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lceCube: Hardware :
WISCONSIN

lceCube WATEON

IceTop(Air Showers):
Cm / *2 Surface Tanks per Inlce String, 2 DOMs per Tank

*2008: 80 Tanks Installed
Amanda:

*@=200m, h=500m (0.02 km?3)

*677 OMs on 19 Strings (from 2000)

Inlce:

*1 km?® instrumented

*4800 Digital Optical Modules (DOMs) on 80 strings
*2008: 40 Strings deployed (“IC40”)
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a' String Deployment
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(Very Basic)
&  Detection Principle
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Neutrino Physics

WISCONSIN

lceCube WATEON

Neutrino Event Energy Distributions
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Coincident Muons
25Hz

lceCube e\e‘e
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Muons From
Neutrinos
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lceCube

Background

Reconstructed Zenith Angle (24h 1C22)
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a' Event Filters
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IC80 2011 |10years |1650Hz | ~200/day | TBD = pfiltered

—<— EHE Filter
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IceTop
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Ice
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Analyses
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a' Atmospheric Neutrinos _V
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* Unfolded Energy
Spectrum

* Consistent with
Theory

* Only proven
AMANDA/IceCube
neutrino source

log(E, /GeV)

AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Madis



THE UNIVERSITY

Wl Neutralino Pair Annihilation WISCONSIN
I MADISON

I\\\III| T I IIII\I| I I— T T ETH

—— AMANDA-II 2001°

® O > Ggi“ CDMS 2005 ------ IceCube (best case]]
10 5 Etﬁ —1GeV o SUPER-K 1996-20&_]
s BAKSAN 1978957

ceseese-==' MACRO 1989-98 ]

T IIII[Il

1 Iilll\‘

T 1 IHIIW
3
r
3

ececefesonse

Muon flux from the Sun (km’2 yr'l)

103 L - + (I 1111 [ ] |
E + cE+ad ® =
= o+t @ ee 3
E o+t - =
= +++++ il
- ++4+ 4+ 7
- +++t+ ]
+++++
+++++
+++4+
+++tt

p—
(—]
(%]
T

I!\Hlll

h:<0.2

[
=]
x
O
D
(@)
c
(o p
(4]
—
b
@)
e
")
Q.
=
(@)
[
.

i i o e o o e o b A i S o e o o e ol . e i e e o e i e 2
++4+++++++tbdF bt E bbb 4
++++++++++++ . FFEFEEEE
e 0 0 e O .50 1 0 0
1 i s 77 ST 0. 8 B T e N R R B A TR
++++ ﬁ++++++++++++++++ +++++++ +
o ko 1 I ) B o o o i i i e s i B s i s e i s ol e s e ol M

102 10° 10?

Neutralino Mass (GeV)

T IHHI‘
1 Hilll‘

0.05<Q

ek

ok
=

T [
i AMANDA/IceCube

ISVHECRI
Paris, September 2008

Patrick Berghaus |
University of Wisconsin,



a GRBs
WISCONSIN

MADISON

— T 11 |||'||'| T 1110 o
S — — —
" VetV tv, +V +V #V, ]
NU? 6 Cascade //. _- 08031 gB
£ 107 E (Rolling) *\ Cascade IC9 only
O \ —\ia——'“('l'ﬂg & Roll) |
% 107 BN R03a: Choked Burst Model expected S|gna|:
(D WBO03: Waxman-Bahcall E
'e‘um wenmn. MNOB: Murase-Nagataki ] N0-1 eVentS
t ﬁ1 D_B - RDSb _E |':'\Iun|ﬂ-' of events in K8 ||
nLIU : 3 105F #eventsin IC9
F - g 107
é".& "1:.; T ‘E 13:
10? v, search 3 A 4§
(.JD". "‘.(5} 5 i 1}3“1{'
o : 107,
L. Gerhardt, LBNL 13
_10*' . 10 , i Sy ey .
10 4 5 6 7 8 9 10 ¢ : : ; " qu-g Ene?;gy.fGe\r'H
10° 10° 10° 10° 10° 10° 10 10

AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Madis



Diffuse Neutrino Flux

a/”
90% c.l. limits and sensitivities on v, E? diffuse fluxes WISCONSIN
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Ry
Potential Neutrino Sources i;l

Magnetar SGR 1806-20
nearby AGN M87 (HST)

3 sar 3C273 Kitt Peak e -ﬁ- .
t Sou rces.

Cygnus X-3 x-ray (Chandra)

Ay

o 350 m*.nd:.
ST T L_“I' GMLS X

Crab nebula SN " N

Cring Walker
Greg Tavlor

.| \ ' : Ay Mioduszewski
‘ F. Michael Rupen

C X-1 Microquasar SS433 (VLBA)
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e' Sources: SkyMap V.

lceCube

a Extragalactic sources in southern hemisphere

« Extragalactic sources in northern hemisphere

#  Galactic sources in southern hemisphere | = -90°

- not directly accessible for IceCube
- directly accessible for lceCube

#  Galactic sources in northern hemisphere

AMANDA/I
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Final AMANDA Result

2000-2006, 3.8y livetime

lceCube

Maximum Significance
§=90" DEC=54°, RA=11.4h

“3.380”

0 05 1 15 2 25 3 35 4 45 §

Significance

95% of randomized skies have a higher maximum significance!

AMANDA/IceCube
ISVHECRI

Patrick Berghaus
Paris, September 2008

University of Wisconsin, Ma:



®* 26 sources selected to reduce trial factor

* No indication for neutrino point sources

(consistent with random sky) WISCONSIN
Il:EC"h'E MADISON

Source Excess parameter Flux upper limit for ®= @, E>2

-log10 P 90% CL [10-"" TeV cm2s]

Markarian 421
Markarian 501
1ES1959+650
M87

3C273

SS433

LSI +61 303
Cygnus X-1
Cygnus X-3
Cassiopeia A
Crab Nebula

Patrick Berghaus
University of Wisconsin,

0.82
0.22
0.44
0.43
0.086
0.64
0.033
0.57
0.29
0.67

1.26
3.56
3.38
2.18
417
1.57
7.21
2.00
3.28
1.93

0.10

4.47

0.0086

Probability: 20%

AMANDA/IceCube
ISVHECRI
Paris, September 2008
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an IC9 Point Source Search

WISCONSIN
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a- IC22 Point Source Search

lceCube

IC-22 E? Point Source Sensitivity (Feldman-Cousins 90% Upper Limit)
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AMANDA/IceCube
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CR Connection
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Auger vs. IceCube
WISCONSIN

lceCube WABLLOR

Low Muon Multiplicity
High E-Threshold
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Macro vs. IceCube
WISCONSIN
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a Cosmic Rays
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a' Muon Spectrum
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3 AMANDA Muons
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w Vertical Intensity for AMANDA-II

| Entfaltung gemessener Daten |
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1 ) 3 4 5 6 7 3 Abbildung 7.13: Entfaltung von gemessenen Daten aus dem Jahr 2000, verglichen
depth (kmwe) mit simulierten Ereignissen (gestricheltes Histogramm)

i AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Madi



| ¢

lceCube Muons __
~300 days 1C22 WisCONSIN

EC“bE MADISON

Zenith Angle Error (Single p MC) |

‘arlo Simulation Data

E 1
% 1 Muons
2 tay Induced Muons
10.% P o B I I
N —— Trigger Level
102 = ~ High-Zenith Cu tI . & Neutrinos I
R B —*— Low-Zenith Cut
107 SR \ i
01 0 R L
0"t 0,7-0.8° Zenlth Angle Resolutlon
3 : neutrlno mduced muons |
10 §_ ........................... .......................... .......................... .......................... ............................... KRosenau ................ __________________________
— : : : P Berghaus (UW)
10_4 e T SR S S (i T S SR, S———
= 5 ; ; ;
10-5 B L1 | | | — | | L1 | L1 | | 1 L1 | I 1 1 | | | | L1 | | I | | | L1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 |
c0s(8,.,(MC))
p AMANDA/IceCub
Patrick Berghaus | cemLbe

University of Wisconsin, Madi

ISVHECRI
Paris, September 2008



a' IceCube uses SIBYLL
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a' lceCube Muon Rates
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Muon Energy (Surface) in IC22

Integrated Number of Events [s"]
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[(22 Effective Area for Muon Showers
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Energy Resolution
u tracks, 1C22 WISCONSIN
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Essential Observables
for Muon Spectrum:

Slant Depth: mwe traversed

Bundle Size

dE/dx: shower energy

Bundle Size: reject high-
multiplicity showers

AMANDA/IceCube
ISVHECRI
Paris, September 2008
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CR Composition
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lceCube

Diffuse v

THE UNIVERSITY

WISCONSIN

MADISON

Atmospheric v

10" —10"
L L I B B B B B Bartol Alms. v - N I L L B O B B Bartol Alms. v
3 E E=——] HondaAtms. v E - E=—] HondaAtms.v
- B sq (R IPPTTPE SDSS Model N - L@, | ssmanas CharmD Model
o L —— SDSS 2000-3 AMANDA-I fimit w L ————  CharmD 2000-3 AMANDA- I limit
t\"E 10° B m;;ig: !e:s gnoot;i;gAMANDAIII' it WE 0w — T CharmG Model
— ., — jets 8 =I1 limi — ) i
o = . Starburst Model o = e CharmC 2000-3 AMANDA- | limit
> € Starburst 2000-3 AMANDA-I limit S F o oEEEm, e Naumov RQPM Model
Q - vy | e Ahlers et al Model [ - — Naumov RQPM 2000-3 AMANDA-II limit
g » "u_ e Ahlers et al 2000-3 AMANDA-I| limit O - L | seeaaas Martin GBW Madel
» -}
W 10% ——— E?22000-3 AMANDA-I! limit N e Martin GBW 2000-3 AMANDA-II limit
.010 E ~ = m10 E ‘*A._ =
= F e = 3 E E
| 1 3 :
L'inllu - f .:::_. . ci'.lu L :"- . - -
107 Nl _| 1
= — ¥ I = ‘_-u — - —E — — 10 ? — * — — — — — — _: -
C fv\ ‘\ u‘" . E \““ E
[~ \' h: — w‘. A —
I —HH ‘o N — Y. ‘“ —
it " "
| = o * "
108:_ .;Ti'l'l . .'u b ‘:“ —
= R J. Hodges, UW Madison i . 3
— ’J:.' — [ .s" .Q‘ ‘::. :
- ,"a H‘ = L v“ .“ ‘:‘ i
o" ;" | U B \s \:‘ ]
10'9 I 3| L |'4|.J = Is‘ 6 ||‘I L 7' L |8| S— 9| — 109 ] | L1 1| ‘ L1 | | ||| |'.| | ‘h“t [ | L1 11 | [
3 4 5 6 7 8 9
log,, [E, (GeV
9y, [E, (GeV)] log,, [E, (GeV)]

AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Mad



lceCube

Prompt Neutrinos

Charm Production in DPMJET

P Berghaus', T Montaruli’? and J Ranft?

—10"
£ B [ T T 1 T T T 1 T T 1 Bartol Atms. v
a ] E———= Honda Atms. v
< L ==, | aemsman CharmD Maodel
7] L —  CharmD 2000-3 AMANDA-II limit
o s = | eeeeaas CharmC Model
E 107 = —— CharmC 2000-3 AMANDA-II limit
> C FEEE | amaseas Naumov RQPM Model
O B —  Naumov RQPM 2000-3 AMANDA-II limit
(0] - =R, | emeemas Martin GBW Model
510'5 ", —  Martin GBW 2000-3 AMANDA-ILtimit
E E . E/
Z L =
T [ e .
o~ — " 1
Ll T
107 e =
10° = =
- . ]
9 | I | | I I | T | |||| |'.| | ‘h“l Ll | I I | L
10
3 4 5 6 7 8 9

Patrick Berghaus
University of Wisconsin, Ma:

l0g,, [E, (GeV)]

'MJET v, Ratio Model/MC |

0o

,hc!.

T

HE UNIVERSITY

WISCONSIN

MADISON

—— Naumov RQPM

7

'MJET ¥, Ratio Model/MC |

0

AMANDA/IceCube

ISVHECRI

% Martin GBW :_/
A H;.ZT‘ T
ST —

- A

T

+—CR Composition

A7

) L
; —— Martin GBW _!_—riy

e A
T

Paris, September 2008

Iong [GeV‘j




a' Prompt Muons
WISCONSIN

IEEC“ MADISON

UCLA/02/TEP/23, CWRU-P13-02, NSF-ITP-02-97

—10" , , , , , , ,
o = LN T PR (I Bartol Atms. v Measuring the prompt atmospheric neutrino flux with down-going muons in neutrino
b - E———] Honda Atms.v telos
- I TR N (NS CharmD Model elescopes
" - ———— CharmD 2000-3 AMANDA-II limif
o sl N eeeeaas CharmC Model Craciela Celmini®, Paclo Gandolo?, and Gabriele Varieschi®
510 = ——  CharmC 2000-3 AMANDA-II limit 1 4
> : ------- NaumovRQpMModel . :IIIIIIlIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
D - ———— Naumov RQPM 2000-3 AMANDA-I limit 12 - solid: ﬁbyu(E)/Gb“(E) =
g ------- Mart!nGBWModel N - dashed: ¢)U (E)/¢i (E) =
W 10% ——  Martin GBW 2000-3 AMANDA-I! limit o 1F e B 3
S - E o 0sl ]
zZ ] ©@0.8 [ -
T . ~ r ]
W _ ] 00 E
107 Conventional — 04 [ =
= ™y . N ]
- Muons : 0% F - E
“ U -Ilrl_lTI_.lTJ_.I.:TIJIIJIIIIllIllllIlIlIIJILIIJIIJIlIIl_-
- *.\ *::“ : log,(E/GeV)
gl Ly | S il FIG. 4. Total neutrino-over-muon ratio as a function of
3 4 5 6 7 8 9 lepton energy. Vertical marks denote the crossing energy from
|og1o [Ev (GeV)] conventional to prompt muons.

w w i | AMANDA/IceCube

Patrick Berghaus

ISVHECRI
University of Wisconsin, Madi

Paris, September 2008



a' Summary

lceCube

lceCube can detect Muons from all zenith angles
Muon and Neutrino spectrum up to PeV region measurable
Sensitive to CR Composition around Knee

And perhaps Charm Production in Atmospheric Showers
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Muon Monte Carlo: a hi%Ih—precision tool for muon propagation
through matter
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PMT: 10” Hamamatsu
Power: 3W

Digitization:

ATWD (custom): 300 Mhz / 400ns
fADC: 40MHz / 6,400ns

Dynamic Range: 200pe / 15ns

Noise Rate: 650Hz
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Integrated Exposure .Y.

WISCONSIN

l[ceCube B
‘#—kmSWr Strings | /
4.5 - / 1 20
| now /7 L
40 Strings! |
» 1 km®year by early 2009

i AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Madis



8‘ Effective Area
WISCONSIN

lceCube WABTEON

Absorption probability in the Earth vs E
(for CC interactions only) | 1C22 - Point Source Cuts (preliminary) |

E -

- \_/“,’e 103 ..... Earth ..... Trar‘spare'1c ................ ........................
..... Vu!e 102
T SN T - =iy IS S —
—_ 1 | | | | |
Hi: 10 '} ' 4 10
o” " @ cos(6)=0.1 107

] _ Averéged Effective Areas

g COS(9)=0.4 4 10 < 3 ........................ ..... 2enith range (900, 1805)
€ cos(0)=0.7 | T oy 1w S .| —— zenith range (90°, 120°)

_ 1 —— zenith range (120°, 150°)

e COS(G)—1 .0 10-5 ........................ ..... zenith range (1 50°, 1800)

umm, UW_ 1 TTT .
4

i ; 6 7 8 9
RPN T RN ) WA /A5 SN BN B B B B log,  Primary Energy / GeV
1 2 3 4 5 6 7 8 9

log,,(E,, GeV)

AMANDA/IceCube
ISVHECRI
Paris, September 2008

Patrick Berghaus
University of Wisconsin, Madi



a' Muons in CORSIKA

rede Tk WISCONSIN
E E LI E MADISON
Muon Charge Ratio: Data and Simulation Bl Minos Data
MINOS Data - g _ _ _ | —— sibyll p*/y- ratio
0705.3815 - e ggsjetd1p®/u ratio
e T T H : : === qgsjetll p*/y ratio
i :\13 R O R....B|rdsa|| UW Maghson....é ........................... —— a
[ —r=1.371£0.003 : 5 5 5
[ l B . —| —
ZI:L [ I ] I l -
L 1Ar 1 ¥-1.l..[{'Tl]l ‘I‘ ‘ ] %14
el T Tll'“" E :
1.3_‘ 7] 1.2+
0o 2 4 6
E,o (TeV)
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