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Proton Beam and horn parameters
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proton energy: 400 GeV
intensity/extraction: ~2x1013 p
p.o.t./year: ~4.5x10"

* measure the neutrino
velocity statistically by
reconstructing the proton
waveforms

* the shape of the 2
extractions 1s not the same

e treat each extraction
separately



(full description in JINST 4, P04018

2009) and Nakamura-san's talk
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Target Tracker: plastic
scintillator strips
(26.4 mm), 6~8 mm

K PMT

h 4

62 walls (496 modules)
7.5x7.5 m?> Hamamatsu
multianode PMT's (64 channels)

M. Dracos, 08/06/2012, Kyoto

The spectrometers

Dipole magnet + ( D.ri.ft tubes :
RPC (inner tracker precision tracker

Inner tracker
(RPC in magnet,
6~13 mm)

12 Fe
slabs

in total

-
-

-
-
-

Precision tracker
Tube: vertical, J=38
mm, length=8m
0<0.5 mm 5




"Internal" and "external" events

1|

interactions inside the detector w from neutrino interactions
outside the detector
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Neutrino time of flight (TOF) measurement: , %t

* neutrino time production
* neutrino interaction gme 1r§81de the detector (730 km)
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offline event selection

New system installed in 2008
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Dedicated beam experiment:

BCT plus two pick-ups (~1 ns) using the LHC beam (12 bunches, 50 ns ¢

spacing)
Dty =1, -t; = (580 £ 5) ns
t1 t2
BPK1 BPK2

WFED

BCT

t, : derived by t; — t, measurement and survey

BCTFI1.4000344 vs BPK 4000099 and BPK.4000207. 12 Bunches injected to LHC
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result: signal comparison
after Az compensation



Item

Result Method

CERN UTC distribution (GMT) 10077* £ 2 ns * Portable Cs
* Two-ways
WED trigger 26"+ 1ns Scope
BTC delay I 580 £ 5 ns I * Portable Cs
* Dedicated beam experiment
CERN-LNGS intercalibration 23+1.7ns * METAS PolaRx calibration
* PTB direct measurement
T —
LNGS UTC distribution (fibers) 40996 £ 1 ns * Two-ways
* Portable Cs
OPERA master clock distribution 42629+ 1ns * Two-ways
* Portable Cs
FPGA latency, quantization curve 245+ 1ns Scope vs DAQ delay scan

(0.5 ns steps)

Target Tracker delay 50.2+23ns UV picosecond laser
(Photocathode to FPGA)
Target Tracker response 94 +3ns UV laser, time walk and photon

(Scintillator-Photocathode,
trigger time-walk, quantisation)

arrival time parametrizations, full
detector simulation

*from 2011 on

Distance (BCT-OPERA) = (731278.0 £ 0.2) m

+5.5 ns

+4.2 ns

(CERN)

(OPERA)
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T. Adam et al. [arXiv:1109.4897]



Test of the delay of 8.3 km long optical fiber
and of the DAQ internal delays

* dedicated campaign Decl1-Febl2

* Two i1dentified issues:

 Faulty connection of the optical fibre to
the Master Clock artificially increasing
the neutrino anticipation by ~74 ns.

* Internal Master Clock frequency off by
Af/f=1.24x1077 (124 ns/s) artificially
decreasing the neutrino anticipation by
~15 ns
(DAQ time bin 10 ns—9.99999877 ns).

* Time when "anomalous" conditions
occurred during data taking and stability

of these conditions subjected to "a special

investigation"
M. Dracos, 08/06/2012, Kyoto
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Coincidences using horizontal cosmic muons (submitted for publication)
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The fiber problem started in 2008 and lasted

up to end 2011 when it has been well
connected to the OPERA Master Clock
(considered data period: 2009-2011).

"wrong" oscillator frequency was present all
the time.

New systematic errors on the above
parameters have been extracted.



"The OPERA Collaboration, by continuing its campaign of verifications on the neutrino
velocity measurement, has identified two issues that could significantly affect the reported
result. The first one is linked to the oscillator used to produce the events time-stamps in
between the GPS synchronizations. The second point is related to the connection of the optical
fibre bringing the external GPS signal to the OPERA master clock.

These two 1ssues can modify the neutrino time of flight in opposite directions. While continuing
our investigations, in order to unambiguously quantify the effect on the observed result, the
Collaboration is looking forward to performing a new measurement of the neutrino velocity as
soon as a new bunched beam will be available in 2012. An extensive report on the above
mentioned verifications and results will be shortly made available to the scientific committees

and agencies." 2314 of February 2012

The following 2011 results have been corrected according to the
new measured parameters and new systematic errors have been
evaluated.
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* For each neutrino event in OPERA = proton waveform of the corresponding extraction

* Sum up and normalise: = PDF w(t) = separate likelihood for each extraction
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* no seasonal effect, oof,  extraction I 207 extraction 2
* no day/night effect, 0 5000 10000 o 05000 10000
* 1o energy dependence, 5t(ne) S1(ns)
* no beam intensity effect, Ot =TOF,. -TOEF, = (6.5 +7.4 (stat.)')s (Sys.)) ns
* no difference between, 5
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2009-2011
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October 22 to November 6 (2011)
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E 3;_ —l —‘ ] Entries 20
c C Mean 1.85
0 2.5 | RMS 16.49
% 2%_ N -
@y b * In agreement with the previous value
F (6.5£7.4 ns)
* Excludes possible biases affecting the
0-5E statistical analysis based on the proton
0™18660 40 20 0 20 40 60 80 PDF.
deltat(ns) o Tndicates the absence of significant biases
: due to:
* with TT * the cumulative response of the beam
* 20 events line to long proton pulses
e 0=1.9£3.7 ns * pulse duration effects in the BCT
(same syst. errors) response.

T. Adam et al. [arXiv:1109.4897] soon revised and resubmitted to JHEP
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10 to 24 May 2012
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* CERN White Rabbit system for delay monitoring
* improved OPERA timing system (including both TT and RPC)
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106 on time events (external + contained)
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Item Result Method
CERN UTC distribution (GMT) 10077.8 £ 1 ns * Portable Cs
* Two-ways
WED trigger 266 £1ns Scope
BTC delay I 583.7+1ns I * Portable Cs
* Dedicated beam experiment
CERN-LNGS intercalibration 23+1.7ns * METAS PolaRx calibration

* PTB direct measurement

LNGS UTC distribution (fibers) 41067 + 1 ns * Two-ways
* Portable Cs
OPERA master clock distribution 7046 £ 1 ns * Two-ways
* Portable Cs
FPGA latency, quantization curve 245+ 1ns Scope vs DAQ delay scan

(0.5 ns steps)

Target Tracker delay 50.2+23ns UV picosecond laser
(Photocathode to FPGA)
Target Tracker response 94 +3ns UV laser, time walk and photon

(Scintillator-Photocathode,
trigger time-walk, quantisation)

arrival time parametrizations, full
detector simulation

Distance (BCT-OPERA) = (731278.0 £ 0.2) m

+1.8 ns

+4.2 ns

(CERN)

(OPERA)
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107 g . Mean  -1.6 e using RPC Entries 42
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OPERA has updated the already announced result.

The two 1ssues found affecting the previous analysis have been
understood and new systematic errors have been evaluated.

A new short-bunch narrow-spacing proton beam run has just
finished.

The new preliminary result from 2012 data 1s:

Ot = (—1 6=1.1 (stat.)"y) (Sys.)) ns

4 ; ‘- TOF& — = (07205 (stat3 (sy5)x 107

compatible with the 2011 revised results.

Results to be published soon.








