THE UNIVERSITY

WISCONSIN

MADISON

Supernova Neutrino
Detection with lceCube
Overview and Outlook

Benedikt Riedel
for the IceCube Collaboration
Institute for Nuclear Theory - University of Washington

Special Workshop: Probing the Supernova Mechanism by Observations
July 20th, 2012

Thursday, July 19, 2012



Outline

Overview of lceCube
Detection Method
Detector Performance
Physics Capabillities

Future Improvements

B. Riedel - Supernova Neutrino Detection with IceCube - Overview and Outlook - 07/20/2012

Thursday, July 19, 2012




IcECUBE

e 1km?3 instrumental volume

e 86 Strings
e 80 strings ~125 m apart

e 60 Digital Optical Modules (DOM)/
string at 17 m vertical spacing

® 0 special strings, 62 m apart, 7 m
vertical spacing (high QE PMTs)

e 5160 DOMs in total

e DeepCore: 6 high-QE + 7 nearest
standard strings
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IceTop
= 80 Strings each with
2 IceTop Cherenkov Detector Tanks
2 Optical Sensors per tank
320 Optical Sensors

IceCube In-Ice Array
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Typical lceCube Events

IcCECUBE

Multiple DOMs form a distinctive pattern to make a detection

Cascades: Y
Tracks: e 100 GeV - 100 TeV Composites:

e ~TeV through-going muons [ e Starting tracks
e Pointing resolution ~1° * Neutral current for all flavors ¢ high-E v+ (Double Bangs)

e Up-going neutrino - IC 59 Data Cascade - IC 40 Data 16 PeV v, simulation

With an order of ~10° lower energies this is not what
we are looking for with supernovae!
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IcCECUBE

Movie |

59 String Configuration

Up-going neutrino event

Red -

DOM Colors represent arrival times

—arly

Green/Blue - Later

DOM Size represents amount of deposited

charge
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lceCube Science
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IcCECUBE

® [For every MeV neutrino that
interacts generally O-1
ohotons are detected

® Coincident hit probability on
O(1%)
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® Need a large flux!
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® |nverse PB-decay is main
interaction channel (~93-94%)
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® Nucleon and electron
scattering processes account
for the remainder (~6-7%)
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MeV Positrons in IceCube

20 MeV
positrons

® Uniform illumination in the ice | /
'\(\"\‘?‘s"“
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® -~0.5to1x10°eventsin 10 h '
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IcCECUBE

® Supernova

.....
~~~~~~

® Significant increase in detector rate
on top of background

® Capabilities
Low DOM noise - ~500-600 Hz

High statistics due to large volume

Time resolution limited to 2 ms at W %
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O Individual events

O energy Information

1 meter
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Movie I

DISCLAIMER

THIS IS A TOY MODEL OF 100000 O(10 MeV) POSITRONS
INJECTED AT THE SAME TIME

ABOUT A TENTH OF THE TOTAL NUMBER EXPECTED EVENTS
NO REAL PHYSICS!
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Thanks to C. Kopper
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IcCECUBE
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Data Stream
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IceECuBE MADISON
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Data Stream

IcCECUBE

Supernova channel uses
a scaler data format
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Data Stream

IcCECUBE

Supernova channel uses
a scaler data format

On-board Software Counter

® Count discriminator crossings
(0.25 PE) in 1.6384 ms

10b

® Artificial deadtime of 250 s
for background reduction
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IcCECUBE

® [ndividual DOM noise
og-nomally distributed

® Post deadtime
average: 265 + 20 Hz

® | ower temperature
environment

® 240 - 265 K (depth
dependence)

® Stable rate

® ~6% variation due to
atmospheric changes

B. Riedel - Supernova Neutrino Detection w
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&2 Supernova in IceCube - Motivation

IcCECUBE

® | ooking for subtle ® Need to understand

changes In detector properties as
background rate well as we possible
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AAAAAA

DOM, i ‘ ‘

DOM..., : ‘ ‘

:
® Rebinning individual gobal | I

1.6384 ms bins into Note: AMANDA case without muon
g|()ba| 2 Mms subtraction, bgtter separation in lceCube

At=500 ms | At=500 ms

. o - i/ At=4s
® Time synchronizing

® Search for collective g .,i{ff - B e
ncrease in noise (Ap) &/ ' —_
aﬂd error (0’ A ”) iﬂ 05, é :&é’ i* . statistical background
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' Supernova in IceCube - SNDAQ

90s Supernova Scaler Data summed over IceCube

THE UNIVERSITY
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IcECUBE
® 60 s central window and T
+300 s window for rate :
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® | og-Likelihood analysis
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Background - Atmospheric Muons
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e DOM-to-DOM correlated ]
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ﬁ Physics Capabllltles Big Picture

IcECUBE 1000
|V|I|ky Way (center) no oscillation, 0.5s
\ normal hierarchy, 0.5s +
' . inverted hierarchy, 0.5s *
® High detection "
: o o100 ¢
significance up to edge L Milky Way (edge)
: S} e |
Of M”ky Way S .. e " :SMC
D 0.1y ' false trigger rate E b ;
. 10E_SNEWSEtriggerthreshoId *9-’%? -
. DeteCtlon Of “h|dden” SN Einternal tiriggerthreshold e
possible - -
'o 10 20 30 40 50 60 70

Distance [kpc]

® Significant detection up
to the Small Magelanic
Cloud possible - ~65 kpc

® SNEWS alerts being
generated up to Large
Magelanic Cloud - ~ 50
Kpc

100 000 Iy
L |
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& Physics Capabilities - Oscillations

IcCECUBE
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a Physics Capabili

IcCECUBE

® Absolute
shape dr
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IcCECUBE

® Black Hole formation
signal

® No actual explosion

® Strong hierarchy
dependence

® High statistics

Physics Capabilities - Exotic Signal
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i3 Future Improvements - Hit-Spooling

ICECUBE ° C b|t
® Hit-Spooling apabliities
| ® Better timing resolution for some cases
® Al DOM output written to o

: ® Better detector monitoring

disk
| ® Background Monitoring and Reduction
® DAQ independent software o |
® (Coincident Hit Method
® | | .
Increase in uptime ® See Ronald Brujin’s talk
® \Norse-case scenario backup ® Average Energy?
LONG TERM STORAGE & ANALYSIS
—
SPOOL FILE
* INTERFACE
= = = Iz 0= - ]
}

E Hits Out j——{ Hits In Trig Out i - Trigger

| | Data Collector : System

! | Ensemble Sender !

: SN Out Readout 4—?— l

bovlontls and puters b hits for —> Event Builder

y Dashed perimeter represents possible later readout by the I

e e ] e ] > 6 SIGMA

CANDIDATES
— Secondary Builder ————— Supernova DAQ

(Trigger)
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Future Improvements - New Simulation

IcCECUBE

® Current Simulation Signal Simulation
_I_
® Multipl te simulati dt trize th : :
detielcpt grsreegggangesmua ions used to parametrize the Photon Yield per Particle
_|_
® Advantage: Fast Photon Propagation Parametrization
® Disadvantage +

DOM Parametrization

Supernova Simulation

® Can only handle supernova signal

® Cannot model atmospheric muon background
fully

® New Simulation

® [rom scratch development Signal Simulation
® Better physics treatment +

® Angular distribution of interactions GEANTA4

® DOM-to-DOM correlation studies Direct PhOJ[O_Ir_W PropagatiOn
® GEANT4-based particle propagation +

DOM Simulation

® In-house direct OpenCL-based photon propagator

® Integrated into centrally maintained IceCube Software

and Simulation Framework New Supernova Simulation

® Able to handle supernova and background signals
B. Riedel - Supernova Neutrino Detection with IceCube - Overview and Outlook - 07/20/2012 25
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Conclusion

IcCECUBE

® Detector is stable with 98% uptime

® [hings to look forward to

® [uture improvements to detector stability
and detector understanding

® |mproved simulation

® Complete detector information available
® [Energy determination

® Better background rejection

® [he next galactic Supernoval
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Courtesy of Sven Lidstrom and Carlos Pobes
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Movie llI

IcCECUBE

Igh energy neutrino induced cascade
from August 91" 2011

DOM Colors represent arrival times

Red - Early

Green/Blue - Later

DOM Size represents amount of deposited
charge

Order of 1 PeV in Energy
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