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+1. The CNGS1/0OPERA project
1.1 Concepts & physics potential
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P OPERA
= Search for v, appearance in the CNGS v, beam
= Validation of the v, - v, hypothesis

= in the “atmospheric” sector
__I: Secondary oscillations v, - v, search
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The CNGS beam

CERN v, beam optimized to study the by © detection

L=730km, mean Evu=17GeV
(v.+v.)/v,=0.68% v, prompt negligible

x
o .
O

(T production optimized)

FEmax
N=C [O u(E)Pyr(E)UT(E)dE

3.5GeV
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1 search : topological signature

il- Interaction
: ol Point
Decay \:‘
Pointof "}
T I: y
1} '1..
AN
oscillation Y ®

DONUT v, identificatf&fi™

2 contradictory requirements: Target : tons, running
i L(-)W X-SeCtlon. - lnffel [eess ~. + 26 000 neutrino interactions
ngh_gram_ilarlt}'_ _ - ~150 . interactions
¢ signal |dent|f|c§t|op . ~15 identified
+ background rejection . < 1 background event

J.Marteau
iRl



1 search : backgrounds
\Y, H

\ Coulombian large angle

scattering of muons in
Lead : Bck.fo T - H

Charm production in CC,
common to the 3 channels

Good muon identification
is fundamental

Hadronic interactions
V Vp/ in Pb: Bck. to T - h
------ ortotT-> |

(if hadron mis-

‘\/ identified as muon)
otz

496

Charm background

Hadronic background

Total per channel

Large angle py scattering _m
o AL
.764

Jmarreau EXpected nbr of background events after 5 years running with nominal beam
R0




T search : sensitivity

T- decay Signal ~ Am? (Full mixing)
Background

channels
2.5x103(eV?) 3.0x 103 (eV?)

2.9 4.2

3.5 5.0

3.1 4.4

0.9 1.3

5 years CNGS data taking
(4.5 10*° pot/year)

+1.35 ktons target mass

J.Marteau
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T search : observation probability vs Am?
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== v —>v_ search : physics potential

FOPERA L
Secondary oscillations v, - v, search

|
B Good e id. in the emulsions (NN analysis)
m  Simultaneous fit on E,, missing p; and E . distributions

Signal
@ CHOOZ limit

R
e | affos
C——

g SYStematics

Pot(x10%°)

cCram
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The OPERA collaboration

PR 36 INSTITUTIONS
~200 PHYSICISTS
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= Nuclear emulsions technology
OPERA

“Emulsion Cloud Chamber” (DONUT)

56 Pb + 57 emulsions sheets

Emulsions : spatial resolution | e ,

St L Interaction
. - Compact and modular structure F U o

__| - CS doublet for event prediction rom EpaIre

2 emulsion layers
(44 pm thick)
poured on a

200 pm plastic base

v interaction vertex search
kink topology reconstruction
MCS momenta measurement
Marteay ~ AE/dX e/Ttseparation at low E
RN e id. and e/v E measurement



Bricks elements & productlon

Lead
storage
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= Bricks finding & manipulation

WiTh br'icks onhe builds walls...

The target structure contains the bricks.

__31target layers per supermodule
_uulwq mL B | g 1 target layer is made of:
i ‘ I 8 " | _ f 1 brick wall (52x64 bricks)

"1** brick wall under filling



brick production march 2008

160000 - Jul "lﬂ.lhﬂﬂ 12."1

Jun 10th

140000

120000

100000 —a— 2 drum siday
—i— 2 5 drumsiday
3 drumsiday

real

10 13 16 189 22 25 28 31 34 537 40 43 46 49 52 55 53 61 64|67 ¥0O ¥3 V6 Y89 82 85 85 91

weehks

March 28th
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The OPERA detector

7 TR
| - Vel WL
11

INinsassee gpaansin
OPERA
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|l' lll | . 4 . 5] 31
55 P
Wi & ‘:h- b

S S XPC, S 5T B ERE T (62 walls, 206000 bricks)

Veto « HPT, 10080 7m tubes « scintillator target tracker (5900m?2)
Glass RPC, « ~2ktons Fe
~100m2 * Dipolar magnet 1.55T
= T.T.: , heutrino interactions localization , kinematics
m  Spectrometer : , charge and momentum measurement 19
J.Marteau

@n. ™ Bricks: id., decay search, , e/Ttsep., e/y E meas.



— | Target Traker modules components

Goal : trigger and brick finding

62 XY planes
v 32256 scintillator strips 7m x 2.5cm X 1cm (AMCRYS-H, Kharkov)
| ¥ WLS Fibres 1mm diameter (Kuraray)
|~ MaPMT 64 channels (Hamamatsu) : 16 X 62 = 992 PMTs
' Dedicated autotriggerable F/E electronics (min. threshold = 1/5 p.e.)

i

green" photon
If

& toPMT,~

Extruded plastic

(14| 5
FEEEERREEEL I .
FIIERFHITLFREETT i

scintillator strip o

RS LRI I0E]
i -
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TT active readut

Constant
Mean
| Sigma

e

4 6 8
8

GAO0036 anode uniformity

Slow shaper
100ke

RC + Buffer ) .
Variable gain : _ Widlar Amplifier

- Cmd 0 i CmdS T 7
Preamplifier

Fast
shaper

Variable gain Comparator

I W W

Cmd 0 & CmdS

Threshold

21
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The OPERA detector constructlon

ertical slabs

=0l § [ S

= Today : all electronic detectors
commissioned and running since '06
except Veto (march '07) and HPT 2™
SM (1% half '07)

®m  General DAQ and GPS clock
distribution running

®  On-line software and DB schemes
commissioned

22




2. Data taking and analysis

On-line electronic detectors Offline emulsion analysis

J.Marteau
Rl
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DAQ general features

The basic “element” of the system is a
daughter board (“mezzanine”) embedding FPGA, FIFO, p—processor (AXIS)

This software is completely object oriented and uses the Interface Description
Language (IDL) to describe the distributed objects independantly of the 24
T programming language. InterORB protocols guarantee interoperability.



~—= | Clock distribution & network architecture

OPERA

The oscillator is plugged
. onto a dedicated PCI board which locks the clock signal on the GPS and
encode specific commands (propagation delay meas., reset, reboot etc).

i -l
SMI , |
; /

MLVDS <

Optical fQ‘er

(receives the
GPS signal from the
Outside anienna though

a 8km optigal ﬁber;i?é
L




On-line software

.:lNI!I J‘;ﬂ'.“:
OPERA
i Gateway E
E DB : g
CNGS]
(Oracle)
*Decodes CNGS
early warning
*Flag the DAQ cycle
CNGS wrt the beam
Early
Warning >

operawsSs

*Majority trigger
*32 sensors

max
*VETOsensor=
RPCsensor

J.Marteau

AN

* Time coincidence between
subdetectors (merge sort)
* Event header production
+ ASCII files production

Extrs
tio

operawsS

e

 Connects the
DAQs

* ON-LINE evt
building

* L2 trigger

* In/Out sensors

Manag
L2

manager

o &0

*Alignment
—— *Data analysis
*Brick finding

operawsS

*Decodes GPS
*Sends 'cycles' to
the sensors
*Records cycles info
inside DB

operadb1&2

rpcdaq0

N
/A

+operans (naming service); operanfs (sensor NFS); operaws2-3 (VNC servers)

+operawsl (Root files production); opera (gw and general services)

*X-Y coincidence
*[-R coincidence
*N planes coinc?
*992 sensors

‘_

TTdag .
*Majority trigger
*Same DAQ for
RPC-XPC

*54 sensors

ttdaq0&1 rpcdaq0

REANE
e

RPCdad

———
[ ]
[ ]

(ascid+-

*Trigger
cross-check?
*Tests procedure
*105 sensors

HPT(

hptdaq0
L
N

LIV
75

l

AN

26



Event selection & brick finding

I hassasias g ainnsin
OPERA

m data are continuously extracted from the DAQ data base
H all events are processed through the OPREC reconstruction package
| ® In time events are selected and stored on a dedicated file

m all /n time events are scanned visually and sorted by categories:
> in target event CC or NC like (according to the muon id)
> magnet interaction
> rock muon

W jn target events are analyzed through the brick finding package
> each step of the reconstruction for the muon is checked manually
> iterative process including;

“ neural network for the wall finding

** hadronic shower parametrization

» probability estimate for the vertex location in each brick
* exact configuration and alignment of the target at the time of
the event (BMM data base)

> at the end the list of bricks is provided for each event

* 06 O

L)

L)

m Listed bricks are extracted by the BMS

m Extraction operations still performed in parallel with insertion 27
J.Marteau
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CC-like event processing : OPERA "baby"
« Opera baby » P, : 7.87 GeV/c

TOP VIEW (Horlzontal projection)

I B P e BT W, T Dl 3 1

[ L L B |

Xtalk in MAPMT: E— ————So0
- ~60%0 of the nb of hits
+ ~3% of the nb of PE VIEW (WVertical projection)

Nk phs M 3133
Nk phe ¥ ESSOT.T
nbMPS 2T
LR = ]

Nk phe ¥ =073
Nk phe ¥ 3500
LR = -1
nb MBS Y 18
Nk HPFT X 83




| CC-like event processing : OPERA "baby"

11451 p.e. tot

Predicted brick

0o —5540

TOP VIEW (horizontal projection)

Event Number 173520769 j —z projecti

1 1
-T20 -F20

SIDE VIEW (vertical projection)

ul I I Ll I I
=500 -—-750 -—-700 -—B50 -—-600 -—559 -—-500 —450 —490Q -—3E0

¥—I projaction

Wall 5 Tray 24 Cell 6 prob= 0.9
Wall 6 Tray 24 Cell 6 prob= 0.09

29
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Processing : development lab at LNGS

Main control unit powered, working 0

Demi water ready, 20° C ok 9
Filtered water available, 20° C ok 9
Collection tanks secured 0

A nice chemical Lab set aside

(small operations, & quality check! : 6
thanks to LNGS Chemical Service)

Big preparation tanks G

30
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Off-line emulsion scanning

I hassasias g ainnsin
OPERA

Two different systems (both operational) are running for scanning systems :
“hard”-coded oriented (Japan) or “soft”-coded oriented (Europe).
' Both systems are ready and working at more than 20cm?/hour (10 required).

200micron base

50micron emulsion layer European station

A

) emulsion film - ﬁ? CMOS
} Gy ™ Zmr'ﬂd | /Wl camera

emulsion film | ™ a;"-t,___—_— base track G, ™ 0.5p-rn
- { connected track segment )

_—
g = iz

5-UTS at Nagoya
— | J -. High speed

1 F - : -' CCD Camera (3 kHz)

% Piezo-controlled
objective lens

Customized commercial products

Synchronization of Software algori'l'hms
objective lens and stage

f Constant speed stage E
FYN Dcdicated hardware
@ Hard coded algorithms



Scanning station overview

OPERA

Emulsion scainning is
performed in a fully -
automatic way.

About 40 microscopes are
operational iIn the varlous
OPERA scannmg
laboratories.

'” {‘4‘;'«’4 of
Bern emulsion scanning lab.

Predictions from electronic
detectors are followed back
inside the brick until tracks
stop. Then a full scanning
. around neutrino interaction
I vertex is performed and the
event topology and
2 cm kinematics reconstructed?

mim

J.Marteau
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o Off-line emulsion scanning

T
OPERA

®  Tracks reconstruction by analysis of ~16 “slices” per emulsion
m  [dentification of “base”-tracks (both emulsion sheets)

®  Scan back of tracks in successwe emuI5|ons of a brick
Field of view

:::. 16 tomographic images

2D Image
|| processing

Top View e
Side View :

Front View .\‘/

Rotate | -~
OpenGL | ,
X3D |
MNeighParms |
TrackParms |

OPERA baby

J.Marteau
Rl
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I Martea 3 runs : august & october '06, october '07



- August '06 run

I
OPERA

m 8.5 days of real beam operation (121 hours within 2 weeks of operation)

m  Used for electronic detectors, DAQ, GPS commissioning and tests of CNGS-
OPERA information exchange (gateway DB, early warning signal...)

| @ Beam side informations :

Max extraction intensity:
1.7813 pot ~70% of nominal

Tetol intograted = === ===
200 | Intensity
7.6 E17 pot

I MD + CNGS fire | TSttt
/1 alarm problem b Ak
/
I
I
2 days MD
+ problems

1184 2 11564 11866 11558

U'mx time (ns)

=
T
mn
i
D
=
Sy
=2
Sy
=
L

Machines efficiency ~ 65%

Unix time (ns) B 1O T R T VR TT TV T VR T

Unix time (ns)

J.Marteau
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Timing issues

m  Events selection from GPS time information : Tqopera ~(Tsps+TOF)<Tare

= The events time distribution is peaked around the 2 extraction peaks times
within negligible CR background (0(10-4) in ~ms windows)

Zoom on tha spill peaks

105 ps
- -—

Spill lepgth

}P----- i W N l—h-bn
: -~ I aoc

' o
=000 __ 20048 0 2000 48460 —10000-5000 O 5000 10000 15000 20000

A tfirst extraction (ns At closest extraction (ns
Cosmic rays bckd

m  All hits : the consecutive times difference
distribution shows a peak of width
~Teomemence (typ. 200ns)

J.Marteau
iRl

Time difference between consecutive hits

ID
Entries
Mean
RMS

1000000
688153
-0.7931 E+06
0.4970E+07




August '06 run

= Neutrino induced interactions : 319 detected altogether (in agreement
with the predictions)

® 34 muons coming from the rock, ¥4 neutrino interactions in the detector

"~ CC event originated from material
in front of the detector

horizontal projection Evert Humber 3435880 h

harizontal projection

Event Number 708821}

1

E

&
=
=
]
2
=l

PRI [ SN ST SN TN N SO N TR ST T [ SO SO SR [T SR TN SO N SO SN T N ST T T MU' Verti | . -
400 200 [ 200 400 600 800 1000 ertical projaction
Z [em)

Vertical projection

|

I CC event originated in the

J.Marteau ' .
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TOP VIEW (horizontal projecti

Event Number 93033‘

—— adg
T30 1404, it g
H -

o e L by ey by o 1y
-400 -200 0 200 400 600 800

SIDE VIEW (Vertical projection)

=

TR R TR o e Lo b
-400 400 600 800

-3
=3
=)

Cosmic rays induced events
with a typical down-going
topology

Beam events:
~horizontal tracks

J.Marteau
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OPERA 2D OPERA ZD
e Edit Yiew Options Inspect Classes le Edit Yiew Options Inspect Classes
TOP VIEW (horizontal projection] TOP VIEW (horizontal projection
¢ projection) Event Number 998032 | ! projection) Event Number 1302578
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October '06 run

TOP VIEW {herizontal prejection)

[ Event Number 1064775

200 ?“t_;. ._“:‘.’3. i . :

100 = TS eh““'r““-—:- | (W |

(==

.um%_

-auog_

-mg—

-wo%—

T I B B N
Predicted brick -

SIDE VIEW (vertical projection)

>

- o
e B B B

-9

L 2 &
5 5 5

&
5

§ |IIII|IIIILIIIILIIII|IIII|IIII|IIII|IIII|IIII|II

Extrapolation from ED
predictions to bricks validated
for beam events.

Under evaluation for cosmics.

Requires additional run to tune
at least the brick finding
procedure

J.Marteau
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Short run due to CNGS leak problem.
25 neutrino events collected.
1kbricks in the target (BAM pilot run)
1 brick crossing muon identified.
Brick extracted from the wall.

Tob view

Brick

Side view

Details of the CS scanning
showing the reconstructed grains.



Cosmics analysis

P OPERA
= TOF analysis to disentangle up/down-going particles
®  10ns timestamp accuracy
m  Cuts on the event topology (track length in the detector)

speedside {nplanes>20 . h ] speedside {nplanes>20 && ontime==0 . h ]
Entries 45755

Entries 45885
Mean -1.084 Mean -1.089
RMS 0.2726 RMS 0.2543

Atmospheric v
cancﬂdates

= 1/(B=v/c) distributions
m -1 : down-going particle / +1 : up-going particle
= QOrange: on-time events (beam)
= ~250d data taking 41
e w Data/full MC comparison under investigation



Cosmics analysis
= TOF vs angle scatter plot "

B Beam events close to the 10°
horizontal direction

Mean 19.21
RMS 56.75

speadside:angleside {speedside>-10 && =p

2

=

speedside

J.Marteau
R’ angleside

&
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‘07 physics run

INinsassee gpaansin
OPERA

®m  Short run due to CNGS services electronics irradiation problems.
® 38 neutrino events collected in the OPERA target (1 SM) : 29 CC + 9 NC
- ® Bricks extractions + CS scanning for prediction confirmation + Scanning

SIDE VIEW (Vertical projection)

J.Marteau
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5 prongs associated to the
neutrino interaction

<[P>=9 um

Electromagnetic shower

pointing to the vertex  (y
conversion )




Event 179673325 : QE-like topology

TOR VIEW {Horzomal profsaion)

The visual inspection allow the
observation of nuclear fragments
and the classification of the event

as DIS




TOP VIEW (Horizontal

NC event

Em. Shower

E =4.7%1.3 GeV

Top View
Side View
Front View

Draw Detector
Rotate
OpenGL
Xx3D
NeighParms
TrackParms




= Perspectives on the CNGS : '08 physics run

PSEStat pgsgrt Beamin =vson LEGIRTe N ses
s h Bea ot
aith El:d il ¢ g Fhysics
Lin i 1-:r” | : " " I' gt AD Stan
| '| * ’m | Wi wiih Beam
\ Apr . May S Mune

--nmmmmmmmmrza 147 days for the CNGS (200)
e o S e i
m-m-lllulnlwml E 3*10% p.o.t (4.5*10%9)
o | e | P | I

mm-w-mﬂ==mw

Sep
we oz | o b b ] st ] s | s o} oss ] ose | w7 ¥as ] s

BB
2 IHEI"E

Oct
Wi mn-mmmmlnmmmlmm

H i e e R R
1 -..m
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3. Vers T2K et au-dela

J.Marteau



Future (2010—-2020): 6,,, CP violation, sgn(Am?)

 Proof for in the atmospheric sector (OPERA)
» Precise measurement of - (MINOS, OPERA, T2K)

 Improve the accuracy on the

(why ©6,, and 0,, angles are large and 8,, seems very small or null ?)

eDetermine if the the same as for charged leptons ( ) throut
MSW matter effects

Abz.zcale Mormal hierarchy.. OR.. Inverted hierarchy  maszzZ zplittings

(cosmology, double beta)

*Show (measure the phase o in the mixing matrix)



Conventional super v, beam works

Known beam technology
Background highly nontrivial
v, beam contamination not
negligible but tolerable

Future (2010—-2020): branching point

MINOS

ICARUS Neutrino factories

D-CHOOZ

T2K

NUE

Reactor-II

NUE+PD Superbeam upgrades
T2HK

NuFact-II

» Upgraded sensitivity with scenarios
at the second maximum (T2KK) or
high energy beam (Nova)

Superbeams+Reactor exps

&
z
p=
W
=
@
ﬂ
=)

2

.'E'-

Conv. beams /. = /
=

2

sin

 beta beam or

. CHOOZ+Solar excluded
« neutrino factory

10°
2005 2010 2015 2020 2025 2030 2035
Year

things change at sin226,,~0.01 :
the priority is to set the scale of the effect 0 T2K




The 1<t Super-Beam: T2K from Tokai to SK

- Low energy neutrino beam (~0.6 GeV) from Tokai (JPARC
multipurpose proton accelerator) to Super-Kamiokande by 2009.

- 0.75 MW from a 50 GeV proton synchrotron (neutrino beam two
orders of magnitude more intense than in K2K

- foreseen upgrades for CP violation search: 4 MW power and
1000 kton Hyper-K (20207?)

Super-KAM IKANDE

/it Noguchi-Garo Intermediate neutrino detector

2.924m
h

Physics objectives ...
* T2K will be the 1t 'next generation' physics programme
* Goal: precision measurements on the oscillation parameters

* Goal: discovery of (still) unknown phenomena (CP violation,
neutrino intrinsic nature, neutrino mass hierarchy etc)
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1.5km

|
d

;/E'Elﬁkml'SK}

Largest uncertainty at peak
(lecation of y dizeppearance and
¢ appearance signal)

Studies show we krow this ratio
To less than ~ 2%. By studying

[T D L
extropolation from 280 m we could
*# | probably lower it by a factor of ~10.

d =} 1 W
O deleg L=km

Far Detector

Off Axis (2°)

MNeutrino
Source

@ ~Z2km away from the neutrino source we know F/N ratio ~ 2-3%




JF ir Far Detector
| (SK)

295 km

E, spectrum @ 2km

~ E, spectrum @ SK w/o
oscillation
- Uncertainties from Far/Near
ratio is smaller than ND@280m.

Possible Detector configuration ¥
Liquid Ar TPC L 08ag
Water Cherenkov

Same target & v reconstruction
algorithm as SK

Facilities for 2k is to be requested in Japan
Muon Range Detector after the commissioning of J-PARC facilities.

-




LAr technology in T2K
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Focussing optics.

LAr technology in T2K

ionizing track
10
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8r «— equipotential
curve
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wire/screen grid % 5 E =5 KVicm
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Sanse wirggi/ — gﬁ Screen wire
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, . ' : =— plane
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Distance across the wire plane

Detection of primary ionization in LArgon: 1 m.i.p ~ 20000 electrons on 3 mm
" High resolution calorimetric measurement of e.m. and hadronic showers
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J.Marteau
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Conclusions

The OPERA experiment has completed almost entirely
the construction of all electronic detectors and faces
the last (large) effort of brick production and insertion.

The data collection from electronic detectors and from
the scanning systems have been validated.

Ready for the full oscillation physics in '08.

Future neutrino physics will be oriented after the T2K
campaigns (phase-1/-1I). Looking forward for the
ultimate facilities (neutrino factories)
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The end
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canning rehearsal with bricks in NuMI beam :
PEANUT

78 94019

- Stop at pl06
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Scanning in Japan

Move _ammman . .
Objective lens
focal plane J

emulsion

view size=150umX120um
X focal depth Sum

|
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—— Vertex finding

| Scan-pack strateqgy tested on &8 GeV/c pions to produce interactions

2 Scanpzack: measure tracks on doynstrean plate AN W AR W

and follow pack to interaction point
(realistic test of performance in OPERA) --‘_-h-
| —i- _ — |
2 TotalScan around track disappearance -_|-" - -": y e o
points to confirm the interaction '.':
"\ _J /7 J | -\ 7 \ 7

1] /7 I
Scar-back tracks Inter-calibration tracks

- J (cosrnic rays,
plate to plate alignirment)

J.Marteau .
®h..
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Symmetricom XL-DC
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It was measured an offset of about 350
ns due to the antenna cable delays of the
LNGS units and mismatch in the geodesic
reference system.

In addition it was measured that the two
LNGS units differ among themselves by

Warm up (ns)

1

v)

<
~—

Time (s) x 103

the CERN and LNGS UTC
SYSTemS Wer'e Gble 1-0 .l-r‘aCk 320 Q 2940 440 S 200 oo Zl:ll:lz
each other within 20 ns Time (s) x 103 66
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