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lceCUbe

Nuclear
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V Energies
>~[00 Gev
lce as a detection medium V  Astrophysical
. . source
- Low cost - Quiet environment
- Fixed locations (after freeze-back)
- Easy to instrument large volumes

.\w
M87 - HST




lceTop ——

Air shower detector
| 60 ice-tanks in

surface array
Threshold ~ 300 TeV

Inlce

80 Strings em

60 Optical Modules

| 7 m between Modules

AMANDA
(1995-2000)

|9 Strings
677 Modules
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|25 m between Strings
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lceCube Neutrino Observatory
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Air shower detector
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lceCube Neutrino Observatory

2004-2005 : | String

AMANDA
(1995-2000)

|9 Strings
677 Modules
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Air shower detector
| 60 ice-tanks in

surface array
Threshold ~ 300 TeV

Inlce

80 Strings em —S
60 Optical Modules i

| 7 m between Modules

|25 m between Strings

2450m

lceCube Neutrino Observatory

2005-2006: 8 Strings
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Air shower detector
| 60 ice-tanks in

surface array
Threshold ~ 300 TeV

Inlce

80 Strings em

60 Optical Modules

| 7 m between Modules

\

|25 m between Strings

2450m

lceCube Neutrino Observatory

2005-2006: 8 Strings

2004-2005 : | String

AMANDA

677 Modules
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2007-2008:
I 8 Strings

IceTop /

Air shower detector

| 60 ice-tanks in R R

surface array AR 2005-2006: 8 Strings
Threshold ~ 300 TeV UG R

Inlce | 5" Ik 2004-2005 : | String

80 Strings ch with——

each with —— i R AMANDA

60 Optical Modules e e (1995-2000)
|7 m between Modules , #1lE |9 Strings

|25 m between Strings 3 677 Modules

2450m LERERE B A E NIRRT !
[l ] ' Currently deployed after 4

construction seasons:
40 Strings

lceCube Neutrino Observatory 80 IceTop tanks

3 more seasons planned

Eiffeltornet
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A collection of through-going muons  “3*
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Tué dJan 29 08:39:34 2008

Run 110261 Event 323971



An EeV event in lceCube40

lceCube




An EeV event in lceCube40
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Ice properties

Ice is scatteriné_
dominated medium

® Aabs ~ IOO m
® >\scat ~20m

Analysis of data js
sensitive to modeling of
ice properties

eff. scattering coefficient [m ™|

lce Properties measured
with specialized device

Hole 50
Hole 52

Reflected Signal




Coincident muons

lceb e

lceCube large
enough to observe
multiple muons from
different air showers
in the same event.

Grows to ~5% of

events in full
lceCube.

Two down-going
tracks can easily fake
an upward going
track!

ri Jul 6 23:17:21 2007

" Event /1225496




South Pole
Station
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lceCube at the South Pole

AMANDA

Dark sector




Life at the South Pole

lceCUbe
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IlceCube

LED
flasher
board

Digital Optical Module (DOM)

|0 inch Hamamatsu PMT
Autonomous data collection
Self triggering with 0.25 pe threshold
Waveform sampling on main board:
300 MHz for 400 ns w/ custom chip
40 MHz for 6.4 Usec w/ ‘fast’ ADC
Digital data packets sent to surface
Time calibration with surface GPS
with 2 ns resolution
High voltage generated internally
Low power consumption (3.5 Watts)
Large dynamic range (500 pe / |5 ns)
Integrated flasherboard with 12 LED
Self calibrating
Robust design - < 1% failure
Expect 97% of DOMs operating in |5y
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Digitized
Waveform

|0 inch Hamamatsu PMT
Autonomous data collection
Self triggering with 0.25 pe threshold
Waveform sampling on main board:
300 MHz for 400 ns w/ custom chip
40 MHz for 6.4 Usec w/ ‘fast’ ADC
Digital data packets sent to surface
Time calibration with surface GPS
with 2 ns resolution
High voltage generated internally
Low power consumption (3.5 Watts)
Large dynamic range (500 pe / |5 ns)
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Self calibrating
Robust design - < 1% failure
Expect 97% of DOMs operating in |5y




Drilling and deployment
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Depth of drill head (m)

DOM installation:
~Bmin/DOM

String drop

Drop speed;
1% s‘nl'?/mnrn

Jan 29,2006 6:008km

Final depth (prel)
245‘13.0 nr?

2900 0 20 30

Jan 27, 7:.05 am Jan 28, 11:23 am
Time (in hrs)




lceCube laboratory

® |CL is central data center
for lceCube at South Pole

® Opened in January 07

® |7 racks of computers

All cables and servers for
lceCube DOMs, DAQ and

online filtering

All Level | filtering done
at South Pole in real time
and data sent north via

satellite
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Signal and backgrounds

lceCube
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Optimal detector at high energies

Neutrino Event Energy Distributions

atmNu, 90% in range (2.4, 4.2)
E?, 90% in range (2.5, 4.7)
EZ%, 90% in range (2.9, 5.4)
E?2, 90% in range (3.5, 6.5)
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Iog10 Energy/GeV

Effective area for neutrinos N T o, e
-Sensitivity grows with detector Signal begins to dominate
-Not optimized for 1C22/1C80 at higher energies

o

Strings Year Livetime U rate V rate
1C9 2006 |37 days 80 Hz |.7 / day

1C22 2007 275 days 550 Hz 28 / day
|C40% 2008 ~365 days 1000 Hz 110 / day

|C80* 2011 ~365 days 1650 Hz 220 / day
* Predicted




Point sources: method and sensitivity

lceCUbe

MACROG6 Yr.
Super-K 4.5 Yr.

AMANDA 3.8 Yr.
AMANDA 3.8 Yr. Sensitivity

IceCube 9 String (137 d. Sens.)

IceCube 22 String (276 d. Sens.)
w IceCube 80 String (1 Yr., Pred.)

ANTARES (1 Yr., Pred.)

-60 40 20 0 20 40 60 80
Declination (Degrees)

- Select good signal events MACRO: ApJ 546, 2000
- Use unbinned maximum likelihood search
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IC80, Astrop. Phys. 20, 2004
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$$' 2000-2006 AMANDA point source search- @)’

lceCube

3yr max significance: Max Significance
3.7?\)0 -2 1.50 — = _-- 0=54° a=11.4h

3.380

2.5 33335
Significance "~.
Syr max significance:
3.746 > 2.80

® 3.8 yr livetime

® 95% of RA-randomized skymaps have maximum

significance > 3.38 0 — Not significant
arXiv:0809.1646
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9ouedIusIS

| s T
. 180 ]
right ascension

Maximum Significance
dec.20.4°,RA. 276.6,0 = 3.35

® 60% of randomized signal maps have maximum
significance > 3.35

® No significant excess found

® 26 a-priori source locations also searched, none
show a significant excess

ICRC 2007
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declination

preliminary

I
i 180 i
right ascension

Hottest spot found at r.a. 153°, dec. 11°
pre-trial p-value: 7x10-7 (4.8 sigma)

Accounting for all trials, p-value for analysis is 1.34% (2.2 sigma).

At this significance level, consistent with fluctuation of background.

Full details are in Chad Finley’s parallel presentation on Sunday




Moon shadow

| 1IC40: April,May,June |

lceCube

Entries 1404975
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| observed-expected |

event - event)

observed: 88202 events

S(H)

expected: 89521.6 events Cosmic Ray
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deficit: -1319.62 events

=500

error: 315.265 events
- 1000

significance: -4.18576 ¢

-~

radius from moon

- Moon shadow observed in first
3 months of IC40 data

- Validates pointing capabilities
of lceCube

- Will be used to investigate
detector angular resolution




Atmospheric neutrinos
AMANDA 7yr sample: over 60(1)(9 neutrino candidates

lceCUbe

1000F

—— Barr et al.
Honda et al. (2006)

= ! i
800 E. I —=.=,=‘=] —e— Data
— 1
700F =
; | -

900}

soo;

500

400F

300}
~ | — Barr et al.

2001 | Honda et al. (2006)
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-0.8 -0.7 -0.6 -05 -04 -0.3 -0.2 -0. - 20 30 40 50 60 70 80 90 100 110 120

COS Op, 1 gel Nep

o / year AMANDA data in g crd agreement with
attospheric neutrino models.

® |ceCube 80 will collect ~60k atmospheric
neutrinos/year

® Study prompt high energy component of
atmospheric neutrino flix

® Search for new physics (violations of Lorentz
Invariance)




Search for a diffuse flux

Data 2000 - 2003
Uncertainty in atmospheric v

i, | Search of 2000200
o E™ - 7.4x10% GeV omPs'sr ata for an
T excess of cosmic neutrinos
1 from unresolved point sources
final event sample _ Comparing:
1 - Atmospheric neutrinos
’ - E-2 signal
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Phys. Rev. D 76, 042008 (2007)




Search for a diffuse flux

lceCube

LN AMANDA-II 2000 atms. v, data (prelim.)

AMANDA-II 807days
Upper Limit

Barr et al. atms. v + prompt atms. v

IR
[ 1 LIIE

Honda et al. atms. v + prompt atms. v

Max uncertainty in atms. v

rejus S
Alllllllllill IC9 137days i
- MACRO

Sensitivity AMANDA B-10 1997 v,, diffuse yurces

AMANDA-Il 2000 Cascades (all-flavor / 3)*
AMANDA B-10 1997 UHE (all-flavor / 3)*
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RICE 1999-2005 ( all-flavor / 3 )*
AMANDA-II 2000 unfolding (prelim.)

AMANDA-II 2000-2002 UHE limit (prelim.)
AMANDA-II 2000-3 v, limit

L1l

WA&B limit/2 (transparent sources)

Full IceCube 1 yr
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*assumes a 1:1:1 flavor ratio at Earth

IceCube 9 strings 137days

W=

8 9
log [E (GeV)]

Phys. Rev. D 76, 042008 (2007)




Indirect solar WIMP searches

lceCube
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lceCUbe

lceCube as MeV SN v detector

...first proposed by Halzen, Jacobsen & Zas, astro-ph/9512080
x10°

-t
N
o

expected value

20 MeV

positrons —— including errors

# [1/100ms]

lceCube at |0kpc

4 -2 0 2 4 6 8 10 12 14
t[s]

* Takes advantage of low noise DOMs
* Ice uniformly illuminated
* Detect correlated rate increase

on top of PMT noise

e Participation in SNEWS
e Also searches for High Energy v...



lceCube as MeV SN v detector

...first proposed by Halzen, Jacobsen & Zas, astro-ph/9512080
x10°

lceCUbe

-t
N
o

expected value

20 MeV
positrons

A

— including errors

# [1/100ms]

:eCube at |10kpc

-—h
o
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IceCube (best, 4200 DOMSs, 0.1s binning)
Amanda (running, ~400 qualified DOMs, 10s binning)

)
Signal hits
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50 at the LMC

v noise DOMs
10°  ed
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e Participation in SNEWS
e Also searches for High Energy v...
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Future Plans - The Deep Core

2006/7

lceCUbe

® |nstrument the clear ice
found in lower half of
lceCube volume

O Deep Core A N/
®lcClle F e /@ N ® Extends lceCube
PoZen sensitivity to neutrino

energies below ~100 GeV

® DOMs built using high
QE PMTS

* IC80
—= |C80+DC6

S ® Rest of lceCube as veto
_+ Effective area

(trigger level) ® Replacement for
AMANDA strings

lceCube

1 1 A l L 1 1 1 l A L L 1 l A A L L I 1 A L A
2 2.5 3 3.5 4
log10(Primary Neutrino Energy - GeV)




Future Plans - The Deep Core Gl

lceCube

2006/7

lne clear ice

lim
¢ O. > 0. AMANDA-II 2001
SI SI l Y
(CDMS+XENON10) i ;r half Of
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= wimi= BAKSAN 1978-95 me
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" lube
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El=1GeV
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Future plans

lceub e

® |ceCube on track to be completed in 201 |
® |ncludes 6 additional Deep Core strings
® R&D work toward new detection techniques

® TJest modules for both radio and acoustic EHE
neutrino detectors have been deployed

® See Timo Karg’s talk in parallel session
® Multi-Messenger astronomy studies

® Search for correlations of lceCube neutrino

signals with observations in Fermi, Swift, ACTs,
Milagro/HAWC, ROTSE, LIGO...




o d
IceCube

Other topics

® Cosmic ray physics with IceTop

® Surface array of lce-Cherenkov tanks =

® Study the composition and spectrum of primary
cosmic rays in the knee region

® Neutrinos from GRBs

® See talk by Erik Strahler in parallel session

® Exotic particle searches

® See talk by Alex Olivas in parallel session



lceub e

Summary

® |ceCube construction is 50% complete

® Construction of entire array, including addition
of Deep Core detector, will be complete in 201 |

lceCube40 detector currently operating and
returning analysis-ready data

® 1 km?3-yr exposure in 2009

® Analysis of lceCube data already well underway

® Some lceCube22 results ready now and many
more will be available soon




