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UNIVERSITYor DELAWARE — ICECUBE AND COSMIC RAYS

D E~3x101% eV or 30 PeV:

lceTop statlon

IceCube Lab

IceTop

81 Stations

50m 324 optical sensor

2835 masl— 6909/cm2

Close to shower max lceCube Array

86 strings including 8 DeepCore strings
/ 5160 optical sensors

1450 m

DeepCore

8 strings- SPaCI %optumlzed for lower energies
480 optical se

650 coinc. muon bundles/yr
(Max E ~ EeV)




UNIVERSITY or [ DELAWARE ICECUBE: A 3D DETECTOR
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Slant Depth [g/cm?] Slant Depth [g/cm?]
CR spectrum (PeV — EeV):
 less composition-dependent @ 107> GeV and above
« precisely measured (low fluctuations at IceTop altitude)
CR composition (PeV — EeV):
* in-ice info allows for studying muon content of showers
« will see transition from galactic to extra-galactic?
CR anisotropy with IceCube/lceTop (10 TeV — 2 PeV, 103 level):
« Large statistics 10" muons/yr —108 showers/yr
* Angular resolution better than 10° .
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UNIVERSITY or [ JELAWARE THE ICETOP ARRAY
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UNIVERSITY or [JELAWARE ICETOP ARRAY: OPERATIONS

Single hits (1 DOM) or SLC
N (muon detection + veto of air showers for in-ice studies)
‘ (2,000 Hz)

Station trigger
HG-HG or HG-LG coincidence in 1 us (30 Hz)
IceTop trigger
3+ stations in 6 us (20 Hz)
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UNIVERSITY or [ D)ELAWARE CoOsSMIC-RAY COINCIDENT EVENT: AN EXAMPLE

muons (GeV)

——

e.m. particles (MeV)

LA LER |
Ll e1t| L
l“ [,- muon bundle (TeV)

Run 116545 Event 58761981 top hlc clusters/0 |Ons, 39197ns

Coincident events:
« Shower core contained within IceTop array

* Muon bundle track through in-ice array

position, and Anisotropy Measured with IceCube - RICAP 2013



[UNIVERSITY or [ JELAWARE ICETOP SHOWER RECONSTRUCTION
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TNIVERSITY or [ )ELAWARE
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UNIVERSITY or [ )ELAWARE SNOw BUILD-UP SYSTEMATICS

—1.4

Feb. 20

-6 : 1
10 Less Snow
More Snow

107

1.2

-8
10 1

—10.8

dN
diog,_(S125) dA dt
S
|
{.
<}
f

IIlIIIllLIITIIIIIIIl

—0.6

101 o
: 0.4
) Events selected by /|
10 . (W
core location T .
A = IR R I Y T M ) | o . |
0
1 0.5 0 0.5 |og10(s1125NEM)1'5 2 25 3 00 " 200 200 X?m) 200 200
10° Less Snow
L"; More Snow
107 Lo
E 10°® Bl
3 g zcosfl
z|& : L Ittt
e’ e S =85 e *
g Ty corr meas.
© 10" “H
107 | Snow corrected
AAAAAAAAAA 1 1 l 1 1 | l 1 1 1 1 1 l 1 1 i‘v .
-1 -0.5 0 0.5 1 1.5 2 2.5 3
Iog10(S125/VEM) 1 0/31

A. Tamburro — CR Spectrum, Composition, and Anisotropy Measured with IceCube - RICAP 2013



UNIVERSITY or [JELAWARE FROM MEASURED S125 1O ESTIMATED E..,..

Need to assume reasonable composition to derive energy spectrum

Proton + Helim + Oxygen + Iron, weighted by H4a, cos0>=0.95

4
CORSIKA simulations: SYBILL
3
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UNIVERSITY or [ DELAWARE ENERGY ESTIMATOR: <E..,..> FOR GIVEN S125
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UNIVERSITY or [DELAWARE S125 —E.. ... RELATIONSHIP

—— c0s6>0.95
—=— 0.95 > co0s6 > 0.90
8.5— ——— 0.90 > cos6>0.85
-~ —— 0.85>c0s6>0.80

Energy is mass- and
zenith-dependent

s~ '
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10" 125
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UNIVERSITY or DELAWARE EFFECTIVE AREA (IT73/IC79)

3+ stations, weighted by E27
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[UNIVERSITY or [ DELAWARE ENERGY RESOLUTION
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[UNIVERSITY or [ JELAWARE FLUX FOR 2 EXTREME ASSUMPTIONS

Pure proton assumption
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UNIVERSITY or [ JELAWARE COSMIC-RAY SPECTRUM WITH H4A ASSUMPTION

H4a composition assumption
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TUNIVERSITY or [ JELAWARE SYSTEMATICS
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UNIVERSITY or [ D)ELAWARE COSMIC-RAY SPECTRUM AND FEATURES

Energy “break” measured where a change in power law slope is observed
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[UNIVERSITY or [ JELAWARE ICETOP AND OTHER RECENT MEASUREMENTS
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UNIVERSITY or [JELAWARE ICETOP DURING THE YEARS
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UNIVERSITY or [ )ELAWARE BREAKS IN GLOBAL FIT TO CR DATA
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Including composition measurements when fitting Fe cutoffs identifies finer
spectral structures corresponding to different populations of sources
Will IceCube see a transition from galactic to extra-galactic CRs?

Gaisser, Staney, Tilav, 2013
(See Stanev’s talk)
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[UNIVERSITY or [ DELAWARE ADDING IN-ICE INFORMATION
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[UNIVERSITY or [ JELAWARE

Neural Network Approach
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UNIVERSITY or [ D)ELAWARE Cosmic-RAY MASS COMPOSITION

Results not formally approved in time to be shown here

« We observe same trend observed with IC40 data up to 10**8 GeV
« Systematics studies on-going

 We can discriminate different masses

« We can reach 1 EeV

» Full year results will be available at ICRC

25
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UNIVERSITY or [JELAWARE ICETOP MEASUREMENT OF ANISOTROPY

IceCube Coll., Astrophys. J., 765, 55, 2013 (See Desiati’s talk)

Low Energy - 400 TeV, 2.9%108 events High Energy 2 peV, 0.7%x108 events
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IceTop confirms a “dipole-like” large scale anisotropy, inconsistent with CG effect
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TUNIVERSITY or [ JELAWARE CONCLUSIONS

* |celop sp'ectrum:-
« Unprecedented precision (0.05Log(E/GeV); 3PeV-0.1EeV)

* 4 power laws identified in PeV — EeV
- Beyond systematics we observe significant hardening (-2.91)

above 18 PeV and steepening (-3.37) above 130 PeV

* lceTop/lceCube composition and spectrum:
» <logA> will be measured up to 1 EeV
» Different masses will be discriminated

* Anisotropy:
 Significant dipole-like structure confirmed in Southern Sky

icecube.wisc.edu
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UNIVERSITY or [DELAWARE CosmiIC RAYS IN ICECUBE: AN OUTLOOK
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[UNIVERSITY or | JELAWARE

AN EEV EVENT
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