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The OPERA project
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Verify the v —v_oscillation at
the atmospheric scale.
v_appearance event-by-event FE=k&?) km
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The v_detection technique
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Modular detector of “Emulsion Cloud Chambers” (or bricks)
Reconciles the needs for:
« Large mass

« N.OO (Am?)2 M
 Extreme granularity
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The OPERA experiment
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Hybrid apparatus:
Emulsions + electronic detectors

i
Brick-finding™ + several ancillary facilities “off-site”: /

 Assembly/disassembly of bricks (LNGS)

i * Brick Manipulator System (LNGS)
_ggg' |  Labelling and X ray marking (LNGS)

t::\\ , « Automatised development (LNGS)
=2 = | «Scanning of CS doublets (LNGS+JP)

« Scanning bricks (Europe + JP)



CERN Neutrinos to Gran Sasso

<EV>

17 GeV

L/<E,>

43 km/GeV

The oscillation peak for L= 732 km

at ~ 1.5 GeV (similar to NuMI) but the
beam is designed to observe 1 leptons

— unbalance at higher energies

N(t)~ Pr(vu—wr) X G, . cc(E) x flux

Fluxes:
(Vo+v,) Iv, 0.9 %
KAY 2.1 %
Vv, prompt (from D ) negligible

Interaction rates (1.8 x 10%° pot ):

~ 20k v CC+NC

66.4 v_ L&ZC (not efficiency corrected)
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Threshold for t at ~ 3.5 GeV.
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Brick finding

OPERA is a hybrid apparatus.
Electronic detectors predictions to locate bricks with neutrino interactions.
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Brick finding

Changeable Sheets: the “bridge” from the cm scale of electronics detectors to um
scale of emulsions.
Electronic detector predictions to be confirmed by scanning of CS doublet.

Up to 4 bricks ranked in probability are considered for t research.
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Vertex location and topology decay
search in the brick

Tracks in the CS are followed upstream until
a stopping point is found.

Vertex reconstruction by apposite algorithms.
Search of decay topologies (e.g. large impact
parameters IP).
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Validation with the CNGS charm events sample

Charmed hadrons produced in vuCC events (u at the primary vertex)

Charm and t decays are topologically similar.
Test for: reconstruction efficiencies, description of kinematic variables,
charm background.
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V. candidate identification

The brick is a complete stand-alone detector:

* Neutrino interaction vertex and decay topology
reconstruction

* Measurement of charged particles' momenta by
Multiple Coulomb Scattering (20-30% resolution)
* e/y separation and energy measurement

Kinematical cuts to increase S/B ratio:

variable T — 1h T — 3h T =l T e
lepton-tag No g or e at the primary vertex
Z_fd.ec (IUIIl) [44 2600] < 2600 [442600] < 2600 0.3 GeV/C in presence
P T (GeV/e) <1 = lj / of yin the decay vertex
¢ (rad) > /2" > /2" /
pr? (GeV/e) > 0.6(0.3)* / > 0.25 > 0.1
p?Y (GeV/c) > 2 >3 >land <15 > 1land <15
Orink (mrad) > 20 < 500 > 20 > 20
M, Mmin (GeV/c?) / > 0.5 and < 2 / /

For candidate events, Track Follow Down (TFD) procedure:
All reconstructed event tracks followed from brick to brick,

» to enhance p-identification (99%)
« improve lW/h discrimination (range measurement and nuclear interaction detection)
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JHEP 11 (2013) 036
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The 2" candidate (t — 3h)

Event: 11113019758, 23 Apr 2011, 07:15 (UTC), YZ p
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The 3" candidate (T — p)

Phys. Rev. D 89 (2014) 051102(R)
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First measurement of lepton charge in appearance mode.



PTEP 2014 (2014) 10, 101C01

The 4" candidate (t — 1h)
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v, — Vv background characterization

Monte Carlo simulation benchmarked on control samples.

CC with charm

production (all

channels) IF the primary V| X
lepton is not identified and

the daughter charge is not N)/ e’
(or incorrectly) measured h*

Hadronic interactions
Background for T - h \Y p

Large angle muon

scattering \Y
Backgroundfort—-» p

MC tuned on CHORUS data (cross
section and fragmentation functions),
validated with measured OPERA charm
events.

Reduced by "track follow down",
procedure and large angle scanning

FLUKA + pion test beam data
Reduced by large angle scanning and
nuclear fragment search

Measurements in the literature (Lead
form factor), simulations and dedicated
test-beams (in progress)



Evenls with af least 1 C5 scanned

v_analysis results ., “osees

16000 Events with a positve CS result
. Evenls with a brick scanned
Status of the analysis: 14000| o P e eator bt e bicks
The presented results correspond 12000 == Decay Search Completed
to about 70% of the total sample 10000
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o 4000 f— o S
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results on sterile v ¢~

starndard
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2008+2009 Ou interactions: 505 events
(~30% of the final sample)
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Cosmicrays: R=N /N

Highest-E region reached!

opposite magnet polarities runs
— lower systematics

Strong reduction of the charge
ratio for multiple muon events

- 1.377  0.006
Multi-u  1.098 % 0.023

Results compatible with a
simple 1m-K model

No significant contribution of
the prompt component up to
Eu cos0* ~ 10 TeV

Validity of Feynman scaling in
the fragmentation region up to
Ep ~ 20 TeV (E ~ 200 TeV)

FiM on surface
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Conclusions

1.8 x 10?° pot by CNGS from 2008-12 (80% of design).
* 4 v_candidates so far with a 0.23 event background.

* No oscillation hypothesis excluded at 4.2 o.

o Study on v, —V_sub-dominant oscillation channel.
. Sterile neutrino: limits on |U”4|2|UT4|2 from v_ appearance results.

» Cosmic ray physics: atmospheric u'/u” in the highest energy region
to date.

OPERA posters at XVI International Workshop on Neutrino Telescopes:

“Search for sterile neutrino mixing in the muon neutrino to tau neutrino appearance
channel with the OPERA detector” - M. Tenti

“Appearance of rare physics phenomena in the OPERA neutrino experiment” - M .Roda
“The Muon-Tracking-System of the OPERA experiment” - B. Buttner

“Energy measurement of electromagnetic showers for the detection of the T—>e channel
in the OPERA search for neutrino oscillations” - B. Hosseini
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