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lceCube is all about astrophysical neutrinos!

PoS721
Starting events: astrophysical v Search for Extreme High Energy (EHE)
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HE v discovered ...

¢ Q’s
— Sources?
— Mechanism?

* Need
— MORE events
— Pointing (to sources)

e = |ceCube Gen-2

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)



lceCube Gen-2
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Surface components for Gen2
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Veto concepts

Signal Ay Background
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Sky coverage
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Some questions about Veto

Scope
« Gen-2 footprint or extended ?
« Energy range: 100 TeV entering u ?

Technology
« secondary particles (scintillator/Cherenkov)
« Atmospheric Cherenkov

Baseline (?)
« Gen-2 footprint with 1000 m? scintillator per km? (fill 10-3)

Ce<i e (KC’LX pﬂrd\oﬂ

)

Cosmic Rays?
* No ... Reconstruction requires timing and dynamic range
* Yes ... very large collection area for muons

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)



PoS916

Cosmic Rays in IceCube

* Spectrum

» surface detector
P0oS334

« Composition

« coincident (in-ice muons)

« surface muons

* QOther efforts

PoS274 * anisotropy
Yy search
neutron

PoS250
PoS256

Contribute to community wide
effort to explore transition from

galactic to extragalactic sources.

lateral muons — hadronic interaction models

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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Surface detection by lceTop

PoS334
Event reconstruction in IceTop

leeCube Collab., M.G. Aartsen et al.,, PRD 88 (2013) 042004
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PoS916
PoS334

lceTop 3 yr spectrum
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P0S916 o
. Coincident events

Secondary photons
and low energy
charged particles

TeV muons

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)

Surface: Energy
In-Ice: N,

N, /E correlates with A
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PoS916

Composition
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Gen-2: Cosmic Ray Array

* Requirements
— Timing
— Dynamic range

« CoOoUeC locet 1o
} - Direct i on

« Scope

. x 3 Sucfece OWK(’S
— Gen2 fOOtpnnt ? X €D Coineefepct
« at string heads

— Extended (?)

« Technology

— secondary particle detector (Cherenkov, scintillator)
* Use Gen-2 DOM mainboard

— could be a lot like IceTop ...

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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Trigger study: IceTop = IT-2

Inter-station distance ~250m
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PoS267 ]
. Using the veto ... surface muons

« Shielded muon counters (common technique)
* Peripheral muons (Auger, IceTop)

E GQDM.:L U\,c\:‘fag Coe &

1y/m
500 -
no. \
P
| R (O Dﬁ :
0 ] 4] e %
///iiii'pe«5Cphﬁwwck S
o
-500
|- - _x/m
-500 0 500

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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P0S267 More on peripheral u
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» As energy increase radius of “umbra” increases
« Depth of umbra depends on shielding against EM

« Eventually run into u —background

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)

Count muons between (600m :: 3000m), with both increasing with energy
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Counting in-ice and surface u

p/Fe separation
0.85 > Cos 6 > 0.8, E = 30 PeV(+ 15%)

Corsika simulation

Z " « 30PeV p&Fe
100}
* energy resolution applied
to both in-ice and surface.
£ 50t * in-ice: applied uncertainty
§ : determined from muon
2 bundle analysis
z « surface: applied Poisson
fluctuation to counts.
201 . .
« Comparable separation for
proposed surface counts
1oL and demonstrated in-ice

100 200 500 1000 measurement.
N,,(E,,>340/Cos(6) GeV)

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube) 19



Summary

* IceCube Gen-2 will include surface
— Veto
— Cosmic Ray Array (CRA or IceTop-2, IT-2)

* Increased aperture = extended energy range
— x 8 CRA/IT-2 only spectrum
— x 50 Coincident events within Gen-2 footprint

« Veto

— surface muon component
composition
hadronic interaction models

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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End

Cosmic Rays w/IceCube Gen2, 34" ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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Peripheral u: *very™ preliminary

Ny (re<r<2000), pe=(.1,1,10) (RBG): E = PeV-EeV, Caverageﬂﬂ“g
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Muon Production Depth

2500 Cos(©) 0.185 to 0.8 . |
: Fe Count:82514, p Count:48033
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Cosmic Rays w/IceCube Gen2, 34 ICRC, Aug 5, 2015 (D. Seckel, for IceCube)
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P0S1070 “LDF” studies (SE)

— Arra\,f Layout ~ EM component Muon component
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PoS1070

CORSIKA sims (JGQG)
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