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We profited from the collaboration of individuals and groups that worked
with us for the various metrology measurements reported here:

CERN: CNGS, Survey, Timing and PS groups
The geodesy group of the Universita Sapienza of Rome
The Swiss Institute of Metrology (METAS)

The German Institute of Metrology (PTB)

P. Migliozzi - LBNL - 2 February 2012



Principle of the neutrino velocity measurement

Definition of neutrino velocity:

ratio of precisely measured baseline and time of flight

Time of flight measurement:

tagging of neutrino production time
tagging of neutrino interaction time by a far detector

accurate determination of the baseline (geodesy)
expected small effects: long baseline required

blind analysis: Aboxo opened
errors was reached
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Past experimental results

FNAL experiment (Phys. Rev. Lett. 43 (1979) 1361)
high energy (E,, > 30 GeV) short baseline experiment. Tested deviations down to

Iv-c | / cx 10"O(cofnparison of muon-neutrino and muon velocities).

SN1987A (see e.g. Phys. Lett. B 201 (1988) 353)

electron (anti) neutrinos, 10 MeV rang
v-c | / o 1@F. 2
Performed with observation of neutrino and light arrival time.

MINOS (Phys. Rev. D 76 072005 2007)

muon neutrinos, 730 km baseline, E, peaking at ~3 GeV with a tail extending
above 100 GeV.
(v-c)/c=5.1+ 2.9x 10° (1.8 s).
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THE DESIGN OF THE OPERA EXPERIMENT
ECC BRICKS + ELECTRONIC DETECTORS FOR n,A n, OSCILLATION STUDIES

ECC brick

electronics
trackers
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THE IMPLEMENTATION OF THE PRINCIPLE
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The Target Tracker (TT)

pre-location of neutrino interactions and event timing

- Extruded plastic scintillator strips (2.6 cm width)
- Light collections with WLS fibres
- Fibres read out at either side with multi-anode 64 pixels PMTs (H7546)
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Wave length shifting fibers

Read out by 1 Front-End DAQ board per side
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Clock distribution system

Front-end Target Tracker
board 31 planes (SM1)

Master board

MLVDS _
link

Optical/Electric
converter

GPS OPERA Optical » Tothe
s fiber second SM
antenna master clock ST

,..";;; OPERA master clock

local oscillator VECTRON
OC-050 (stability 10-1%/s)

Mezzanine DAQ card common to all sub-detectors Front End nodes:
CPU (embedded LINUX), Memory, FPGA, clock receiver and ethernet
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The LNGS underground physics laboratory

CERN

LNGS
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