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 Above 10 TeV neutrino energy we expect as many down-going neutrinos as up-going

* Most down-going neutrinos are rejected by the self-veto since they interact above
instrumented volume

* A surface veto array could help detect twice as many neutrinos as IceCube alone
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An extended surface array 12,5106

* |ceCube is planning an extension array including a low energy infill, a high energy
in-ice array, a radio component and a surface array

 Multiple efforts are currently underway to design a surface array able to serve as
veto for the in-ice detector [PoS(ICRC2015): 1070,1156]

* This talk focuses specifically on one of these analysis

Signal Background

CR.

Surface array

IceCube

Antarctic Ice
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Performance of IceTop as veto for IceCube

* |ceTop is an array of tanks, equipped with DOMs,
which was designed primarily to study cosmic ray
physics

* This analysis aims to study its efficiency as veto, as a
reference point for the design of a future surface
array

 Select near vertical tracks:

— Number of pe recorded in detector> 1000

— Track length > 800 m

— Surface intersection point inside IceTop border by
75m

=» CR showers, atm v, astro v

 Use lceTop information to separate astro v from the
rest

10/26/15 Delia Tosi - TeVPA 2015 7



IceTop hits in sample

Weighting IceTop hits

An IceTop hit is more likely to be correlated to a CR shower if close in time to the
shower front and close in space to the shower axis

For each event, every IT hit recorded gets two weights

Each event gets a global weight given by the sum of hits (“sum of weighted
lceTop hits”): this is used as cut variable
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lceTop signal vs in-ice muon energy

100 days of data (2012/2013/2014) 400k events
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#events/year/GeV

Simulation of neutrino signal

Simulation of neutrino with energy range from 102 to 10° GeV and zenith angle from 0 to
180 deg processed through same cuts as data
Weighted to flux model from PoS(ICRCR2014)1064 to determine rates
Differential flux
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Data vs randomized data

10 % of 2012-2013-2014
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Data vs randomized data

10 % of 2012-2013-2014
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The neutrino candidate vs a typical shower
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Methods limitations

 Above 60-70 TeV in ice muon
energy proxy the method
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Separation of nu-like/CR populations

100 days of data (2012/2013/2014) 400k events
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With one year of data

1 year of data (2012): 1.3M events : 30k above 100 TeV, 8.5k above 160 TeV
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Signal and background rates
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Signal and background rates
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Implications for a large surface array

Remove the containment cuts and accept events up to 5 km from
lceTop edges (75 km?), assuming same rejection efficiency

Calculate increase in rate over one year for both neutrino
simulation and data, and assume same rejection factor

Simplified approach, not taking into account:

— For a fixed in-ice muon energy proxy, the average primary energy at larger
zenith angles is higher

— From corsika, the energy threshold of a flat surface detector is higher for
large zenith angles

— CR showers muon/em content depends on zenith



Assume same rejection factor down to 70°

Assume a surface array extended to 5.5 ki)
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Assume same rejection factor down to 70°
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Conclusions

The IceCube Collaboration is investigating the possibility to design a
large surface array as a veto for a future IceCube Gen2 array

A first veto analysis shows that with IceTop, not optimized to be a
veto, it's possible to achieve rejection factors of at least 1e-4/1e-5
above a muon energy (at surface of detector) threshold of about
150 to 200 TeV

More improvements to this analysis may be possible

Preliminary investigations suggest that a large surface veto
detector, with a radius of several km, can provide a background
free view of a significant fraction of the Southern sky above an
energy of about one hundred TeV



Thank you
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Table 1: Number of astrophysical neutrinos expected from the northern and the southern sky above dif-
ferent energy thresholds in IceCube in one year. The estimated event numbers are based on Monte Carlo
simulations. The normalization derives from the measured astrophysical flux. Up-going is defined to end 5°
above the horizon, the region that is currently used in IceCube diffuse v, analyses. The down-going region
is defined from the vertical to 85° declination dominated by muons from air showers without a surface veto.
Vaunos 18 the expected number of atmospheric neutrinos. No surface veto was applied to the Vaimes.
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up-going down-going
2‘:;‘:;”0 1TeV 10TeV 100TeV | 1TeV 10TeV 100TeV
E~ | 110 44 11 80 44 18
E~%3 | 220 60 9 160 57 13
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Vamos | 15000 500 5 10500 350 5
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Signal simulation Il: Randomized data

* Since simulations of high energy showers are lengthy and complex, data is used
to generate a neutrino-like sample.

* The fixed rate triggers are used to extract the noise frequency of each IceTop
DOM on a seasonal basis (summer/winter).

 The lceTop pulses in the final selection are replaced with random hits whose
distribution is taken from the above IceTop DOMs noise distribution.

* This distribution is not normalized to any flux but is used as PDF to study cut
placement.

e i DOM (summer/winter)

Replace IceTop hits

which pass all

(mostly shower related) With same energy

selection criteria with noise hits distribution as data
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