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1. The OPERA experiment
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; The CNGS project

= Search for v, appearance in the CNGS v, beam C N
= Validation of the v, — v, hypothesis

= in the “atmospheric” sector
'- Secondary oscillations v, — v, search
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Gran Sasso
underground lab
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2 contradictory requirements:
» Low X-section = high mass
» High granularity

¢ signal identification

+ background rejection
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e Events topological signature
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Target : tons, running

» 30 000 neutrino interactions

- ~150 = interactions
- ~15 identified
- < 1 background event




== Nuclear emulsions technology

“Emulsion Cloud Chamber” (DONUT)
56 Pb + 57 emulsions sheets
Emulsions : spatial resolution
Compact and modular structure

CS doublet for event prediction

— = v Interaction
From NUMI exposure

2 emulsion layers
(44 pm thick)
poured on a
200 um plastic base
v interaction vertex search
kink topology reconstruction
MCS momenta measurement
gMarteay ~ AE/dX €/m separation at low E
~~~~~ ... e id. and e/y E measurement




i

L%
F L T

e

== Bricks elements & productlon
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S Bricks finding & manipulation

With bricks one builds walls...

_ ﬂ“““‘!-a--, 3L | E 1 target layer is made of:

Mtf: 1 e _ 1 brick wall (52x64 bricks)
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Blg(ck Manlpulatlng System
f (BMS). -

1% brick wall under filling




= The OPERA detector
QOPERA
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— Spectrometer Target Section
BMS * RPC-XPC, 3050m2 * brick walls (62 walls, 206000 bricks)
Veto * HPT, 10080 7m tubes * scintillator target tracker (5900m2)
Glass RPC, « ~2ktons Fe
~100m2 - Dipolar magnet 1.55T
= T.T.: , heutrino interactions localization , kinematics
m  Spectrometer : , charge and momentum measurement 8
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@. " Bricks: id., decay search, , €/m sep., e/y E meas.
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The OPERA detector con_structlon

- -&s embly frame for vertical slabs
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Today : all electronic detectors
commissioned and running since '06
except Veto (march '07) and HPT 2™
SM (1* half '07)

General DAQ and GPS clock
distribution running

On-line software and DB schemes
commissioned
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2. Data taking and analysis
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== DAQ general features
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The basic “element” of the system is a
daughter board (“mezzanine”) embedding FPGA, FIFO, p—processor (AXIS)
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This software is completely object oriented and uses the Interface Description
Language (IDL) to describe the distributed objects independantly of the 1

JMerteal - nrogramming language. InterORB protocols guarantee interoperability
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=~=2 Clock distribution & network architecture

OPLRA

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

: bt
SMI1 _ ' W
/ / ;

Optical fQ‘er

QRACLE D B. Server & replicant

(receives the
GPS signal from the
Outside anienna though

a 8km Opti al ﬁbCI;l?é CISC0 2830 yi ™ SCO 3750
— > e aatt '-'i- —uid




== On-line software
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CNGS DB
(Oracle) U

E Gatewa i *Alignment
: : : 1 Eventiasssss > » *Data analysis
! DB | » Time coincidence between  ISNEIR ' *Brick finding
subdgtectors (merge sort) |
« Event classification wrt the i
Jbeam UTC i
'+ Event header production i
i
CNGS \
Earl NN Bea *Connects the BMM
arning . *Send flagged
] cycles
. P > *Oracl <
*Decodes CNGS dertes S Oracle
. ates
early warning
*Flag the DAQ cycle -
wrt thebeam % /U~ e T =
N . = =~ ~
. ~ . : .
/ ~. ~—
~. - I
] ~. ~.. -
TTdac N . HPT(
*X-Y coincidence *Majority trigger °Tr1gge; .
[ -R coincidence *Same DAQ for c;oss—c ec .d
*N planes coinc? RPC-XPC-VETO 1 ests procedure
+992 sensors *54 sensors *105 sensors
N 4 SN 13
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S Off-line emulsion scanning
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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).
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Off-line emulsion scanning

®  Tracks reconstruction by analysis of ~16 “slices” per emulsion
m  Jdentification of “base”-tracks (both emulsion sheets)
®m  Scan back of tracks in successive emulsions of a brick

+ ‘Fieldlof view!

) | 2DImage
N | processing

J.Marteau [l
RN Scan-back re
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3. First neutrino events
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= August '06 run

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...)

' B Beam side informations :
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Usexr: SFTPRU
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s=s from 9:30 for
Ho beam during this time

I MD + CNGS fire
/1 alarm problem
!
I

I
¢ days MD

+ problems

Phone 70484 or 77500

&5 & 1188 1184 3 TER A 1188

Unix time (ns)

< 18/8/06 13:40

Machines efficiency ~ 65%

17358 1154 T3k 11304 1206 1568

Unix time (ns)
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Timing Issues

Events selection from GPS time information : Tgpera =(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 the spill peaks

1D_— 105 ps

spill lepgth

Q
—10000 5000

0 S000 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
~Tcomemence (Eyp- 200ns)

J.Marteau

Time difference between consecutive hits

x 10
Ar (unir = [0ns)




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

I
~ CC event originated from material
in front of the detector
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CNGS vs cosm
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Beam events:

Reconstructed from RPs

| cosmic MC

S

e L —

~horizontal tracks

=

J.Marteau

@,

ET=E

yid.of, = 27742

)
2 o
m-
- 1

e

T

40 e0 80
vertical angle t:'lareea




October '06 run

TOP VIEW (horizontal projection)

£~ OPERA 2D display
Edit Wiew Options Inspect Classes

Event Number 998032
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SIDE VIEW (Vertical projection)

TOP VIEW (horizontal projection)

le Edit View Options |nspect Classes

TOP VIEW (horizontal projection)
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X (cm)

October '06 run

TOP VIEW (horizontal projection)

[ Event Number 1064775
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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

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.

Brick

CS Brick Cs

Side view

Ton view

Details of the CS scanning
showing the reconstructed grains.
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Conclusions and perspectives
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= Physics commissioning run in 2007

Lo = '06 runs allow to commission the ED, DAQ & GPS systems, interconnection
with CNGS, ED-bricks extrapolation, brick processing

= Meanwhile BAM & BMS ramp-up to expected production rates. 112Kbricks
should be inserted into the target by Nov.11" (end of SPS program).

The target will be filled by April '08.

Running in '07 is mandatory to : 3 CNGS cycles, SPS supercycle 39.6 s
* Complete the commissioning of B

the 2 spectrometers

* Finally align the ED

(~1000 tracks are needed)

* Tune the BF algorithms and
measure their efficiency

[=n]n [}

+ Valid the CS and brick scanning [N/ +:ru~;§f B
strategy —7 1052 __

* Tune and evaluate the vertex o= £ 1000 brick

finding methods (around 1lkevts JECESRGASEIEIIL:

in the bricks expected,
~20 charm events).
2007 schedule not yet finalized :

D 10D T 00 dnys 0

I SO0 aon y
Start up around September? Total n. of interactions Integrated p.o.t
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Sensitivity to sin?2613

m 5vyearsrun @ 4.5 101 pot/year
®  Assuming full mixing and Am?23 = 2.5 10° eV?

systematics
S —
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== Conclusions

L T

_’?he 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 during the
2 beam runs in '06.

After the CNGS repair campaign a physics commissioning
run is required for final tunings while completing the
filling of the detector

Ready for the full oscillation physics in '08.

J.Marteau
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The end
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===  OPERA nominal discovery potential

®m 5 years run @ 4.5 1019 pot/year, assuming full mixing

90 /o CL

: 5K 90% CL
" ” -(L/E analysis) -

Numberoftevents 8.0 12.8 19.9 background: 1.0 -> 0.8 events

28
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~Seanning rehearsal with bricks in NuMI beam :
PEANUT
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~Seanning rehearsal with bricks in NuMI beam :
PEANUT
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~—=  Scanning in Europe
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* 25 microscopes already working
*+ 11 labs (Bari, Bern, Bologna, Lyon, LNF,

LNGS, ?apoli, Neuchatel, Padova, Roma, Salerno)

9
y
* Scanning speed in area scan mode: 20 cm?/h/side
- Base-track transverse precision):
0.3 ym (tan6=0), 0.3 ym (tan6=0.7)
- Base-track longitudinal precision :
0.3 ym (tan6=0), 0.7 ym (+tan6=0.7)
* Microtrack finding efficiency (depends on track slope):
> 95% (average value)
- Fake base tracks (tan0<0.4): < 1 fake track/cm2
* Scanning speed in point scan mode

(excluding plate change / intercalibration / recalibration): 1.2 s/prediction
( 15 min/brick for 15 predictions, 1h35min/brick for 100 predictions)

31
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Scanning in Japan

X

Move ' - \ _ )

3 Ob t 1

focal plane jective lens
: emulsion

#1

' E_[moum

view size=150umx120um
X focal depth Sum

] SRS HY
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S Vertex finding
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Tl L) =) 7~ ) e ) s ¢ @) '~ v i A~ ¢ N Tl Y = ~ )
Scan-pack strateqgy tested on & GeV/c pions to produce interactions
2 Scanback: measure tracks on doyynstrearn plate AN W SR I
ainid follow back to interaction point X ii
N . , Y | W Y A
(realistic test of performance in OPERA) ) E
I . e .
2 TotalScan around track disappeararnce I A S -
points to confirm the interaction : -
1 | /74 — \ 7 \" 7 |
17 /7 T |
Scan-back tracks fflf&’FCE///‘f/ij/ffOf/ tracks
I N |/ A (cosrnic rays,
plate to plate aligrirment)
LA S A -
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- Ex -
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Summary of alpha measurements

F PbSb 2.5% (A6 plate) PbSh " PbCa 0.07% (A3 disc) PbCa (O 07%)

[ 47+ 1 countsicm®/d (E: 4 to 6 MeV) - 1 +< 1 counts/cm/d (E: 4 t0 6 MeV)
[ Addition of four measurements Addition of five measurements

-

” IMIIMIMNIH I;HJHU MHIIMIII IHJ}ML ] | . H'J!M . g l 1l | HMU MM WMW MMWMM ]\ MM M'M NI

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Energy (keV) Energy (keV)
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==~  Summary of alpha measurements

.

Sbh Ca
& H SBSil
® ® CR39

Activity (counts/cm /d)

Mo
o

r
PbCamll.07% (A3 djsc
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It was measured an offset of about 350
ns due to the antenna cable delays of the
212 LNGS units and mismatch in the geodesic

_’_ MWMWWWWM WA
reference system.

_Ho/
plaTeau /f In addition it was measured that the two
= LNGS units differ among themselves by

the CERN and LNGS UTC
systems were able o track

: . 2 0 00 ; u-:_l. OO aoco oo ::-::E I::;:I;:.Iﬁ-
e .each other within 20 ns Time (s) x 103 37




