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- 885 10inch PMTs
» 12 lines
+ 25 storeys / line

* 3PMTs / storey

40 km to
shore
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@ for Antares: low-energy domain

@ 2007 to 2010 : 863 days of active time

@ 25 % of events reconstructed on only one line
@ energy estimated from muon length

.~ Res ~509

Mumber ofevents (a.u.)
|

ER=5-0.2GeV/m.



(Vacuum) Oscillation physics with Antares
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assuming maximal mixing:

Dm?2=(3.1+0.9) 102 eV?



The KM3NeT project

@ Next generation (multi-km?®) neutrino telescope in Mediterranean

@ Main goal: detection of v from galactic (& HESS. RXJ1713-3946

sources (SNR)

@ recent milestones
@ multi-pmt Optical Module design S 9 J
agreed & prototyped ”Q
@ string configuration —— :'/
e partial funding obtained
» ~1/5 of total wishes (~50 strings)

@ must be spent soon — 'phase 1’ pSF
1?h]15m 1?h|10m
phase-1:

@ baseline plan: start construction of HE telescope with available funds
@ alternative : devote 'phase-1'to Low Energy neutrinos — ORCA




The KM3NeT project

Mutliple small pmt's (helps in photon-
counting and background rejection)

KM3NeT Optical Module integrated in
Antares instrumentation line.
( To be deployed soon )




KM3Net Readout

From the analogue signal to time stamped digital data:
t, t, Time

A

-y

e Implemented through FPGA & System on chip
contained in optical module

* All data to shore via ethernet link
e Time synchronisation and slow control
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»
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Deployment Strategy

Slender string rolled
up for self-unfurling:




ORCA Detector layout

‘ Instrumented volume = 1.75 Mt [ str50_3inch31pm20_2006 |

Emo:...,...,...l...l...,...,...l...

> 80 :

v 50 Strings 60 S :
v OM=31 3’PMTs B T
v 20 OM in each string 2:: e T T
v/ 6 m vertical distance between OM N .. ..
v' 20 m average distance between strings T E
%0F Ce E

String number can be scaled ¥ e :
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according to financial situation x [m]
Other parameters determined by deployment constaints



Simulation algorithms

event generation

GENHEN Geni . :
[ (k> -2 Ge) (@Seacen) ] Quasi-elastic, resonant and DIS

detector simulation

o3 J —— } _ightdiﬁusi_on In water Fables
I Full hadronic shower without

S ight diffusion
several Geant4 codes with
(gpu) full photon tracking

New codes on testing level




Reconstruction algorithms

Different track fits have been tried

Reconstruction scheme Likelihood fit based on time

S residual pdfs, several starting

Sclcted i . points (ANTARES based)
Linear prefit
Merged hits

Generate start tracks

e c2 fit after strict selection of direct
M-estim. hits M-estimator fit hltS ( ANT AR E S b ase d)

Kalman filter (KM3net

Angular Selection + d eve I O p m e n t)

Final pdf hits Time Residual

ovato Agata, ORCA meeting, 05-06 December 2012



Angular resolution

Comparable results for different algorithms
Selection of “direct hits” successful
very good determination of muon direction

50 strings - muon vertex inside the instrumented volume | Upgoing events
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Muon energy resolution

Good correlation between measured and true muon energy found
below 15 GeV

Resolution about 30%
Confirmed in combination with different track reconstruciton methods

1-Sigma range shown
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Efficiency — Effective Volume

Efficiency w.r.t. Events with Effective volume for fully contained
vertex in equipped volume muon tracks
Can be scaled to large volumes decrease for long tracks

| contents reco eff |

| 50 strings - muon track contained in the instrumented volume | Upg Oil'lg events
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Comparing Oscillation Probabillities

Arxiv:1205.5254

TABLE I: Results of the global 3v oscillation analysis, in terms of best-fit values and allowed 1, 2 and 3o ranges for the 3v
¥ F - - a . T - 3 I AN, - : a9
mass-mixing parameters. We remind that Am® is defined herein as m? — (m3 + m3) /2. with +Am® for NH and —Am? for [H.

Parameter Best fit lo range 2 range 3T range
dm*/10~° eV* (NH or IH) 7.54 7.32 - 7.80 7.15 - 8.00 600 - 818
sin? f13/10~" (NH or IH) 3.07 2.91 — 3.25 2.75 — 3.42 2.59 — 3.50
Am?[107* eV* (NH) 2.43 2.33 - 249 2.27 - 2.55 2.10 - 2.62
Am? /1073 eV? (TH) 2.42 2.31 - 2.40 2.26 - 2.53 2.17 - 2.61
sin” f13/107* (NH) 2.41 2.16 - 2.66 1.93 - 2.90 1.60 - 3.13
sin f13 /1072 (IH) 2.44 2.19 - 2.67 1.04 - 2.91 1.71 - 3.15
sin® flag /107" (NH) 3.86 3.65 — 4.10 3.48 - 4.48 3.31 - 6.37

3.92 3.70 - 4.31 3.53 — 4.84 @© 5.43 - 6.41 3.35 - 6.63

!-Z-iIll2 faq I;"HJ e (TH)
["'l,." i

1.08

=

A. Heijboer

Used in the following, but so far we set d=0



Comparing Oscillation Probabillities

with uncertainties
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@ NH/IH difference above ~13 GeV is degenerate
with Dm?_

@ can use data to constrain this parameter?
aregions around 5 GeV where genuine NH/IH

difference remains

A. Heijboer

cos(t)=-1.0

L — delta_m2_small

| [ sin2_theta_12
| sina_theta_13
D sin2_theta_23

0.25

Contribution of individual uncertainty
to overall effect

Dominant : Dm?2

large



Comparing Oscillation Probabillities

with uncertainties

Effect survives because anti-neutrino
cross-section is factor ~2 smaller than
neutrino cross-section.

however...

A. Heijboer



Comparing Oscillation Probabillities

with uncertainties




Comparing Oscillation Probabillities

with uncertainties
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Toy Analysis — effect of resolutions & acceptance

NH

after applying the (assumed)

resolutions and acceptance,

max ~10% difference remains
between in IH and NH

A. Heijboer



Toy Analysis

A. Heijboer



toy datasets toy datasets
1) fit mixing parameters assuming NH generated generated

2) fit mixing parameters assuming IH with NH with NH
3) compute DlogL = log( L(NH)/L(IH)

A. Heijboer



Results of parameter fit

1 Mton*year ( NHtrue, NHfit )

fitted value
fitted value
fitted value

generated q,,

generated Dm? generated q,,

large

s(bm?, ) (eV?) s(a,) (deg) s(a,,) (deg)

Fit working well.
Good sensitivity

to szlarge &q,,!

A. Heijboer



Mass hierarchy significance

5 years with
all results are 1.75 Mton |
preliminary |
with current assumptions (which may be wrong) : non _trivial measurement.

A. Heijboer



Conclusions

Antares neutrino telescope taking data for 5 years now
KM3NeT making good progress towards deploying first part of detector.
Exciting possibility to measure the mass hierarchy, but challenging.

New energy regime (for us) and stronger requirements on accuracy and resolution.

Good sensitivity to Dm?___ and q,, before we can measure the MH.

Studies into reconstruction etc progressing well; nevertheless critical items remain.

Decision on “Phase 1” for KM3net later in 2013
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Event Displays — Examples




Event Displays — Examples




Event Displays — Examples




Event Displays — Examples
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Systematics




Simulation tools

detector
simulation

generators

GENHEN GENIE

+ interface

KM3 Geant3 (geasim)

Geant4 (+photon tracking)

TOY



