00000
00000
00000
00000
TTTTTTTTTTTTT 00000

L IcECUBE

AAAAAA

lceCube and IceTop

Marcos Santander

University of Wisconsin-Madison

A ‘ 3 ‘\‘ B ,“ \
p ,’( "\ :
— \
. - \
\ :';
) ‘\ 4
. \ 7\
. .
A
- H



IcCECUBE

Outline

Cosmic rays & IceCube

Large scale and small scale anisotropy
Anisotropy at high energies with lceCube
Preliminary anisotropy results from lce Top
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222 Muon event in lceCube
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lceCube configurations
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25 |ceCube configurations
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lceCube configurations

IC-9
05-06 Season
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lceCube contigurations

IC-22
06-07 Season
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#2 |ceCube configurations

IC-40
07-08 Season
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#2 |ceCube configurations

IC-59
08-09 Season
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#2 |ceCube configurations
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#2 |ceCube configurations

IC-86
10-11 Season
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#E | arge scale anisotropy with lceCube
Tibet-ll

1.0008
9996

0999

09985
S

lceCube-22

4.3 10° events 20 TeV

" relative intensity

Abbasi et al.,, ApJ, 718,L194, 2010
arxiv/1005.2960

~1073 anisotropy observed in the South
- Good match to observations in the North
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#2328 |(CDO relative intensity map
HealPix map

Equal area pixels (~ 0.9° spacing)

IC59 data (5.6 x 10'° events, 20 TeV)
Ni eventsinthe ith pixel

IC59 Relative Intensity Map

(N;) expected number of events for

an isotropic sky (24 hr time
scrambling)

Relative intensity:

4 -3 2 1 0 1 2 3 4 =

ANJ(N) [x10°°] (N)i (Ni(a, 6))

> Relative intensity map is not isotropic (IC 22 large scale structure)
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22 Power spectrum
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i Dipole and quadrupole subtraction

0 (a,0) = my monopole

+pg cOS O cOsa + pyy cosdsina 4 p, sin d dipole

1
+§Q1(3 cos® § — 1) + Q2 sin 26 cos a + Q3 sin 26 sin « + Q4 cos? § cos 2a + Q5 cos? sin 2 quadrupole

Coeflicient Fit Value IC59 Dipole + Quadrupole Fit
mo 0.320 + 2.264
D 2.435 £ 0.707
Dy —3.856 £ 0.707
D 0.548 + 3.872
Q1 0.233 +1.702
Q- —2.949 + 0.494
Q3 —8.797 £ 0.494
Q4 —2.148 £ 0.200
Qs —5.268 £ 0.200

x?/ndf = 14743.4/14187

1.1 -09 -07 -05 03 01 01 03 05 0.7

Pr(x?[ndf) = 5.5 x 1074 AN/(N) [x10™]
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IcCECUBE

Fit residuals map

IC59 Dipole + Quadrupole Fit Residuals

AN/{NY T x10 1

> Anisotropy not immediately visible (smoothing needed)
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Map smoothing scan
3° smoothing
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Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial
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Map smoothing scan

significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

6° smoothing

OO
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Map smoothing scan

360°

..........

-6.5

significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

9° smoothing

OO
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Map smoothing scan

360°

65 -5 3 1 1 3
significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

12° smoothing

OO
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Map smoothing scan

360°

....................

significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

15° smoothing

OO
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Map smoothing scan
18° smoothing

360° 0°

......
..........................

65 -5 -3 1 1
significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

M. Santander - Cosmic Ray Anisotropy Workshop , Madison, October 2011 16



Map smoothing scan
21° smoothing

360° 0°

B e R seaTe e ranana R ER R

-6.5

significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial
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Map smoothing scan

360°
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Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

.
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24° smoothing
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Map smoothing scan
27° smoothing

360° 0°
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Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial
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Map smoothing scan

360°

significance [o]

Scan from 1 - 30° in smoothing
Different regions have different optimal smoothings
Significances are pre-trial

30° smoothing

OO
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i Smoothing scan results

region right ascension  declination  optimal scale peak significance post-trials

1 (122.47% %) (—47.4755)° 22° 7.00 5.30
2 (263.013 )O (—44.1123)° 13° 6.70 4.90
3 (201. 6+ Oy (=37.01%2)° 11° 6.30 4.40
4 (332. 4+9 °)° (=70.0732)° 12° 6.20 4.20
5 (217. 7+1°82)° (—=70.075%)° 12° —6.40 —4.50
6 (77.613 9)° (—31.9132)° 13° —6.10 —4.10
7 (308. 2+ )° (—34.572:9)° 20° —6.10 —4.10
8 (166. 5+ o) (=37.2730)° 12° —6.00 —4.00
IC59 Dipole + Quadrupole Fit Residuals (20° Smoothing) IC59 Dipole + Quadrupole Fit Residuals (12° Smoothing)

significance significance

Abbasi et al., ApJ, 740, 16,2011 arxiv/1105.2326
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25 Milagro + IceCube combined skymap

Milagro median energy ~ 1 TeV Abdo, A. A, et al. 2008, Phys. Rev. Lett., 101, 221101
Milagro + IceCube TeV Cosmic Ray Data (10° Smoothing)

significance
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Anisotropy at high energies - lceCube

Cut on number of triggered
DOMs and on reconstructed
zenith angle

Final sample: 6.1 x 108 events
Median energy: 400 TeV

Abbasi et al., submitted to ApJ, arxiv/1109.1017
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2222 Anisotropy at high energies - lceCube

Optimal smoothing of 21°
Strength of ~1073

Minimum significance: -8.60
(-6.30 post-trial)

Abbasi et al., submitted to ApJ, arxiv/1109.1017

9 -7 -5 -3 0 3 5 7 9
significance [o]
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i Comparison to low energies

400 TeV

- The anisotropy changes phase
- Similar peak-to-peak strength

- Smaller characteristic size at
high energies

Relative intensity [ x107]
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lce Top air shower array

81 stations

- 2tanks per station

- 2 DOMs per tank (hi gain,
low gain)
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222 Anisotropy with Ice Top
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Significance maps for [T59
All data

360°
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e zes ey

117 x 10% events
500 TeV median energy

Minimum significance: -6.2 o
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Relative intensity maps PRELIMINARY

AN/(N) x[107%] o(AN/{N)) x[1077]

All data sample

0.4 0.6
o(AN/(N)) x[107%]
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IcCECUBE

Conclusions

Anisotropy observed with IceCube:
Wide angular scale range (10°-180°)
Strength inthe 104-10"3range
Different energies: 20 TeV to 400 TeV
20 TeV anisotropy matches that observed in the North

Observation of anisotropy at 400 TeV (change in phase, size compared to
20 TeV)

Preliminary results from IceTop at 400 TeV are consistent with lceCube
results

Anisotropy observed at 2 PeV (near the CR knee) change in
composition?

Origin of the anisotropy still unknown

M. Santander - Cosmic Ray Anisotropy Workshop , Madison, October 2011
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s222 |CH9O Moon shadow
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22322 Smoothing scale

o
" pixel N, = ZNP
p

p is the pixel #
inside the disc

Smoothing radius

- Both data and bkg maps are
“smoothed” in this way

- “Rebinning” of the map
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|IC22 and 1C40
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i |C22 and IC40

IceCube-22 interstring (surface) distances

IC22

IC40

A% a0 0 6 0 0 0 B 30 w0 w0 &0

] Different geometries, same
B |
6 4 2 0 2 4 6 structure

significance

M. Santander - Cosmic Ray Anisotropy Workshop , Madison, October 2011 34



and |C40

IcCECUBE

IceCube-22 interstring (surface) distances
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2322 Comparisonto |Cdata-LowE
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