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- v, detection technique
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- scanning strategy
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o Physics results:
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-V, — vV, results

o Summary
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OPERA: Oscillation Project with Emulsion tRacking Apparatus

 Physics goal:  direct measurement of the v, — v oscillations

(appearance mode, detecting the t lepton)
* Basic principle: use a long baseline v, beam and beam energy to match the
physics goal for the atmospheric neutrino scale Am?,;~ 1073 eV
* Requirements: - high target mass (~ kt)
- high spatial resolution (~ 1 um)
- low background rate (v,, v, contamination,
underground 10°reduction of CR)
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Neutrino beam - CNGS
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[New Journal of Physics 14(2012)033017]
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v, detection technique

Event-by-event direct observation of the 1 lepton decay

Topology  Decay mode B.R.

oscillation CC interaction decay .,~="“v1: Kink T e 17.8 %
' T oW 17.4%

L 49.5 %

Trident |+ — h hh* 15.2 %

Emulsion Cloud Chamber

I

o Micrometric resolution achieved to detect the
T decay kink
o Target segmented in small units called «bricks».
Brick: 57 layers of nuclear emulsion interleaved
with 56 layers of leadl mm thick.
o Initial total target mass ~ 1.25 kt
(about 150000 bricks ~ 9 million films)
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The OPERA detector

JINST 4, P0418 (2009)

I Dipole magnet + Drift tubes
brick walls (2x31) + Muon spectrometer RPC (inner tracker) (precision tracker)

Target Trackers (RPC + drift tubes)
(scintillator strips
At ~ ns, AX ~ cm)
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The OPERA detector: ECC

Each brick is a “stand alone” detector
with a sub-micrometric resolution

Short flight decay

Impact Parameter distribution

300
asoh. Vi €vVents (MO)
| NC+CC v, events (MC)

zun NC+CC v, events (Data)

1mm Pb ....... ... [ ™

Long flight decay
--------- Decay point
V. IPf ....... oS |

Impact Parameter (.Lum}
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Scanning strategy

Cosmic rays
for internal
alignment

Prediction scanning, driven by cutrion — |

the electronic detector tracks
Define the stopping point
Large area scan around the
stopping point

Interaction reconstruction
and decay search
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Status of the data analysis

Year Beam P.O.T A0
days (1019)

2 231 5
Py aa—ZS g
# gt
2008 123 1.74 g el B
3 1 e
2009 155 3.53 & —f20 2
2010 187 4.09 ]
— 15
2011 243 4.75 ]
- Wi e
2012 257 3.86 - N i ]
400_ o -
Total 965 17.97 E e 1, 3
200 £ ]
Overall 20% less then proposal £ — T ’
value (22.5) 0500 10"6'0‘6'%“@_‘ 20000 25000"'&"5‘06'6‘40*° .

hours since 01/01/2008

Recorded v interactions in the ~ 16700
target
Located v interactions 6067

Fully analyzed events 4969
v, candidate events
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v, — v, oscillation search control sample
arXiv:1308.2553

Charm dataset (2008, 2009, 2010*+2011*

with kinematical selections):

charm decay topologies are analogous to t:
reference sample for the decay finding efficiencies

Data sample 50 events,
MC simulations 40 + 3 expected events (green histogram)
hadronic interactions and strange mesons decay
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v, — v, oscillation search control sample
arXiv:1308.2553
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Physics Results

Eduardo Medinaceli — WIN2013 Status of the OPERA experiment




— v, analysis: First T candidate: T — h

K Phys. Lett. B 691(2010)138
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1000um




First T candidate: Tt — h
Phys. Lett. B 691(2010)138

PLB|691 (2010) [138
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Second t candidate: T — 3h

arxiv:1308.2553



video.mpg

Second t candidate: T — 3h |
arxiv:1308.2553
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Third T candidate: Tt —

LNGS 2013




Third T candidate: Tt —

LNGS 2013
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LNGS 2013
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v, — v, oscillation search: summary status

Channel Signal background

« 3 observed events inthet — h,
T — 3h, and T — u channels

T-h 0.66 0.045 « Probability to be explained as a
background = 7x10~*

T - 3h 0.51 0.090 « This correspond to a significance of
3.2 o of non-null observation

Tou 0.56 0.026 (3.5 o significance using a likelihood
approach)

t—e 0.49 0.065

Total 2.22 0.23
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Conclusions

 OPERA successfully ran since 2008 to december 2012
« 17.97 x 10Yintegrated p.o.t collected (~ 80 % of nominal value)

o v, — v oscillation search:

3 v, candidate events found up to now

3.2 o significance with simple counting method

3.5 o significance with a likelihood approach

Analysis on-going: more interesting events are under investigation
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— v, analysis

2008-2009 sample:
5255 interactions
reconstructed, 2853
localized, 505 withou
muon
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JHEP [arXiv:1303.3953]
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Conclusions

 OPERA successfully ran since 2008 to december 2012
« 17.97 x 10Yintegrated p.o.t collected (~ 80 % of nominal value)

o v, — v, oscillation search:

= 19 events observed (4 events with E,... < 20 GeV)

= 19.8 + 2.8 events expected (4.6 events with E,.. < 20 GeV)
allows to set bounds in the large Am? region

= Large statistics expected

o v, — v; oscillation search:

3 v, candidate events found up to now

3.2 o significance with simple counting method

3.5 o significance with a likelihood approach

Analysis on-going: more interesting events are under investigation
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Third t candidate: u momentum and charge reco
LNGS 2013

| Theta vs cell (3D) | ¥2 | ndf
Prob

o) C po0

3.425/13
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3080+ 91.3

Muon momentum:
by range in the electronic detector: 2.8 £ 0.2 GeV/c g™
MCS in the brick: 3.1[2.6,4.0] GeV/c

Muon charge: ok
X(z) = p0 + p1 x (z-z0) + p2 x (z-z0)? ,for z>z0, magnetized region ,g.:-

X(z) =p0 + pl x (z-z0) , for z<z0 e
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- RPC hits 5.6 0 significance
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Third T candidate: track 2 follow down

LNGS 2013
| Event: 12123032048, 2 May 2012, 10:12 (UTC), XZ projection I
? 320_— i M
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p = momentum in - Mean  0.3836
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The OPERA Detector

TARGET TRACKERS INNER TRACKERS Target Trackers

» 2x371 scintillator. strips walls » 990-ton dipole magnets » event trigge

» 256+256 X-Y strips/wall (B= 1.55 T) instrumented with * brick loca zatlon

* WLS fiber readout 22 RPC planes : .
* 64-channel PMTs » 3050 m2, ~1.3 cm resolution. SR&%t:og]rgg?ges s
+ 63488 channels - _ » muon ID,

+ 0.8 cm resolution_, eff. 99% F il * momentum,

- rate 20 Hz/pixel @1 p.e. * charge

"vWth l -

N il

v (A= R ‘ ! ' —| [
'M‘H‘ [ (il RSP oy

llull
Ik ' \

BRICK WALLS HIGH PRECISION TRACKERS

+ 2850 bricks / wall 6 dnft-tube layers / spectrometer 31
« 53 walls spatial resolution < 0.5 mm




Performances of the electronic detector

New G. of Phys. 13, 053051(2011)
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