o

uiipee
SIAIS
Mdinz



O t I . http://icecube.wisc.edu
u ’ne ’ http://www.etap.physik.uni-mainzde/icecube

Part I — IceCube & South Pole
(Entertaining part)

e A km3 Detector at the South Pole - IceCube
e DOMS and Deployment
e Scientists at the South Pole

Part II — Model Dependent SN Detection
(Physics part)
e Detecting the Deleptonizaton Peak with I3

e QCD Phase Transition in I3
e SN signatures for multiple hierarchies
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IceCube Collaborators ¢/

http://icecube.wisc.edu

http://www.etap.physik.uni-mainz.de/icecube

USA (14)

e IAS, Princeton, USA

e University of Wisconsin-Madison,; USA

e University of Wisconsin-River Falls, USA
e LBNL, Berkeley, USA

e University of Kansas, USA

e Southern University-and -A&M College, Baton Rouge, USA
e Alabama University, USA

e Bartol Research Institute, Delaware, USA
e Pennsylvania State University; USA

e UC Berkeley, USA

e UC Irvine, USA

e Clark-Atlanta University, USA

e University of Alaska, Anchorage, USA

e Univ. of Maryland, USA
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rope (15)

e Universite Libre de Bruxelles, Belgium
* e Vrije Universiteit Brussel, Belgium
¢ Université de Mons-Hainaut, Belgium
e Universiteit Gent, Belgium
e Humboldt Universitat, Germany
~-e.Universitat Mainz, Germany
"~ » DESY-Zeuthen, Germany
““eUniversitat Dortmund, Germany
¢.Universitat Wuppertal, Germany
¢ 'MPI Heidelberg, Germany
o. Uppsala University, Sweden
e Stockholm University, Sweden
;; ¢ Imperial College, London, UK
¢.Oxford University, UK
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Japan (1)

e Chiba University, Japan
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New Zealand (1)

e University of Canterbury, Christchurch, N2
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2 http:/ /icecube.wisc.edu
Th e S’ te http:/I/)www.etap.physik.uni-mainz,de/ icecube
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IceCube Detector

http://icecube.wisc.edu

http://www.etap.physik.uni-mainz.de/icecube
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Design Specifications

Fully digital detector concept.

Number of strings - 86

Number of surface tanks - 140

Number of DOMs - 5160

Instrumented volume - 1 km3

Angular resolution of in-ice array < 1.0°

Current Status

79 strings, 138 surface stations
4740 deployed DOMs,
Instrumented volume ~ 0.98 km3
Work still in progress

Collecting physics data
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2 http://icecube.wisc.edu
South POIe Ice ; .l http://www.etap.physik.uni—mainzAde/icecube

Ice Properties

¢ Clearest natural medium on earth

¢ No Bioluminescence, no radioactivity

e Scatter and Absorption length is
influenced by:

Dust layers
Bubbles
e Pole ice cap still growing
e Upper glacier is moving with 10.2 m/a

Ice Model Simulation

e GEANT4 and Photonics simulation leads
FV(I) ?I clouple of slightly different Ice
odels

average track length:

X(E,)=(0.579+0.017)cm- E,/ MeV
average photon absorption length:

A, =96m
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IC/DC - Deep Core % o i

3

D 4 1 R RP 4 e 6 new strings
@ ¢ 60 high quantum efficiency PMTs
9 each concentrated in the very clear
> ice below 2100 m
? » Seamlessly integrated with
= standard IceCube strings and
0 modules
o
<)
>

Low energy threshold
t‘,:_f*

e Eth(n) < ~10 GeV due to ice clarity, high Q.E.
= PMTs (~18% —-~25%) and closer spacing
- e Energy overlap at low end with SuperK; IceCube

at high end
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: : . Information taken from D.Cowen Neutrino 2008 Poster
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Digital Optic Module (DOM) /£ \ ips/seseubermise el
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http://www.etap.phys1k.um-mamzAde/lcecube

E f f eC ti ve VO I ume : ;; » http:// icec_ubg.vyisc._edu

N
a( ) PE \ No. of Photoelectrons

DOM acceptance:

( ) "~ No. of photons hitting the Module
Effective Volume for Photons :

V7, @ =[[[p,(ra)dVv=A4A, ~01811£0.0023n°

No of Cherenkov Photons using Frank-Tamms Formula :

o 1 XGO(j‘nm d/ﬁt

N =27all- =3254X/cm=1883+5.5E,/ MeV

/4 _2
27N s00mm 7
Ice
Effective Volume for e :

V.. (E)=N \/! ~(341+2.0)m°E,/MeV

Effective Volume is not overlapping — no track information
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DOM nO’Se ra te ':f- 1 .; http:/r/)www.etap.physik.uni-mainzde/icecube

Average raw Rate of a single DOM:

DOM

RO =540 +106 Hz

Applying an artificial Deadtime to the Rate
leads to a poissonian noise Rate of:

R =281+ 21Hz

0.003 0o g M 0.02 0025 JceCube (IC80) Detector noise rate:

R =1340000:1800Hz

IC80
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http://icecube.wisc.edu

http://www.etap.physx'k.uni-mainz.de/icecube

EHWD (Enhanced Hot Water Drill) designed to drill a 2450 m x 60 cm hole in ~30 hr.

Thermal Power: 4.5 Megawatt
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ITH & http: / /icecube.wisc.edu
Dr’ll’ng http://www.etap.physik.uni-mainz.de/icccube

Top layer of packed snow is called firn.

Hot water drill designed for ice drilling - it gets
starter hole from firn drill (lower left).

EHWD drill head entering hole (Top left and top
right) .
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i = x http://icecube.wisc.edu
Dr’ll’ng 3 .l http://www.etap.physik.uni-mainz.de/icccube

Upper right: AMANDA OM in -840m

Lower right: DOM low down in the hole

Upper left: DOM hook up right before the low down
Middle: Hooked up DOM
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B3 http://icecube.wisc.edu
Ice Top ‘ %! k. . http://www.ctap.physik.uni~main7.dc/icccubc

IceTop -
Airshower detector
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http://icecube.wisc.edu

Data Acquisission

i . . Rebins data and
Simplified scheme of the IceCube data acquission performs online

analysis

Programms and initialize the DOM.
Responsible for time synchronisation AN A
\ 4 y = 00 /vy 49494 4
___,DOM C—> DORCard == String Hub —> pDaq —) SNDag
7

Generates digital Collects all data from the
string and corresponding

signal IceTop station Controlls and Collects
Sorts and separates data flows
Monitoring, Time, Event and
SNData from the complete
detector
Assigning tasks to
subcomponents
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SN Detection-Algorithm hetps// icecube. wisc.edu

e pDAQ delivers raw rates (DOM-wise, 1.6384ms binnin) SNDaq synchronizes and rebins data
to 2ms binning >> fine for resolving most interesting structures in v-signal

e Analytic calculation of the kollektive rate deviation Au using Maximum-Likelihood
Method (2 -Minimization) in real time.

Noow (4 +&i00))°

—2InL(Au)+const = y?(Au) L(A,u)H \/_ e 207

e Estimate significance of collective rate deviation on top of noise A,U/GM

-1

N pow
&i ( 2lul) GA =

N pow 5_2
i

2
i-0 O; i=0 oF

e Estimate homogeneity of illumination over whole detector

N
Y[ - —&A
2HAp)= Y | AT

i oF

e Calculate /4 and ©O; per DOM from 10" data (excluding current position) in multiple binning
« Trigger Conditions. Significance A,u/GAﬂ >6.5and P(x?) >99.9% (for any binning)

e DOM Disqualification (Per Bin) on mean value, broadening and skewness of rate distribution
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http://icecube.wisc.edu

http://www.etap.physik.uni-mainzde/icecube

What happens when IceCube triggers a Supernova event ?

»Take data !
»Send SNEWS alert

SNEWS is the central drop-in center for Supernovae
Explosion detections

http://snews.bnl.gov/ v single computer at LBNL collects alarm messages
> In case of a coincidend alam astronomer get informed

Members: Super-K, LVD,
SNO, IceCube.. Requirement for the minimization statistcal errors

» Coincidence of two experiments need to be within 10s
> False alarm rate <0,1d!

There were many Supernovae observations - until now — no measurement of
the early light curve
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D el ep ton i z a ti on P ea k | hetp:/ /www.etap.physik.uni-mainz.de/icecube
Livermore @ 10kpc y

1000
'<T' e Generate IceCube detector response for
o o given signal using USSR_
S w (see talk Thomas Kowarik)
2,
g e switch oscillations on
=
E 200 o
S — rormai Ferche Deleptonization peak can not be detected for SN at
— inverberte Hierarchie -
(0))] 0 —5|'.525_E-=:1D£' dIStanceS >2kpc
-0.01 D005 0 0.005 :.EII_ 0.015 D..EI2 0.025 0.03 0.035 0.04
time [s]
Garching @ 10kpc _ _
: - - Can we learn something about the hierarchy ?

:‘ Qoo
< e Applying linar fits to different scenario signals

800
N
o . .
S oo e Histogram slopes of fits
o
% o e Iterate and change SN distance
E 200
sy £ nommale Hicrarehie
. e

001 D005 0 0.005 t:-.EII l'_'l.E1E-] 0.02 0.025 0.03 0.035 0.04 Informatlon from TheSIS A.Plegsa 2009
Ime |S
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Deleptonization Peak

http://icecube.wisc.edu

http://www.etap.physik.uni-mainzde/icecube

Rate change @ 10kpc

300
ohne Oszillation (LL) ———
. : normale Hierarchie (LL) ——
250 i S nvertierte Hierarchie (LL)
i sin 265 = 1077 (LL) ——
ohne Cszillation (&) --------
200 normale Hierarchie (3) --------
inw.-ertier:f’e Hierarchig (G)
sin” 28,4 = 1077 (G) -
150
100
50
T I Y 5 A
—40000 -20000 o 20000 40000 60000 20000 100000
Slope of the detector rate [hits/ms]
100
; ] .
1El_1 + .
> g2 i
E 0 -
._E
© i07?
el
(@]
jul
o w*
-5 ‘
10" y ohr_‘;e Oszi Iatior: *
! normale Hierarchie oder sin” 2845 = 107~
invertierte Hierarchie
107" !
4 5 [ 7 B g 10

Distance [kpc]
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Calculating the 90% quantile and the fraction
which leaks into the false scenario leads to the
conclusion that hierarchies are capable of being
differentiated till:

< 6 kpc (90% C.L.)

Note: This is only within the erros of the
underlying SN Model valid.
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QCD Phase signal 71 Ry {iescuemisc et

IceCube QCD phase transition signal 10kpc

1000{] —— no oscillation
inverted hierarchy
AIND — rurmwal vien { hi h
arosted liv e —— normal hierarc

QOUG a0 [ ismisen |._.r y
N epn T 8003
!
E 8000 g'mm

< aoon

u :%ﬁun:n
w (000
= 100
: ﬁ':ll:':': PR I -
® 6000 ] .26 027 .26 0.2 05
| ’ ’ Time poat-bounses |5) ’ ' M
Re)
v 5000

4000 A

3000 tAfihampmbea fitty :

AP R P T P P R R P P P P P R R

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Time post-bounce [s]

Initial signal based on Sagert et al. PRL 102, 081101 (2009)
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Likelihood Ratio i Al

1 . , _ e Theoretical Hypothesis A,B (e.g. SN Models)
Hypothesis A Signal Hypothesis A

e Generate signals based on Hypothesis A,B

v

e Calculate the Likelihood ratios

o _ (only use shape of the signal, no distance
Signal Hypothesis B information)

Hypothesis B

e Do this 10000 times

v

»
»

Ly~ 1 (0 an atv_ onim B2
An= 2= 55 (201A ~ A~ (208 -B)))

LB_ 1 BA A2} Bp Rn2
AB=LA— 2Gz((ZniA A?)-(2nEB, - B))
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http://www.etap.physik.uni-mainzde/icecube

180
10kpc
S T Ag
120
100
80
60 eCalculate histograms for several

40 distances
20

a.u.

-800 -600 -400 -200 0 200 400 600 800 1000 1200
L

1400

1200
A A

1000

30kpc AB

L 800 e Calculate the selectivity in units of

4 sigma (,,gap") for each distance

400

200
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http://icecube.wisc.edu

Model Selectivity £ 0 et

—=—— Quark EOQS: Inverted vs Normal Hierarchy
1 []3 —=— Hadronic EQS: Inverted vs Mormal Hierarchy
Black Hole: Inverted vs Normal Hierarchy
—=—— LL: Inverted wvs Mormal Hierarchy
'E‘ D-Me: Inverted vs& Normal Hierarchy
£ 10°
=
w
i
=
= 10
[
E —
m \\_\—
)
1
Work in progress
107"

5 10 15 20 25 30
Distance [kpc]

QCD: PRL 102, 081101 (2009)
Hadronic: PRL 102, 081101 (2009) * Absolute Model shape dependent

Black Hole: ApJ 667 382-394 (2007)
Livermore: Astrophys. J. 496 (1998) 216-225
ONeMg: arXiv:9012.0260
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[ 2 http:/ /icecube.wisc.edu
Thank you !!!!!! ':. t .l http:/gwww.etap.physik.uni-mainzAde/icccube
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