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Overview

lceCube in a nutshell

lceCube’s low energy v detection principle
Detector performance for low energy v searches
Physics performance studies

. Conclusion and outlook
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The lceCube Observatory

* 78 sparsely instrumented strings

= 17 m vertical sensor distance

= 125 m horizontal string distance
* 8 densely instrumented strings

=7-10 m sensor distance

= 60 m horizontal string distance
* 5160 sensors + autonomous DAQ in ice

1450 m

1000 m §{

last string deployed on 2010-12-18

Status: * Full 86-string DAQ started on 2011-05-13




Interaction vertices in lceCube
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Simulation:
vl =29.0 x E,+ /MeV
E—e+ = 20 MeV
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Coincidence probability: O(1%)

— small overlap of effective volumes

Idea: count single rates on top
of low noise background




Detection Principle
N

Low energy neutrino interactions dominated by inverse beta Cherenkov photons radiated by 10 e
decay (typical e* energy 25 MeV, rate ~ E°) (Avg. Energy 15 MeV, thinned out)
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Track length ~ 0.56 cm X E+(MeV) N;00_600nm~ 178 X E ,+(MeV)

directional dependence and correlations due to Cherenkov ring
— unimportant for inverse beta decay, max. 20% rate variation v, elastic cross section



lceCube background noise
N

standard DOMs (4800): 540 Hz
high quantum efficiency DOMs (360): 680 Hz

time difference between pulses single DOM rate distribution
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Atmospheric muon influence

Seasonal change of noise rate

Freezing effects still visible
due to atmospheric pressure (~6%)

after p-subtraction
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Small contribution which increases significance due to non-Poissoninan correlations
Has been corrected for by subtracting hits associated to a muon track



Significance distribution
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Significance:

_ deviation fromsliding average Ay
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uncertainty of deviation O
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Overall improvement after subtracting muon hits:
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Supernova progenitors in Milky-Way

unclear how candidates follow star distribution ...

Probability density [arb. units]

SN progenitors

probability distribution for
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Expected time signal
B

Lawrence Livermore model, 10 kpc distance (~ distance to center)
lceCube Monte Carlo with time dependent energy spectra incorporated
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Strong model dependence

... two available models that make long term predictions

1052+<1|OI3I T T LI LI LI LI LI I L I LI T T %
=
— :L ----- Lawrence-Livermore |5 solar masses
100— i |
C i
S C i —— O-Ne-Mg 1D 8.8 solar masses
c I 1 -
S 95! no iron core
= -
QO 1 . |
» B : ! ]
€ 90— ! —
o — - —
Lo N —
~ L1 1 -
ﬂ — I 1 —
T 85 i i ]
S - & ]
O 8of —
75 -
_I I L1 1 1 I L1 1 1 I 111 1 I 111 1 I 11 1 I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 I_

0 1 2 3 4 5 6 7 8 9
Time Post-Bounce [s]

Hidepohl et al., Phys. Rev. Lett. 104, 251101 (2010)



Exotic Signals
N

Black hole formation (>40 solar mass progenitor) — no explosion!
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Expected significance

;Milky Waly (centerl) no oscillation, 0.5s
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Conclusion

Advantages:

World‘s best detector for fine
details in v flux of close supernova

Good prospects to test v properties
— distinction of hierarchies

Observation of exotic phenomena
— black hole formation, maybe
even quark gluon plasma transition

Location far from other SN detectors
— triangulation, earth effect ...

Disadvantages:

* No information on type, direction
and energy of individual neutrino

* Reach limited to 50 kpc
* Limited sensitivity to v, (H,O target)

e Limited time resolution of 2 ms
(subject to change...)

...lceCube is a Mton scale detector for

supernova neutrinos ...



Outlook

" Major low level SnDAQ improvements:
Buffer all hit information (including non-SN systems) and dump complete set

of individual DOM-hits in case of SN

= Easier muon subtraction
= Access to unbinned data, timestamps w. ns precision per hit

= No overflow for super close SN's (<1 kPc)

=  Shorter delay for trigger system (esp. for SNEWS)

= Using coincidence hits
for SN-detection:

= Background reduction

(E)[MeV]

=  Possible average energy

estimator
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Subtracting muon background

_
width of significance distribution Same with muon background
over three years of construction subtracted
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Supernova-DAQ

SnDAQ ,
= Rebinning into 2ms, 0.5s, 4s, lgeClibes dCﬂ(EI-
10s bins warehouse (Madison)
® 10 min rolling time-window |
analysis

lceCube-Live
(Monitoring

webpage)

Triggered sn candidates: )
Normal data plus finely internal

binned 2ms data around mc:iling list
trigger /




Contributing neutrino reactions
N

Reaction # Targets  # Signal Hits  Signal Fraction Reference
Ve+p— ¢ +n 6-10°7 134k (157k) 93.8%(94.4%) Strumia & Vissani (2003)
Vet S Vete 3-10% 235k(2.25k) 1.7%(1.4%)  Marciano & Parsa (2003)
Vet & S Vet 3-10% 660 (720) 0.5%(0.4%)  Marciano & Parsa (2003)
Vier € = Vo + € 3-10% 700 (720) 0.5%(0.4%)  Marciano & Parsa (2003)
Vitr € = Vi e 3.10% 600 (570) 0.4%(0.4%)  Marciano & Parsa (2003)
ve+ %05 e +X 3-107  215k(1.50k) 1.5%(0.9%) Kolbe et al. (2002)
e+ %0 e +X 3-10% 190k (2.80k) 1.3%(1.7%) Kolbe et al. (2002)
van + %0 - vy + X 3-10°%7 430 (410) 0.3 % (0.3 %) Kolbe et al. (2002)
ve+"B0/fH— e +X  6-10% 270 (245) 0.2% (0.2%) Haxton (1999)




Expected rates
B

... for various models ...

EXPECTED RATES

Model Reference Progenitor #1's #U's
mass (Mz) < 380 ms all times
“Livermore” (Totani et al. 1997) 20) 0.185 x 10° 0.84 x 10°
“Garching LS-EOS 1d” (Kitaura et al. 2006) 8 — 10 0.073 x 10° -
“Garching WH-EOS 1d” (Kitaura et al. 2006) 8 —10 0.083 x 10° -
“(zarching SASI 2d” (Marek et al. 2009) 15 0.113 x 10° -
“Scaled 1987A" 15 =20 (0.61 = 0.19) x 10°
“0O-Ne-Mg 1d” (Hiidepohl et al. 2010) 8.8 0.057 x 10° 0.18 x 10°
“*Quark Star (full opacities)” (Dasgupta et al. 2010) 10 0.071 x 10° -
“Black Hole LS-EOS” (Sumivoshi et al. 2007) 40 0.420 x 10° 1.1 x 10°
“Black Hole SH-EOS” (Sumivoshi et al. 2007) 40 0.355 x 10° 3.6 x 10°

At 10 kpc distance IceCube will see between
180,000 and 3,600,000 v induced PMT hits ...




lce Properties
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* Long absorption lengths (>100 m)
* Low temperature, dark and inert ice
* Very low radioactivity !



...even more exotic signals
S

quark star formation (quark-gluon plasma transition)

_| LI | 17T 171 | 1T 171 | 17T T1 | LI | T 11 | LI | LI l_
n - clear anti-v peak!
- n L—
8000— No Oscillations ii / ... hierarchy dependence
- — normal hierarchy i ]
2 7000{— ----- inverted hierarchy i —
£ r [ .
re B _
2 6000 —
N N i
_'(2 — -
L 5000 ]
= : §
= - §
a) B _
4000 —
3000 PR :7//]/'/%}'/'//:5/"/'//: Y Poihts

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Time Post-Bounce [s]

Dasgupta et al., Physi. Rev. Lett. D 81, 103005 (2010)



Onset of neutrino production
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Expected DOM Hits Caused by v, (2ms binning)
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very much dependent on neutrino properties and oscillations
— difficult to observe ...
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