in cosmic ray arrival directions between 0.1 and

100 TeV.
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22  Large scale anisotropy

X IceCube observed a large scale anisotropy at 10¢level for the first time in the Southern Sky.
X The anisotropy appears to be a continuation of large scale structures observed in the

Northern Hemisphere.

Tibet-lll

Relative intensity of the cosmic ray event rate in equatorial coordinates: for each declination belt of width 3°, the
plot shows the number of events relative to the average number of events in the belt.
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Energy dependence of the

If

anisotropy

Tibet - I11

300 TeV

Amenomori et al., Science Vol. 314, pp. 439, 2006

Amplitude: (3.212.6)x10

consistent with no anisotropy
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s23s2 Earth’s motion around the Sun: the

Solar dipole

v=29.8+0.5km/s
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X The observation of the solar dipole supports the observation of the sidereal anisotropy in cosmic ray

Energy dependence of the Solar dipole

1 * IceCube observes the Solar dipole in both energy bins. The observed aphtude is compatlble W1th the
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#:  Small scale anisotropy

several times 10-% relative to the background.

X Same structures observed by ARGO-YB].
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S. Toscano for the IceCube collaboration - RICAP 11 - 05/25/2011

Wednesday, May 18, 2011



Relative Intensity map

Equatorial sky maps in HEALPix: equal area pixel (size ~ 0.9°)

IC59 Relative Intensity Map

' Sky map created using the

" [ [ [
| background estimation technique

from real data:

® N;:number of data events in the 2 pixel. |

® <N;>:expected number of events in an

1sotropic sky (time scrambling in 24 hr) in

J‘ the  pixel.

® Relative Intensity:

AN/(N) [ x10 ] —

Relative intensity map is not isotropic. In IceCube-39, the strong large scale
structure already observed in IceCube-22 data is visible in the “raw’ data.
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it Significance map

Significance calculation:

1/2
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Li, T., & Ma, Y. 1983, ApJ, 272, 317
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HH Power spe(:trum
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Power spectrum
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#:2  Dipole and quadrupole fit

0l (a,d) = mg monopole
+p, cOs 0 cos o + py, cososina + p,, sin o dipole

i
—|—§Q1 (3cos® 6 — 1) + Q2 sin 28 cos a + Q3 sin 26 sin o + Q4 cos? § cos 2a + Q5 cos? § sin 2 quadrupole

IC59 Dipole + Quadrupole Fit
Coeflicient Fit Value
mo 0.320 + 2.264
D 2.435 + 0.707
Dy —3.856 £ 0.707
j 0.548 + 3.872

1 0.233 £1.702

Qo —2.949 + 0.494

Q3 —8.797 £+ 0.494

Q4 —2.148 £+ 0.200

Qs —5.268 £+ 0.200

BT l : :
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Residual map

IC59 Dipole + Quadrupole Fit Residuals
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IC59 Hotspots: 1 Smoothing
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IC59 Hotspots: 2° Smoothing
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o= -_"-f-lg‘l'IA '.

IC59 Hotspots: 3° Smoothing

significance
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IC59 Hotspots: 4= Smoothing

significance
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IC59 Hotspots: 5 Smoothing

significance
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IC59 Hotspots: 6 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 7 Smoothing
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IC59 Hotspots: 8° Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 9° Smoothing

significance
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IC59 Hotspots: 100 Smoothing

significance

S. Toscano for the IceCube collaboration - RICAP 11 -05/25/20

Wednesday, May 18, 2011



o= -_"-f-lg‘l'IA '.

IC59 Hotspots: 11 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 12° Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 13~ Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 14 Smoothing

significance
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IC59 Hotspots: 15 Smoothing

significance
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- Significances are p

IC59 Hotspots: 16 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 17 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 18 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 19 Smoothing

significance

S. Toscano for the IceCube collaboration - RICAP 11 -05/25/20

Wednesday, May 18, 2011




- Significances are pre-trial

IC59 Hotspots: 200 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 21 Smoothing
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S §1gn1ﬁcances are p trial

IC59 Hotspots: 22° Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 23 Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 24 Smoothing
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- Significances are pre-trial =

IC59 Hotspots: 25 Smoothing

significance
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- Significances are p

IC59 Hotspots: 26° Smoothing

‘ll‘:-l“.'IIQ:l
.‘. -

significance

S. Toscano for the IceCube collaboration - RICAP 11 -05/25/20

Wednesday, May 18, 2011



- Significances are pre-trial

IC59 Hotspots: 27 Smoothing
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- Significances are p

IC59 Hotspots: 28° Smoothing

significance
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- Significances are pre-trial

IC59 Hotspots: 29 Smoothing
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significance
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IC59 Hotspots: 30 Smoothing
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Identification of significant structures

region right ascension declination optimal scale peak significance post-trials
1 (122.475 7 (—47.4755)° 22° 7.00 [=5:80a)
2 (263.073-2)° (—44.1jg;‘;)° 13° 6.70 4.90
3 (201.6t§‘;‘1’)° (—37.01%5)° 11° 6.30 4.40
4 (332.4172:2 (=70.0172)° 12° 6.20 4.20
5 (217. 7+10 2) (—=70.0753)° 12° —6.40 —4.50
6 (77. 6t e (=31.9132)° 13° —6.10 —4.10
7 (308.23? °  (—34.5138)° 20° —6.10 —4.10
8 (166.5152)°  (—37.2127)° 12° —6.00 —4.00

IC59 Dipole + Quadrupole Fit Residuals (12° Smoothing)

significance

IC59 Dipole + Quadrupole Fit Residuals (20° Smoothing)

significance
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33518 Systematics: previous data sets

- Different geometries, same
B 2 I B !
-6 -4 -2 0 2 4 6 structure

significance . . T
= Signal grows with statistics |
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32232 Systematics: previous data sets

1C22
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32232 Systematics: previous data sets
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significance
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3 Systematics: previous data sets

lceCute 22 rierstng (wurlace] Setances
o,

- Different geometries, same
structure

Signal grows with statistics |
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22 Milagro + IceCube combined map

IceCube map contains all data from 1C22, IC40 and IC59 data sets

Milagro + IceCube TeV Cosmic Ray Data (10° Smoothing)

significance [o]
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~ Milagro map: |
| [Abdo, A. A, et al. 2008, Phys. Rev. Lett., §
101, 221101] |

¢ 2.2 x 10! events

'@ time scrambling (2 hr)
J‘ ® 10° smoothing
% ® median energy 1 TeV

‘r
|

|  IceCube map:

® 5.6x10'° events
- ® time scrambling (4 hr)
| 10° smoothing

® median energy 20 TeV
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¥ Conclusions

. 7 .
X

* IceCube detector was completed in December 2010 and is now taking data in
its final configuration (86 strings).

* Large scale anisotropy:

»  First observation of sidereal anisotropy @ 400 TeV in southern hemisphere.
»  Sidereal anisotropy at 20 TeV confirms previous observation.

» Indication of a persistence of anisotropy @ 400 TeV: evidence of a “dip”.

*  Small and medium scale structures:

»  Southern sky in TeV cosmic rays shows significant anisotropy across a wide range of angular
scales (10-180 degrees).

»  Features similar to what observed in the Northern Sky
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