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The OPERA experlment roadmap

Verify the V,—V, oscillation at

the atmospheric Am? scale.
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The v_detection technique

Modular detector of “Emulsion Cloud Chambers” (or bricks)

Reconciles the needs for:

« Large mass
e N_oc (AM2?)2 M
 Extreme granularity
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« wm space resolution |
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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)
i 1 * Labelling and X ray marking (LNGS)

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

e Scanning bricks (Europe + JP)



__C;ERN Neutrinos to Gran Sasso

. _BR.-~64% muon detectors
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The oscillation peak for L= 732 km
at ~ 1.5 GeV (similar to NuMI) but the beam is designhed to observe t leptons:
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V. candidate identification

The brick is a complete stand-alone detector:

* Neutrino interaction vertex and decay topology
reconstruction (Decay search)

* 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 — T —e€
lepton-tag No p or e at the primary vertex
%LF?(_. (pum) 44, ;600] < 2600 144, 2600] < 2600 0.3 GeV/c in presence
paﬁ,m.‘: (GF‘V/C) < 1* < 1* / .
,_ - o of yin the decay vertex
G (rad) > /2 > /2 /
pp? (GeV/e) > 0.6(0.3)* / > 0.25 > 0.1
p?Y (GeV/c) > 2 > 3 >1land <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 u/h discrimination (range measurement and nuclear interaction detection)



Validation with the CNGS charm events sample

Charmed hadrons produced in quC events (i at the primary vertex)

Charm and t decays are topologically similar. o(p. A
Test for: reconstruction efficiencies, description of kinematic variables, ’
charm background.
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V.~ V. background characterization

Monte Carlo simulation benchmarked on control samples.

Hadronic interactions
Background for T — h \Y 1

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), improved MC simulations
IEE TNS vol.62 N.5 October 2015, 2216
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OPERA Data Analysis

Run 2008 — 2012

Events reconstructed in the target

Events with at least 1 brick extracted
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v events observed in OPERA
|
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p-=2>n'm
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v events observed in OPERA

1% candidate (2010): t=h
daughter

.
e,
T —

5" candidate (2015): t = h

JHEP 11 (2013
On the basis of 5 candidates observed with
0.25 £ 0.05 expected background events no *h
oscillation hypothesis excluded at 5.1 c.

Phys. Rev. Lett. 115 (2015) 121802

Phys. Rev. D 89 (2013) 051102

2" candidate (2012): T=3h
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PTEP (2014) 101C01



Vo=V preliminary results on sterile v

3+1 model | . Am? _vs 4|U [?|U > =sin?(20 )
stancdard -~ g g
_ 2 2| . 2A31 " —
P(Vu_)\’r)—él‘Uw HU13 . PRELIMINARY o
(normal hierarchy) =
- E '
2 2| .. 25241 E OPERA LH. 80% C.L.
otie +4lu, AU, dsin B E
exX0llC PG C D ———— OPERA N.H.90% C.L.
5 Lo . 't NOMAD 90% C.L. .
o * * ] 2 31 ] i i i i | i i I |
—-43|U,, U, U,U_]sin®—sin A, «
sin’ 26,
+8R[U,U_,U ,U" ]sinzﬂsinﬂ 0 lusion limit on Am?,, lowered
waYaY 3V s ) - 90% CL exclusion limit on Am?,, lowere

Ay down to 107 eV? for sin*(260 ;) > 0.5
+43|U ,U_,U U ]sinA, sin—

- At large Am?,, : sin*(20 ;) < 0.119 at 90% CL
_Am; L Interference term
M= ToE

Update of JHEP 1506 (2015) 069



vV -V

T: Data sample re-analysis

Phys. Rev. Lett. 120 (2018) 211801 : looser cuts and Multi-Variate classifier (BDT)

i T — 1h T — 3h T — W T —e
Variable
OLD NEW | OLD NEW OLD NEW | OLD NEW
Zaee (m) [44,2600] <2600 <2600 [44,2600] <2600 <2600
Orink (rad) >0.02 <0.5 >0.02 >0.02 >0.02
pary (GeV/c) >2 >1 >3 >1 [1,15] [1,15] >1
Pary (GeV/c) >0.6(0.3) >0.15 / >0.25 >0.1 >0.1
Prmiss (GeV/c) <1 / <1 / / /
&g (rad) >7/2 / > /2 / / /
M, Mmin (GeV/c?) / 05,2] / / /
Channel Expected Background Expected Total
Charm Had. re-interaction  Large u-scat. Total Signal Expected
T — 1h 0.15 £ 0.03 1.28 £ 0.38 - 143 +0.39 | 2.96 £0.59 | 4.39 = 1.39
T — 3h 0.44 + 0.09 0.09 £ 0.03 — 0.52 £ 0.09 1.83 £0.37 | 2.35£0.58
T —u | 0.008 £0.002 — 0.016 £ 0.008 0.024 £0.008 | 1.154+0.23 | 1.18 £0.25
T —€ 0.035 £ 0.007 = = 0.035 £ 0.007 | 0.84 +0.17 | 0.87 £ 0.18
Total 0.63 £0.10 1.37 £ 0.38 0.016 &= 0.008 2004 6.8+ 1.4 8.8 1.8




5 more V. candidates.....
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BDT response for all decay channels
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Likelihood based analysis: No oscillation hypothesis excluded at 6.1 ¢ (P-value=4 107'%)



events/5 GeV

s, 107 cr?

Cross section measurement
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Visible energy = Sum of charged particle

I

momenta and of y ray
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Among the 5 new candidates: an event with 3 vertices

Vertex 2 can be a charmed particle decay.

Dedicated simulations and Artificial Neural Network

(ANN) analysis have been performed.

Event classified as v_interaction with charm production

(first event ever observed).

Bkg hypothesis rejected 3.4 ¢ CL.

Event presented

Sample Muon misidentified | Expected events (10~
vy CC + charm 45

v, CC + charm + hiyy yes 21

vy, NC + cc 13

Vr CC + hint 9

vy CC + 2hing yes 4

Vy NC + 2hint 4

Total 100

In total, less than 0.1 expected event.

il | il
0.025 [ —
- ,/Iy ]
s W,
C ‘7,? ]
0.015 }L_
001 .
0.005 [— —
"-_ol.s = — I

MLP_ANN 2L response

,n

@ ICNFP 2016 !

v Vr T

Signature sources

- Signal Tau CC + charm
- Background Muon CC + 2 had reint

- Background Muon CC + charm + had reint

—"— Background NC + 2 had reint

- Background Tau CC + had reint

T Background Tau CC + charm

- Background NC + charm pair 1 7



V.~V oscillation analysis

|, 7 2008-2012 Full sample (17.97 x 10" p.o.t.):
Z - 35 v_events observed.
Expected number of events:
clebtion| L . Total (with v —»v oscillation): 34.3 + 3.4
Ftron = i e
) LT « v_beam contamination: 30.7 % 3.1
// - -
TTL T | fbtowes » Other backgrounds (t—e and x° mis-id): 1.2 + 0.5
| = ~=§~:;;E:j;3:;:;=55 - In the optimized neutrino energy range (0-40 GeV):
T sin’(20_) < 0.43 @90% CL (3 v framework)
10 mm ECC CS 13 . _
_ _ 10__—NOMAD
10~ ——observed Ve Ve (Ve Vel E it
______ expected I ;u_“'e {vﬂ_}"'e} i DayaBay/Bugey-3
ol - e 3+1 framework analysis 3
> - |
© = Em =
= gl ArXiv 1803.11400 il
s JHEP Accepted. :
gm A 1077
2— N 3 ::i‘:uonzvmme : E
. 10—4 | IIJI:\.‘I.ImB‘:ONEII\_-IT:deJ LI | JLLIIH: | IllIIJJJ L L L]
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V.~V oscillation analysis

E,,. (GeV)
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2008-2012 Full sample (17.97 x 10" p.o.t.):

35 v, events observed.

Expected number of events:
« Total (with vV oV, oscillation): 34.3 + 3.4

« v_beam contamination: 30.7 + 3.1
« Other backgrounds (t—e and n° mis-id): 1.2 = 0.5

In the optimized neutrino energy range (0-40 GeV):
sin*(20 ) < 0.43 @90% CL (3 v framework)

3+1 framework analysis

ArXiv 1803.11400
JHEP Accepted.
Cited in recent 1o

MiniBoone paper.
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Multiplicity studies in neutrino interactions

~ . A5
* Data s x2/ndf=  545/7
B — MC £ : a= -019+0.18
¥ ss L Vinteractions N
1 , £ Inlead: charged 4.
i Eur.Phys.J./C78 (2018) - particle multiplicity | .
& no.l, 62 T {
1 .F +/,,,§
: + o Bl
il [N BRI B i === ° 0.52_ {
+ O:I ll"llllll I|I| | III IIIIIII|IIII|III|
s s _+_—+— B= 00 of Sy -2 E e g Ao 6 g
MRS T IN(W?(GeV?/ch)
0 1 2 3 4 5 6 7 8 9
Neh 5 3.5
@) . x2/ndf=  48/6
7= 3b A= 0.591+0.12
e e E 3= 0.46+0.06
P et 00— () = G
é" 1:_ w2 Indf= 14.7/23 2 :_ +
e KNO (Koba-Nielsen-Olesen) ¢ b @
= scaling verification: E il
i P(n)*(<n>-a) = f (|(n-o)/(<n>-a)) ) | 7
02~ 0.5 —
0:_ I | I | | l’_n_l‘ l+| 0:IIII|IIIIIIIIIIIIJIIIIIIIIIII|IIII|I]II|IIII
'05' : 1 '1.5' ' D) 2_5‘ ' '3' = '35' o '4' = '45' 0 0.5 1 1:5 2 2.5 3 3.5 4 4.5
Z=(n_-o)/(n -0.) )



Cosmic rays: R = N/H/NM_

Highest-E region reached!

ar frt

1+ brE, cos /e,

p (primary) 5
nucleus

ak fK+
1+ b_[\"g# COS 9/61{

= RKTr

Pt X
opposite magnet polarities runs
- lower systematics g 16
@M
T
Strong reduction of the charge 3 i%
ratio for multiple muon events §
1 1.377 £ 0.006 o
H 1.4
Multi-n  1.098 £ 0.023
Results compatible with a 1.3
simple 11-K model
. I 1.2
No significant contribution of
the prompt component up to
1.1

E“ cos0* ~ 10 TeV

Validity of Feynman scaling in
the fragmentation region up to
E” ~ 20 TeV (E ~ 200 TeV)
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Eur. Phys. J. C (2014) 74
arXiv.org/abs/1403.0244
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Cosmic ray annual modulation

Single muon flux

Effective atmospheric temperature
%2/ ndf 2.552e+05/ 1883

- _ %2 / ndf 1870 /1271
h] - n 3359 + 1.844
= 3800 — Iy 52.21+2.623
= C @ 185.9 + 2.715
‘g L

(WE] I

L L L L1 L1
1400 1600 1800 2000

Tgﬁ 220.3 + 0.003481
Tl 3.672 + 0.004961
183.5 + 0.077

Days since 1 Jan 2008

Single muon flux | and effective 5"1 ;
atmospheric temperature, T__ |
(average temperature weighted by 0.8

production probability of TeV muon
reaching underground lab) fitted with 06

A(t) = A0 + Al cos(2x/T(t-0))

(period T fixed at 365 days). 0.4
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Conclusions

¢ 1.8 x 10%° pot by CNGS from 2008-12 (80% of design).
* 10 v_candidates so far with 2.0 expected background events.

* No oscillation hypothesis excluded at 6.1 o using a
multi-variate analysis technique.

- v_CC cross section measurement in agreement with Genie.
e T Neutrino interaction with charm production observed.

« Study on v, - Vv_sub-dominant oscillation channel finished.

e Cosmic ray physics: atmospheric: cosmic ray modulation
measured.
 More to come, stay tuned....
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Brick finding

OPERA is a hybrid apparatus.

Electronic detectors predictions to locate bricks with neutrino interactions.

v candidate

>

-about 2 m
event IR

RE LSRR o <N
I m o
................... mll"‘1iﬁiﬂ lmm ii“;ﬂh:
il \_.l L

Accuracy of predictions by
the electronic detectors:

e position: 1 cm

e slope: 23 mrad

_ [ ] |m |
I ‘ |

ol




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.

Changeable
Sheet (CS)

‘I-ll

v

o 12.5 cm

»
L

) Tl HHIMIL
kL . | :
o
|.‘H”1..*“.i - il

O il yF( -
il |-
_;?‘1 il q

__H_i;: T € LI : lqll ;I itthites ey :

Fraction of bricks

S oot oo S B S |
-20 0 20 40 60 80 100 120 1(40

0.06

0.05

0.07F

2010-2011 data

e 15

' data
A 2" data
1 MC
—_— 2nd MC

I L
04 05 O

.6 0.

T T
08 0.9 1
Probability



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).

X . B
2 L
@250 MC v, CC int.
S L4 ® data
QO 0.2
(=]
E lead emulsion - © 1
,_:-_"D 15 P — I 2 osf
A5 V = @ -
E - ‘Mﬁ:"m c
o — © osf
'L'_U : ﬂI--\""""'J'zg.,___‘ **-q,\;__\_ [an] : —
E o1 + S — 2 o7k
S AZ e g
Z - o N h""-qm ;U 0.6 :
0.05 q- 2 E
05—
) - = . 2008-2009 control sample
L L | i 1 i | i i P P | O4T
B2 a8 10 2 14 6 e 20 03; O Oupdata
IP {(um}) ' 5_ e 1udata
0.2~ : 0 1 MC sys.=(10-20)%
i H = . 1u MC sys.=10%
0.1 3
Full MC simulation of 0 p and 1 p samples. s %\ 10 MC sy
- O_III\‘|||I||\\|||III‘\IIIIII\\IIIIII\\II'III\‘IIII
Data/MonteCarlo in reasonable agreement. 0 100 200 300 400 500 600 700 800 _ 900 1000

E.r (MeV)



A v event with 3 vertices: description
late 31 32 33 34 35 36 37 38 39 40 41 42 43
Muonless event / ?r 2600 pm ¥2 .
- ¥l I =c == vl
_ - Event: 11143018505, 23 May 2011, 08:59 (UTC), XZ projection q. — -'_h_--._-.-:-__-"___ .___6_
E 250 — ]]-I. —-—: Aol U sl |
.g.-. E = -.2 3 N I~ = - - -
E 200; "-\.__-“
8 150:— .- -._1 i
_ JOT Event: 11 Mauw;;?:s May 2011, 08:59 (ufc?vz projection | < SZ:e(\Z;?%c:: :ﬁick E:_l I ! [ IL » l
ET -100? | : | % E ].:.1‘1 : b |
o T e T~ |
1 Hé - 12t
A primary and two secondary vertices found in emulsic I NI & ,
Electromagnetic activity (y’s) at the kink point. ]
Vertex ID Attached tracks =z (pm) y (pm) 2z (pm) .U "
[ (primary) 2,45 15077.0 591579 -33081.8 :; . __J.g vi
I1 (secondary) 1,3 15085.9 50149.9 -32979.2 e . s 1 [N L R IR
I1I (kink) 4, 6 15073.9 592624 -31926.4 = T i ——H-ls e
Track ID  p best fit (GeV/e) 68 % p range (GeV/c) || 2640 J !
1 2.1 [1.6; 3.1] I
3 4.3 j33-7.1] Flight lengths: N
5 0.54 [0.45; 0.68] IT: 103 um
6 (daughter) 2.7 [2.1; 3.7] II: 1160 um

plate 31 32 33 34 35 36 37 38 39 40 41 42 43

Invariant masses at both secondary vertices larger than 1 GeV.



Input variables for the multi-variate analysis
in the T = h decay channel

T

1000 500 0 500 1000 1500 2000 2500

1 |
15 20 25 30

R e R R
GeVic

GeVic

¢IH v at decay vertex

B v

bkg

"golden" candidates
"silver" candidates

»
ﬁm-r

% 20 40 60 80 100 120 140 160 18O
deqrees

Gelfe

“golden”, i.e. candidates passing the tight selection cuts
“silver”, i.e. newly found candidates with looser cuts *



Significance of v _appearance
PHYSICAL REVIEW LE:E'I‘ERS 120, 211801 (2018)

signal true bkg
strength (floating param.) uncertainty
on exp bkg
s | = |
L(u,B) = 1] Pms(ncmslc + Be) ch Zei) HGauss bl clBe, 0.)
T expected = BJI;)T expected
channels signal response bkg
obs events
in the cth
channel
' HSe sig bk
- - . . fﬂ(:lrm-) = PDF_® + PDF, &
Test statistic: Likelihood "~ pse + Be ;wp+ 3,
. ratip.+o0.5 < o
Results: ;,'2 f,1_0.4 P
Pvalue =4- 10-10 z:;
Significance = 6.1 ¢ jz_

| | | | I I I
1 2 3 4 5 6 7 8 9 10
Signal Strength n
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Am223 measurement

PHYSICAL REVIEW LETTERS 120, 211801 (2018)
Experiment sensitive to the product [\ v X P ( vy, — Vs ) Oy

Assumptions: maximal mixing, v_. CC interaction cross section as in Genie

V2.6 default (0G) = (4.29 £0.04) - 10~ cm?
A ma,
OPERA (tr appearance)
sin® 20,,=1
’Amgig Imeas ‘ — 271_?)2 ) 10—36\/2 S;E?f;;;ﬁ%?:r::::g}
(68% C.L) DAYA-BAY 2017 Ce
T2K 2017 .
MINOS 2016 ——
PDG 2016 -
v b v b b b b b b by
0 0.5 1 1.5 2 25 3 3.5 4 4.5

AmZ, (10°eV?) (68% C.L.)

First measurement in appearance mode




plate 31 32 33 34 35 36 37 38 39 40 41 42 43

' || sdbol dLI Kink topology
¥l ___._—d"—‘_=___‘_ .
L | e re | Flight Length = 1160 pm
]]-I. "':'_ u = = — - 3 1
e R ERRE = With y attached
Ef T IR (3D coordinates | Cindf 2214413
é I, II'I-—?..- i — imll‘: 0.9996
m II‘ n A = 0 270341432
~ . D.01
N i
g EO.O
. &00
X [ 0.00
| H€ H': T 0.00
L L1 15 0.00
A 0.00
e
" 0‘004 (] (N BN NN NN BN N NN NN NN NN RN NN NN
31 ] 0 2 4 6 8 10 12 14
I o Td.i o L Nﬂ
R 0 T 0T = =" Track ID  p best fit (GeV/e) 68 % p range (GeV/c)
e N Tl ¥ I 71 [1.6; 3.1]
8 et 1L 3 43 [3.2:7.1]
- . 5 0.54 [0.45; 0.68]
2500w . 6 (daughter) 2.7 [2.1; 3.7]
| Vxink = 90 mrad — P; = 240 MeV
passing new selection cuts to be a tau candidate
33

plate

31 32 33 34 35 36 37 38 39 40 41 42 43



Track segments showing a double vertex topology
in the same lead plate

§ 100 pm
€ >
4 parent
top o
Projections
at Z=-220 pm
bottom
Projections at : Vertex ID Attached tracks =z (pm) 1y (pm) =z (um)
Z=-330 pm I - I (primary) 2,4, 5 15077.0  59157.9 -33081.8
\ [ IT (secondary) 1,3 15085.9 59149.9 -32979.2
:'L‘ ]:[ III (kink) 4,6 15073.9 59262.4 -31926.4
bottom -’,;*':_ e ____.____”_-bnttnm 3
top ¥ '\L.
s
.
S 2 2 prong vertex
bottom thht Length =103 HIN
s Invariant mass = 1.8+£0.5 GeV
1
Single Vertex IP (um) | Two vertices IP (um)
Track ID w.r.t. Vp w.r.t. ¥y w.r.t. Vs

¥ top 1 8.3 36.2 0.1

2 8.8 1.0 6.5

3 4.8 25.9 0.1

X 4 13.0 15 20.4

5 51 232 9.6




v, disappearance

- Absence of a near detector to reduce systematics

- Oscillation analysis using only electronic detector data

- Analysis dominated by v, disappearance, but appearance channels are
non-negligible and are included in the analysis

NC-like / CC-like ratio used to mitigate the uncertainty from flux normalization

@ o s F
: A imh R
g 2400_— 30.6— V@
() L
gmzoo— izi g | Q
2 > asof. St 4
3 S z |
5 g
=z =z 0.5
1000}~ I i
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: 4@
L i 0.4 P
800}~ 2501 -
B 200 0.3
600}~ [ k
I 150~ E |
400~ i o2
100}~
200 [ 0.1
501~
0 IIllIIIlIIIIIIIIlIIIlII|IIIII|IIIIIIIlIIIlII 0- IIIIIIIlIIIlIIIlIIIIIIIlIIIIIIIIlIIIlIIIlIII 0- IIIIIIlIIIlIIIIIIIlIIIIIIIIlIIIlIIIlIIIIIIII
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
E/MeV E/MeV E/MeV

red — MC, expected number of events in case of no oscillations
crosses — data, vertical width is 68% CL



v, disappearance

Dedicated statistical model

Upper limit

= i :
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- 20
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red line — MC, no oscillations

green area — MC with oscillations using
0<Am?<4.1E-3 eV?

crosses — data, vertical width is 68% CL

Am3,| < 4.1-107% eV? @ 90% C.L.
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Open data at CERN

* OPERA is the first non-LHC experiment joining the educational
and research program of the Open Data Portal service

 Two samples of muon and tau neutrino interactions are now
available at CERN: data & event display (effective for education)

Education

The CMS (Compact Muon Solencid) experiment is one of two large

general-purpose detectors built on the Large Hadron Collider (LHC). Its
goal is to investigate a wide range of physics such as the characteristics
of the Higgs boson, extra dimensions or dark matte

Explore CMS »

ALICE (A Large lon Collider Experiment) is a heavy-ion detector
designed to study the physics of strongly interacting matter at extreme
energy densities, where a phase of matter called guark-gluon plasma
forms. More than 1000 scientists are part of the col

The ATLAS (A Toroidal LHC ApparatuS) experiment is a general-purpose
detector exploring topics like the properties of the Higgs-like particle,
extra dimensions of space, unification of fundamental forces and
evidence for dark matter candidates in the Universs

The LHCb (Large Hadron Collider beauty) experiment aims to record
the decay of particles containing b and anti-b quarks, known as B
mesons. The detector is designed to gather information about the
identitv. traiectorv. momentum and enerev of each

The Oscillation Project with Emulsion-tRacking Apparatus (OPERA) is a
scientific experiment for detecting tau neutrinos from muon neutrino
oscillations. The experiment is a collaboration between CERN in

Geneva. Switzerland. and the Laboratori Nazionali d

Explore ALICE >

Explore ATLAS >

Explore LHCb »

Explore OPERA 3

Event: 10125032322, May 05, 2010, 03:10 (UTC), Electronic detectors: SIDE VIEW |

2109
—_
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Y1 1%

| Event: 10125032322, May 05, 2010, 03:10 (UTC]), Tracks reconstructed in emulsion |

Track types

muon:

hadron:
electron:

highly ionizing:
ionizing:




Open data at CERN

nuTau | Event: 9234119599 ] B O0OHEE E & n n a n n n

Event: 9234119599, Aug 22, 2009, 19:27 (UTC), ED: TOP VIEW | Event: 9234119599, Aug 22, 2009, 19:27 (UTC), ED: SIDE VIEW |

g 400 | E 400 |
> 300 > 300

200 200 "
100 - 100 -
o  wiegm o
100 ] 100
-200 | -200
-300 | -300
-400 -] -400 4

800 600 400 200 0 200 400 600 800 1,000 800 600 400 200 0 200 400 600 800 1,000
Z (cm) Z (cm)

nuTau $ | Event: 9234119599 N S 8 HH BGC B n n n n

Event: 9234119599, Aug 22, 2009, 19:27 (UTC), Tracks reconstructed in emulsion

Track types

pion

(daughter):

(

proton:

hadron:
e+/e- (gammal):
e+/e- (gamma2):

http://opendata.cern.ch/visualise/events/opera

http://opendata.cern.ch/docs/opera-news-first-release-2018
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