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lceCube

IceCube Lab

lceCube Observatory _ IEsmEree o,

* |ceCube
e currently 59 strings
e 80 strings in 2011
e 125m inter-string spacing
e 17m DOM distance

* taking data during construction

* AMANDA decommissioned on May
11, 2009

* Deep Core currently with 1 string

* Deep Core 6 strings in 2010

3

2 IceTop Cherenkov Detector Tanks

2 Optical Sensors per tank
320 Opttical Sensors

‘ 2004 Project Start 1 Hole
‘ 2009 Current Status 59 Holes
| 2011 Projected Completion 86 Holes

| IceCube In-Ice Array
'i 86 Strings, 60 Sensors
5160 Optical Sensors

AMANDA-II Array

(Precursor to IceCube)

1450 m

Deep Core

/6 Strings - Optimized for low energies

360 Optical Sensors

] Eiffel Tower
& |324m

2450 m

2820 m l

| A S

A
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\ I\ A"‘

Ll

Digital Optical Module - DOM
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high energy neutrino astronomy
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MeV neutrino astrophysics

® Frejus
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Atmospheric

» search whole sky
» high background from south

» high energy selection

IceCube-22 Data vs. Monte Carlo Simulation Data

events per bin per second
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Patrick Berghaus, Kristin Rosenau

high energy neutrino astronomy
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atmospheric neutrinos
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lceCube 22 strings (2007)

unfolded atmospheric vy spectrum
4492 events at SBM=1.2

, preliminary
4 |
. unfolded data
default simulation
5 —— AMANDA-II data
-6
statistical &
7 systematic
uncertainties
-8
9 Dimitry Chirkin
10 1 10 10 10°
log,y(Unfolded E ; [ TeV ])
I AMANDA-II (2000-2006, 90%CL)
C L GGMR 2006
C AMANDA-II (2000-03 unfolded)
B Fréjus unfolded
- Barr et al.
. Honda et al. ;;
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Abbasi et al., Phys. Rev. D 79, 102005 (2009), arXiv:0902.0675
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point sources
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neutrino effective area

O hottest spot @ o« = 114.95°
0 = 15.35°

® pre-trial -logio(p-value)

® pest-fit spectral index =

® all-sky p-value = 61%

7 8 9
loglO[EV/GeV]

=4.43
® best-fit # of source events = 7.1

2.1

lceCube 40 strings (6 months of 2008)
search for points of HE neutrinos

J Dumm, C Finley, T Montaruli
—5

south

® 175.5 days livetime

® northern hemisphere
» 6,796 up-going atmospheric neutrino-induced muons

® southern hemisphere
» 10,981 down-going high energy muons

» 10> background rejection through energy cut (= 100 TeV)

» Uy / pr~ 106

-log__p
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low energy neutrino astrophysics

» search whole sky

MeV neutrino astrophysics

— 1012 » denser high efficient instrument
Lo | '
g 0 - / ® AMANDA-II, unfolded » improve veto from south
o 10 ® Frejus
T 8 E PP 10 kpc
A 10 / \198? A '* » lower energy threshold
B 10° E » enhance other physics targets

?u 104 E Solar SN
w ) E . f{_ IceCube-22 Data vs. Monte Carlo Simulation Data ‘
— JO relic
e = I0E z ; ; ;
m , g . = Cosmic Ray Induced Muons »
3% " j 5 / Atmospheric g 10 EE —_—— Coinc'idcmCosmic Ray Induced Muons e ***4-4?"::
= 10 \ R i B & S e o
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low energy neutrino astrophysics

Friday, October 9, 2009



Deep Core

¢ 6 dedicated + 7 lceCube strings
e /2m inter-string spacing (125m)
e /m DOM spacing (17m)

e high QE PMT (38% higher)

» = 5x effective photocathode
density

e [ceCube as veto + veto cap
¢ in the clearest ice

® Aatten ~ 40-45m (cf. 20-25m in

shallower ice)
11
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effective scattering coefficient, b, (m]

§_ : =l Lt | : e | : —
Deep Core | A
SF ¥
8| 1
e augment lceCube response to LE  g|. §§
. i L _z |
» significant improvements for 1 Kl AMANDA
Ev, ~ 10 - 300 GeV : ‘f“’a l
8_
\-:’. __________ > _______________ veto cap |
» extend to full sky searches - o
L0 |
g Nhge | | ;
e funding: EU hardware, US logistics 8| Tt a Mm*;%“WW' |
| | o . 5l el VU | 4 10
e primary science goal is indirect ~ § S|-a¥*
search of dark matter T . Sias
: | 1 1

e capable of studying fundamental
neutrino properties and searching
for neutrino sources

250 m

12
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Deep Core atmospheric muon veto

e capability to detect low energy
down-going neutrinos

» visibility of southern hemisphere

» top/outer IceCube DOMSs used to
veto atmospheric muons

» identify atmospheric Y, entering
Deep Core

» enhance v, detection efficiency in
Deep Core volume

» veto rejection =10°-10°

13
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e cffective area for up-going vy

® reconstruction efficiency not yet included

® relative improvement likely to increase

megatons of water

Deep Core effective area & volume
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14

Friday, October 9, 2009



iINndirect dark matter search : WIMP from Sun

e [ceCube + Deep Core will extend
sensitivity to lower energy and will
probe large region of allowed
phase space in the osp

e O0s well constraint by direct
detection experiments

¢ require models of solar DM
distribution & annihilation modes :
W*W- (hard), bb (soft)

15
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Deep Core :
fundamental physics

V hierarchy
(sin2(2613)=0.1)

d

® muon neutrino disappearance

feasable
0.8

e tau neutrino appearance :

reasonable 06

Oscillation probabilities

® neutrino mass hierarchy :
difficult

16
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40 45

for vertically up-going neutrinos

baseline = Earth’s diameter

50
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20 MeV

po/s\itrons
lceCube as supernova detector AN

* [ow energy Ve illuminate the ice

» 500,000+ hits/15sec for

SN1987A-like event at 10 kpc A Y Y '8
' W
effective volume/DOM
» main detection : vep — ne* depends on ice properties 1 meter

0.27 _|lll.‘llllllllll|Illl|llll|llll|lIllIllll|lllI|llll4: 90 a

» high statistics (0.25%) Pl 480 =
£ o021F ° o, o 470 <

. = " ® o 0% ...% “05: =3

» low noise rate (280 Hz) S o8 © ettt e e 480 3
S 0.15;— e o ¢ —éso ;:2

» NO pointing ~° 012F .- -540 =
> 0.09F " 330

} noevent—b -eventdetection 0.06:I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||T:20 \3/

y -400 -200 0 200 400
z DOM (m)

lceCube is a 2.5 Mton detector
for e* for 15 MeV Ve

...first proposed by Halzen, Jacobsen & Zas, astro-ph/9512080

17

Friday, October 9, 2009



lceCube as supernova detector

100 000 Iy
—_—

.::' 1Urda Major |l
15 lceCube

Milky W ay

Average Supernova Significance

..AMANDA
10 20 30 40 ko0 60
7\ Supernova Distance / kp

/

center of .Milky Way

50 signal for

SN1987A strength sending alerts to SNEWS
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summary

e construction of IceCube proceeds : 59 (2009), 77 (2010), 80 (2011) strings
» collect & analyze data during construction : reliable and stable

e [ow energy extension Deep Core : 1 (2009), 6 (2010) strings
» ~10 - 300 GeV

e [ceCube to detect MeV neutrinos from stellar collapse : 2.5 Mton detector +
significant incease from Deep Core high sensitivity PMTs

» 50 sens. @50 kPc

e [ceCube to address topics of v astrophysics and connection to the origin of
cosmic rays, large scale anisotropy of GCR

19
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spare slides
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growing lceCube

Strings Year Livetime U rate V rate
1C9 2006 |37 days 80 Hz |.7 / day
1C22 2007 275 days 550 Hz 28 / day
1C40 2008 ~365 days 1000 Hz | 10 / day
|IC59 2009 ~365 days 1500 Hz 160 / day

1C86* 2011 ~365 days 1650 Hz 220 / day

21
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28.4F
28.2F
Moon shadow s ity ' b
S 278 e o I R
L
e 5 months of IC40 S ok
e Moon max. altitude at the South Pole zngreliminary J[
(2008): 28° AN S S
e Median primary cosmic ray energy: 30TeV (%evtCoon) “COS (Ooon)
e Deficit: 5 o (~900 events of ~28000) - %30—
consistent with expectation. 5 )5t
* Verification of angular resolution and 20/~
absolute pointing. 1sf
e More statistics will allow study of 10F
angular response s
function o= ._.4.4/_.

Signifigance of Deviation

-(Sevent'smoon)[‘)]

AL Lo — o w

-10 -5 0 5 10 22
(aevent'a‘moon)cos(amoon) [o]

=
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Deep Core from above

e 6 strings with hi Qg PMT

» 60 DOMSs/string

e 7/ surrounding lceCube strings R e
» 22 DOMs in DC range A

23
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Deep Core PMT’s

120 | Optical elfficiency froml-freezer tests Dark Noise Rate in Ice for 6.4 usec deadtime
! ! ! B Normal_DOMs
B Entries 3407
Standard DOMs 2 woan et
10° LE_DOM
- dard DOM&iies >
80 | = - Mean 606.4
* L RMS 67.17
S L
O
O 10 —
40 | i :
High QE DOMs i
e Ms
U 1 | 1 | | 1 - 11 I [ T | 11 1 [ I | | 111 %Iqﬁl 11
0 10 20 30 40 100 200 300 400 500 600 700 800 900

Rates (Hz)
Optical Efficiency (%)

— quantum efficiency ~38% higher (405 nm, -40C), ~ 30% higher noise rate in ice.

— low temperature (-40°C) noise behavior scales with quantum efficiency as expected.

24
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Deep Core (animation)
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drill (animation)
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Large Scale Anisotropy of CR arrival direction with 1C22

Rasha Abbasi, Juan Carlos Diaz Vélez, PD
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lceCube & Tibet Array
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M. Amenomori et. al Science, vol. 314, pp. 439-443, Oct. 2006

lceCube & Milagro

90

A. Abdoet. al. ArXiv:astro-ph/0806.2293, 2008.

first high statistics measurement @ southern hemisphere
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