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Very lively and informative sessions! Thank you all.

MANTs Meeting Geneva

.~ Apologies for the bias towards ORCA

Summary of the ORCA/PINGU session
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Agenda of first session

Parallel 1 PINGU / ORCA 11:15-13:00 105 min
Chairs: Antoine Kouchner + Marek Kowalski

PINGU configuration and plans 15

Darren Grant — introduction

ORCA configuration and plans __ 15
Jurgen Brunner




Agenda of first session

Parallel 1 PINGU / ORCA 11:15-13:00 105 min
Chairs: Antoine Kouchner + Marek Kowalski

PINGU configuration and plans 15

Darren Grant — introduction

) _ Plans ->my conclusions
ORCA configuration and plans __ 15

Jurgen Brunner

Reconstruction methods & performances (tracks, cascades, PID) in water

Jannik Hofestadt 2045
Latest (not all public) achievements ... work in progress

~ Reconstruction methods & performances (tracks, cascades, PID) in ice
Joao Pedro Athayde Marcondes de Andre 20+5




Agenda of second session

Parallel 3 PINGU / ORCA 14:00-15:40
Chairs: Antoine Kouchner + Marek Kowalski

'>tp=2.2p.s

Calibration strategy in ice ———> No ORCA mirror talk

Martin Jurkovic Should be worked out in future 15+5
Apologies for not covering this much today

Muon rejection in ice and water

Andreas Gross + L. Fusco ——> Not so different approaches ! 25+5

Global analysis
Martijn Jongen, Lukas Schulte - Collaborative work — Spirit of GNN !

(Combination of track and cascade channels, systematics ‘
sensitivity comparison ORCA/PINGU)

40+10
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Global analysis
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(Combination of track and cascade channels, systematics
sensitivity comparison ORCA/PINGU)
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Proposed detector (115strings)

Reference detector (50strin
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inst. volume: ~3.7 Mm"3
height 102m, diameter 214m
115 strings, 20m spaced

18 DOM/string, 6m spaced
- DWDM system

e inst. volume: ~1.8 MmM"3
height 114m, diameter 140m
e 50 strings, 20m spaced

20 DOM/string, 6m spaced

- Launcher vehicle design 4
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DWDM system
Launcher vehicle design 4
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Detector performance studies

Same fit for showers and tracks — Pid is assessed afterwards

@ Reconstruction method: HybridReco/MultiNest

» used in our Letter of Intent
» uses “hybrid” particle hypothesis and MultiNest as “minimizer”

The HybridReco/MultiNest hypothesis

@ Goal: reconstruct v, CC (DIS) interactions (total 8 parameters)

S
Had. cascade

4 parameters: vertex(3), time

3 parameters: direction(2), energy
3 parameters: direction(2), energy/length
assume same direction for 1 and cascade
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Detector performance studies

ANTARES-inspired reconstruction

No improvement since last year
® Procedure:

e hit selection based on coincidences and causality
e track fit: maximum likelihood based on hit time residuals
similar to AAFit
® track length estimation:
1. first / last hit emission point
2. vertex fit by identifying hits from

had. shower and fit vertex hypothesis Hit Photon
along reconstructed track @ emission
Cherenkov” position

reco track
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Detector performance studies
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Detector performance studies

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

By [GeV] E,_[GeV]
Projection of PINGU's resolution in Energy smearing used for ORCA
the log( Etrye)-log( Ereco) plane. See analysis. Based on track-fitting
talk by J.P. de André. algorithm. See talk by Jannik
Hofestadt.

Full response matrix used for sensitivity studies

ORCA: using the hits (from the hadronic shower) should improve (on going)



Shower reconstruction (v,)

{ . ERLANGEN CENTRE
M et h Od 3 v "E FOR ASTROPARTICLE

® 1. Vertex fit:
e maximum likelihood method based on time residuals
® two fits: first robust prefit then more precise fit

e 2. Energy + direction fit:

shower .- T - :
e PDF for number of expected orientation

photons depending on:
E, ., Bjorken y, emission angle,

OM orientation, distance(OM,vertex)

* maximum likelihood method based probability that hits have been
created by certain shower hypothesis (E,, Bjorken y, direction)

T — e B S ———




Shower reconstruction (v,)

10°

Radial wrt. neutrino [m]

32 A o 12 3 4 5
Longitudinal wrt. neutrino [m]

® \ertex resolution 0.5-1 m
(longitudinal error dominates)
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Shower reconstruction (v,)

PINGU (Lol, 2014) ORCA
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Shower reconstruction (v,)
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Effective Mass [Mton]

Shower reconstruction (v,)
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e Plateau: 2.6—3.3 Mm3 (zenith angle dependent), for Bartol flux ~2.8 Mm3
® Turn-on: 90% of plateau reach at ~6 GeV

nt input for sensitivity estimates
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Shower reconstruction (v,)

nue CC with 6<truek,/GeV<12
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reco Bjorkeny

e Sensitivity to Bjorken y in nue CC events
e Maybe even CC vs NC separation — |ooks promising
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Flavour (mis)-identification
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Neutrino Energy [GeV]

Probability to identify an event as a
track.

» PINGU

o Atlower energies no separation by single variable
— Use multivariate analysis (TMVA) with 6 variables

o HybridReco/MultiNest provides some variables
©Q Reconstructed track (y) length
@ Reconstructed ’é—“ =1-Y (Y is Bjorken-y parameter)
Q LLH difference between best fit and cascade only hypothesis

@ Other variables by looking at hit timing (see next slide)

» ORCA:

» Random Decision Forest

» First study using Premium
Events

» Optimistic
To be improved



Muon background rejection

Reconstruction based Veto hit based (topologic)
* Reconstruct event under » Calculate topologic
neutrino hypothesis variables based on hits in
. Remove events with fiducial volume and veto
volume
- Reconstructed -
iy : - Number of hits in veto
direction downgoing region causally
- reconstructed vertex connected to fiducial hits

outside PINGU — Number of hits in veto
- Reconstructed energy region around track
below 1 GeV candidate

- Number of hits in top
layers



Muon backgro

und rejection

Reconstruction based

» Reconstruct event under
neutrino hypothesis

« Remove events with

- Reconstructed
direction dﬁngoing

- reconstructed vertex
outside PINGU

- Reconstructed energy
below= GeV

few

- = ORCAstrategy.

Veto hit based (topologic)

» Calculate topologic
variables based on hits in
fiducial volume and veto
volume

— Number of hits in veto
region causally
connected to fiducial hits

— Number of hits in veto
region around track
candidate

- Number of hits in top
layers



Muon background rejection

e Use a combination of reconstruction parameters

— Events with reconstructed vertex inside the instrumented volume

— Simply, again, A\, B and R , as we yet know that they are effective

— Can be improved with further studies/more complicated things
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Muon background rejection

V36 signal vs background
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Solid lines — no A cut 1035 e T . a0
Dashed lines - A >-6.5 Level

The presented cuts achive

- 109 contamination 70% signal efficiency @
50% purity

Powerful cut-variables still

ded S [\t used: topological veto +

reco LLH



Sensitivity studies

» Step 1: calculate expected number of
events

» Physics: atmospheric flux,
oscillation, cross-sections etc.

» Detector-specific: resolution,
effective mass, particle ID etc.

» More details on this later on in this
presentation.

Honda @ South Pole

Bartol @ Kamioka Site
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|. difference

Comparison of the atmospheric neutrino fluxes used by either analysis.

zenith angle.

Relative differences up to 30%.

Shown is the muon neutrino flux as a function of neutrino energy and




Sensitivity studies

» Step 2: extract mass hierarchy
Nice for debugging

significance
/ But not for sensitivity

» x’-significance
» Fisher Information Matrix

(PINGU main) Fisher Information Matrix (FIM)

» Pseudo-experiments and log

likelihood-ratio . |
Used in PINGU |
(ORCA main, PINGU cross-check) > vsedm analysis

» Use ‘fiducial’ values (fixed true values)

L. Schulte, M. Jongen Evaluate bin-by-bin first-order
Sensitivity Study Comparison derivatives of expected number of
events

= probe small region around fiducial
values

Covariance matrix from derivatives

Yields individual and combined
uncertainties

Requires that probed region is
sufficiently linear

Making a linear extrapolation -

» Quick and easy to add many
parameters
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Sensitivity studies

m » Used by PINGU to cross-check FIM results

The performance of ORCA for the determination of the NMH is assessed by means of a
likelihood ratio test:

Alog(L™) =) "log P(datal6™", NH) — log P(data|0™, IH)

bins
“H maximum-likelihood estimates for the Am?'s and angles using
9 — both data and constraints from global fit.
nb: constraints are different for H=IH and H=NH —NH (198D
o —IH (2011)
: 01— : 11:7.:.10
[ toy datasets § oo/ 582
oosl- generated et it
1) fit mixi - C with IH E Ry
) fit mixing parameters assuming NH - toy Hatasets |  mdmsen
2) fit mixing parameters assuming |H o d | generated M e
' iwith NH | c=0s7.x=0204
3) compute AlogL = log( L(NH)/L(IH) ) ; mtmen
pvalue o O:

0,5 , Am? and d.p can be fitted from data.



Sensitivity studies

Are the Fisher Matrix and LLR-Method Equivalent?

Toy study from PINGU
» Templates computed on 2D grid in 63 .
and Am3,. 0 i truelt

» Other parameters kept fixed

» Pseudo-experiments drawn from one of
the templates

» Minimization on grid for NH and IH |~ ]
hypothesis

0 1 2 3
LLR value

Log likelihood-ratio
distributions for true NH and
true IH pseudo-experiments.

» Median significance from Gaussian fit
to LLR distribution

» Significance equal to Fisher Matrix
result.

» Differences could still be possible in
more complicated cases.



Sensitivity studies

Are the Fisher Matrix and LLR-Method Equivalent?

Toy study from PINGU

>

Templates computed on 2D grid in 653
and Am3,.

Other parameters kept fixed

Pseudo-experiments drawn from one of
the templates

Minimization on grid for NH and IH
hypothesis

Median significance from Gaussian fit
to LLR distribution

Significance equal to Fisher Matrix
result.

Differences could still be possible in
more complicated cases.

Recent more extensive study by Tim

Arlen (PINGU)

» Compares Fisher method and

LLR-method
» Full minimization

» Five most important
systematics:
Amgl, 923, (713, v and v
cross-section
» Sensitivity
» 1.7170 (LLR)
> 1.6380 (FIM)
Compatible within expected

statistical uncertainty (10% @
2.1k trials)




Sensitivity studies

® Don’t compare yet! Results are not the same when exchanging inputs.

Intermediate step
» Trying to get identical results for simple toy model
» Have converged up to few percent differences

» Getting similar values for hierarchy significance and measurement of

5M2 and 023.
x?2-significance from ORCA /PINGU code:
22.09/22.15 = 0.279% difference
No free pars. o3 free AM? free both free
LLR 22.50 19.11 17.76 13.971
FIM 22.15 19.61 17.44 14.21
difference | 1.69 2.6% 1.8% -1.7%

Hierarchy significance in o for the toy model. With current statistics, the
estimated error on the LLR method is ~2%.




Sensitivity studies

! naf 64.9/81
Constant 261.4+36 2739438
Mean  -2.921e-07 + 1.364e-05 - 273908 + 3.59%-08
Sigma  0.001206 + 0.000010 300( Sigma  3.4460-06 + 2.57%-08

250

- 250F
200— C
- 200f
150— -
150
100/ -
C 100
sor- 50
" =Vem L ¥ C x10®
-0°005-0.004-0.003-0.002-0.001 0 0.001 0.002 0.003 0.004 0.005 % -10 5 0 5 10 15
fit 6, - true 6,, [rad] fit A MP - true A MF [eVZcf]

fitting both fitting only one parameter
0(0) 1072 deg | 6.910/8.284 (-17%) 6.807/6.732 (1.1%)
o(AM?) 107° eV? | 3.446/4.765 (-28%) 3.403/3.208 (6.1%)

Uncertainty on parameters as fitted from data. Format:

Martijn (LLR)/Lukas (FIM) (relative difference)
The estimated error on the fitted values of the LLR method is ~2%
T he discrepancies are still to be resolved.

34/42
L. Schulte, M. Jongen Universitat Bonn, Nikhef Amsterdam

Sensitivity Study Comparison
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Current Sensitivities

ORCA sensitivity (PRELIMINARY)
’ IH true, h;lultichanne'l : Mton x years
M — 1stoctant | : 0 2 4 6 8 10 12 14 16 18 20 22
Sl _— 2ndoctant | ] 10— stma'ﬁt'N/Hiej'/_-x;_) —
o ? ' © 2nd octant, NH re]. —s—
< 5F g 8 t
1
S g |
L= 5| % . /
T c —
% ? : '-§ 2 )/
I , PRELIMINARY = /
O 2 4 6 8 10 0
PINGU livetime [yrs] 0 1 2 3 4 5 6
- . . T Years of ORCA proposed detector operation
PINGU official hierarchy significance (115 strings, 18 DOMs/string
plot for first and second octant ORCA preliminary plot for
(from Lol) illustration purposes only.

Lukas and Martijn : don’t compare yet!




Conclusions

Many progresses made since last MANTs meeting
® |nclusion of cascade channel
® Design Optimisation strategies in progress, but need some more work for ORCA
® Fruitful exchanges — more to come, e.g:
® Hybrid reco used in IC 2 try in ORCA (need to seat together)

e List of systematics to address

Message from Lukas and Martijn:
e Don’t compare PINGU and ORCA sensitivity.

® No reason to withdraw any of the current official plots (should be accompanied
with proper list of caveats — NC, sys,... at least for ORCA)

® But the external people will do the comparison

after Blennow et al., arXiv:1311.1822

: Outdated?

Sensitvity o] - /57

O 4 N W & U o N

Sensitivity [0]
o - N (%] » (3] () ~N




PINGU plans

Today Once the
Funding proposals sl
currently under Next Soon (late approved 3 years ~3 years
internal month this year) (possibly 2017) later later
development of the commence full
development and updated LOI US MREEC for full PINGU Prepare to
with some starting  ready for review o Cuba G promerment. md deployment publish NMH
external reviews u niwo CmstTSCEion complete result
M I L L L B L B I - I " I .
— physics data taking =

December
2013

LOI vi
released

e PINGU continues to advance at a rapid pace; done with geometry optimization

e \We are continuing to work on responses received from P5; this involves evaluating
the remaining important (but time consuming) systematics

e newly incorporated systematics have not significantly diminished the PINGU

sensitivity

e \We are addressing the remaining questions of detector performance in the
calibrations and analysis technique developments

e Our timeline (similar to ORCA/JUNO/RENOS0...) remains aggressive but realistic;
driven now by funding agency responses



ORCA plans

— ORCA is becoming an integral part of the KM3NeT
physics program and planning
* Cost optimisation by
— Phased construction

— Complete share of technological solutions between
Neutrino telescope and ORCA

— Solutions based on published TDR of KM3NeT

_ Multi-Site concept allows for parallel construction of ORCA & HE
~ phase 1.5 detector, one candidate site for ORCA : Toulon 10




