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e Nuc sion analysis

e C ults

e Conclusion
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The Oscillation Project
with Emulsion tHacking Apparatus

O PERA

Long baseline experiment searching for the v_ appearance in a pure
v, beam

CNGS beam, <E> =17 GeV, L =732 km

Hybrid set-up (nuclear emulsions + electronic detectors)

Detection of v_ CC interactions and direct observation of © decays

!

Provide an unambiguous evidence for v, — v_oscillations in the
parameter region indicated by the atmospheric neutrino data

WY Ve nic e, Mawchiv/am2iny,
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“OPERA

-

All the experiments indicate v,—v,
dominant
oscillation mode.... ' '

but still missing:
direct observation of
oscillated v,

WEDYT
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i Expenmentalsignature ofthe v, appearance

CC interaction -~ -
v, I - B V.V, B.R.~17%
Rscillaticg h v, n(r°) B.R. ~ 50%
ﬁ e v, v, B. R. ~ 18%
The challenge is to distinguish v,
interactions from v, interactions _ T TV, B(°)  B.R.~ 14%
Vu ........................................
V
A\ £ Topology selection:
U
Decay “kink” v kink signature
Vil . ........ /’C\
K x
Vo
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Crc

signa

backgrou

Nuclear

What the brick cannot do:
 signal a neutrino interaction
* identify muons

o 72007 . l




Installation started in
May 2003
First observation of CNGS
beam neutrinos:
August 18, 2006

(2

= June 2006 B 1L

4

Ve nic e, Maiut

Target
31 lead/emulsion brick
alternated to scintillato

T T, to select the brick
containing neutrino inter

S,

n

momentum meglsureme




BickThrget

e Micro-metric space resolution (emulsmn)
e Compact and modular str

rget mass (lead)

Brick (basic unit)
56 Pb plates + 57 emulsion films

wall
52 x 64 bricks

Emulsion film
2 emulsion layers (44 um thick)
poured on a 200 um plastic base

1

10.2cm

P

12.5¢cm -

/

CS doublet (connection T T- brick)

two double refreshed emulsion films,vacuum e .

packed and glued onto the bottom of each Total target mass : ~ 1300 t

brick (~200000 bricks, 12M emulsions and Pb plates)

VIV Ve nic e, Maro ity 9




Bric k Assembly M e

s will pile up bricks

at te of ~ 800 bricks/day

BAM at LNGS ‘==

—

p—
L

IVIEIVT:
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10



BzickManipu]atorSy.m

| Robot for brick insertion (target filling)
and removal (during run)

"*Q s Brick %".
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Spectrometer

H:
Al
!

'I‘
\

Target Tracker

\|

|

+ Brick Walls
1

- e
The selected brick is removed

from the target and, after CS o
measurement, exposed ' Event location

to cosmic rays (alignment). Decay search

Emulsions are developed and | Particle ID and kinematics
sent to scanning stations/labs Event classification

WYL Ve nic e, Mawchis/a2ily;




Automated microscopesfornuclear
e mulsio ns

~ 30 bricks will be daily extracted from target
and analyzed using high-speed automatic systems

European Scanning System S-UTS (Japan)

scanning speed ~ 20 cm?/h

High speed
CCD Camera (3 kHz)

Piezo-controlled
objective lens

\maae
Hard-coded algorithms [§ = Synchronization of

4 T4l objective lens and stage

Customized commercial optics and
mechanics + asynchronous DAQ software ' v . -

WENYI Ve nic e, Mamshinyam2liiy, 13
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YPERA

base-tracks and fitted volume tracks

20

angular residuals between

Mean  0.0001

0 0005 001
longitudinal angular resolution (rad)

Entries 427
Mean  0.931
RMS

eff. scan-back

position residuals between
base-tracks and fitted volume tracks

Entries 4611

Qlw
@



Automated Vertex Search

1) Cosmic alignment
2) Scan Back

3) Vertex analysis

Passing-through
tracks rejection

Track segments found
in 8 consecutive plates

Vertex
reconstruction

WY Ve nic e, Mawchivyamzi0y
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mult_MC_mse_rec

Entries 264

Mean 2.792

multiplicity



OPERA

‘ sl_y distribution I

g
:

Entries 150

Mean 0.03074
RMS 0.2277

data

12

10

| slope y (MC mse rec) |

45 Entries 747
Mean 0.003204
RMS 0.2583

40

MC

35

[ T T T Y T T 3“
5 -1 -0.5

25

20
15
10

-0.5 0 0.5 1 1.5
sl_y (rad)

iJ'l IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
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Reconstructed vertices

Vix 502114 Vitx 502160
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GRAN SASSO

rock thickness 1400m (3800 m.w.e.)
cosmic muon flux: ~1/m?/h
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The CERN Neutrino to Gramﬁ.asso beam
CNGS
el

400 GeV/c protons (CERN SPS) on graphite target
v beam produced in the decay in flight of secondary n, K’s
in 1km-long decay tunnel towards LNGS

oplimized for appearance

CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

<Ev > 17 GeV
(Ve + V)lv, 0.87%

v, lv, 2.1%

v, prompt negligible

06 /2003
CERN-AC-DI-MM

4.5%107° p.o.t./year,
200days/year
g =159% shared mode

WENYI Ve nic e, Mamshinyam2liiy, 20
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5000
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3000

Enin]v

1000

gl
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MD Monday
+ recent
problems

2 days MD
+ bad restart
on Friday
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i 782%km_ __ . - — —
- — — — — — T T neutrinobeam ——>
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Top view (horizontal projection) f— Top view (horizontal projection)

| Event number 3435880 |
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Side view (verical projection) Sida view (vertical projaction)
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Top view (horizontal projection) [ Event umber 546133 & Top view (horizontal projection) [ Event number 1468568 §
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Sido view (vertical projection)
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2C

<0>=3.4%0.3 (statistically dominated)

<= = (3.4 = 0.3)
Pid.of. = 27.7122

avents
T T T

10°

10

-80 -60 -40 =20 0 20 40 60 80
angle w.r.t. horizontal direction (degree) -

Ve nic e, Mawchi/00y,

| atan(b)*180/3.14159 {b!=-1000} |

24
22
20
18
16
14
12
10

8
3

Number of on-time beam events

Entries

htem

3885

D‘IIISIII
degrees

registered in the August run

rF

= Mean 3.415
= 1 RMS 5.165
c D
/ Lo n o ol | R B |

5 10 15




N

very preliminary

p" with global fit initialization (KARISM). RPC only. Spec1+2 p_ini_dis
Entries 271
Mean -4.12
- RMS 11.75
8! RPC data only




In the August run:
one target wall was partially equipped with dummy
bricks with Changeable Sheet (CS) doublet, to test

the Target Tracker to Brick connection

TOP VIEW (Horizontal projection) vt Nimher 3487963

i
aaaaaaaaaaaa
i
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Event number 4379516

250

Side view (vertical projection)

Muon track

in emulsion
—-200 -100

Z (micron)
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". Microscope reference frame

Differences between TT- CS :
1 cm in position---15 mrad in slope
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dsy counts
Entries: 34

Mean Value: 0.002
BMS: 0.011

Mean Ft: 0.000
Sigma: 0.011

Entries
Mean x
Meany -(

43.4

dsx counts

Entries: 34

Mean Value: 0.005 |
RMS: 0.011

Mean Ft: 0.007
Sigma: 0.016

-200 -100 200 300
micron

-0.04 -0.03 -0.02
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" OPERA

Starting October 25th in the morning
Stop October 27th in the morning

L
-— :

——

Found a leak in the closed water cooling circuit of the reflector:
broken the insulating ceramic part of the most downstream
tube connecting the outer conductor with the water drain pipe

'

IVIMIVIS Ve nic e, Mawohivaiy



I . 2 RA

Most optimnistic scenario!
No contingency...

Reflector Repair Schedule

Start testing with
spare horn in BA7Y

DaREGRAE

Horn/reflector
ready for heam

May June

we | e l] s -!I“IIIIIIEII“IE-'JE.“ ﬂ.'l_._..__...._

i | :
£ --i }" Al

worlk for horm

No contingency in the planning
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OPERA

TOP VIEW {herizontal projection) Event Numbar 1068775

SIDE VIEW (vertical projection)




1 candidate found by automatic scanning
in the CS doublet
(confirmed by visual inspection)

TT-CS differences:

DX(cm) DY(cm)
-0.550 0.0415

DSX(rad) DSY(rad)
-0.0166  -0.0248

&
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™
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Brick Edge

Rock Muon
and
Cosmic

Tracks in the brick Tracks in one emulsion sheet
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Entries 661
o | ndf 52.35/16

396.5 £23.0
2.05510.025
-0.1772 £ 0.0080

22% resolution
with 5 X0

2 GeV pions

7
momentum (GeV)




OPERA
The extraction intensity is limited to 70% of the nominal intensity due to beam losses,
mainly at the level of the extraction from the PS

The problem is more acute for the CNGS running, because it requires a high intensity
beam

For 2007, in order to « survive », some fixes, which will allow the lost beam to be dispersed
over a larger area, are foreseen. These should allow us to run in stable conditions with
limited intensity for a long period

O.
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Beam distribution after 7300 turns Beam distribution after 16500 tums
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start of the | end of the | Integrated | Bricks with
run run .0. interactions
26/5/07 11/11/07

3 CNGS

A

1 CNGS

due to the lack of funding in Japan, 20% of the emulsions are missing
for the time being, maximum number of bricks to be produced 170000
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not only neutrino events but also rock muon events




The OPERA experiment has been designed to unambiguously confirm/disproove the
v, > v, oscillations

at atmospheric Am? scale using a complex detector combining visual and electronic
detection techniques

In the August run, the low intensity CNGS beam operated smoothly for both beam and
detector with good quality and stability

The electronic detectors of OPERA took data almost continuously (95% live time) and
with the expected tracking performances

319 neutrino-induced events were collected for an integrated intensity of 7.6 E17 pot in
agreement with the expectation of 300 events

The zenith angle distribution for rock-muon tracks was measured and found to be in
agreement with the expectation

The October run was unfortunately very short due to a leak in the water cooling circuit of
the CNGS reflector: in about 24 hours we recorded 30 events

The first event detected in emulsion was analyzed: the momentum was measured in the
emulsion and found to be in agreement with the spectrometer measurement

Ve nic e, Marchitya200y, ’
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The detector is ready for the next phase
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