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Flight Distance
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2kton Detector using Nuclear Emulsion
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The road to OPERA Cern Neutrinos to Gran Sasso

CNGS des'g*noPEFiA proposal

DONUT ‘ < CNGS >
CHOO

Soudan-II Kamland
Zenith Macro

SNO-I SNO-II
/4 K2K-I K2K-II T2K

First LBL
atmospheric neutrino anomaly: deficit of v, (and not v_) with
zenith angle dependence: OSCILLATION !!!
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OPERA task provide an unambiguous evidence for
v -V _ oscillation in the region of T

atmospheric neutrinos by looking for
V _ appearance inapurev A beam

-2

10

- Exclusion plot
<
_\J»‘:f B SK+K2K+CHOOZ
' +MINOS 2006
- OPERA :
=) (16.26.3G)
N; L (90% C.L.) 2008 MINOS results:
< <- A m,2= (2.43 £ 0.13) 10°eV?(68% C.L.)

sin?28 ,, > 0.90 (90% C.L.)

L ' J.Phys.Conf.Ser.136:022014,2008
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A hard path towards appearance ! Vv

 Nature has been kind with us since it provided
sources where oscillations are a leading effect:

atmosferic v, disappearance (oscillations discovered)

|t has also been a bit malicious:

At solar scale, you cannot see explicitly a v.—v, transition through p CC
production: no natural (Sun) or man-made source (rectors) are beyond Efet
the kinematical threshold for u production £

At the atmospheric scale you have powerful v, source (atmospheric,

artifical beams) but... v —v, transitions are suppressed (“9,; dilemma”). We
must resort to looking forv -v_!

i
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At long baseline (small A m?) seeking for taus on an event-by-event @
major engineering and experimental challenge:

- Itrequires a beam O (10) more energetic than any other LBL (m !))

e It requires a fine grained far detector O(100) more massive than its short-
baseline ancestors (kton-size i.e. CHORUS)

11/05/2009 A. Longhin 5)



Nuclear emulsions: a “curriculum” of discoveries

Unique tool to “see” the decay short-lived particles

1896 : radioactivity Bequerel U salts

1947 : pion Established technique

discovered in cosmic rays o T R Py T
1971 : charmed mesons kg 8. 15 o

Pb + emulsion sandwich
formerly seen as ‘X-particle’ in
cosmic rays

1985 : beauty mesons

WA75 hybrid experiment

first observation

2000 : tau v DONUT “beam-dump” exp.

¥

Eypo' o Mt & .;) o o dothn 001 o

(ogve]

Q

nowadays /
Large scale automatic : ————__8
Scanning 350 GeV/c e

+ massive targets B

T decay searchinv_¢©

— —,
o S

~ “zero background” exp. small statistics is acceptable

Further experience of E531, CHORUS
A. Longhin 6



The v_appearance challenge

— V_ -— CT = 87 um .,az ................. wanap DH ....................
/' ﬂ . [ R I I )
/

T / ik T=>HV . V, 17 %

_____ o M 1=ev v, 18 %

Ve T decay topology T = hv _ n(xn° 50 %

Kink signature myiti-prong T = ©'nn v n(n’) 14 %
=t decay length kink angle

“Emulsion Cloud Chamber” detector
reconciles two conflicting requirements:

¥ N

» Large mass N_ O (Am?)2 M

target

» High granularity: (~ um res.)
O(1 Kton) for Am?=0(107eV?) signal selection + background rejection

11/05/2009 A. Longhin 7



Target I 1. spectrometer
Trackers

T h e 0 P E RA Way ?argefinacker (TT)

Pb/Em. l
target Extract bricks according to %
o electronic det. prediction
neutrino beam
Pb/Em. brick o N4
M 2GC .
""""» | thickness 3mm i ‘
c --____/ - |
0 I Spretted, Basic “cell” V.
Tl 'f;ﬂ"”
a888 qg““I /\ (Donut)
4 - \
. T N \
A “hybri etecto \\ |
L] U ]
v %i
: _ ‘—’1 m
Electronic detectors 3 cm b Emulsion
detect v interaction, brick finding Emulsion detectors:

modular structure of 150000 ECCs
mass industrial production with

based on the only proven technology (DONUT) to 9" Standards _
identify v . on an event-by-event basis FAST-AUTOMATIC scanning

(nucl.emuls.&lead driven by real time detectors). vertex search, decay search, e/
A major engineering achievement: brought such ID, event kinematics

technology to an immense size (1.25 kton) .
comparable to the Mt. Fuji height ...
11/05/2009 A. Longhin

«-1D, Q and p : bckg suppression

(3776 m) !




The ECC (emulsion cloud chamber)

* Brick , . : 0.3mm

1Imm —» -+

* 57 lead plates (1 mm) + 56 emulsions (300 um)

« Changeable Sheet (CS)

low-background removable emulsion doublet
attached downstream of brick

 validates the occurrence of event in the
selected brick before unpacking and

developing
« “Bridge” between electronic detectors and
brick. (thanks to low track density obtained - V '
with a special treatment) | | OPERAFIlm X 57 plates OPERA Lead
» Triggers the prediction scanning which leads Film plate
to vertes identification (“scan-back”) LeadxSa ptares oA i x 2

9.90+0.02cm

eutrino

I0mm

" 12.46:+0.04cm

Base 205micron
Base 205micron

prpp—.

Emulsion layers 44micron

| 125mm | i

11/05/2009



ECC detector performances

High precision tracking: 0X<1um, 00 < 1mrad

« Kink decay topology

« Electron and y/mt° identification
Momentum and Energy measurement

e Multiple Coulomb Scattering
« Ap/p<0.2after5 X upto4GeV

« Track counting o/E = 40%/VE

lonization (dE/dx measurement)

e TI/uY separation
e/’ separation

Practically a “stand-alone” detector. Ssome more
examples will be shown later on real neutrino events
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Sensitivity: ~ 36 grains/100 um for a m.i.p.
Random noise (”"fog”) ~ 6/(10um)®
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high density + small radiation length: event
containment: lots of information !
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An “appearance” optimized beam

Beam main features

L 732 km
<E,6 > 17 GeV
L/<E, > 43 km/GeV

To sit on the oscillation probability
maximum at 732 km one would need a
lower energy (~3 GeV cfr the Numi
setup) but OPERA aims to produce taus

(E) * flux

convolution maximized -> high-E

M fluence at Gran Sasso (pot GeV m? )'I

Pr(vu—wt) * (.

~18100 v, CC + 5400 v, NC

~380 antiv, +144v_+12antiv, 1.25 Kton
~ 100 produced v.CC
~ 24 evts/day
vV , >V . search
— »
(Vetve) Iv, 0.9%
v, v, 4 %
V. Pr ompt ! negligible
(from D)

11/05/2009 (e s

FLUKA based

DESIGN: 4.5-10*° pot./year, 200 daysly for5y

x 10
04}

0.35/

S o
&3] w

o
N}

0.15/

CC"‘IX

vuﬂuence;

“710 15 20 25 30 35 40 45 50

high-E: 1 travels longer ! E (GeV)
T production threshold at ~3.5 GeV
slow rise [((m_+m)* —m ?] /2m_
A. Longhin 11



Analysis flow interplay

N N N N N N

Trigger
* Predictions from electronic detectors are searched in :
the changeble sheet doublet. j
|

Brick finding

N N N

N N O

I\I\I[]\HI-IIIIII\I\

T T B T T 10

* if tracks compatible with electronic detectors are found
in the CS the brick finding is validated and brick

developed, the brick is exposed to cosmic rays or kel

(alignment), developed and sent to scanning cabrsion B
stations/labs o
* The tracks measured in CS are followed back inside Vertex location ,

the brick until tracks stop (prediction scanning is fast !).

* A volume scanning around neutrino interaction vertex decay search
is performed (~ cm? for few plates)

* Finally the event topology & kinematics reconstruction

IS performed amalon il Lead plat ECC C-E‘T detetor
emore bricks can be extracted if necessary to increase o/ e- grtéa}glasngc?rr]n haeti?:lg mghberggﬁtfricr)]réii%g(ia;ectors
accuracy of kinematic reconstruction @ 1_ry vtx ? validated and brick developed
9
A@
no
V u /e

/ T decay mode

A sample of “ minimum bias” events will be fully studied in
order to assess experimentally efficiencies & background i 1
(absolute normalization, e.g. charm). Klnematlcs

Electron ID applied to ~all the NC events (vu ~>v_search)

\Y

11/05/2009 A. Longhin 12



Signal and background estimation

Full mixing, 5 years run, 4.5*10*° pot/year, 1.25 kton fiducial mass

~20000v , CC interactions expected Signal ~ (Am?)?
99% 80% 94% 90%
EfﬁCiency before tau identiﬁcation =& Trigger * € Brick finding * € Geometrical * € Vertex location
signal signal
T decay channel| B.R. (%) e (%) B S ) | P = e background
- e 17.8 20.8 2.9 4.2 0.17
T 17.4 17.5 3.5 5.0 0.17
- h 49.5 5.8 3.1 4.4 0.24
- 3h 15.0 6.3 0.9 1.3 0.17
Total B.R.*¢ =10.6% 10.4 14.9 0.75
Backgrounds (channel dep.): Only if primary muon is not detected.
Charm production > Muon ID is a crucial issue for the experiment
Large angle muon scattering \
Had ronic reinteraCtlon Further COI’]'[I‘IbU'[IOnS > kinematic. cuts * € Brick to brick connection *

particle ID
11/05/2009 A. Longhin 13



T search : Backgrounds

Primary lepton V H
LL,E™ not identified B

------ No—
. -
Same decay 1 h*
topology as t

Charm production in CC,
common to the 3 channels

Zood muon identification
s fundamental

Hadronic interactions
in Pb: Bek. tot—= h
ortfot—

Vi
v h (if hadron mis-
N —identified as muon)

/

Expected number of
background events
after 5 years running
with nominal beam:

Vi

—>e |t—>un |[t—>h |t—>3h |Total
Charm background A73 .008 134 181 496
Large angle p scattering 096 .096
Hadronic background 077 095 : AT2
Total per channel A73 181 229 181 .764

11/05/2009

A. Longhin
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Not the main goal! but ... sensitivity to 0 _,

NB. Nominal mass 1.77 kton

©y5 SIGNAL | v,beam | t—>e | vy,NC | v, CC

9° 9.3 18 4.5 5.2 1.0 | Amy® =25x10%eV? @, = 45°

nominal CNGS beam 5 years

« Excellent e ans ©t° recon.
5° 3.0 18 4.6 5.2 1.0 |- moderate v_contam. (0.9%)

7’ 5.8 18 4.5 5.2 1.0

= J.Phys.G29:443,2003.hep-ph/0210043
S CNGS 5 years nominal beam
Mmoo 5 b |
v, oV, “§
= v_beam cont. \%‘
4 A
‘ — v,V S
- — NC a
3 l 3
:
1 |
s — A / "Spin-off” of
0 — 107 : tau analysis
0 02 04 06 08 1 12 14 107 10~ 10" e
Missing p; (GeV) . o 2 13
Combined fit of E,, E.,., (pt)ee II- 90% C.L. limits on sin?(2®,;) and @4, :
to improve S/B ratio sin?(20,;)<0.05 ©®,;<7.1°

~ X 3 improved limit w.r.t. CHOOZ
11/05/2009 A. Longhin 15



1) 0 ... =(4+2)mrad E, ~510 MeV

first event in the OPERA
target:

02 Oct 2007 17:04 .

Two track separation < 1 um TG, |, = (S0 e 20) e
m = (110 = 30) MeV

e+e- pairs resolved ! T
compatible with ° mass

2) 0 .o. = (8= 2) mrad E, ~260 MeV*

*

* second electron from gamma 2 measured manually (not displayed)

11/05/2009 A. Longhin 16



OPERA roadmap
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620 m arc + 120 m focusing sectio
CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN

SLHC or
?l Access shaft

PN
e I A d
E: 350-450 GeV SPS/ECA4

73 dipoles: 1.7 T @ 400 GeV
20 quadrupoles: 40 TIm

12 corecior magnet: e defl. 80 ”rad. f *’ - site A4
F - g QwsSes :  Puits temporaire
’ [ &

5PS tunmel

T4 | -~ hd iy
- . - Access galleries
32 horizontal dipoles tilted by 12.8 deg. JEN g : s e A
_; ll.if'lf'lﬂ - | coupe vel Aicae e &
.“. i la Iigﬁe tra?\spznint
A T-j [gfﬁ & — le faisceau protons
chamber _..-';- sendice gallery et
LEP/LHC tunnel oy
..ll .5'-.
= protons
] 4':'”1 f_?ll._l”,'-. ,-".llI gnﬁ!xulnna
x.ﬁ'!-rl‘i/-r:. neutrines to Gran Sasso
F | neutrons
' electrons
4 Decay tunnel :
Y

/ COMPASS

Connection galtery

to TIR/LHC

Hadron stops
afidd first rmuan edector

Y

s .-
rlr_‘ulmlusi/.

o

Second muon detector

neutrnnos vl
ta Gran 5asso

Gran Sasso (1)
T30 km



The target downstream beamline

Helium bags Decay lube Hadron stop I'l.-'[unn dﬂ!ecturs
/ bt ~1km, 2.5 m hY
__.-"__.-:'_. F : o
Target Horn l,-'r Redlectiar H‘H__:;_ﬂ?ﬁﬁﬁ_ﬁ i - d'EC‘-E'_g" ///ﬁjﬁ} o v /l;f/;fﬁ =5 A -
W :; e : -
400 GeV| onsrncinsons 7 f Z :
! - ﬁ—t‘i 2 ___,.-' it .e:i £
eI Pion / Kaon | # L F 5 “
‘ : FNeuling 'E'"'" g/l/ Ear I 7
h i — o .---_ ] .-'-:: [
| v x"fﬁ A “
5 T + T o % e
; K » T e -".-""'.-"'" Wf’f ""-'..-' ..-"'_.-"'"-..-"" /.-""'JE ; :
i 20-50 GeV L
43.35mi :
100m : : : :
' 1{}rEErg_-__IE!.Em___i_5_r'l'l_§-_ﬂ?m_ ___E_rn_f
Al

Be

g

yalbnghin

6 = 0.5 mm (tunable in 0.25-1 mm)

beam position stability onto the target
averaged over several days ~ 50 p m (r.m.s.)

13 10cm-long graphite rods separated by 9 cm
gaps. r=4 mm (5mm the first).

"Revolver” design. 1 target + 4 in situ spares
designed to withstand beam induced stress up

to 3.5 10" p/extraction with 400 GeV (up to
750kW average power)

19



Helium bags

Drecay lube Hadron stop

Mucmn dﬁl&istﬂrs

A b ",
Reflector l."'-.,._._._z;f_ﬂ"_fﬁf_z.’f_g;‘:« Wk - defi‘-ﬂ}' ///ff:'” M “‘x.

o
Z Z
] 4 Il
= [ Pion & Kaorn | = _F__ﬂ____ ‘_J;/’f-’:/; = é
- ,-“i"-."eurnnalr” ,f,:f,:f?"' p: i)
L -~ i z ]
= ./""_,,-4”_,.-':'""" 2 e = o FET
- / 7 =
: 2] :

1092m__ 18.2m | Sm

I=150kA
for a few
ms

(180 kA
for the
reflector)

water
cooled

1204 “105ps it

= i > ! *s
= ] i i
£ 80+ s
E S
| E = % E
2 407 Sl ‘
0 : '

1st beam pulse 2nd beam pulse

= = . 42|0(} 42|40 42'80
11/05/2009 ‘ oycle time (ms)



2 stations. 67 m rock in betwgen

Target Horn

Helium bags

Y Reflector

e e

Pion # Kaon

Crecay lube

Hadron stop

Munn':&

m.aﬁmg

FiNeutnno

=

1092nm

__

Z2 2

T —

=

18.2m

I A SRR,

Station1: 4.0 x 10°p / cm?/ 103 p

from Aug. 06 run

Station2: 2.5 x 10" u / cm? [/ 103 p

10% u/cm?/10 us: high rate!
U us: hig —

Stat. 1: EH> 20GeV. Target-horn alignm.
Stat. 2: Eu> 50GeV. beam-target alignm.

charges/ proton on target

0.36

beam profiles with silicon p monitors

0.32-
0.28 - . "
0.24 * T
0.20 *

0.16 -
0.12 -
0.08 -

0.04
0 T T — | — T

~2m

-

[ |
=

-158 -135-113 -90-67.5-45-225 0 225 45 67.5
horizontal muon profile (cm)

Horn ON/OFF

11/05/2009

L
90 113

135 158




Proton extraction from SPS to CNGS  — 3PS magnetic field

— SPS current

110 CERH SL 23-09-08 12
SPS-Protons updated: 22-00-08 : Enel‘gy 400 GeV (fI’OI’n SPS)
User: SFTLONG?Z2 400 GevV/co ' .
Flat top: nullms s lengt h: 3 2 EXtraCtlonSIcyC|e 50 mS apart

EATE *E10:

3055 1 — 57 10.5 us extraction batch length
i | | 2.4 10 plextraction (nominal)

2100 bunches/extraction

2 ns bunch length

5 ns bunch spacing

3 CNGS cycles (6 s each)

Other fixed target SPS users
----- > Pl . 77500 or 70475 <
tone ar COMPASS, NA48. NA61/SHINE

SPS supercycle in September 2008

105 s 105 s

T=6 s
11/05/2009 A. Longhin 22



http://en.wikipedia.org/wiki/Compass(experiment)
http://en.wikipedia.org/wiki/NA48
http://en.wikipedia.org/wiki/NA61/SHINE

Time structure observed by OPERA

Zoom on the spill peaks

100
'g - Extr_1 Extr.2 'g i
o oo o 10~ 10.5us
s i
- sl
m__ =
8o 50 ms
C -— &
S
- llllllllllllllll_ll*
'q'n__ B
s 4
a0k i
- FEEEEERERN *
o o[-
1oF- i SPS-PAGE1
E Flat top: 90ms
ol AN I o 0
10000 5000 B000 10000 15000 50 ZXCNGS

rsl extractlon {ns) & 1 closest extraction (ns)

Cosmics Aug 2006

- After the LHC accident, further increase
of the integrated intensity for OPERA
(duty cycle 37.5% - 83%). 6 CNGS
cycles!

I
>
RG
!l
i

11/05/2009 A. Longhin

USER:CNGS1 02-11-08 21:.44:27
USED BCT:BCT4 02-11-08 21:43:44
SC-218N0 SC LENGTH: OBP 0.0s

MTEICNGS 4x CNGS

0 0



Problems ... and fixes !

Broken stripline
(2007) o’
>

Prompt Dose Equivalent Rate (mSv/h)

Water leak in horn

£2500 f-
= Saderi cooling system

2000 = e [ ventilation Units | (2006)

1500 h- /4 ": w0

L;v, crane, :

fire detection

500 - |

.,

0 F3 : ; “ 1 \ . -
Eame L - Electronics fault due to excessive
>Replace danaged R S v sy S8 |rrad|_at|on (2007). Improved design
—>Find another place for il ot Zfcm) Nnow |mp|emented
ventilation control units M. Sentis et al. AB/ATB. CERN-OPEN-2006-09. 2005

These doses were computed by the Fluka group and known since many years |l
They were not just taken into account when the ventilation was installed .
Radiation protection measurements confirm the calculations un 24



Finally at LNGS ! Laboratori Nazionali del Gran Sasso
(the largest underground lab)

* v phys. (BBOv solar-v, atm.-v, LB v-0sc.)
- HMBB, MACRO, GNO, BOREXINO, OPERA, ICARUS, CUORICINO, COBRA, CUORE, GERDA
™ DM - CRESST, DAMA, LIBRA, HDMS, GENIUS-TF, XENON, WARP

[ o Particle & nuclear astrophysics - EASTOP, LVD, LUNA, VIP

¢ Gravitational waves - LISA | Geophys., seismology - ERMES, UNDERSEIS, TELLUS, GIGS. Biology - ZOO, CRYO-STEM
..rn:ﬂ":' ol S, R T

Baksan a
* 1400 m rock overburden

e cosmic pu reduction ~ 10¢

Soudan * (1].L Im2/h)
Canfranc (1ab3)
Kamioka

Gran Sasso

Frejus &\ "
Baksan

T N !E

2000 4000 6000 8000
Depth (m.w.e.)

Muon intensity (m?year™’)
[ J— p—t ok
= S, “u 9
S [T T

11/05/2009



1982

11/05/2009

Construction

@Wﬁfoﬁ(ﬂm’:’uﬂamm AT

Puose®
SoRP

‘Motz manoserite i A. Zichichi presentate nells Seduta della Conmissione

To sumarize, the seientific ain;lof the "Gran Sasso” h'unmcg are

the study of:

1) nuclear stability;
1) neutrino astrophysics;
3} new cosaic phenomenology;

) neutrino oscillations;

5) bielogically active matter;

6) ground stabilicy.

T omdy
, #00

» 3 big experimental halls
~100X20X 20 m

«~ 18 000 m?2underground

» easy access (motorway)

» alighed to CERN to ~1° level !

26



The detector

gtron racks

o
=
>
LU
4
o
0

1 F!
strips |I
i

- A 1
“\

EMULSIONS
» 150000 ECCs ~ 1.2b kton

HIGH PRECISION TRACKERS

Brick Manipulator

system 6 drift-tube layers/spectrometer
TARGET TRACKERS spatial resolution < 0.3 mm
S bl INNER TRACKERS + several essential ancillary facilities:
. ggthh&des Irﬁ%%%%t'Pvl\\ilLrS fiber
* 64-channe « 990- ' . .
63488 channels B e e erad i - emulsion “refreshing”,
o =950 (2.6 cm pitch) : 22 RFC planes (streamer mode) » brick assembly/disassembly
€= . . m2 surface .
* rate = 20 Hz/pixel @1 p.e. * 6 ~1.3 cm spatial resolution * labelling
* € = 96% (geometrical) - automatic development

e scanning
11/U05/200Y A. Longhin 27



September 2003

\
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OPERA Hall C : september 04
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The OPERA detector fish-eye

SRR
" | ||-||

"I oL ST
Electronic detectors fully instrumented and tested since 2007

French contributions:

» Target Tracker (IrES Strasbourg)

 Brick manipulator system (LAPP Annecy),
 DAQ (IPNL Lyon + scanning)

11/05/2009 A. Longhin
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Lead production

* Pb + 0.07% Ca with packaging in air T by
productlon and%*

-~ good mechanical properties ‘thickness COI‘IW‘I

® 10 p m planarity and 100 p m at edge

“ low radioactivity —sGermany
e produced in Germany (JL Goslar GmbH)

e sent by trucks (~ 100 shipments)

Lead boxes at Gran Sasso

11/05/2009 | . Longhin



The refreshing at Tono mine (a huge work!)

Production ~ 1 month ~ 3k tracks/cm? (cosmic) >> max density = 100 tracks/cm? for brick analysis =>
REFRESHING (stimulated fading of latent image, "erasing” of previous history)

3days @ 98% RH and 27°C: grain density of tracks: 36 — <10 grains/100um with unvaried sensitivity (34 grains/100um)

e e — ey — - - . _ —— .

Depth of 50 m and 100 m: cosmic flux ~ 1/50 and 1/400 R&D @ Nagoya & ;113jfﬂln
~ 10M emulsions treated by hand ol

~ 3k tracks/cm? - ~100 tracks/cm?
fog increase 3 -~ 6 grains/1000 pm?®

A
// ; ; P Repeated for Changeable

Sheets at Gran Sasso.

: Room Size

4.5m X4.5m X 20m
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Emulsion delivery (2005)

* Shipment to Gran Sasso by sea in ~ 1 month (kept at 15
C and vertical: less cosmics, especially electrons w.r.t.
Aircraft): ~ 1000 /cm?
» Special underground storage at Gran Sasso (Hall B).

5 cm Fe shielding @ 15-18 C (1 p/m?/h)

 Memory of emulsion order during transportation (from Japan to Europe) is kept and
taken into account during brick assembly. Segments which are alighed assuming a
spacing equal to the emulsion thickness (cosmics recorded during transportation) are
discarded at analysis level : "virtual erasing” concept. Very powerful technique:

* 43+4 (Tono) - 113+20 tracks/cm? with virtual erasing and 100050 /cm? without !



x 107

he BAM (brick assembly machine) [ =
150036 bricks
1000 |- ;ff
500 F 553
g " "
0 80

20 « 40 60
—~ 1-5 yeaI'S Wweeks

Automatic stacking and packaging L'AQUILA CERN
150K bricks ~> 9M emulsions & lead plates

* 07/2006 @ LNGS

» 09/2006 operational

* 02/2007 commissioning completed

A8« 03/2007 <- production-> 06/2008: production

On average ~650 bricks/day 2 (8h long ) shifts/day * 5 days/week
(7 operators+1 site manager)

01/2009 production resumed (1 shift/day) in Jan 2009 after JL Goslar accident in 06/2008
(+3415 bricks)
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« Automated detector filling ALV
* Routine extractions of bricks
containing v interactions

» “holes-filling” to keep the detector
compact (no refilling of extracted
bricks foreseen ~ -10%/5y)

Replicated on both detector sides

= /

\\“\ e

arm equped Wlth camera + pattern recognition sw to “center”

. i . the brick corridors
Continuous brick mapping o

(extraction/reinsertion)
managed by a relational DB

0.1 mm accuracy in positioning over ~ 8 m
platform weight: 1.3 tons

=0 &= =0

- . : \\l\\\\ loaded “drum”:
For efficient tracing and retrieval of | . ,y N _m‘,.‘.‘l‘i 256 bricks
heterogeneous data: brick and film e |- i L . f'lt'.ed T
. i} . . o ERRRERRARARARNARARatALe automatica
handling, DAQ, scanning data in various T the BAMy Y

labs, etc.. are also managed by DB
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LAPP Annecy

Up to 25 bricks per
shift (8h). OK!

Accomplished smoothly in parallel

some among the
first installed bricks
to brick productionin ~1.5y

extractions
In 2008 run
11/05/2009



The muon spectrometer

(one per supermodule)

* Inner trackers iron yoke gaps instrumented with RPCs
horizontal and vertical strips with digital readout ¢ ~cm
» Tracking and p from range for stopping mu
. 6 vertical drift tubes stations. ¢ ~ 0.3 mm
 Precise charge mis-ID /| p measurement

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

RPC with inclined strips
(to solve PR ambiguities) .
\‘ top view
Fe

Projection horizontale Event Mumber 1
3 N T B D B B ]

.‘Er b

=  ml_

60—
—F

a0 —

]

ol

a0

504 Gl TOD il 300 1000

11/05/2009 A. Longhin

* Bipolar magnet (B=1.55T)

iron top

Charm background rejection
Muon identification (Spectrometer+TT) > 95%
A plp<20% for p<30 GeV
Charge misidentification < 0.3%

»

37



Muon spectrometer close-up

38 mm diam. 8 m long tubes. Copper coils (20 turns)
(never so long before!) .

10.000 drift tubes
4 layers modules (staggered)

ArIC02: 80/20% @ 1005+5 mbar
(80 m® exchange 1m?h)

0.85 mm thick. 45 pm wire.

RPC-triggered, 3.2 us TDCs (LSB 1.5 ns)

* Bakelite RPC (streamer mode)

* 462 RPC + 42 (XPC) x 2 ~ 1000
* 3326 m? (2.9 x 1.1 m* each) “ fil
* digital channels: ~ 27000 4 ’
* Strips pitch: 2.6, 3.5 cm (Vert, Hor) it ||H” J
i
it
il
| :| I!

| I i
' Inner tracke

iite RPE

!' o 3 akeli

1

* Front-End Boards: 468 At Il
e Controller Boards: 52
« 76%Ar+20%TFE+4%Ils0+0.6%SF_

* 8kV/2mm

|

|

11/05/2009 A. Longhin S0 -0 a0 %) -0 %0 9
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Scanning principle

tomographic image sequence Emulsion cuts at different "z”
\ \ Resolution
| . | | 1iCI‘OSCQDe S 1024 x 1280 piXE|S
. . d Z axis | Field of View
~ 300 X 400 | ;13,2

Objective Lens x50
~3um focal depth

16 samplings

Emulsion
Layer

—44um

Plastic base
200 pm

f/
¥
Emulsion Film

Emsulion
__- Layer
= 44.m

From the cascade alpha decays of heavy elements in natural deacy chains (i.e. U and Th)
present in emulsions

The shown zone is only a small fraction of the microscope view (~ 300x400 um)

11/05/2009 A. Longhin 39



Emulsion scanning: 'offline’ ... data taking !

~ 24 bricks will be daily extracted and analysed using
high-speed automatic systems
~ 40 microscopes distributed in Europe and Japan

2 “schools”. Many useful cross checks are possible !
Common Data Base for data sharing/publication

S-UTS (Japan)
=9

—

European Scanning System

11/05/2009 A. Longhin 40



Auxiliary systems to automate the scan-back procedure

Europe: mechanical plate changer Japan- emulsion glued to a rolling strip

Allows to run the scan-back procedure without
human intervention (i.e. overnight)

o~ Refer@ - v, | L
nce Y |
\ Point | | !
e X-ray ERERERT | =
X-ray I -

11/05/2009 & Lamekes T e g



Running an hydrid experiment quasi-online !

Description of running ... and first achievements

« data height angle projected in the vertical beam plane

2 =[] cosmic MC
= - <> = (3.4 + 0.3) o
E : viid.ef =27.7/122 d b
| 'F --ﬁ | ‘_J .b
' Ll 3 "
- " ]
10° = - - i i
: ¥
- rl
|
U |1
il
1% | | | H HH‘NeW J. Phys. 8 (2006) 303
N N N T (T N T T s i M [0 N 11T N T T YT T A

-80 -60 -40 =20 0 20 40 60 80
vertical angle (degrees)

August 2006: <0 >= (3.4 * 0.3) ° (statistically dominated))

MC: simulation from MACRO parametrization, ABSOLUTE normalization °®
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The 2006 run event gallery

vV CC in rock (rock muon)

X{cm)
Y
]
o

TOP VIEW (Horizontal projection) [

Event Number 7098;

TOP VIEW (Horizontal projection)

[ Event Number 3435880 §

very broad showers due to

E- —
E s H H e e sseese sssses sssssssases se H — a— %
E- S target being empty
E | Q =
—:r_ " L N 1 L i PR | " M PR | M " " L " " L " M N s N PR 1 N % 1 o m 1 1 1 1 1 1 1
-800 -600 ~400 —200 ] 200 400 600 800 1000 P -200 o 200 400 600 800 0
Z m Z (cm)
SIDE VIEW (Vertical projection) |— SIDE VIEW (Vertical projection)
é_ " — -
= .
E | : E setss S8 ses See S8 o B —-—— U
essee soflesgenaprenges ssenze R o m— seazes 2 U |
| 1 1 1 1 1 1 1
N P L U A | [ I . -200 o 200 400 600 800 )
600 -400 -200 ) 200 400 600 800 1000 Z (cm)
Z (cm)
TOP VIEW (Horizontal projection) [ Event Number 546133 TOP VIEW (Horizontal projection) [ Event Number 1465555
. i
S £a
: ) i =
X : il
! | weneg®lt -
. 3 1.
= * . m L.
) -un.l| i 2 i — 1
. Illluﬂtlr | E
g 4 . . - :
= - E
B e e eyt et e, P O S I Gl (N G s RS O m =1 1 1 1 1 I 1 1
-800 -600 -300 -200 o 200 400 600 800 1000 - ~600 ~a00 200 o 200 400 600 800 o
2« O z(em)
SIDE VIEW (Vertical projection) m SIDE VIEW (Vertical projection)
A ] c :
g | 'f
- i L I : 1 L L L 860 260 260 5 200 00 500 300 6
600 200 200 ) 200 400 600 800 Dz . e
cm




CNGS + OPERA run summary

Events in the electronic detectors [Negligible bkg
are time-stamped and correlated from cosmics]
through GPS with CNGS beam

Monte-Maggiorasca

« 2006 Pilot runGP&fieve gemmmsgigieingloinsAug, no
follow-up in October due to a problem in the cooling
of one horn. Moreover, no bricks in OPERA.

« 2007: Major problems in the radiation shielding of
the ventilation system. Only 8-10*7 pot. Significant
interventions during winter shutdown.

extraction Torena~
Delivered pot Target filling On-time events Target events
2006 8.2*10Y Empty 347 0
2007 8.24*10% 80% of first Target 393 38
2008 1.78*10%° Full 10058 1690

« 2008 OPERA fully operational. Some more details next - \@
material ("rock mu”)

Perspectives for 2009 CNGS run: 4.5*10*° pot requested (3.5*10*° scheduled)

11/05/2009 A. Longhin 44



2008 run: 18 June- 03 Nov 2008 (~137 days)

®x 1
1800 F 3/11 8:00
i 1.782F19 pot
1s00 |- | Total: 1.78-10%° pot
_ Performance of the CERN injection
B i complex poor at beginning but steadily
1400 HNominal: 4.5 10*° pot/yr for 5 years improving.
[Expected 2.1 10" at startup The electronic detectors and the
1zon = _ DAQ ran smoothly (99.96%
B HSVZ"OSI f(')'ters efficiency for the target tracker
ﬁﬁﬁm Toss, vacuum 19-2011 during operation, loss of 2*10"’
cid¢nt 2716-2/7 _ pot due to power cuts in LNGS)
[ 18KV cable accident
- 2517 6-8/10 MD
go00
500 B g ;CNGS on-time (XlOO) :E[:ltries 1035351;
[ NGS quad. - 717
10/7-187 Earth 14-17/9 >5 TT planes (x20) RMS 2900
B fault on the PS / 1oLy
400 = magnet orn + PS vacuul
; Week 119 | MIWIM i lm
200 | / S septum + Long MD il K | il M”' B
| v, 8-14/8 ‘
B -~ _ .
o e Long MD stop + MTE kicker problem 1
T TR TN MO N r7ZI7 6:00+10/702:00 + 1 4 4 4 | 4
1214 1216 1218 1220 1222 1224
¥ 10

expected taus : 0.7

Peak intensity: 2.0 102 pot/extraction (83% of nominal)

Average efficiency = 60% (nominal =

11/U5/2VUUY

80%)

A. Longnin

20 w0 €0 &0 100 120
Day number

Hevt vs thip 680-940



OPERA as a hybrid detector: the status

Direction and momentum reconstruction for CNGS events Ol

q and p reconstruction for off-time events (cosmicray analysis) In progress
Prediction of the brick where the interaction occurred (“brick finding”) In progress
Alignment and development of the Changeable Sheets Fully validated
Scanning of the Changeable Sheets Fully validated
Extraction of the Bricks at the rate of CNGS events Fully validated
Identification of the primary vertex In progress
Kinematic reconstruction and decay search In progress

Entries
%]
=
|

L |—— 2008 Data

++ —— 2008 Data

—MC apo— [—me

Muon
vertical
angle

Muon n
momentum 1oL

=i
[=]
=
II|IIIIIII|IIIIIII|IIIIIII|III|III|I

*(

20 =i 0 20 40 %% 04 Dz 0 02z o4 0.6

Momentum [(GeWic) Vertical angle (rad)
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Darkroom operations

Brick operations at surface

1) brick unpacking. - semi-automatic tools
2) occasional piling defects (e.g. double emulsion or
lead layers, or damaged emulsions) recorded

3) film labelling by light exposure (binary code)

4) development of bricks with automatic chains

\

Commercial up-to-date technologies
Chemical solutions are prepared by an industrial-type plant
fully automated up to 3000 films/day (~53 bricks)

Gridding machine Binary code

11/05/2009



Brick finding

- Use data from the real-time detectors (scint hits, # p.e., identified tracks in the target and
spectrometers) to build a probability map of the bricks where the interaction might have
occurred

- The most probable brick is extracted and the corresponding Changable Sheet is
detatched and scanned

« If tracks are found compatible with the expectations from the real time detectors -> the
brick is developed

*  Otherwise try again with the second most probable brick

Evert: 218134565, 3.0l 2003, 33:27 (UTE), YZ prejestion I Salectod brck

brick finding efficiency after having disentangled the CS inefficiency and the . Bk ol
interactions occurring in the dead materials s Tl L'. 'R “IB
g r 4
. oo . s E: | 5 = I . - m
1st brick BF efficiency: 72.8% +/- 1.7% (MC expectation 72%) § b .
2nd brick BF efficiency: 56.9 +/- 6.1% "B
o ‘12. 13 11.1'r ) L "ITI B:I a - 2! -:ﬁ‘a ey 24 .H : 26. ¥ i} .m FL

Musa brack pereosbwzs: Mo
ow Brch = &5 y Home=atam: 3. 384 GeVic

BF efficiency combined 1st+2nd brick: 88.3 +/- 5%
(MC expectation 80%)

ik 3 QAIE4ZI AT Rogle X5 (zad} . ©.334%/-0.008

(g}
EET
5B

g

- Many ongoing studies on the first data (alternative
algorithms, undestanding of backscattering)
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Scanning of the Changeable Sheets

LNGS (italy)

~ 100 CS/week managed

13002 —— Bricks extracted MC independent test of track finding
1600 — | pooscanned efficiency in CS in a subsample of fully
1200" — _/”/ — located event (¢ , ~ 90%) OKI
{/;/ .
1000 /7 o Scan forth
800 / /, /,/_’_,_,_— v | g »
600 - S T
400 - // ~
200" Zf///{/ _ N
&:I 1 I‘—%I [ ‘ L1 11 | L 1l | | L1 11 ‘ I | L 11 1 | L1 11 BrICk Cﬂd
Jun/04 Jul/10 Aug/15 Sep/20 Oct/26 Dec/01 Jan/06 Feb/11 Mar/19 Apr/i24
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From electronic detectors to vertices in emulsions

2009 JINST 4 P040:!_8 _ scintillator trackers

Electronic detectors - Changeable sheet
(8.3+1.0) m

m (20.1£1.9) mm
Entries ] ' ]
Mean 1.302 an 181
45 a5 RMS 23,
E 2 Indf 2.245
40 a0 Constant  44.23%6.
E an  3.394+2.
sE asf- Sigma 20111
30F- 30F-
25 2F-
20F- 20E
b b
10 E
sE E
E E 1
60 As0 100 150
A8 fmrad)

4 CS brick
74 um 8.2 mrad
1.6+0.3) um (6.8*1.3) mrad e e E
- [ — ] " — " _ Constant 18 2 Constant 20
18 Mean n E Mean 46
ok Sigma____ 74 20F- Sigma____ 8.2
FE3 E s
052/2 14 E
oF C 96128 E 16F
E or 19413 126 b
8 L 5813 E E
E r 10 12f
T 8 E £
o [ sf- 1o
o . s o
E L E (1=
N3 b ' aE
3= [} r 2 2
20 . uM..l‘...l..‘.l.‘..l...‘l..‘.l‘..m..‘ ok ruf TR EPRPRTET EPRPRPETE BT EPITE B !
E 5 200 -150 -100 50 O 50 100 150 200 30 20 A0 0 0 20 30
1= F AX (um) A8 (mirad)
o Lownd iyl AT TN il
il %3 0 0 10 20 30 d
A (mrad)

plate-plate (121+0.4)um (1.84+0.07)}um

Entries 907 Entries 763
180F- 21 ndf 3953115 wob- o I ndf 49.54125
E Constant  171.3+8.1 F Constant 154.3£ 8.1
160 Mean  -4.583+0.412 110 Mean  0.4731: 0.0690
’ 10 Sigma 12.11+ 0.40 120F- Sigma 1.837 4 0.068
/ :zf_ 1005—
E E h A
E 8of
Lateral X-ray marks N wof-
E_ af- H 1
N N Cosmi¢ ray alignment
E | TR L L1 1 B I R R R o) PRI BT PETRNE SR
11/05/2009 -100 - 50 ;)‘(,%um) =20 -15 -10 5 1] 5 10 13)( (urn)ZO 50




Cosmic ray exposure

-~2 BT/mm?/day/400mrad
- about 70% with E>1 GeV

- . R

11/05/2009

high energy cosmic rays used for local alignment (“pins”) of
different emulsions in the brick. Exposure at surface done after
brick extraction in a properly designed pit (to suppress the low E
component).

To prevent fake
stopping points

4




X-ray marking

| * Faster global alignment using X-
ray marks

» Marks are automatically detected
by a pattern recognition software
and affine transformations among
plates are calculated. This
procedure allows to perform the
scan back procedure in a fast and
effective way while cosmics
alignment is more accurate but

scanned to perform the alignment
with reasonable statistics). Also
provide plate numbering.

The MARK is the
intersection point
between 1 and 2

slow (a zone of ~1 cm2 needs to be G.5irr — INFN Bolagna LNGS 2007-09-13

W
3

\pfused with 2 1! ‘

4 is only I one side
(plate number) L

1/19

vy

J

ssame technique for CS-brick \
_ alignment ;;él}l A ‘| -
CS-brick (frontal Xray marks) A — g
Collimated __K_'Ray Beam
Beam I X-Ray
e Plate-plate
“““““ . (lateral X-ray marks)
Lead shield (3 mm)
with 100 micron hole
5 circular spots on CS films and most i
downstreamfilm of the brick. R . -
precise alignment btw CS1-2 and brick 150 micron iplip
11/05/2009 A. Longhin - 52




CS1-CS2 matching: Compton tracks

Brick 3021329
x10°

Compton electrons
crossing adjacent
emulsion layers

___global offset: (-12.4 -2.3 ) microns

-

80

60

40

20

e 1.7
: ! : g .&21“.1"*-1“2“ o e e o 7; 7
= :_ : ;. w»wrwwwf-@m#'ﬁﬁﬂjﬂ
. L - WP gy umrg e ior e AT 4
: : 13 www»«u— ES T R
L g..we-«ww

Neutrino
beam

Base 205micron

Base 205micron

OPERA film x 2
i s

9.,90+0.02cm

-

12.46+0.04cm

62 6.:. ' ; : : i i o
e e .
TS it A

Emulsion layers 44micron

0 .

o . ] B T
L M/ B

I~ DX = 30.0 microns 4

— —

120 140
X (m)

x10°

53
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Steps of volume scanning

1) all base-tracks in the 11 films of the volume are reconstructed
2) they participate to the alignment process from which tracks are reconstructed
3) passing-through tracks are discarded and the vertexing algorithm reconstructs the vertex.

TOP VIEW [Horizonial projection)

* <10 P
* > 10 pa
. - lpe

-
-
le‘:::‘-.d_.-‘_. * 50
* Cioas Talk

1

™
II|III|III|III|III|II

Bl
&
@0
g

SIDE VIEW (Vertical projection)

Special! Vertex in the emulsion!
(nuclear fragments visible)

@
II|III|III|III|III|I

Bl
4
|
g

e ™ A. Longhin



Vertex location progress

EU subsample NC |CC Total
Bricks assigned 84 455 539
Bricks received in the labs |81 425 506
Scanning started 78 413 491
CS to brick connected 71 391 462
Vertices located in the brick |48 322 370
Passing through 8 22 30
Vertices in the dead material | 1 7 8

arXiv:0903.2973v1 [hep-ex]

Mean 2517

P TR IR A A A
2 4 6 ] 10 12 14 16 18 20
Impact Parameter {um)

Muon Impact parameter
11/05/2009

(]

40 12 14

Multiplicity

Vertex multiplicity
A. Longhin

Event location
Upper limit : NC: 91% CC: 95%
Lower limit: NC: 70% CC: 84%
Proposal 81% 93 %
OK!
Dead material: 8/370 = 2.2%

Lots of activity in the scanning labratories
Ongoing process!

1000* EU+JP
900 A

800 /

700 //

0 / / —— Assigned

zgg / /./I/’ —a— Located
300 /

200
100
0 l l l l l |

0l-gu 20ug 09set 290t 18-dic 06£eb 26-mar 17-mag




And now let's “open the box”

A selection of neutrino vertices
reconstructed in the emulsion
detectors

11/05/2009 A. Longhin 56



X (micron) f e
30

1ol plastic base

educes distortion

ECC level

o)

-
i

=-RA level ==

SIDE VIEW (Vertical projection)

air openin
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EY = 157 MeV

6 prongs
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Improvement of momentum

brick - brick connection resolution with track length

PMC=1 GeV
PMC=2 GeV

AP/P %

real v, CC from Oct 2007 a1 v PMC-3Ga
s - o PMC=4 GeV

run /8 5, l O PMC=6GeV
' S0 i({ | / PMC=8 GeV

/1
ECC1 . l'l}-'

5.5cm

1 Il 1 1 1 Il 1 1 Il Il Il 1 1 Il 1 1 1 | 1 1 Il 1 I
10 20 30 40 50 60
track span (mm lead)

L4 -{ = \
,:I{F ] ‘ i v 6 GeV
¥ i % i 044
i I'r 1 | n 6GeV r 166GV
ECC 2 F I ur L s 012 - data
’ 1 0.08[- ok L

;/J' %.!l u.ue:— n,na;— +
_ \ 1 - +
:f:; !- . 4__ '} 0.06
// e.m. shower 1%\ % m f
& L 0.02—
£ 3 A L o
g f 5 a | 411{’_5! | I T [H n:LIIHnlﬂ:l%llhllh|||||||||Ijjj!:Lm|.l_1H+rH

P (GeV) PiPrec -1
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Background studies

The accumulated statistics allows the study of backgrounds on real data and to
validate estimates based on simulation

Scan-forth of muon and
hadronic tracks from the
primary vertex

direct measurement of
» Coulomb scattering and
* hadronic interactions

~100 m of hadronic track length
needed to have a reasonable
stat of background events. So
far 3.85 m

8 secondary interaction
vertices have been found.

1 “white kink” candidate

kink: 144 mrad
p. =265 MeV/c

11/05/2009

Brick 61231

1ry: plate 9

2ry: plate 38

Parent ( 0.033,-0.055) 4.6 ,, *%° GeV/c
Daughter (-0.046,-0.175) 1.85 , "> GeV/c
Kink angle (-0.079,-0.120) = 0.144 rad

Pt =1.85GeV/c x sin( 0. 144rad) 0.265 GeV/c

" =
40 & 42 43 44 45 a5 47  ag A% [0 gy 5z 84 HE 56 57

E‘V;

No nuclear fragment found

T ->1h analysis requires a p_ larger than 600 MeV/c

A. Longhin



Charm searches

handles:
« if the primary muon is detected the event is charm!
e charm is within the hadronic remnant, tau is back to back

2007+2008 550 numu CC analysed - 8 candidates, rough efficiency estimation ~44%

Background ~ 0.1 events. ~10 expected -
\ 1 prong 3.86 3
3 prongs 2.03 1
From CHORUS (>~10° charm statistics) D prongs | 3.25 3
o (C*)/o (CC)=(2.47+0.22)% R 0ol !
Total 9.82 8

11/05/2009 A. Longhin 35% statistical accuracy g,




A charm dimuon candidate !

Event# 234539244, Brick# 51248 | charm daughter is a p*

p=2.0GeV (1ry)
p=2.3GeV (2ry)
(from range)

T

Columns (top view)

TT=] | ] I'IT'?'1 I'["l":‘.

=500

AR Event: 234539244, 10 Oct 2 VTX analysis /

Vo
’ih.. ry_ muon e-jshower /
@l K‘ / /’/, /
/ oS
l__/fz

flight length: 1330 um {,’f /, ; _—
kink: 209 mrad ,_/-ff
pT ~ 460 MeV/c / roton

Charm
muon
(daughter)

s
=
=]

T

T

=
T |'I'1 H [ELE e

"
=3
=

z
2
>
Q
=
L
)
=
o
x

11/05/2009



— Event 180718369: XZ projection, 7 Oct 2007, 16:18 (UTC) | HZ=
2 Lo . = -
g 10 115 - = = n m H &8 A o 0 0 0 0
2 oo 1 I £
g 180 C113 E :- I | I HE o (MU v
g =112 = = E }
E 2001 = - B :1
2 E110 = - I
8 2200— 2o 2 23 24 25 26 27 H 2
520 -500 -480 -460 -440 WA
| Event 180718369: YZ projection, 7 Oct 2007, 16:18 (UTC) | B Selected brick
— A0[— Brick in cell
E Do 1= I B I Empty cell
ER |
4] . ™ I
T 30 — (0]
2 . -‘ | | A = 165
4 28 - i
E -100% = H
o -, 2 32 23 24 25 26 2
520 -500 -480 -460 -440 WA
vertex signature already Kink
evident in the CS PR
| Brick 3034730 |
—ac 1 prong
E L decay
=
>.720 d
-740
: ¢ The charmed hadron is
-760 “inside” the hadronic jet
- and back to back with the
780 muon. Tau decay would be
on the other side!
-800_ L
-820 1 | 1 1 | | | 1 | | | 1 | | | | | | | 1 1 | ><1(
-1860 -1840 -1820 -1800 -1780 -1760 -1740

X (um) >nghin
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_.<More views

Secondary Vertex
(1 prong decay)

kink angle = 204 mrad
Decay length = 3247 pm
p(daughter) = 3.9 *17, GeV

p, = 600-1150 MeV (90% C.L.)

well above the cut used to rejec
hadronic decays (250 MeV)

A. Longhin



A D° candidate

Flight Length = 315 pm

11/05/2009

A. Longhin
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A 3-prong charm candidate

Overall event topology

front vie

p | a t e
53 54 55 56 57 CSD
charged parent is
measured only in plate 53
(1 basetrack)
path length ~ 1150 pm
3 prong 1lry
~30 um in Pb
—
3 prong —
secondary
~200 um in Pb
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A 3-prong charm candidate (I)

Top View |
:“'Et‘:f“ : Impact Parameters e P3
ront View a 83
Draw Detector | 1 ry d#%
— : (2,11,15) pm BTS2
X3b || Spectacular by visual check due to 30 -~
N micron depth in lead
eighParms |
TrackParms | 2 n d ry
(2,1,5) um
e Sl
Pick |
feom 0 ._-8 w””mm“::::I”””::Ih:mmw'w'l'l'I'I'I'I'I'l'l'l'I'I'I'I'I"""::::'f""""""""""-'-'-'-'-'-'-'-'-'-'-'-'-'-'.'.'Iiiiiiiiiiij:::::::::::;;;;;;;; st et u
UnZoom | ==8P2
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A 3-prong charm candidate (ll)

Top View

Side View

Front View

Draw Detector

Rotate

OpenGL

X3D

NeighParms

TrackParms

Pick |
Zoom | 0

UnZoom

11/05/2009

all volume tracks are CS-matched

all vertex base-tracks have been manually confirmed

A. Longhin
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A 3-prong charm candidate (lll)

Top View

Side View

Front View

Draw Detector

OpenGL
X3D

MNeighParms

I
I
I
|
Rotate |
I
I
I
I

TrackParms

Pick |
Zoom | 0

UnZoom I

11/05/2009

% 1
*, . S3
S2 a
N ‘
Ad = 150 °

single pointing

basetrack — ¥
' e
Angle in space btw e
* parent base track o .

* VTX1-VTX2 vector
=6 mrad : GOOD AGREEMENT

A. Longhin

P3

. __—u(prompt)
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Animated display

Top View
Side View
Front View

Draw Datector
Rotate
OpenGL
X3iD
NeighParms

TrackParms

Pick ()

Zoom

UnZoom
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Kinematic analysis and Monte Carlo expectations

hspecDs hl_.engtth
Entries 1132 Entries 3828
1000 = Mean 9.966 2200 = : _ : :;e;n ; ﬁg
- RMS 469 2000E] N(t) ~exp (-t/ 1) distributio :
800 1o~ L= cPByt=p/mct
- D*- 1600
- +/- 1400
600 |— D ~
- S 1200 |
- A c 1000 observed
400 |— =
B 800
B 600
200~ 400 =
B 200
_|: | R S B |—;_|_|_I — — |
0 [ T T R s —— = ey S S S S S NS T T S I s s |
0 10 15 20 25 30 O 500 1000 1500 2000 2500 3000
p (GeV) decay length (um)

D interpretation favoured by measured decay length assuming expected spectra & relative
abundances

After brick-brick connection and kinematic analysys of the downstream brick Secondary tracks .m the. tras.verse
momenta were measured from multiple scattering: plane wrt parent flight direction

p1=2.4%13 5 =1.3104 and py= 1.27L7 GeV/ec

p =48 GeVlc
° o y
+0.2 S

D - Krzhyp.: m=1.1"* GeV/c* (missing ©° ?)
D_- KKrhyp.: m=1.5"*_ Gev/c®( compatible )
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Emulsion tracks superimposed to electronic deector

| Event: 222274169, 25 Jul 2008, 06:41 (UTC), XZ p

rojection

no clear evidence
of missing tracks
In emulsions

11/05/2009

&
=

Columns (top view)
&

=120

a0

60

Rows (side view)

20

Brick

brick
brick

brick

-100 ——

4119 " &
| n
=118 " " I
— | 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
200 250 300 350 1Walls
Event: 222274169, 25 Jul 2008, 06:41 (UTC), YZ projection = Selected brick
L Brick in cell
— n Empty cell
144
143
:fz ] | | | ] " o
41
40
39

— 5 6 7 8 9 10 M1 12 13 14

15 16 17 18 19

1
200 250 300

finding information: Super module 2

BrickId Wall Side Column Row Prob CS x CS y
1: 1127653 9 -1 20 42 0.82 -1.0 -1.0
2: 1127679 9 -1 20 41 0.11 -1.0 -1.0
3: 1127757 10 -1 20 42 0.06 -1.0 -1.0

350 1Walls

Muon track parameters: Mu-
Momentum: 4.666 GeV/c

Angle XZ (rad): 0.041+/-1.571
Angle YZ (rad): N/A



Monte Carlo muon charm (anti)correlations

D+ e D *- =
o M Moanx 9108 = S Moan s B.448
i B o o o o o o Moany 2332 ﬁ B o o Meany 9166
- B NS 007 B NS x 5.562
g =L = = o AMSy 3412 & sl o O RAMSYy 389
2% E_El (=] (=] - o (=] - mf_ = (=]
5 E_I:l (| O =} o o o o o o 155_|:| (| (| o
{11080 = = = = = = O[]0 o = o = =
W 000 a &« = & W1 OO0 = = =
[ ] [ |[E0 8 = ; ] (1O O = = =
*EI1[@I[ ] 0O = a« FI @O0 o = = =
Lo a3 . 2.fg e =28 20 S | R L
= L] 15 L i = 1E 1% i I
O Ml GV B M { G
Fim oL C
" A ol p(mu) = 4.7 GeV
z B “ ' g £ ”
a [ " " b L from spectrometer: quite on the “peak
“oas [ a 8 RMSy 31313
‘E mf ' = - p (charm):
E from opening angles
= O [ | o
15
o0 = 0O O = NB. disk size has nothing to do with errors!
1% :—El O O o 0O = = =
- OO OO Qg g a - -
“Hd |_‘ [ o
L = L I e B = I
o' 3 0 15 0 ™ 18
D UG | GaWp

11/05/2009 A. Longhin 72



Backgrounds to charm interpretation

K decay in flight probabilty ~ 10

path Tength (0] | flight distance _

RS Moan “ ez
g 5 -
10" _,___M

10"

10 K

10 H

1t| EE— I5|]!ltlI — I1|]|l|2||]II — I1Ilul|:||]-I — IEIJIII:IIJ-I — IEll-lltlll-I — I‘.'ll]ltll]-

path length {miwmi)

hadronic interaction probability ~ 10° (FLUKA)
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The 6 April 2009 L'Aquila earthquake interferogram

‘ stituto Nazionale di Geofisica e Vulcanologia$

6.3 Richter, 298 people died. Epicenter ~10 Km
from LNGS. Thousands of aftershocks for weeks.
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Earthquake impact

All people working at LNGS are safe but several people are homeless.
(Severe damages at L'Aquila and various nearby villages).

No relevant infrastructural damages at LNGS or at the facilities
underground (inspection two days after!). The detector looks in good
condition. Some (rough) alignment measurements done do not show
macroscopic problems. More refined checks are ongoing these days.
LNGS reopened on May 4 th (~ 1 month stop)

Main concern is about the manpower for running the experiments.
INFN offered accomodations to cope with the emergency.

Start of 2009 CNGS run expected 14 may but at least two weeks of
delay may be unavoidable.
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Conclusions

- After a troublesome startup, CNGS has delivered a significant integrated
Intensity in 2008 (~2*10%° p.o.t.). It represents the first real physics run for
OPERA.

 The construction of OPERA Is over; the subdetectors and the ancillary
facilities are fully operative.

- Already after 4 months from the end of CNGS data taking, most of the
analysis chain has been validated. A crucial milestone for this experiment.

* Plan to complete the last steps (vertex and kinematic analysis of the full
sample) in a few months. A lot of physics can be drawn from this sample.
Moreover, 7/10 of a tau are waiting ©

- The 6 April eathquake was a major drama for many people working at LNGS
 Impact on future activities seems less important that it could have been

- Perspectives for 2009 are good but not at the level of the design, yet (3.5
versus 4.5*10%° p.o.t. are expected this year). OPERA is a small fish in the
storm of the LHC startup, but CERN confirmed recently its commitment in the
LBL programme; at the same time, OPERA has the duty of keeping
pressure on it for the success of the CNGS project.
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Beam monitors

22+1 BPM (Beam Position Monitors)

last BPM: tol = 0.035 mm

strip-line coupler pick-up mechanically connected

with target

8 BPM (beam profile monitor)
OTR (optical transition radiation monitors)
75 um C(high.int) 12 pm Ti (low int.)

2 BCT (beam current transformer):
beam intens. at start and end.

18 BML (beam loss monitor)
N, filled ioniz. chambers

I WAVIO/PAVIV v

button electrode monitors from LEP. tol = 0.6 mm

charged particles per proton

(arbitrary units)

1.8
1.6
1.4+
12
1.0
0.8
0.6

0.4

0.2 -
0 -

*

=l

[
-4

!
-3

proton beam position as measured in BPM (mm})

!
el

|
=i

!
0

!
1

!
2

!
3

[
4

5




v, quasi-elastic CC interaction

TOR VIEW (Horzomal projsciion)

40D |
200
0 " i
CPOim (B (mmE WU |
ann i N 1B
A1 - !
i i i i i i i TR SR F—"
= 1iHiG Rl i Irhid 16HHI
£ilcm)
% 300 KHm .
Nuclear fragment e .
) \ €%
Nuclear fragment
_ O Muon track ]
.(DNuclenr‘ fragment
11/05/2009 A. Longhin

Event 179673325 QE-like topology

- 27 mm

L 4

4 16 mm .

The visual inspection allows the
observation of nuclear fragments and the
classification of the event as DIS
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TOP VIEW (Harizental prejecticn]
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= LT3 ! ! = 1711]

SIDE VIEW {Vertical projectismn]

Fik
Z {imef
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Y
PR H friie
" 4

w
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L E R
T 4
‘T +

1 i i 1
OaF 500

1|.|:m :
P Delh ]

IP"

1S m

due to the lack of a clear vertex pointing high
energy track ~> larger area to be scanned in

Changeable Sheets
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vertex in emulsions




The inner trackers
inseed oil coating

- -

pakelite

\ grafite

X strip

Ground plane)

cosmic ray efficiency map for 1
chamber (at surface!)

190 16bes2543 spacers
o0 -:_ "a m =L Ll g i neagel Y 1
80 o8
&0 0.6
40 0.4
- . [ .
- 462 ( Bakelite RPC) + 42 (XPC) x 2 ~ 1000 O Bed )y mE® T o2
* tot. surface: 3326 m? E L R——
* digital channels: ~ 27000 B -
« strip pitches: 2.6, 3.5 cm (Vert, Hor) * 3 " 3
* Front-End Boards: 468 S "
- Controller Boards: 52 04 | a4 b
- Gas: 76%Ar+20%TFE+4%ls0+0.6%SF, 02 F 02
¢ 8 kVIzmm o _I—_.j'll:lll:l = I—le:lll:l = I—‘llﬂi{? = a @ [;I = IZISI = ISI'DI = I?Iﬁl . !]'él'clll |
# aff, Z eff.
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38 mm diam. 8 m long tubes. 0.85 mm thick. 45 um wire.

The pTECiSion trackers 4 layers modules (staggered)

10.000 drift tubes
AriCO, 80/20% @ 1005+5 mbar (80 m® exchange 1m°/h)

RPC-triggered, 3.2 us TDCs (LSB 1.5 ns) A
GRS

prototype in Hamburg

{31y %I _Vue de coté |
- du spectrométre il Rt

8m (technlcal challenge,
never so long before)

Orift Tubes

il

spatial resolution < 300 um

single tube hit eff > 98%
+ correct r ~> 90%




The precision trackers at work

=
£
E
&

T i i |Event Numbar 51722 A COS_I“IC ray event .

E b T crossing all the 6 stations
= (24 layers). Readout in the
= k. bending plane only
e T

oE .
400 = b, EH " A
g i ] .
H0 = 204 {
Al — 202
o a .

ertical
_____
E =
00/
SO
200 o = -
£F Bao
1= addl :— = [
= 22l
o0E- / i
C 24
Al ﬁ -
o= & 4B 246
o il - 238
T = I . L '5[';_ 240
&3
- 1T, | o SRTTRER TN 0. 0 PUTPCRR TN ST DUTPORR TN S ITTORO Ty | 24
RS il 200 L1 T

A5eL o =
-uw’-‘hﬁl £ W
18 s 22 4 2B Y28 3T 34 TR
mr Y{ﬁ\k }I{':’"'
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Target tfacker plane photo-grammetry

“v.

crrs ppppREITRRRRRR AR EATRE Y

b

51 x 64 bricks (27 tons)
light (0.5 % of weight)

robust structuyre




Radioactivity checks on lead

Surface Barrier Silicon Detectors (SBSID) and CR39 nuclear track detectors

Needs of long-term (5-10 years) compatibility with the emulsions: 90 T
* low radioactivity 80 |- % * -
* no chemical reactions [ ]
§ 70 |- -
20 ppy _, 26pp 4+ (5.3 MeV) + B (1.2 MeV) § eof % -
é 50 |- -
maximum tolerable rates: 20 a, 100 B /cm? /day S wf . PbSh 2.5% PbCa 0.07% PbCa 0.03% i
> A [ | u | SBSiD |
2 30} L ° CR39
pure lead too soft to be laminated and cut precisely E ! 5 |
- add Calcium (0.03 to 0.07%) or Antimony (2.5%). 20 T
10 | -
PbCa or PbSb alloys : s, 0n ; S x
0} i

* chemical long term compatibility tests (heating up to 40" C): 0 50 100 150 200 250 300
» with vacuum packing PbCa produces an increas of random Time (davs)
grains(fog), PbSb is safe.
* with packing in air both safe (reduced concentration of poisoning
gas) — chosen

Biiuss e 5 Pt T : T
S TR e

O activity
* much larger in PbSb plates than in PbCa (and increasing with time)

25 p mlong and 2.5 p m thick All ~ same length:
emitted a t surface! 5.3 MeV.:

migration to the surface of #°Po (- *°Pb - #°Po - **° Ph).

Brita

nnia mine, Australia
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The beam composition and radial profile at LNGS

(v .tv . )/v, 0.9% relevant forv , ->Vv _search
v, /v, 4 %
vV . prompt negligible (from D ) FLUKA based simulation
s
LNGS (approximately to scale)
| fluxes interactions
mg i :E E “ﬂ:g. E 0.04 :' Vox 1000 {am® = 102V
R £ b log 2 lin |<
g - -;ﬂﬁjlli E E 0.4 E ;n.nss: Vu
2 L |y 0.35 | C o003 T
§ 0.5 I [f 2 r _'ﬁ.“ L
[ 03 [ 0.025 |
0.4 | L
B I 025 1 Vu D02
0.3 - 0.2 | |
i | 0.015F |
i 0.15 | |
0.2 [ 001 | |
i 0.1 -
0.1 L 0.05 _ n_oza:—,
i ‘b’“
- i e S e e T 0".. e 1y e ]
= . , , | , , | . | . , 1 , J 4] 20 40 Q 20 40
° 5 1000 2000 3000 4000 o ____ EfGev) E,(GeV) E.(GeV)
Distance from beam axis (m) . - Y
L3000 5 K A. Longhin http://lwww.mi.infn.it/ psalallcaruslcngs.htrgé



high-E p charge ratio

< 24 - @ Conversi, 1950 (6.4 GV) € Nandi and Sinha, 1972 (16.1 GV) N
) = & Owen and Wilson, 1951 (2.9 GV) © Burnett et al., 1973 (5.8 GV) b
20 * Moroney and Parry, 1954 (3.0 GV) # Abdel-Monem et al., 1973 (4.8 GV)
\E r & Filosofo et al., 1954 (4.7 GV) ¥ Ayreetal, 1973 (2.1 GV) 7
@) L *  Fukui, 1955 (12.2 GV) ¢ Baxendale et al., 1975 (1.4 GV) i
e O Holmes et al., 1961 (2.9 GV) © Singhal, 1983 (15.6 GV)
S 22 Pak et al., 1961 (1.6 GV) A Rastin, 1984 (2.6 GV) —
§ . ® Coates and Nash, 1962 (2.6 GV) * Stephens and Golden, 1987 (4.9 GV)
= = ® Hayman and Wolfendale, 1962 (2.1 GV) * Grandegger, 1993 (KARMEN, 2.9 GV) B
B Kawaguchi et al., 1965 (12.0 GV) * Jannakos, 1995 (KARMEN, 2.9 GV)
r & Rastin et al., 1965 (2.6 GV) B Boezio et al., 2000 (CAPRICE 94, 0.5 GV) 7
L O Baber et al., 1968 (2.6 GV) ® Brancus et al., 2000 (WILLI, 5.6 GV) i
Allkofer et al., 1968 (14.1 GV) Tsuiji et al., 2001 (Okayama, 12.4 GV)
2 Y Allkofer and Clausen, 1970 (2.3 GV) ® Le Coultre, 2001 (L3+C, 6.0 GV, preliminary) —
10000 O Appleton et al., 1971 (2.6 GV)
T A Allkofer and Dau, 1972 (2.3 GV) b
L Allkofer and Dau, 1972 (14.1 GV) ]
8000 s ]
6000 L ]
1.6 — T T —
4000 — ]
L ] I |
1.4 — * % . F -; //a—-
2000 b - | ]
4 4
bl
d N R |
I t ¥ i R W |
0 4
. hd % i .

0.8 - ) [

r 1 Owen and Wilson, 1949 (2.9 GV) 4
L BZXX Krizmanic et al., 1995 (IMAX-92,0.1GV) [ Fit by Hebbeker and Timmermans, 2001

° Mean muons underground energy: 300 Gev 0.6 | KX Coutu etal., 2000 (HEAT-95, 0.1 GV) I CORT (variation of &, R, = 0) ;

1 10 10 ?
Miuon momentum ( GeVic )

H Underground experiments
threshold measure the charge ratio
energy at in a higher energy region:
LNGS ~1 TeV muons are energy-selected

with the overburden
A. Longhin 87
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¢ ACT - JIIC DN
TOP VIEW (Horizontal projection) Eveatumbe Top view (horizontal projection) [Event number 4379516 i—
‘E‘ = quo_— ‘
; 400 E_ > |-
300 ;— B °
200 i—‘ ‘““““““i““: R PR, o e, afataannans 4 a nuuga: el 4 — W —150; )
100 =, : : . B
0 E_ ‘ gﬂ B - |
= Z(cm)
-100 —
= Side view (vertical projection)
200 = —
300 = C
k. 10 m :
:f 1 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 __
-800 -600 -400 200 0 L
X(micron) S 7| . . . . | . . . . 1 . . . . | . . . . |
30 200 1 2ﬁ1 300 350 Z(C";PFUI)
oy S _“.-
10 ) _ _
Muon track *One target wall partially instrumented with dummy
in emulsion " ~| bricks with real Changeable Sheet (CS) doublet to
-200 100 0 100 200 z(micron) test the Target Tracker to Brick connection
Y (micron) _ =] * Muon tracks predicted by target tracker found in the
i 1st emulsion | S
| gheet CS doublets.
| _ » Angular difference between prediction and found
2" emulsion ] _
10 sheet { track <10 mrad, dominated by electronic detector
- resolution
-200 -100 6 100 200  Z(micron)
100 pm
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Momentum in the emulsions (Oct 06)

= OPERA 2D display
2 Edit ¥lews Ciptions  Ingpect Clasges Help
- TOP VIEW (horsonte proection) [ ot e 1064775} cosmics spectrum after surface
¥ e exposure measured in emulsions
R o N B 'R e with multiple scattering (angular
5 18 method)
me | CS doublet
5 SIDE VIEW (verlical projection}
x gi_: P 1 ""#“ﬁ"- b — b .w-—l - -
15 . i il 111 11 1L 1t i_. il
prelim. I
14 _ Y
_ S p = (6.4 +1.2 -0.9) GeVlc
of Cosmics with p>2 GeVic used il
s — for local alignment | T

A. Longhin
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Tau channels and backgrounds

signhature

background

T —- eVvV.V . charm production inv, CC
€7 e.m. shower in the ECC with e- decay without primary
M identification
T - M 'Vu V. 1 ID (MS + Spectr)) Large angle p scattering
- ¢ ith a kink without charm production with
vents with a KinKk witnou h ;
- - 0 adronic decays +
T - hv,_ (nm°)

muon or electron

reinteractions

Dedicate kinematic analysis for each channel

11/05/2009

A. Longhin
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Selection and backgrounds

SHORT CHARM PROD. M, > 2 GeV Signal/15 bckg/
DECAY 1000
S 2 GeV < Pyagn. < 15 GeV bck to reas. level
LEPT_ pT@decay.vtx (e-channel) > 100 MeV pT@decay.Vtx
miS'ID (l’l channel) > 250 MeV
LONG /e ersnenss s ss s s nassssssse e e e
DECAY \ Paaugn. < 2 GeV v NC bck
hadronic re- | pe%(w y) > 300 MeV p et (wlo v) & sﬁppressed (high
HADR. interactions 600 MeV p.miss low @ )
p,mss< 1 GeV ; b, ,>m/2

signal: T & hadrons are
back-to-back

with prompt vy.

11/05/2009

(*): due to low % of v, NC evt

If vy —> measured p,, higher so
higher eff. at same bckg.

A. Longhin

P miss (GeV/c)
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8GelV/c wnca | Z2GeVic
40LXI0 — T
5cm : zm'_ qi
Jo0a0 I
~5 X, | et | A
' /
2000 — T
- oo | N ?w .
: !
sd -
[, 1 L1 |.I:?{|I*|n|

0D 4R R ASM0 MO 470 4a000 480
um

DESY 2003 e-test beam: 6 GeV
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Electron energy measurement

4GeV
99
s 2
| 5
Energy determination AE 0.4
by calorimetric method E  JE(GeVi @ afew Gev
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dE/dx measurement

grins 9 M~41Pxlk |
~ X
o M/IM=0.12
p=12GeVic p,n* @ KEKIPS 10 emulsions before stop point > & M(TT ) = 16 MeV
/ good separation !
o Lone plate - [ average of 29 plates
ig - ) n
=70 550
D60 coF Tt
Tso B W E
o o f
w40 30—
B0 E a  F
- 20
So0 b S P
= - — -
10 1© n
D C | | | L1 1 1 | 11 1 1 | | D C | 'JI ] [ T
15 20 25 30 15 20 25 30
pulse hight npulse hight

N.I.M. A516 (2004) 436
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0o —

VIOIY

- 13.6 ﬂxfel’r/c:_\/f

Im by multiple scattering

80 |
60 |
40 |

20 |

P * not sensitive to relative shift but
po

» good parallelism of surfaces required

» Coordinate method
* based on displacements btw adjacent base tracks

* Longer lever arm (high p).
* Good local alignment required (cosmic ray exposure)

Entries 335 2 Gev T
3 GeV TC prs e Entries 661
C/ndt - 7e2T /12 10l ¢/ ndf 52.35/16
P2 s C o0 3065 £23.0
Les 01490 s p1 2.055 1 0.025
L p2  -0.1772£0.0080
130% resolution s r 22% resolutipn
with 3 X0 L with 5 X0
40—
201
e o uu"'ﬁ_f 5 !li"u?
5 10 15 momentum (GeV)

P (GeV/e)
N.I.M. A512 (2003) 539
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Interaction

ECC level

11/05/2009

SIDE VIEW (Vertical projection)

_19m

- ! B B .
- . = B B - -
200 |— 'ﬁk}:‘; B || Tt ' l
= | | = | | | ) | | e | ‘ | ":.I‘z:'?cm'l'
full OPERA level
43 mm
et 5 prongs with mean impact
Pt parameter 9 4 m
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Experience with
PEANUT

..... “PEANUT” in front of the MINOS
near detector

high multiplicity v-Pb interaction
(real data: NUMI test beam exposure “PEANUT” 2005)
NB. v energy is just ~ 3 GeV
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The 2007 run

Short physics run (~40% target) 0.824*10¢ pot

31.5 + 6 expected events in bricks
38 events registered in the target
(29 CC-like and 9 NC-like)

Out of target interactions (rock muons, vtx in the spectr.):
331 events passed the analysis cut

303 expected

First test on real neutrino interactions for
Brick handling, Film Processing, Scanning

Analysis almost
completed.

Unfortunately
statistics has been

limited:

problem at CERN for
cooling/ventilation and
monitoring electronics

11/05/2009
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Brick finding

Columns (top view)

Rows (side view)
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« The beam is separated into a central beam and four
islands by means of non-linear magnetic elements

like sextupoles and octupoles. |ti_tu rn extraction

- Each beamlet is ejected using fast kickers and a
magnetic septum

Virtually loss-less

I n _Magnetic
/’ “\ A Septum blade

2
\. J_/ LSIEnd core beam kick
, _-\. = / \\ A
— 3 M5 Ll | T Fast Kickers 13121 &8
N/ N4 E E '\_ J - Kiok ail beamiets
N l

:. 4 .|ii Inirial beam distribution Beam distribution after 6500 tums
\“' /EE ] s 180 L, DB
[ et .
. . . . 0] - &
2001 First proposal (linked to 1.5 intensit, "
increase for CNGS) ar
R&D and teStS 2002_2004 R T R Y R l = '0'?015 B TR S YT R -1
. Beam distribution after 7300 turns Beam distribution after 16300 tums
Implementation study group 2005 R R
L] 3 - ada ’
March 2006 TDR
October 2006 Project approved ! | QJ%,..J e 1T e ® -
Important step for a safe achievement <« o] o R
the goal of 4.5 10*° pot - " |
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rick-hrick connectinn

Tep View | -.
Side View
Frosit View
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The BMS eyes

e vy

T e T .
e S —
Rl i
R AT I

Pictures of a tray taken by the BMS vision system before (left) and after (right) insertion of
bricks. The shadow of the tray visible on the brick surface is used to compute the distance of the brick with respect
to the tray border.
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Virtual erasing |

Exposure order
Az = 1.3 mm

11/05/2009 A. Longhin 104



Virtual erasing Il

transportation order
Az = -0.3 mm
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Exposure order
Az = 1.3 mm

Base tracks which form "volume tracks” in transportation alignment
are tagged and excluded ("erased”)
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Virtual erasing IV

\ Exposure order
Az = 1.3 mm
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Brlcks support ‘struc;ture the “wall”

\
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d A0 - R hcmtlllator plane
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R R (0.7mm)
; i 2 ‘\ k‘: Spring tensioning system

wall 26 bricks { J Achieved precisions:
 construction (w. mech. gauges)
(105.3 £ 0.1/ 82.6 = 0.25/ 7330 * 0.6) mm

* positioning (measured during installation

CEIA ()] .
-_ § 4 w. high. res photogrammetry)
28 o 1 |5 vertical < 0.3 mm
TEEaS s transverse & longitudinal < 0.5 mm

planarity <1 mm
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== | Commercial up-to-date technologies

.
) EVEIOpment'f :: —=) ______'" Chemical solutions are prepared by an industrial-type plant
: T fully automated up to 3000 films/day (~53 bricks)

Nrre ;- o r.':.l'll'|‘:

Fesy. i

6 parallel motorized chains
connected to a series of tanks
that contain the chemical
solutions

movable arms under PLCcontrol
displace and insert the plate
holders in/out of each tank at
scheduled times

development/stoppingl/fixing/t _ﬂj—.
hickening/washing :

each phase is from 5' - ~20'
>=1 brick per chain
simultaneously

automatic exhaustion of (CTINEE Wl oo LR
chemical waste and insertion of ' gade
fresh ones

~ 130 m?

7 A smaller independent i
' development facility
exists underground for

: the changeable sheets B
) =" =
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