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@ Discovery of cosmic rays
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% Energy spectrum
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@ Cosmic-ray origin discovered?

INew York Limes (1Yz>-current jue); Jan 20, 1983,
ProQuest Historical Newspapers: The New York Times (1851-2009)
pg. 1
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@? Cosmic-ray origin discovered?

M. Santander

New York Times (1923-Current file); Jan 14, 1933;
ProQuest Historical Newspapers: The New York Times (1851-2009)

pg. 1
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@ Cosmic-ray propagation

Diffusive cosmic ray propagation
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Parameters obtained from fitting secondary/primary ratios.
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% Cosmic-ray propagation

Distribution of nearby SNRs in the galaxy - SNRs accelerate cosmic rays.

— T T T—— T
- .;.‘n,_glrr; o s o R*
STAI RS 9

w4 sresmioeetal |« CRs propagate diffusively.

- Diffusion induces the presence of
gradients.

- Gradients produce anisotropy.

Anisotropy amplitude
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% Anisotropy from CR diffusion

Amplitude: 102 - 103 range

Orientation: Depends on propagation geometry, mostly
towards the relevant CR source(s).

Shape: Dipole (large scale).

Relative intensity:
Fractional offset from
isotropic level.
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% Large-scale anisotropy observations

Amenomori et al, astro-ph/0610671 Abdo et al, arxiv/0806.2293
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Tibet-Ill Milagro

Several observations of large-scale anisotropy in the north (Tibet,
Milagro, ARGO-YBJ, SuperK, HAWC) in the 1-10 TeV energy range.

~103 strength
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s Small-scale anisotropy observations

Vernetto et al, Proc. of the ICRC 2009 Abdo et al. arxiv/0801.3827

7.5 12.6 s.d.

Significance [¢]

ARGO-YBJ Milagro

- Milagro, Tibet, ARGO-YBJ, and HAWC report small scale
structures.

- ~10%strength

M. Santander Cosmic ray anisotropy with IceCube, Ice Top, and AMANDA - Particle Astro Seminar (Fermilab, 3/3/14) 11



ﬂﬁ Extending the observations to the south

- Detector sensitive to TeV cosmic rays.
- Weak anisotropy (1072) implies the need for large

data sets (> 108-109 events) with good angular
resolution.

- Stable detection conditions (few detector effects).

M. Santander
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Cﬁ! Cosmic-ray detectors

proton

Cherenkov radiation

"top
of the atmosphere

ATMOSPHERE

EM
component

muon
component

- Detect secondary particles in the air shower (e*, muons).

- Energetic charged particles produce Cherenkov lightina
refractive medium.

neutrino
component

- Ifthe medium is clear (i.e. low absorption and scattering)
UNDERGROUND directions can be reconstructed.
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) South Pole

South Pole Station

o B

» Clearice
» Large volume
» Stable conditions
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& ceCube, IceTop, and AMANDA

IceCube Lab

1450 m

2450 m
2820 m

M. Santander

IceTo

g —'—/81 Stat%ns, each with

2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string

5160 optical sensors

December, 2010: Project completed, 86 strings

AMANDA | Array

(precursor to IceCube, until 2009)
DeepCore
8 strings-spacing optimized for lower energies
360 optical sensors
Eiffel Tower
324 m
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3’ lceCube Collaboration
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280 collaborators (approx.)
41 institutions
12 countries

http://icecube.wisc.edu
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% |CeCU be Digital Optical Module (DOM)

Penetrator HV Divider
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r Board
DOM
Mainboard 'i
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Board

1450 m

PMT RTV
gel
f

Glass Pressure Housing

» 86 strings
» 5160 DOMs
» 17 m vertical spacing

» 125 m between strings . DOM deployment
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% lceCube configurations
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% lceCube configurations

IC1
04-05 Season
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% lceCube configurations

IC9
05-06 Season
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a lceCube configurations

IC22
06-07 Season
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s lceCube configurations

1C40
07-08 Season
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s lceCube configurations

o o o e .
IC59 - e e e o e
08-09 Season - e e e e oo e
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s lceCube configurations

- o e o o - 09-10 Season
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s lceCube configurations

1C86
10-11 Season
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ﬁ! Event rate

2500

Observed InlceSMT Rate (Run Duration > 1 hour)
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- Compressed format retains reco info for all events passing simple
majority trigger (8 DOMs hit within 5 us).

1 kHz ~ 30 billion events / year. ~20 TeV CR median energy.

- Angular resolution ~ 3°,
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a' lceTop
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81 stations (2 tanks/station, 2 DOMs/tank).

High-gain & low-gain DOMs

High-gain DOMs operated in local coincidence
(hits within +/- 1 us of each-other)

- Trigger: > 6 coincident DOMs within 5 us (at least
2 stations)
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% Event reconstruction
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-~ 10 Hztrigger rate (~ 300 million events / year).
-~ 400 TeV CR median energy.
- Shower plane approximation:

-~ 3%angular resolution.
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<« AMANDA

Depth
—— 1000 m
e 200 m
i ity ~ S = 120 m
R —— 1150 m X
Optical
Module

HYV divider
main cable
pressure
~+— housing

T PMT o
., silicon gel

light diffuser ball

— 250m Inner 10 strings: zoomed in on one

[ AMANDA-TI| [ AMANDA-B10 optical module (OM)

- 677 optical modules in 19 strings.

- AMANDA-II operated between 2000 and 2009.

- Trigger: 24 OMs within 2.5 ps. ~ 5° resolution and 10 TeV median CR energy.
-~ 2billion CR events / year (~ 60 Hz).
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CR Moon shadow
Verification of the angular
pointing of IceCube

Cosmic rays
reaching IceCube

Aartsen et al. (PRD accepted)
arxiv/1305.6811

d, - 3y [deg]

3 2 410 1 2 3
(o, - oty) cos(d,) [deg]
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@? Angular resolution

Aartsen et al. (PRD accepted)

arxiv/1305.6811
Resolution Absolute pointing
Shadow profile vs. angular distance from the Moon Most likely location of shadow center
= \ §, 7‘I“‘\“‘§“““I‘J
I b 2 04 : N —
z N < 0.1% pointing res.
: < 0.2F § &
- ~ 0.70 resqution Accounts for magnetic
-0.05 I o~0 ———————————————— -| deflection effects
] 02f | .
o1l —— IC59 data B . 5;0 | ]
L |C59 — Gaussian fit ] 0.4 [J30 |C59 ]
T e e AT
AW [deg] (ot - ayy) €OS(D,,) [deg]

- Validation for point-source neutrino searches

- Detector with good resolution and angular pointing for
anisotropy studies.
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@ Sun shadow
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ﬁ! Anisotropy studies

Energy

Angular

scale

Anisotropy

" Composition |
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@! Anisotropy studies

Energy

Angular

scale

Anisotropy

* “Compesition *

M. Santander Cosmic ray anisotropy with IceCube, IceTop, and AMANDA - Particle Astro Seminar (Fermilab, 3/3/14)

29



Anisotropy as a function of angular scale
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;a' lceCube - Large scale anisotropy

Relative intensity skymap in equatorial coordinates

Lpet-ll AR
(Northern sky) courtesy Kazuoki Munakata

N 1.002
Yo = < o
ol A e
. — ;F ——— =
ICeCUbe-22 e = 77r;=;lative intensity 0%
(Southern sky)
............ 20 TeV
LLEEI Abbasi et al., ApJ, 718,194, 2010
ool arxiv/1005.2960

IC22 detector, 4 x 10° events, Median energy ~ 20 TeV

First indication of large scale ~ 1073 anisotropy observed in the South.

Good match to observations in the North.
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a' lceCube - Looking for smaller structure

Anqgular power spectrum of the CR anisotropy

Abbasi et al., ApJ, 740, 16, 2011
arxiv/1105.2326

Higher multipoles
(smaller scale)

; Angular scale [ o]
180 60 36 18 12 9 6
®m 24 hours

e 24 hours (¢=1,2 subtracted)

— Dipole
== Quadrupole

107 * + + +

10°} e
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% lceCube - Small-scale anisotropy

59-string detector

Dipole and quadrupole fit (Large scale)

[
-1 09 -0.7 -05 -03 -0.1 0.1 0.3 0.5 0.7
AN/(N) [x10 1]

==

Fit residuals (Small scale)

AN/(N) [x10°]

-4 -3 -2 -1 0 1 2 3 4
AN/(N) [x10 ]

- Correlate pixels to increase sensitivity to different angular scales.

Abbasi et al., ApJ, 740, 16, 2011
arxiv/1105.2326
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% lceCube - Small-scale anisotropy

- Statistically significant structure with typical sizes of 10°-20°
Abbasi et al., ApJ, 740, 16,2011 arxiv/1105.2326

20° scale

1
significance significance

Milagro (~ 1TeV)
Abdo et al, PRL, 2008

T iarteees o AT e o

ARGO (~ 1TeV)
arxiv/1309.6182

IceCube (IC;IQ)

(~20TeV)

" T
e — | B - B |
s T 05 0 o5 1 15 % -0.001 -0.0005 0 0.0005 0.001

Relative intensity [ x107*]
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3- Solar dipole

E pur si muove!

2.67 29.8 km/s

|
a1
—- = (’)/—FQ)%COSQ

~4.7x1074

M. Santander

Compton-Getting dipole rhysical Review 47 (11): 817-821, 1935

Cosmic ray anisotropy with IceCube, IceTop, and AMANDA - Particle Astro Seminar (Fermilab, 3/3/14)

IC59 Solar Dipole Best Fit

Sun

Direction of motion

[ ; |
-3.3 -2 -1 0 1 2 3.3
AN/(N) [ x10 "]

Coefficient  Fit Value (x10~%)

mo —0.029 £ 0.058
s 0.017 + 0.142
Py —3.661 + 0.142
p- —0.027 £ 0.072

2 /ndf = 14206.8/14192  Pr(x*|ndf) = 0.416

(3.66 £ 0.144¢t & 0.994y) x 1074



8‘ lceCube - Large-scale anisotropy

Preliminary Update

IC22-IC86 detector configurations (2007-2012) »
5° scale - 1C22-1C86:1.5x 10" events.

 IceCube Preliminary - Significant structure at very
- i ' small angular scales.

1D projection in right ascension

i 1 T 1 O L
-1 -0.5 0 0.5 1 ’
Relative Intensity [ x107] 5

= 0.5f # n‘lﬂig
S i du Pl

IceCube Preliminary X " i

. 2 i —~ 0.0F-- % ------------ SRR
= ¥ .
= R i
<1-0.5] L Iigf

T : e — )

35 25 -15 5 5 15 25 I,ﬂgf
Significance [¢] -1.0f | HH 1G22 to IC86 stacking |1
Santander et al. (0382 - ICRC 2013) 350 300 250 200 150 100 50 0

arxiv/1309.7006 Right Ascension [°]
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% lceCube - Small-scale anisotropy

Preliminary

IC22-1C86 detector, 5° scale
Large-scale subtracted (dipole and quadrupole)

3 2 -1 0 1 2 3
Relative Intensity [ x107*]

_Illl::' - 1 — H IR ARt i ]
-9 -6 -3 0 3 6 9
Significance [¢]

Update

- Significant power in the

spectrum for structures < 10°,

Angular scale [ o]

10_5180 60 36 18 12 9 6
I, IceCube Preliminary
107 | b [ [ ; ;
{ (stat. errors only)
108t

1012 ; ; ; ; ;
5 10 15 20 25 30
Multipole ¢
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@? Origin of small-scale anisotropy

Propagation effects

CR propagation 1% — Small-scale structure
1
L * i S ]
25 L T ] o2 0.940.960.98 1 1.021.041.061.08
=T 1 8.7 8.65 8.6 855 8.5 8.45 84 835 83
o 1 2 3 4 5 6 7 8 9 10 V(kpc)
Different energies probe different distances Giacinti & Sig|

Connection between anisotropy and GMF turbulence arxiv/1111.2536

I i Desiati & Lazarian Schwadron et al.
Heliospheric effects Desiall & Lazarian shwedron el s 2014

)

Ripples in heliospheric
boundary “

CR scattering onripples in the
heliosphere boundary induce
small-scale anisotropy.

200 200

= Time dependence?

Y(AU) X (AU)

CRs streaming along LIMF
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3‘ Origin of small-scale anisotropy

Non-standard diffusion and Electric fields in the
Non-standard magnetic fields | propagation models heliosphere
and dlfoSlOﬂ meChanlsmS Malkov et al ApJ 721, 750 (2010) Drury arxiv/1305.6752 (ICRC 2013)
Geminga? (155 pc)
ic mirrori ' Large-scale cascadin
Salvati & Sacco. A&A 485, 527-529 (2008) I\/Iagnetlc mirroring and funne“ng g g
from nearby source Ahlers arxiv/1310.5712
Drury & Aharonian. Astropart. Phys. 29 420-423 (2008)
A
r N Strangelets from NS
[~ Geminga 1 Kotera et al arxiv/1303.1186
O : 25
’:_ - Slom O % °
[ A —. \ ;;i‘:::'lc ource _g‘ 10
L M=y e e o
:\\\A _ o rs 29 25 30 3 b
[ Geminga \::,_“\'E“'\&—\/ E
——@ Sun = o .
E ) ¢ 5 s Dark matter annihilation
; d “n': o J.P. Harding arxiv/1307.6537
—1;,0 T p;rs;c -50 -o gw*’ %

L L I
0.1 1 B (TeV) 10 100
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M. Santander

Anisotropy as a function of time
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ﬁﬁ Time dependence study e RO

Solar cycles #23 and #24 Milagro (arxiv/0806.2293)
; : — Predicted values (smoothed) ~ 30[ P>
250 il —  Monthly values (smoothed) |1 2 r @) e .’
°® X * »
‘ i M Monthly values % 25 [ ®  Fundamental Harmonic o v s
:(7’3/2007 oq % zoi O 1st Harmonic "4" |nCrease N
5 Y i I the amplitude
[ » o [ ¢
o 150¢ 15" .
© rC .
© - ‘e
o 10? () . L -
§ 100} Eo-
’\. 5; (0] Y
9 C o o o o °
S0} ~AMANDA<IceCube 1 oC T S T S R S RS RN
Milagro ; | 52000 52500 53000 53500 54000
agro MJD
. Tibet:Ill : :
0 L L L L
2000 2005 2010 2015 . .
Year Tibet-lll (arxiv/1001.2646)

Cyce23  JF cycle24 o
No significant change

Use AMANDA+IceCube (160 billion events, 20 TeV, 12 years combined)

Analyze each year separately, compare.
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% Large-scale anisotropy

Relative intensity maps Preliminary

2010 2011

......... | 1T
AMANDA -1 -0.5 0 0.5 1
IceCube Relative Intensity [ x107*]
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@! Right-ascension projections

1.0 Period 1 ‘—— | Peri;d 2‘ | | ‘—— Peri‘od 3 i | Prel I m I na ry
ol Py ANt g7 Detector Year xifdot  pvalue
os Xy [ i, ¥ , AM-Il 2000 11.3/15  0.73
ol ¢TI 2000 % 2001 It{ 2002
AM-Il 2001 16.6/15 0.34
1.0+ Period 4 + Period 5 + Period 6 1
0514 I,ITIII——II ;EITIITIT II"I‘ILI’ AM-I 2002 26.0/15 0.04
RN GREEEEEE Bh ~¥-I------,z ----------- L SR AM-Il 2003 19.3/15 0.20
=-05( T 1 T by A T I 1 1
& ol Nrtoo2003| Iy 2004 | T 2005 | AM-Il 2004 14.3/15 0.50
Ziol peosr | ewess s AM-Il 2005 21.015  0.14
2 osl 1. 1 x5 1 |
%Z'Z,ﬂf ______ I,?__}{I_:_I_}:_I A S AM-Il 2006 24.4/15  0.06
oc Y B S - TTTT7 T """ """ TF- T
ost B ¥ oo Y | IS | IC22 2007 45.2/15 7x10°
IC40 2008 12.8/15 0.62
1.0 Period 10 + Period 11 + Period 12 1
osh e | e | e | IC59 2009 11.1/15 0.75
T ’ 1T R [ S ]
o A |7 7 IC79 2010 6.5/15 0.97
1o} 2009 | 2010 | 2011 | IC86 2011 89/15 0.8

350 300 250 200 150 100 50 0350 300 250 200 150 100 50 0350 300 250 200 150 100 50 0
Right Ascension [°]

Preliminary studies show a deviation for Period 8.
Systematic studies in progress.
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a Small-scale anisotropy

Residual maps after large-scale (dipole and quadrupole) subtraction, 20° smoothing

AMANDA

Rel. Intensity

D —————
. 15 1 05 0 0.5 1 1.5
Prel imina ry Relative Intensity [ x10]

AMANDA

Uit

Significance

-7 -5 -3 -1 1 3 5 7
Significance [o]
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M. Santander

Anisotropy as a function of energy
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a‘ Anisotropy at higher energies

log10(E,,,, (GeV))
= 3 ' ! i
S 28 7 lceCube
% 2.6: : 6
< Sk 5 Cut on zenith angle and #DOMs
2F 4 .
8 3 Final sample: 6.1 x 108 events
oF e
o 1 Abbasi et al., 2012 ApJ 746 33
d3 04 05 06 07 08 09 10 arxiv/1109.1017

C08(0761n)

20 TeV map

IceCube Preliminary

-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

-1 -0.5 0 0.5 1
Relative Intensity [ x107%]

400 TeV median energy, anisotropy at 1073 level, size ~ 20°, significance 6.30
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%' Anisotropy at higher energies

log10(E,,,, (GeV))

lceCube

log10(Nch)

Cut on zenith angle and #DOMs

Final sample: 6.1 x 108 events

Abbasi et al., 2012 ApJ 746 33
arxiv/1109.1017

7
6
5
4
3
2
1
0

05 06 07 08 09 1
Cos(6¢im)

20 TeV map

IceCube Preliminary

-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

-1 -0.5 0 0.5 1
Relative Intensity [ x107%]

400 TeV median energy, anisotropy at 1073 level, size ~ 20°, significance 6.30
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% Transition between 20 and 630 TeV

20 TeV

| Preliminary

—
-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

PRELIMINARY
% 10 —IMTQVI l
U>J 10'2 — 100 TeV
5 e . .
§10°F | e Note: Very wide energy distributions.
o ~ 630 TeV g
S0 e Statistically correlated maps.

10.5 10 PeV

10

0 1Y S TS TR e 0
log(Energy [GeV])
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% Transition between 20 and 630 TeV

40 TeV

| Preliminary

—
-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

PRELIMINARY
% 10 —IMTQVI l
U>J 10'2 — 100 TeV
5 e . .
§10°F | e Note: Very wide energy distributions.
o ~ 630 TeV g
S0 e Statistically correlated maps.

10.5 10 PeV

10

0 1Y S TS TR e 0
log(Energy [GeV])
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% Transition between 20 and 630 TeV

100 TeV

| Preliminary

Q00009000 - o - 10a0aBBB 6 08606 6 0 0 00 C o o5 oo o0 000000000083 00 00000000

360° 0°
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. — |
-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

PRELIMINARY

2 107F
Uc) 2 — 40 TeV
@ 10'25— — 100 TeV
5 F o , L
§10°F | e Note: Very wide energy distributions.
O 4l |- 630Tev ' .
£ Statistically correlated maps.
10.5__ 10 PeV
10°F

0 1 2 3 4 5 6 7 8 9 10
log(Energy [GeV])
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% Transition between 20 and 630 TeV

126 TeV

| Preliminary

QLo OO - - ¢ i G AN B oo 0 COOOUNRRRRE IR OO

360° 0°
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-1 -0.5 0 0.5 .

Relative Intensity [ x107°]

PREO!TIMINARY

F [—40Tev
E- |[— 100 Tev
E|—126Tev
[ =200 Tev
3 315 TeV
E  |— 400 Tev
4 |—e30Tev
— 1 PeV
— 5 PeV
10 PeV

—_

N

<
)
|

-
o
&
|

Note: Very wide energy distributions.
Statistically correlated maps.

Fraction of Events

0 1 2 3 4 5 6 7 8 9 10
log(Energy [GeV])
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% Transition between 20 and 630 TeV

200 TeV

| Preliminary

Qoo - - O WL - Ll e as oo L . L

360° 0°

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

. — |
-1 -0.5 0 0.5 1
Relative Intensity [ x107°]

PRELIMINARY

2 107F
Uc) 2 — 40 TeV
@ 10'25— — 100 TeV
5 F o , L
§10°F | e Note: Very wide energy distributions.
O 4l |- 630Tev ' .
£ Statistically correlated maps.
10.5__ 10 PeV
10°F

0 1 2 3 4 5 6 7 8 9 10
log(Energy [GeV])
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% Transition between 20 and 630 TeV

316 TeV

| Preliminary

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

360° 0°

oI O e UGBS

. — |
-1 -0.5 0 0.5 1
Relative Intensity [ x107°]
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0 107
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% Transition between 20 and 630 TeV

400 TeVv

| Preliminary

T T T I P T

3600 I - e ; Oo
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% Transition between 20 and 630 TeV

630 TeV

| Preliminary

. — |
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a' Comparison between different energies
P e
&} \ \

5TeV

- The anisotropy changes position

- Similar peak-to-peak strength

- Smaller characteristic size at high

-~ S energies
? -}.}{elative ir;te(ilsity[xlﬂ’:’} : Aars‘ten e-t al., 201 3 ApJ 765 55
arxiv/1210.5278
3.0 ‘

1D projec‘kion in ri‘ght ascension

1.01
o.o~i——}— :

1.0t .

2.0} H Inlce (20 TeV) T }
4 IceTop (400 TeV)
4 IceTop (2 PeV)

| o S ——— |
2 PeV -3 -2 -1 0 1 2 3.0 ‘ ‘ ‘ ‘
Relative intensity [ x1073] 350 300 250 200 150 100 50 0

Right Ascension [°]

1E

2 -1 0 1 2
Relative intensity [ x107*]

AN/(N) [x1079]

High Energy
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@ Interpretation of energy dependence

Similar to Erlykin & Wolfendale (2006)

10000 F 3 14 ool T ooy T T T
6 =1/3 P. Blasi & E. Amato ] 12 Streshnikova et al
y+0 =2.67 H=2 ERC arxiv/1105.4529] 101 iv/1301.2028 ]
[ SN Rate: 1/100 yr T 1 \ ~ arxiv . ]
0.1000 - T e -
F 5 6-‘ i i',' -
& e 4 A
3 [ c 2]
5 0.0100F S Gl
0 F c 1 .
c E Q@ -2 L
< @ -4 e e
i < 5] i -
0.0010F = 61 \
] =) i j" ~ ® ®
. ] o -104
i Amplitude | 2] it Phase
0.0001 1 1 L L -14 1 .
10° 10* 10° 10° 10’ 100 1o 100 107 {07 10
E(GeV) E (GeV)

- Anisotropy arises from discrete distribution of sources

- Phase changes according to galaxy parameters and location of
nearby sources

- Strength increases with energy (diffusion coefficient)

- Problem: anisotropy not dipolar, not strong enough.
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a Galactic CR sources

Distribution of nearby SNRs in the galaxy
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s' Galactic CR sources

Distribution of nearby SNRs in the galaxy
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s Galactic CR sources

Distribution of nearby SNRs in the galaxy
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Streshnikova et al.

arxiv/1301.2028
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s Galactic CR sources

Distribution of nearby SNRs in the galaxy
1 ' 1 v 1 § o I M 1 N 1
Streshnikova etal. |-
arxiv/1301.2028
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3’ Anisotropy vs. energy (escADE e 2019

= F E
ﬁ 1501~ -
? E E
& 100~ —
s ]
lceCube/IceTop e — . £ sof -
g F £
g O —
E = E ]
IC59-20TeV —> i 5oL E
4 1uuf— —f
" g + + + E
E -150 _:
| Ll Ll M| 4
— 54 156 158 16 162 164 166 168
AN/N [x107] log(E [eV])
: Auger (ICRC 2013)
'
Ankle
- 180
IceTop 400 Tev : Auger 1500 m (Rayleigh) —@—
] Auger 750 m (East-West) —ll—
] Auger 1500 m (East-West) —&—
] Eas-Top
] Ice Cube
0 9 |
r \J
- -0.5 0 0.5
Relative intensity [ x10~*] L i
' ke
' g 0
8
* [
IceTop-2PeV | X < '
LHC (p - p) + H
E = : I 1 ; 1 . I . . .
S2 10 1 2 3 2 14 16 18 20 0.0001  0.001 0.01 0.1 1 10 100
Relative intensity [ x107*] Energy [EeV]

log E (eV)

TA - UHECRZQIZ

WS

-

- Anisotropy changes in amplitude, size @ 400 TeV.
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- Phase seems to shift towards the galactic center region at high
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iﬂ}! Conclusions

Anisotropy observed with [ceCube, Ice Top, and AMANDA

Anisotropy studied as a function of angular scale, energy, and time.
Composition studies starting.

Wide angular scale range (10°-180°)

Strength in the 104-10-3range

Different energies: 20 TeV to 2 PeV

20 TeV anisotropy matches that observed in the North

Change in shape, orientation from 20 to 400 TeV, larger amplitude at 2 PeV
No significant time variability over 12 years.
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ig}.' The future

- Anisotropy as a function of composition.

- Anisotropy above the knee.

- CR spectra for different parts of the sky.

- Work on the theory side Is heeded.
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