OPERA and its Tau Neutrino Candidate

Caren Hagner, Universitat Hamburg

* Neutrino mass, mixing and neutrino oscillations
* OPERA experiment

= Detector performance

= Special events: charm, v,

= v; candidate

= Qutlook
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Neutrino Mass and Mixing
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Neutrino Oscillations (simplified)

Flavor eigenstates v, v,

with 8,5 & 45°

Mass eigenstates v,,v;
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MINOS Results: Fit to Oscillation Hypothesis

MINOS Preliminary
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OPERA:

scillation “roject with =mulsion t-2acking Apparatus

Goal:
Observation of v,

Appearance

732 km

Physics runs: 2008 and 2009 completed, 2010 ongoing
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Profile of neutrino beam @ LNGS
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OPERA: v. detection
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Background Processes

Most important background processes:
« Charm production and decay
« Hadron re-interactions in lead
« Large angle myon scattering in lead

Signal Background

u, €, hadron

v, CC v, CC + charm prod.

muon

misidentified
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Assume: Maximal mixing, 22.5x10°pot (=5years @ 4.5x101°pot/year)

Expected Signal

t decay o Signal
channel B.R. (%) AMZ = 2.5 x 10-% eV2 Background
T— U 17.7 2.9 0.17
T— € 17.8 3.5 0.17
T—h 49.5 3.1 0.24
Tt — 3h 15.0 0.9 0.17
Total 10.4 0.75
Expected events:
~ 23600 v, CC+NC interactions
~ 160 v, interactions
~115 v, CC interactions
~10 identified v,
<1 background
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Iead-emulsion-brick
(total = 150.000)

target mass:
= 1,35 kton

105000 m? of lead surface
111000 m? of film surface
(9 million films)

OPERA target: lead-emulsion-bricks

57 emulsion /56 lead
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Hybrid Target Structure

N, Target Tracker
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OPERA - Detector
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The Electronic Detectors

Target Trackers
(Plastic Scintillator)
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Magnetic Spectrometer
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Electronic data (Target Tracker & Muon spectrometer)

Reconstruction (I): Magnetic Spectrometer

Columns (top view)
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Rows (side view)
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Track identified as a muon (P=3.394 GeV/c)
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Rekonstruktion (Il): Brick Finding

Electronic data (Target Tracker & Muon spectrometer)
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Brick Validation with Changeable Sheet

Scanning effort/event: CHORUS 1x1 mm?
DONUT  5x5 mm?
OPERA 100x100 mm?
So far, 640.000 cm? of CS surface have been scanned in OPERA
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OPERA — Brick Manipulation System

» automatic extraction of 25 bricks / 8 hour shift
* ~90’000 bricks handled until 2009 for the extraction of ~7000 event bricks
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Handling the ECC bricks

* |nserting and extracting the bricks by
Brick Manipulation System (BMS)

= Aligning the films (X-ray and cosmics)
= Developing the films

= Scanning

Caren Hagner, Universitat Hamburg DESY Seminar, 12.10.2010 22



Brick Analysis
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The selected bricks are sent to scanning labs
(at present 12)
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Scanning of Emulsions

4 systems + sub systems 33 systems in Europe
Total scanning power : 325 cm?4/h Total scanning power : 660 cm?/h

Caren Hagner, Universitat Hamburg DESY Seminar, 12.10.2010 25



Scanning

2d image: 16 tomographic images

Field of view:

Vertex reconstruction
kinematic analysis




CNGS beam performance & statistics

2006 0.076x10% pot no bricks Commissioning
2007 0.082x10% pot 38 events Commissioning
2008 1.78x10?° pot 1698 evts(scan input) First physics run
2009 3.52x10*° pot 3693 evts(scan input) Physics run
2010 (ongoing) | 3.01x10%° pot (20.Sept.) | 3167 evts (20. Sept.) Physics run
4
POL.¢
w8101 ..
: 2010

7000

8538 evts (scan input) | ., F
collected until '
20/9/2010 2009 /

4000 [

3000 |
2000 |

Aoog Days
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V] 100 299 300 400 500 600 700 800
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Example of a CC event:
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Example of a NC event:
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The measured ratio NC/CC is =20%, as expected from simulations

DESY Seminar, 12.10.2010
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Event statistics (June 2010)

This analysis corresponds to ~35% of the 2008-2009 run statistics,
=1.89 x 10"° pot

1813 events found in the target (scan input)

Events with neutrino vertices located by scanning: 1617
(Brick tagging efficiency) x (vertex location efficiency) = 60%

Events for which “decay search” was completed: 1088 (187NC, 901CC)
With the above statistics, and for Am?,; = 2.5 x10-3 eV? and full mixing,

OPERA expects:
~ 0.5 v_events

Caren Hagner, Universitat Hamburg DESY Seminar, 12.10.2010 20



Impact Parameter Measurement
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Momentum Measurement

with ECC and Electronic Detector

Momentum measured in ECC
(by multiple Coulomb scattering)

E
:
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*o vy — Detection and Reconstruction of 1 mass

11
EOPER

———

EM shower energy measured by shower shape analysis
and Multiple Scattering method

E=8.1GeV

E=0.5GeV

reconstructed mass from 2 EM showers ~ 160 MeV




n¥ mass resolution (real data)

1’ mass reconstruction v* I ndf 1.954 /6

B Constant 7.388 + 1.757
10— Mean 142.2 + 13.2

B Sigma 65.76 + 11.56
8_ —_

B _LA
6 N

B 35 gamma pairs
i _X
2l L

P
—

o—lllllllllllllllllllllllIlllm—‘lllllIlllllllll
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Reconstructed mass (MeV)

1 0 mass resolution: ~ 66 MeV
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Charm candidate event (dimuon)

flight length: 1330 microns
kink angle: 209 mrad

IP of daughter: 262 microns
daughter muon: 2.2 GeV/c
decay Pt: 0.46 GeV/c

Background, if primary muon
not identified

w

Vu

D+
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g Charm candidate event (4-prong)

11 [
- OPERA

D, hypothesis: F.L.= 313.1um, ¢ = 173.2°, invariant mass = 1.7 GeV
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Main Kinematic Cuts for Charm Events

» P(daughter) >2.5 GeV/c, Pt(kink) > 0.5 GeV/c (for kink events)
* looser cuts for multi-prong events.

20 charm candidate events selected by the kinematic cuts,

3 of them with 1-prong kink topology.

Expected: 16.0 = 2.9 out of which 0.80 £ 0.22 with kink topology
Expected BG: ~2 events

Examples of distributions:
] Decaylength of charm | decay_data Phi angle charm muon copl_data

Entries 20 Entries 18
E Mean 1120 E Mean 121.5
9 RMS 1096 9— RMS 52.79
8- 8
4= 7=
6 6
5— 5—
4 i a4
3 3 —t — 1
- |
2 —t 2— N S
F N
1 —|—“ 1= 7
0 = T 0
0 1000 2000 3000 4000 5000 0 20 40 60 80 100 120 140 160 180
Decay in micron Phi in degree
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v, candidate event

From a subsample of ~ 800 I"oncated events we detected 6 v, candidates

Y

Additional physics subject:
study v,-v, oscillations

"?fe cfron

|\

|
|




The v; candidate event

Muonless event 9234119599, taken on 22 August 2009, 19:27 (UTC)

(as seen by the electronic detectors)

‘ Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection
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v+ candidate: from CS to vertex location

Large area scanning
Full reconstruction of vertices and gammas

10000 um




reconstructed v; candidate event




PL17 PL18 PL19
VARIABLE Value
kink (mrad) 41+ 2
decay length 1335 + 35
(um) Primary vertex
P (daughter) 12 +6
(GeV/c) -3 Tau (4)
Pt (daughter) .
Mevic) 470 ™z
missing Pt .
Mevic) 970 ™o
¢ (deg) 173 + 2

1mm lead

PL20 PL21

v2 (further out)

kink point (secondary vertex)
-

v1

Daughter (8)

Proton (2)



Red regions:
measured values for v; candidate
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Interpretation of the event

* Invariant mass of y vy system compatible with =’ mass value.

* Invariant mass of the wy y system compatible with p (770)

7° Mass P Mass

120 +20 £ 35 MeV | 640 +125 ., +100 _ MeV

* p appears in about 25% of the T decays:

T— p(End)v,

OPERA collaboration:
,Observation of a first v, candidate event in the OPERA experiment...”,
Phys. Lett. B 691 (2010) 138.
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Significance of vy Observation

We observe 1 event in the 1-prong hadron t decay channel

« background expectation for 1 prong hadron decay :
0.011 events (reinteractions)
+ 0.007 events (charm)
= 0.018 £ 0.007 (syst) events 1-prong hadron

probability that the observed event is due to background: 1.8 %
significance of v; observation in OPERA: 2.36 o

» background from all decay modes:
0.045 £ 0.020 (syst) events total BG

probability that the observed event is due to background: 4.5 %
significance of v; observation in OPERA: 2.01 o
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Oscillation Analysis

for Am?,;= 2.5 x 10 eV? and full mixing, we expect:

0.54 £ 0.13 (syst) v. CC events in all T decay channels and
0.16 + 0.04 (syst) v. CC events in the 1-prong hadron t decay channel

and we have observed 1 event.

We can exclude at 90% CL, that

|Am?,5 | > 7.5 x 102 eV? (for full mixing)
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Outlook

« 2010: Getting close to nominal 4.5x10"°pot

2011: Negotiations with Cern ongoing,
aim at partial compensation for 2012 break

2012 (?): LHC stop — no SPS, no pots

We need enough pots (22.5x1019)
to obtain a significant (40) result with high probability

All events of 2008 and 2009 scanned by end 2010.

Waiting for more v; candidates...
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