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Goals of the OPERA experiment

Since its discovery, the phenomenon
of neutrino oscillations is being studied
mostly in disappearance mode.

Observation of the appearance of
oscillated neutrinos consistent with the
disappearance results was also a very
important issue.

The main goal:

the first direct observation of nt appearance in a pure nm
beam through the detection of the short-lived t leptons
produced in nt charged-current (CC) interactions.

Expanded physics program:

– oscillation physics:

• nm → ne study

• sterile neutrino analysis

– non-oscillation physics:

• charged particle multiplicity analysis

• cosmic ray physics
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The beam was optimized to maximize the number of nt CC interactions in the detector

* interaction rate @ LNGS

CNGS neutrino beam
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OPERA hybrid detector
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OPERA hybrid detector
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CERN Open Data Portal

22nd of May 2018: release of the first
set of OPERA data samples.

OPERA became the first non-LHC
experiment presented in the portal.

opendata.cern.ch

http://opendata.cern.ch/search?page=1&size=20&experiment=OPERA&type=News
http://opendata.cern.ch/
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* expectations for full mixing and Dm2
32 = 2.50x10-3 eV2

Probability to be explained by background: 4 × 10−10

This corresponds to 6.1𝜎 significance of non-null observation

𝝂𝝉 event sample

10 nt-candidate events observed in the t→h, t→3h, 
and t→m channels.

Results of a dedicated analysis, with a detailed 
classification of all particles produced in the neutrino 
interactions, has been presented.

nt-candidate event reconstructed in the nuclear emulsions

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.211801
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𝝂𝝁CC event sample

817 nm CC events where a muon was 
reconstructed in the final state.

The events were selected for study of 
charged hadron multiplicities in CC 
neutrino-lead interactions.

Data-MC comparison of the 
charged hadron multiplicity The charged hadrons multiplicity dispersion 

as a function of mean number of tracks

nm CC event as 
seen by the 
electronic 
detectors

https://link.springer.com/article/10.1140/epjc/s10052-017-5509-y#citeas
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OPERA data for the two event samples
opendata.cern.ch/search?page=1&size=20&experiment=OPERA&file_type=zip

http://opendata.cern.ch/search?page=1&size=20&experiment=OPERA&file_type=zip
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11 csv-files* for each event: EventInfo.csv, RawTTHitsXZ.csv, RawTTHitsYZ.csv, FilteredTTHitsXZ.csv,
FilteredTTHitsYZ.csv, RawRPCHitsXZ.csv, RawRPCHitsYZ.csv, FilteredRPCHitsXZ.csv, FilteredRPCHitsYZ.csv,
RawDTHitsXZ.csv, FilteredDTHitsXZ.csv

csv-file examples: electronic detector data for the two samples

(Description of the variables in the csv-files):

* csv-file is a delimited text file that uses a comma to separate values.

https://en.wikipedia.org/wiki/Comma-separated_values
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• First two OPERA data subsamples have been published on the CERN Open Data Portal:
- the “tau appearance sample” (10 nt candidate events),
- the “multiplicity sample” (817 nmCC events).

• Browser-based event display has been developed and integrated to the portal for visualization of the
published OPERA events.

• A dedicated paper with a detailed description of the two released data subsamples is almost ready to be
applied for publication in the Nature Scientific Data journal.

• More data subsamples (e.g., ne sample, cosmic muon sample) are planned to be released.

• Interactive tutorials (exercises for students, etc.) to be developed as well.

Summary & outlook

http://opendata.cern.ch/
https://www.nature.com/sdata/
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Backup slides
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The OPERA target
Number of bricks:      ~150’000
Total mass:                 ~1.2 kton
Total film surface:     ~111’000 m2

Basic unit of the OPERA detector was an
Emulsion Cloud Chamber module (ECC brick):
sandwich of 57 emulsion films interleaved with
lead plates + a separate box with a removable
pair of films (CSd)

12.5 cm

10 cm

7.5 cm

8.3kg

10X0

n beam

2 emulsion layers 

(44 mm thick)

poured on a

200 mm plastic base

Pb

n

t

1 mm

The ECC technique proved its efficiency and is going to be

used in future experiments for nt registration (DsTau, SHiP, …)
and even for directional dark matter search (NEWSdm).

OPERA ECC brick
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EU: ESS (European Scanning System) Japan: S-UTS (Super Ultra Track Selector)

• Scanning speed/system: 75cm2/h

• High speed CCD camera,
Piezo-controlled objective lens

• FPGA Hard-coded algorithms

• Scanning speed/system: 20cm2/h

• Customized commercial optics
and mechanics

• Asynchronous DAQ software
Both systems demonstrated:

•  ~0.3 mm spatial resolution

•  ~2 mrad angular resolution

•  ~95% base track detection efficiency

Emulsion scanning stations used in OPERA



15

Status of data analysis

* Nominal value: 22.5 × 1019 pot

7132 located n interactions

6785 fully analyzed events
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* expectations for full mixing and Dm2
32 = 2.44x10-3 eV2

Observed in data: 5 events in the t→h, t→3h, and t→m channels

Probability to be explained by background: 1.1 × 10−7

This corresponds to 5.1𝜎 significance of non-null observation

Discovery of nt appearance in the CNGS beam (2015)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.121802
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Disclaimer for the OPERA open data

• The open data are released under the Creative Commons CC0 waiver. Neither OPERA nor
CERN endorse any works, scientific or otherwise, produced using these data.

• All released data samples will have a unique DOI that you are requested to cite in any
applications or publications.

(from opendata.cern.ch/docs/about-opera)

https://creativecommons.org/publicdomain/zero/1.0/
http://opendata.cern.ch/docs/about-opera

