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2007-2008: eleele oo o

: e T S S S
18 Strings . ., .:,:‘Q T $ 2006-2007:
| i L 13 Strings
lceCube | 2008 -2009 Data
40 strings
ICeCU be [l 80 IceTop tank
2009-2010 | * 2005-2006: 8 Strings
59 strings
2010-2011 I
79 strings 1 o
| ] \ 2004-2005 : 1 String
N ELRIM G 80+6 Strings
TR { 60 Optical Modules
VELLITE 17 m between Modules
| | e 125 m between Strings
R L | e
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The IceCube Collaboration

lceCube Germany:
. a Sweden: DESY-Zeuthen
USA: e YA ST Uppsala Universitet Universitit Mainz
Bartol Research Institute, Delaware ‘ Stockholm Universitet Universitit Dortmund <~
University of Calif rnia’,‘BerkeIey:m 3 S Universit_ﬁt Wuppertal
University of Calif’grg_ia, Irvin - % - / ) Humboldt Universitat y v
Pennsylvania State Unive.rsité/ xford University . _ =" MPI Heidelberg e
Clark-Atlanta University ' RWTH Aachen U £ 4
Ohio State University od - - Ruhr-Universitat Bocldm_ .
Georgia Tech P 2 5 - N ol S s A D <
University of Maryland T4 J . _ A
University of Alabama, Tuscaloosas Switzerland: Be!g|uf':|: . Japan:
University of Wisconsin-Madison EPFL Université Libre de Bruxelles Chiba Universit
University of Wisconsin-River Falls., Vrije Universiteit Brussel ey / ¥
Lawrence Berkeley NationalLab. : Universiteit Ge R
University of Kansas ' Université de_!\/lons-Haingut e
Southern University and A&M o7 — '
College, Baton Rouge ' id / Y,
University of Alaska, Anchorage = / Al =
’ o
) 1
V/ g _—, '/
- New Zealand:
4 University of Canterbury

33 institutions, 250 members
http://icecube.wisc.edu



DOM
s G b Digital Optical Module

HV Base

“Flasher Board”

Main Board
(DOM-MB)

10” PMT

13” Glass
(hemi)sphere

= [Chiba University




lceCube Event Topology

I f\;lc ube N sub-channels
aln chanie - “Composite Bright Track”
“Track” il

rgFe- photo-nuclear

pair-creation
premsstrahlung

High Ev_: lollipops and double bangs

v’c

V.




Data Filtering at South Pole
lceCube PY 2008 season

40 strings ~ a half of the completed IceCube

Simple Majority Trigger
8 folds with 5 u sec

%\ ~ 950 Hz
Muon Filter EHE Filter Cascade Filter
selects selects selects Manly ot.hers
“up-going” tracks “bright” events “cascade’-like events mm Bias
oon
~ ~ _ lceTop
20 Hz 1.3 Hz 17 Hz o
NPE > 630 p.e.
To Northern Hemisphere
§  TFEX#

Chiba University



Point Source Search

lceCube
Materials to cook Vi > v base

u filtered, EHE filtered and min-bias events

Require Quality cuts in multiple stages

to filter out vastly dominated
Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement
between MC and data

to create a sample of events
with good angular resolution

Point source specific——

FRXZ

Chiba University




Point Source Search
ot B Event Selection

C ut # 1 | cos(MPE Zenith){Branch2 Correction: NPulses/NCh>4} |_ data: 1.68+01 Hz

— tot cors: 1.86e+01 Hz

1.6 — — coinc cors: 9.46e+00 Hz

atm nu: 3.34e-03 Hz

0 > 90 deg (“up-going” cut)

Attention: still atm u dominates!!

Needs a series of further filtering
to get us to v level

Fovo b b b o b b oo b b b o Lo
-1 08 06 04 -02 0 0.2 04 06 0.8 1
cos{MPE Zenith)

Cut #2

Paraboloid sigma cut O paranoioid < 3 deg

Ensure good angular resolution



Point Source Search
ot B Event Selectlon

MPE RLogl{Zen>90,Sigma<3} |

data: 1.28a+00 Hz

= totcors: 1.78e+00 H;

Cut #3 10 e

10? keep e
10 | CUt E*-2.0: 24.6 %

cuts with u track likelihood ! P

Cut #4 e

split zeniths > 80 deg 10°

L L L L L L L L L L L L L Ll 1 1
4 6 8 10 12 14 16 18 20
MPE RLog|

' ut # 5 Bayesian Likelihood Ratio{Zen>90,Sigma<3,Logl,Split-Recos} | uu: 696e04 iz

tot cors: 1.26e-04 Hz

Bayesian likelihood ratio e
10* :E sv£ k atm nu: 4.266-04 Hz
Test of down-going hypothesis | | KEEP — caoma
107 - s ERLE B3 %

Now on V level 10_

Cut #6 we ||

cuts on track length and Nch

10 20 30 40 50 60 70 80 90 100
Bayesian Likelihood Ratio



Zenith Angle Distribution
ceCube In the final sample

w2500 —Mm ™ m—————————————
a— :
5 Data 4
> Atmv: Bartol+Naumov :
LL|2000 Poly gonato corsika+Atm v

--------- 2comp corsikatAtmv
2comp corsika iron
E™* weighted coinc muons £ .

I'I|IIII|IIII

i L T
1000 .|.+ st Tl b .

-
&)
o
-

T T T [T T T T[T T T T [TTT]

R Fo ok

cos(0)

* Introduced hard “down-going” cuts for extension to Northern sky

(retains only O(PeV) down-going events)

Jon Dumm (UW-Madison) ‘ ' FEXE
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lceCube

down-going PeV w's w/ cosmic-rays Bt

All sky search: post-trial p-value 18%
Hottest spot: RA 113.75 Dec 15.15 -log(p)=5.28

Jon Dumm (UW-Madison)

y FRXZ2
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Source List Results

lceCube e
p-value
Crab
BL Lac 0.226
Mrk 501 0.421
Mrk 421 0.142
M87 ---
CygA 0.439 The highest significance

PKS 1622-297 0.048 < from list of the 39 IceCube sources

Pretrial 4.8 % —>post-trial 62 % for the source list

* Shown here is only a part of the IceCube pre-determined source list

Jon Dumm (UW-Madison) ‘ =~ FRXE

= [Chiba University




Point Source Sensitivity
ekl 2 _ E'.?'"Pnint Source Sensitivity

L | I p—

N.m % : IC40: 375.5d Sensitivity -
E -------- IC40: 375.5d Disc Potential | 7]

: Py IC22: 275.7d Sensitivity |- -
07 e g : IC40: Source List90% Cl |-

1n—11 P L . ......

1 n—'1 2
-1 08 06 -04 02 0 0.2
sin{d)

Jon Dumm (UW-Madison) ‘ =~ FRXE
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% UHECR correlation analysis

lceCube IceCube 2008 point-source skymap

® 27 events from PAO in the 2007 publication. Energy > 57 EeV
® 42 events released from PAO 2010. Energy > 57 EeV

® 13 stereo events from HiRes. Energy > 56 EeV
Robert Lauer (DESY)

= [Chiba University



a UHECR correlation analysis

lceCube

Correlation search optimized for
hypotheses of magnetic deflection of cosmic rays by 3 degree

J. Abraham et al (Pierre Auger collaboration) Astropart. Phys. 29 188-204 (2008).

Unbinned Likelihood search with ¢ = 3 degree lceCube Preliminary

-2(log L(signal) —log L(bg)) = 0 i.e., consistent with the background-only hypotheses

Binned search with 3 degree radius

298 IceCube events found in 82 bins of 3 deg radius

274 events expected from the background-only hypothesis

1.48 o (p-value 0.069)

Note: v emission is assumed here from O(TeV) extending to O(EeV)
(typically with E-?)
l.e., not like the GZK v emission where main energy range is above PeV
Robert Lauer (DESY)

= [Chiba University




'GRB model-dependent Search

lceCube
Materials to cook Vi > v base

u filtered and EHE filtered

Require Quality cuts in multiple stages

: _ Zenith > 85 deg.
to filter out vastly dominated

Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement
between MC and data

GRB specific __, use “off-time” data as the BG sample
to train the BDT

FRXZ

Chiba University




Building of the PDFs

lceCube
Unbinned Maximum Likelihood

PDF
b‘*ﬁh}t (T-. ,-".,_' E) — P D ESPQCE (}—r) " P D ﬁﬁﬂw ('.-) " P D FﬁEﬂefrgy( E)

Total PDF

n
H“Kt _::"'i"-~5|:|-Eli‘::lF-'.".:ljn'sjI — -

Mg

Ti L EJE'II:IH. ]-_
2 (i i B) +

Predicted v spectra

) B(x;, E;)

Niot

Time PDFT

w10 , 5 Guetta et al Astropart.Phys. 20 (2004) 429

——

0.035

N\ Optimize BTD score
N\ to maximize the discovery
W\ potential

“(t)

FDF,“'”
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K No association of v's
Icere Wlth GRB

109 GRBs detected by Fermi, Swift, Konus, and WAM Peter Redl (UMD)
in the IceCube FOV (2009 June — 2010 May)

= AMANDA
= |CECUBE-40

> *
"

== Waxman & Bahcall /.. ...... P A ——— PO

+ 1 1

-----

- 1C40 Guetta et al. |’
— ICECUBE-59
- IC59 Guetta et al.

’
)
.
rs LA
’ ’
ri ,
’ L)
’
" Ly 4
’
+ Py Al
’ ’
L/
r r
. q
’ Y
* o +
r "~
, r s

10* 10° 10° 10’
E, [GeV]

v

_lewe Events

We are on the way to indicate GRBs are
unlikely to be a major UHECR origin.
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d Astronomical Diffuse Neutrinos

lceCube
Neutrino can travel very long, carrying the fossil record of

the Universe's emission activities.




Diffuse v Search

lceCube O(100 TeV) ~ 10 PeV

Materials to cqok | v D> M base
u filtered, EHE filtered events H

Require Quality cuts in multiple stages

to filter out vastly dominated
Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement

between MC and data
Diffuse analysis specific

Stronger cuts (than PS search) required for
enhancing purity of v sample

FRXZ

Chiba University




Diffuse v search

lceCube
Quality cuts : stronger than those for the point-source search

Level 1 Level 2 Level 3

0 > 90 deg cuts with p track likelihood O paranoioid < 3 deg
Level 4 _ _ _ _
BayeS|an ||ke||h00d ratlo | mZd > 90 && mpfSigmaDeg < 3 && bayesratio > 25 &8 (plogl < 7.1 || mrlogl < 8)
Level 5 10 . T
i i i i I B +— D atm nu PPC s:c::::: 0.93: 475 Events
Split Bayesian likelihood ratio (=10 _Kegp—— mmmcuncaaron.
Test of down-going coincidence ~ 10°F
1 hypothesis 10L J:'|_
. 15 '
- Get into almost v level : E"H*
107 T
Level 6 _ . -
split zeniths > 80 deg E, AT |
-20 40 60 80 100
Level 7 (s16g1blogl+s16g2blogl-s32logl)

cuts on track length and Nch
Sean Grullon (UW-Madison)



lceCube

Energy Correlation

Now look at “energy” distribution

Calculates u's energy loss (dE/dX) from the Cherenkov vy profile

]|

TP ITTTTTIT T TTTI T TTIT T T T T TTITTI]ITT]
| AR [T [T I

log10(dE/dX)

Sean Grullon (UW-Madison)

8
log10(E_ )




lceCube

e o

[ Conventional Atmospheric v. 12877 Evaents {|+nt(=ll_981
104 = —— Prompt Atmospheric v. 0 Events (1+x 0.0}
- = . ————  Astrophysicalv. 0Events (N = 0.0°10°%)
10° —— .
: .
- —
20
- ——
— &
L _+_ !
10 =
1 b 1 L L | 1 1 L L | L 1 1 L | 1 L L L | L L 1 1 | L L L L | L L L 1
-2 1.5 -1 0.5 0

0.5 1 1.5
T log, (dE__/dX) GeVim

O(100GeV~TeV) O(10TeV~100TeV)

Sean Grullon (UW-Madison)

Final "Energy” distribution

| Projected Energy Distribution 375 Days of LiveTime

10°
10*
10°
102
10
1

107

corsika total : 4 Events

H Ty
|

coinc corsika : 0 Events
AHA PHOTONICS 13316 Events

SPICEZ+ 12849 Events

———— AHA PHOTONICS Sarcevic_Std: 116.0
SPICE2+ Sarcevic_Std: 114.5

—— AHAPHOTONICS EA*-2: 455.5

SPICE2+ EA-2: 430.0

log10{dE/dX)



Diffuse v limit

lceCube Now below the Waxman-Bahcall limit

IceCube Preliminary
| | | | | | | | | | | |

< =1 T 1 T ] —]
h - —1
) - v,on ly —
- 1 0—3 | — AMANDAHI Atmospheric v, 1387 d  ---c----- Bartol + Naumov RQPM —
) — —
(7)) AMANDA-I v, unfolding (2000-2003) ...omm Honda + Sarcevic Min —
qlE 4 B AMANDA-Iv, 807Td e Razzaque GRB Progenitor 2003 ]
) 10 = ANTARESv, 07-09 - Waxman Bahcall Prompt GRB =
> — IC40 Atmosphericv,  -eeeeeeee Blazars Stecker 2005 ]
O 1 0-5 | IC40 Atmo. v, Unfolding — — - Waxman Bahcall 1998 x 1/2 —
o = IC40v, 375.5 d Prelim. S Becker AGN Jet-Disk Correlation 2005 ~ —
LIJ> 6 B BL LACs Mucke et al 2003 — + — Mannheim AGNs 1995 |
- 107 =
e — ]
T 10 = .
= e TR TR, = g R e T T T
o — -, ‘.r — i
I I i [ R - 1
| — L‘El T —————————— -,‘ ——————— 1
— . e — —
T e .l--’;__.---’.’*__:. .......... . =
: Trav - Y e imim . :

. LT ~em
107 o =
— Pt 3 e . s -~
— e e e b L ey
Sean Grullon (UW-Madison) |Og10 E, [GeV]



Atmospheric v spectrum

The quality cuts by the similar philosophy
but with the BDT training method

An independent analysis with slightly different event selections —
IceCube Preliminary

lceCube

107g" | B e

S s I e Freius -

dE/dX = Ev 10°E — AMANDAIl Forward 3
& C —— AMANDA Il Unfolding 3

c 103 —— 1C40 Unfolding ?E

Spectrum Unfolding < :
by SVD method o e %1‘\& E
w B ]

NIM A 372 (1996) 469 > 10°F i“% E
Q ook qu% =

5 T

10‘% “#

Warren Whuelsnitz (UMD) 07 "0 1 2 3 4 5 6
Logm(EV/GeV)

No indication of prompt v and new physics (e.g. quantum gravity)


http://arxiv.org/abs/hep-ph/9509307

GZK v Search

lceCube O(PeV) ~ 10 EeV

Materials to cook All v flavor base
EHE filtered events

No strong quality cuts necessary because..

these v’'s are more energetic than
Unique features < atmospheric u BG

in this particular analysis :
2 y Just increase energy threshold

In analysis leads to better S/N
GZK analysis specific issues

 Earth filters out signal v as well

FRXZ

Chiba University




MSSM Neutralino Dark
Pt ® Matter

vy >bb, 't WW™,...>vs

Spin Dependent cross-section: Abundant hydrogen in Sun suitable" : u
for spin dependent cross-section measures

Spin Independent cross-section: Many direct dark matter searches sensitive

CR



Dark matter searches:
Solar WIMPs

lceCube——
vy — bb(soft), W'W™(hard),... > vs
o 0.05<Q,h* < 0.20 MSSM model scan
€ 10F | 6 <G CDMS(2010j+XENON100(2010)  —— ggf\dg ng(%g)a; -
. L a2 G, < 0.001)(6&'{' CDMS(2010+XENON100(2010) __ _
Determine the muon 8 10 S :Ceg“gengEW et B04GeY) EE%E?%S%%D;
, : g go| T O W ST m, <ny 80400 aacd
flux from the direction Of § 17— — oo se(tsoq ww s form, <m, 804620 :
the Sun 8 107y 1
. Afewto 10° events per year @ 10°f "\‘m ﬂ______:-;*‘f":’
-  GeVto TeV energies £ 10% = i T"F 3
g 10'3"'_‘ - 3
Limit the neutrino- £ jou
induced muons from  * |
WIMP annihilation o
. ; i Eguide: the eye) . ) ]
A strong limit on SD 107 {02 Y
cross-§ect|on and good [] Phys. Rev. Lett. 102 201302 arXiv:0902.2460
potential B IceCube Preliminary



Dark Matter from the
G al agLC—HﬁlO Dark matter density profile

Dark matter model

A
lceCube
do, _ <oW> ) (1) R. o2 dN,
dE 2 472" ° dE
\ 10718
\ 9I}]{Ieasure or limit
1
T, 1072
08 ™
=
S,
. 06 %: 17722
R ©
ARAS180" u ¥
i 10-24
—0.2
0, 10726

Einasto Profile —— -
Halo Uncertainy

& g~

LAY

Natural scale

m, [GeV]

PRELIMINAR}



Dark Matter from the Galactic Halo

lceCube

<G V= [cm35'1]

-EE‘ i i 5 poiogwal i i i I T I | -EE‘ i i i poiogwal i i i I T I |
10 10
10° 10* 10° 10
m, [GeV] m, [GeV]



y
3' (My) Outlook
lceCube
« Point Source BRE(LBERIZ 1NT fBIEIZA2T=,
GRB £tV YUHIRM DUV =AY, HEIFERRE T
transient IR TIIRIME > THEAEZETLLY,
* Diffuse v (GZK &) EERIIE 1/T TREMNEA
& AR L, Stay tuned!
new 2009-2010 data + published 2008-2009 data 2> 2{ZdD R Lt

2012 #£5 A £ T® data combined = published results M 5{& L1 E
(full IceCube 3 years equivalent)

 Deep Core physics F&E+h $¥(Z
100 GeV - TeVv astronomy

FRXZ
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