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1. Motivation 2. Methodology
Two megaton-scale water/ice Cherenkov detectors have been proposed to precisely < Always optimistic assumptions, so that a ‘real detector’ will always be worse
(rjnetasure tr;ﬁ energy_/ and arrlvr?I dlre(r:]tlon of GeV-scale atmospheric neutrinos in order to % Applying generic energy and direction reconstruction methods
rmin neutrino m lerarchy: , : . . .
cte © the hedlrino mass hierarchy *» Always ‘forward’ problem, i.e. fluctuations in observables
. . energy resolution: RMS; direction resolution: 68% quantile
£ ORCA, as part of KM3NeT in the Mediterranean Sea . . g .
"  ds P “ Considering neutrino event components in isolation:
. muon tracks, electromagnetic and hadronic cascades
4+ PINGU, as an infill to the IceCube detector at the South Pole . _ J .
“* (un)scattered photons identified perfectly
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In relevant energy regime of 1-20GeV intrinsic fluctuations of particle behaviour become  Two idealised detectors: ‘perfect’ and ‘finite Simulations:
Important: - neutrino interaction: GENIE
Andreopoulos et al. Nucl. Instrum. Meth. A614 (2010), 87-104
n . . (1 J . . . .
> What is the best possible reconstruction accuracy of these detectors? perfect’ detector: - particle propagation:
Assuming an ideal use of the information carried by each detected photon. - events fully contained GEANT 3.21 (GEISHA)
_eve ry e m| tt e d ph o t on | S d e t e Ct e d CERN program library, http://cernlib.web.cern.ch
= What could be achievable with denser detectors? How do intrinsic fluctuations - perfect timing & position calibration 035 <V3NGT prefiminary
limit the reconstruction accuracy if every single photon is detected? - no background 03F-
We have derived intrinsic limits on the energy and direction reconstruction accuracy of inite’ detector: P det
muon tracks, and electromagnetic and hadronic cascades for an ORCA-like detector by - only small fraction of photons detected 2 _
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means of analysing the output of simulations. Combining these results give the - ORCA benchmark detector characteristics &t puns
limitations for v, and v, charged current events. (detector density, water properties) = o1
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3. Cascades 4. Muons
% Electron > electromagnetic cascade 00 Energy reconstruction Energy resolution
. KM3NeT prelimi o
% Hadrons = hadroinc cascade. eT preliminary < number N of detected photons, E, o< N, . Jf \ KMaNeT preliminary [ A€,/ (perfect detecton
defined via 4-momentum conservation: 50 error estimates: 2 same as cascades 0_12:_ —e— AE,, /E (finite detector)
ls - e eEF-- AEM,N/E (perfect detector)
(E,,p,)=(E ,p,)-(E,D,) « length L of muon track, E, o< L, R e AE,JE (finite detector)
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30 error estimates: 3 0.08
s Different sources of fluctuations: - perfect: AE/E=0,/L %0_063_
- had. cascades consist of different 8 | finite: @ const. ALY = 0.1GeV gmz
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sets of initial particles produced o from detecting endpoint T T
at the vertex 0.02—
. . _30 ] ] ] L P
-frandom P_alft!dle P":tQIOIaQatlon Direction reconstruction o e Q'%'@ D T ]
or same Initial particles . . . Muon energy [GeV]
. . P . ¢ Straight line fit to muon track
- Poissonian photon detection 60 . . . o Mo
error estimates: straightness of track - negligible (0.7°-2°)
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Energy reconstruction 9, (deg) 4 N
. | - 5. v,and v, Charged Current Events
< number N of detected phOtOﬂS Flgure: E>.<amrl)le emitted photon distribution for E,=10GeV. M
 cascade direction (6,,6,) = (0,0). . . . :
- for electrons: E, o< N ® mean direction of all photon averaged over many simulations. < Combining results to reconstructed neutrino properties
_ % mean direction of all photon for this particular simulation. E E
- for had. cascade: see pIOt below mean direction for given sample of detected photons . E =FE L+ Eh 1’5 _ elu 1’5 + h 1’5
] % elu 1 elu h
- error estimates: £, +E, £, +E,
perfect: AE/E =o0y/N o _ Energy resolution Direction resolution
flnlte (‘D POlSSOﬂlan deteCtlon DlreCtlon reconStrUCtlon Intrinsic relative energy resolution limits for electron neutrinos Intrinsic directional resolution limits in degrees for electron neutrinos
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