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@ Conclusion
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The CNGS Beam

Beam main features:

L 732 km
<Ev> 17GeV
L/<Ev> 43km/GeV
(Vetve) v, 0.87%
v 0
v, v, 2.1% 0]
v, prompt negligible y 04 in
; 035 N
t O,BI
@ Event rate : oz
(~1.7 Kton, 4.5-10'° pot/year, 200 days/year) s
0.15|
- ~ 6200 events/year (CC+NC) v uence,
+ ~ 30 events/day (CC+NC) 005 '
+ ~ 25 v_ CC events/year for Am?=2.4*10-3eV? N
L i ).
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Detector Concept W
M

- - _
Vu R LR ERRETN Vr_) T+ X w VoV,
oscillation CC ]
interaction h V’C neutrals
e Vr v,
OPERA: observation of the t decay topology | h*hrh- V_ neutrals
- .+ high spatial resolution
Decay “kink”,_ = - (micrometric scale)
......... /\
VS | |
I * nuclear photographic emulsion | combined to0 ECC
 lead farget (emulsion cloud chamber)
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The Detector

UH
iti
m

basic unit: br‘ICk - Based on the concept of the Emulsion Cloud

Chamber (ECC)

1 mm

- > - Sandwich of 56 Pb sheets 1mm + emulsion layers
- large mass for neutrino interactions
/%“H -high spatial resolution (6x ® 1ym, 0 ® 1mrad)
A -changeable sheets(CS) with emulsion doublett in
\i\ front for first check
Pb |
S 10 X,
emulsion layers plastic A
50um each ‘ /\
ECC = stand-alone detector: seeve

* neutrino interaction vertex
- kink topology reconstruction
- momentum measurements for hadrons N
(multiple scattering)

* n/y separation at low energy (dE/dx) \
- energy measurements for e,y /T?y m\
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Detector Concept

ECC cannot do:

- trigger for neutrino interaction :
- identification and momentum :> Hybrid detector
+ charge measurement

Electronic detectors: | Emulsion analysis:

Target Spectrometer Vertex, decay kink e/y ID,
4+ Trackers
mult. scat., kinematics
1 1HU — /4
— t' Pb/Em. brick Link to mu ID,
Xtrac '
| (i selected » Candidate event
= brick e Basic “cell” /
\
\
rmnnmmm
Pb/im. ] ———|
arget < L rRA —>
v muon ID, 8 cm N\ Pb Emulsion 1 mm

Brick finding charge and p
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= The OPERA detector

OPERA

lE%

Oscillation Project with Emulsion-tRacki Apparatus

3 Super Module 1
=- p

'ﬁ!l._l [ P
I\}]uon

Jec}rom ter -

B
o
R
E
X
|

N
o

«206.336 bricks =~ 1.8 kton

alternated to scintillator strips
«Vertical drift tubes for p p-measurement from deflection
through 24 magnetized iron slabs.

« Magnet instrumented with 22 RPC planes
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The OPERA detector

Super Module 1 Super Module 2
NG NG
l!!!ﬁ””" L ﬂu )| i _
Bl N illlllh. =0 G afl Aty
B | hxit L= | i
> SIRUNE oINS HEERE e | U TR, W "II: :;‘I
S R ] e NSRS W e , % L
=0 18 | il W L S R SK
; ! S IR | | N W I~
* | it ;gH
L 7% """"""" ‘:‘
Veto | Target tracker Spectrometer: All installed a.nd.r'urmin.g except:
BMS xPC. HPT, RPc, | © VETO commissioning in March 07
magnet + HPT/SM2 : first half of 2007
- brick filling is in progress
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Physics potential

U
.n.ﬁ
n

Olpleira with| belam

z upgrade a 130 %

t decay Signal :gwo bck relductiion
channe Background g
I 2.4 -10% eV? 3.0 -108%eV? s

R 0.23 g 20 Opera, with beam
TN 3.6 5.6 £ upgrdde (1.5)
T>e 43 6.7 0.23 N

[=19]

Opera with 30%
t—>h 3.8 5.9 0.32 bck reduction
t—>3h 1.1 1.7 0.22 40 o 3

: : —— Opera nominal
ALL 12.8 19.9 1.0 - 5K 90% CL [———1_ Opera nominal
20 |- E(L/E °“§°'Y5i5) 80% Target mass
0.05

Lo
0.2 oL2s (W

I
0.35

dmz (10E—2 ewkx2)

Main bacléground sources:
- charm production and decays

- hadron re-interactions in lead

- large-angle muon scattering in lead

full mixing, 5 years run @ 4.5x10%° p.o.t. / year
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for automatic stackin
~200.000 bricks

(dark room) operations start iri
tércn)c(ig'ground labs at LNGS (Ha

Hamburg 9.3.2007

Robotized parallel stations , _
g and packaging of
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| B) in
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@ Robotic system
& fill detector
@ extract candidate bxicks

@ 1 systems on each detecter side
@ Drums with 246 bricks delive

from BAM
@ ldentifies brick by barcode
@ Positions saved in database

Brick filling started !

~ 2000 bricks already in the detector

schedule:

week 05-09: 05 drums/week
week 10-13: 10 drums/week
week 14 : 15 drums/week

' Expected completion:
end of march 2008
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.....

7000m? in total (X,Y)
32256 sc. Strips 7m x 2.5cm x lcm
496 modules (4X+4Y per plane)
1000 MaPMT (Hamamatsu 64ch.)

Brick wall:
Mech. Accuracy <lmm
0.6% of target mass
Target mass per wall: 30t

B - R

| BN T TS T T
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Spectrometer

RPC with inclined strips

T id 1'oge1'her with TT (to sqlve PR ambiguiti_es) _ top view
* 4 momentum resolution with PT ¢ B el | e
- Ap/p = 25% (p < 25 GeV/c) -

- u charge misid 0.1 - 0.3% —

- shower energy "

II_|III|C’III|III| II|III|III|
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Total iron mass

1.3 Kton Drift tubes

* Dipolar magnet (B=1.55 T)

« 24 iron slabs, 5 cm thick + 2 cm gap

* Gaps instrumented with RPCs with horizontal and
vertical strips with digital readout (inner
trackers)

« 6 vertical Drift Tubes stations with 0.3 mm
resolution (precision trackers)
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Inner Tracker

Resistive

akelite
t
s iatore ttone;
: \ grafite
PET DOA X strip

Ground plane)

cosmic ra efficiencs{ map for 1
chamber Zat surfacel!)

e ——

120

100 [FEEESSEEEEIEES

T po— e T . Pt R S I SRe
. 462 ( bakelite RPC) + 42 (XPC) x 2 ~ 1000 R et -
. tot. surface: 3326 m? o I _GD zo _50 _mo : S0 o0

efficizncy map

. digital channels: ~ 27000 - :
T O, T s e, 0, S R,
. strip pitches: 2.6, 3.5 cm (Vert, Hor) os [ oe [

o Front-End Boards: 468 ‘ ‘
« Controller Boards: 52 N :
. Gas: 76%Ar+20%TFE+4%Iso+0.6%SF, N TSI [ AT
. 8 kV/2mm

»oaff, Z eff.
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Precision Tracker (PT)

o
@ determine charge of muon

@ ~10000 drifttube

@ 8m long without wire support

@ 80% Argon + 20% CO,

@ In 6 planes per SM with 4 layers each
@ Single tube spatial resolution 350um

L

‘.'f.'
T

For details on gassystem and slow control see other talks
in this session by Torben Ferber and Christoph Gollnitz
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Status PT

43 Mass production @ 200 modules needed
-é ) @ 180 ready by now
5 Shued -[182glued @ SMI1 ready and commisioned
! Al @ Production finishes in may
il ‘/ hollday 19 @ Completion of SM2 by the end of may
so / ><-.~.a —h R - s
s e
0%Lili,day ‘05

0 40 60 80 100 120

# of weeks

Mass production Hamburg
done by technicians from
ITEP(coordination Yuri
Zaitsev)
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PT performance

ﬂ Mor‘e ‘rhan 99% of "'he "'ubes in SMI |_drifttime , corrected for cable length | aggigsdnﬂ%;:%lz
are working

@ 0.45% noisy
@ 0.28% dead

9 Reconstruction running stable for MC  «
and real data

1200

10001

o o ria= R = ey L
9@ Single plane resolution ~ 500um S
|_residuen of used digits | hist_residuen [_probability of chi2 beeing larger for N=2 | hist_chi2_prob2
Entries 12175 Entries 2930
= Mean -0.003485 200= Mean 0.4732
RMS 0.05131 = RMS 0.3471
250— 180
B 160
200—
= 140
L 120
150—
C 1000
100— s
- 60
50— 405
B 20f
ol il P ST S| (T

1 S S M
preliminary
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Event in HPT

harizontal projection
506 [Evant Number 51722
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UH
Summary of August Data i
M

@ beam verified and electronic detectors comissioned

@ The life time of the DAQ + detectors > 95%.

@ 319 events in time with the beam (trigger + >20 hit):
2 On average (42 + 2) -10-17 ev/pot

- These number are not corrected for GPS and DAQ failures which
affect the first half of the run.

@ only dummy bricks in detector
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Origin of beam events i
m

rock Target Area
muons :
prelim.
Spectrometer 1 Spectrometer 2
68 %o 1% 11% | 10.3 % 7.50%

Tos% > <_awm o

uncertain : 8.5 %
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in rock (rock muon)

TOP VIEW (Horizontal projection)

| Event Number 709821 i
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TOP VIEW (Horizontal projection)
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vee iIn Magnet

UH
ii_i.
n

TOP VIEW (Horizontal projection) | Event Number 546133 |
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: : UH
vne Canditate in Target idi

TOP VIEW (Horizontal projection) ’ Event Number 1468569 |
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TOP VIEW (Horizontal projection) |_Ev oni Numbar 2 d&ﬂ?jﬂ
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Beam Direction: August run

Zenith angle of

muon track

v

Taxc

August Run result:

<0>=3.4+0.3

Select events around beam (0 < 6 < 0.15 rad) direction and check if there are on time

Hamburg 9.3.2007

events

10°

'HJE.

dlata

y

[ ] cosmic MC

.rl
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OPERA

<> =

Yiid.olf. = 277122 W,
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-80
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: : LHH
Time synchronsation T
m

Event selection by using 6PS timing informations |

Searching events in O(ms) windows just yields a narrow peak of the order of the spill
width (10.5 us) with practically no background O(10E-4)

105 pus 10.5 ps

Zoom on the spill peaks

Z100p =
5 Extr.1 Extr.2 g =

80|

ToF

B0 50 ms

50
CR packground — -
30
20
10
o —4000 —2000 O 2000 4000 10000 -5000 O 5000 10000 15000 20000
At first extraction (ns) At closest extraction (ns)
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Momentum

Measured with RPC only

p" with global it initialization (KARISM). RPC only. Spec1+2| p_ini_dis
Entries 271
C Mean -4.12 T =
40— RMS 11.75 = -3.2;-—
= =1 143
35— 335 ol
o H ,;i
E . -3.35 |
30— I E
R prelim. aet
251 u 345 2—
E a5 JE
20 :— 355 E_ ',iﬂ'i
= E RSEE
i R =
15— = ] I L I |
[ aQ 1 2 3 4
- z(m)
10
E EVENT 1073
e £ 18 rhosinmas
IS " piKanan) = inf I
EMz=z2
0 1.8 il 1 T
50 -40 30 -20 -0 0 10 20 30 40 50 = il
p* (GeV) -1.95

Chargeidentification will be much better ..
with the presision tracker SPT) .
— misidentification 0.1-0.3%

'i‘ [
gttt

~ global fit

&

III}IIII|IIII}IIIIlIIII}IIIIlIIII}

Hamburg 9.3.2007 Bjorn Wonsak 28




Normalization check: v .. in the magnets

U
i_i_i.
n

* Trigger + On Time + mu Id (> 10 RPC plane) + vertex in magnet OR first 2
TT2 + fiducial volume cut
* N0 x2cut on muon trk

| topFold.Run Event.EventHeader. (Y. topFold. Run.Event EventHeader1Z | | RtanBcl nOTnc ut | RtanBcInOTncut
c00= Entries 36
B Mean 0.03
o0 14 RMS  0.09695
o 12~
al. 10—
--15;0' I-‘1l;0ill ‘ I-S;Jd = 6 = ‘S(IJOI = 10|00 I 15‘00 = B:_
August + October °F
Data = 36 + 6 evt. -
MC = 29.9 evt. dr
October only: L
Data = 1 £
MC = 2.2 95 0 01 02 03 04

vert. angle (rad)

* voc IN Magnets selection efficiency 52%
very pure sample, NC contamination 4% (1,1 event)
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X (em)

TOP VIEW (Horizontal projection)

Top view (horizontal projection)

[ Evenibhmmfiber 3457962| & -1/
wni_ X E
300 = o
200 = . g L, ) issssfas el o W E
1005— ‘: ' reo-:
(IE— . 300 350
-1005—
-zung .
300 = 10 m g
400 =—
50 T T N I | R a—
b )
X (micron) e | 0 TS
30 1m
\ P e
10 c - .
Muon track *One target wall partially instrumented with
in emulsion ~ dummy bricks with real Changeable Sheet
~100 0 100 200 Z (micron) (CS) doublet to test the Target Tracker to
Y (micron) : = ' '
mlcrogo 15t emulsion Brick connection |
< sheet > » Muon tracks predicted by target tracker
] c
—_ S 2o found in th(_e CS doublets. o
10 < sheet | =  *Angular difference between prediction
al | and found track <10 mrad, dominated by
100 . 100 200 Z(micron) electronic detector resolution
100 pm
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Target Tracker - CS connection

Changeable SheeT (CS) ) TGP VIEW (Horizontal pmjacticlnjvm

400

200

100

-100

A
\
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200 ./‘*.:.._":."-
300 ﬁ f,:"‘fv
SIDE VIEW {Verticale projection)
;-E suaz: o*

2002_ ,fr /
100 - "
E - .
k- o a7
-1uo§— /:/ -
-:mo;—"f *

Confirmed frack Predicted track position +

position search area
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5 October run

@ Oct. 26™ at 8.00 <-> Oct 27
at 11.00

+ due to a water leak in the reflector
@ 1.2 10'3 pot/extraction (1.7 in
Aug.)
@ total 0.6 10! pot (7.6 in Aug.)

3 1 event with OPERA + Borexino
coincidence

@ First bricks within Detector

Hamburg 9.3.2007 Bjorn Wonsak
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Momentum in the emulsions (Oct 06)

UH
iﬁ
n

@ Track found in CS
& Brick exposed to cosmics

@ Cosmics with p>26Gev/c used for
Alignment

@ Momentum for track and spectrum of
cosmics measured in emulsions by

160micron

CS doublet

multiple scattering (angular method)
600micron
. U prelim.
i osmics with p>2 GeV/c
used for local alignment
00; S T p — (64 +12 '09) GeV/C
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Borexino coincidence

One event in common with Borexino during the October run:

1 2909 11300 122 1161868864342099968.000 2407.000
Evt 736526 1161868864344498530 332 49997802 4074

Horizontal muon, 4074 ns after start of second extraction
Considering the TOP of 2440079 ns
The event should be at 2440 + 4.07 = 2447.07 us

Found in Borexino at 2407 pus , 40 pus missing

'OP VIEW (horizontal projection)
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2007 CNGS run: Draft it

pcleriga 1112108

N
2007 Accelerator Schedule

Approved by the Research Board 29 " November 2006 ) . ps S P S p h y S I C S r u n :
Mai G O Start: 26/5/2007

WK 1 2 3 4 5 6 7 8 9 w [\ /] 2 |l 13]
T T T End:  7/11/2007
— Linad2 HW psgf
We . Tepts Machife
i [Shthelowm | [ [ .. . i
-
Sa
Su
PSB Start Elij;;gem‘ d Wiaglaaar:n wﬁest:a% SPS Start
;;:Baam \PE;;,‘; / E;;;%:a” \ Mayv-'i}h Beam
Wk 14 | 15 | 18 17 [ 18 || 19 /] 20
u lachine 1 May
LT et A » 141 days of physics runs, excluding
o B :
R P R Bl machine development.
u

\,, S R TE ‘ s restoring of CNGS beam at the

T o T T beginning of the physics run

o el B = TR e This year OPERA will get something
= between 1.6-101° p.o.t. and 2.1-101°

End of Physics,

AD Stop G Stet SPS, PS, Isolde. CFT3
with Beam . nTc')F N
\ Nov p . O .t .

Wi |

vo | I [

We

Th ':; II;EE.

- ([

Sa b 8BS

su | 7 B
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Plans for 2008 I
| g |

2008 Accelerator Schedule

Dl'ﬂjli g 1 23an  s0E PJsa Sart :uE. ;I.::n Beam : 28 Apr' - 2 1 Dec
Wk Jar: Fi . 3 4 : B Fjb 7 - : * @ 1 ‘M':r ::I il . 12 : :II 2 3 8 days ( 1 96 for CNGS)
T L ,
o R 4.4F13 p.o.t. extractions
m I — W | o

= 80% machines efficiency

Supercycles:
s, -LHC filling (15%)
0 CNG6S
*LHC setup (35%)
2 CNGS 22.8s 1.83E19 pot
‘FT (50%)
3 CNGS 39.6 s 2.26F19 pot

clel | ERIEIE

TOT. 4.0919 p.o.t.

It will be a long run !

I He: Fasics
[ He: Machine Duve kgseni
[N He: Sestup with beass
[ hne Tocsmicai sicp
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: UH
Conclusion Opera i
m

@ The main aim of the OPERA experiment is to
unambiguously confirm/disproof the v, < v atmospheric
oscillation channel

@ The low intensity CNGS run 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

@ More than 300 in-spill events have been recorded with a
clear time distribution

@ The incoming angle of the neutrino beam has been
measured and found in agreement with the expectation

@ Electronic detector to changeable sheet connection tested
with success

@ The detector is ready for the next phase: observing
neutrino interactions inside ECC bricks
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Conclusion HPT

@ SM1 installed and commissioned
@ More than 99% of channels running smoothly

@ First reconstruction results in good agreement
with expectations

@ Alignment needed to improve resolution
@ First Momentum measurement next month

@ SM2 will be installed and ready at the end of
May
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