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The current supernova detection [2] method relies on the collective rise of the count rate of

i —— ceron hierarchy, dark matter, proton decay, the photomultipliers (see 'SNDag/HitSpooling') above the nominal value, made possible by
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/Coincident hit method \ ﬁﬂ\tmospheric Muon Background

Despite the 1300 m overburden, cosmic ray muons form a background for both detection methods.
o | Current Method :
® Coincident photon hits can be used to
extract additional information Regarding the significance distributions of the supernova data, one observes a remarkable deviation from the formally expected Poissonian
® Example hit modes : behaviour: The significance (§ = Ay/o,, with dark noise rate deviation Ay) distribution is clearly broadened by a factor = 1.2 - 1.5. The major reason
- (1,1): two nearest-neighbour DOMs for this broadening is the influence of atmospheric muons, which is indicated by a seasonal variation of the standard deviation. In order to subtract
(2’0): ; hot DOM atmospheric muons, the correlation between significance and atmospheric muon rate n, is removed by calculating a corrected significance &' in the
- \4Y) WO D 0_0n5 on one following way: € =b-n, + a; § =& — b n, — a, with offset a and slope b according to the linear fit showed in figure 6 I.h.s.. This particular candidate
o NO_lse_SUppres§|0n through small (29/02/2012, run 119716) was chosen because of the high § = 8.59. In figure 6 r.h.s. is observable that the candidate is basically caused by the high
coincidence windows muon hit rate and that the corrected significance is not even the highest in the run. A longterm investigation for the date between 01.04.2008 to
@® Observables: 13.5.2011 (figure 7) shows that the muon subtracted distribution is clearly more Poissonian than the original distribution. For this dataset, the number
- Average energy (see figure 3) of significances higher than 6 could be reduced from 1151 to 7. After applying the corrections, there is still a non-Poissonian part which might be
- Time dependent supernova spectral caused by the fact that only nearest neighbor coincident HLC hits were used in the analysis. Newer data also contains single SLC hits.
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Figure 6: candidate 119716: correlation of significance with muon hit rate before (left) and after (right) correction. The high Figure 7:H|stogram of th.e o.rllglnal (urlmﬁllled) .and of the muon
significance of the candidate bin is obviously correlated with a high muon hit rate (SLC hits included). subtracted (gray filled) significance distribution for a data set
0.025 (HLC hits only) from 01.04.2008 to 13.5.2011. The red curve
i is a fit to the significancedistribution using a combination of
_ three Gaussian functions.
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A future mprqvgrnent to this DAQ system will Figure 8: Difference in hit arrival times between two  Figure 9: Downward orientation of DOMs Figure 10: Distributions of the number of Figure 11: Coincidence rates as function height, before and
be the accessibility of the complete raw data nearest-neighbour DOMs (upper-lower, see figure 9). in IceCube and DeepCore leads to coincident DOMs. The gates are set to 150 and after cuts. IceCube: muons (red) ,neutrinos (blue), Deep
: : : Thick lines are neutrino signals for IceCube (blue), asymmetric time difference distribution 50 ns for the IceCube and Deep and Dense and Dense: muons (purple), neutrinos (green). Dashed
coming frqm t.he PMT that will be St?re.d in a DeepCore (turquoise) and Deep and Dense (green). for  point-like  supernova  neutrino configuration. Thick lines indicate cosmic ray indicates before cuts, thick after (unoptimized) cuts. For
round robin file system, so called "HitSpool Dashed lines are cosmic ray muon hits for IceCube interactions, this can be wused to muon hits, thin lines indicate supernova neutrino lceCube (Deep and Dense) the background is reduced by a
System". In case of an alert, triggered by the (red), DeepCore(brown) and Deep and Dense (purple) distinguish them from muon hits. hits. IceCube: blue and red, Deep and Dense: factor of ~17 (300) while ~87 (73) % of the signal is kept.
(sjc?cler .ﬂak’;a,tthe ftime(;cli)lrriiponging II-IitS(|]:|>o|0I fg“rrepe'i)agftsrzzi%'\g‘g%r“ hits for Deep and Dense
ata will be transferred North and analyzed. In
this way, it is possible to study the noise / \
behavior of the detector and to develop an Summary/OUt|OOk
atmospheric muon subtraction procedure of e Current detection mode based on the collective noise rate of all photomultipliers has [1] M. salathe, M. Ribordy, L. Demirérs, Novel technique for supernova detection with
the data. Furthermore, one aims for studies of a reach up to 50 kpc with signiﬁcances from 3 to 60 depending on model. IceCube, Astropart. Phys. 35, 485 (2012)
the energy distribution and directionality of *The temporal evolution of the neutrino signal can be followed with high statistics [2] Abbasi R., IceCube sensitivity for low-energy neutrinos from nearby supernovae,
Supernova neutrinos. allowing supernova and neutrino properties to be studied. A&A 535 A109 (2011)
. Progre;s Is being made in the understanding and rejection of the background caused [3] T Totani, K. Sato, H. E. Dalhed, J. R. Wilson, Future detection of supernova
by cosmicC ray muons. neutrino burst and explosion mechanism, Astrophys. J. 496, 216-225 (1998).
/DOM' . : : . : \ ’ The efﬁCIenCy of cosmic ray muon baCkground reJeCtlon |qcrease_s f.OI‘ future [4] J. N. Bahcall, T. Piran, Stellar Collapses In The Galaxy, Astrophys. J. 267, L77
- Digital optical module, the basic detection unit: a glass projected dense arrays, while prospects for supernova neutrino emission (1982).
g”ﬁzs?re sphere with a photomultiplier and electronics. characterization is largely improved by means of coincident hit modes N | -
local écfihnecféaeiec"e”fnigféif.'c’orl :]eoxo’lftgfr:;:(r:eus?er;ec:SLybzIl;cf)Vzlcf:t:in 3 e A new DAQ is planned that will record the full set of hit information of all IceCube [250]1L1' Demirors, M. Ribordy, Supernova detection with lceCube and beyond, ICRC
full waveform, others contain coarser data. sensors for supernova candidates. By the use of these data the limited time resolution ) ) o
HLC: Hard local coincidence, only hits with a local coincidence are of 2 ms will be overcome, the noise background can be further reduced, and multiple 6]L. Hudepohl, B. Muller, H. -T. Janka, A. Marek, G. G. Raffelt, Neutrino Signal of
: . : . . Electron-Capture Supernovae from Core Collapse to Cooling, Phys. Rev. Lett. 104,
\cons'de"ed- Y, hit information can be used to estimate the average energy and to reject correlated 251101 (2010).
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