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The ro

number of events

number of events

acl to OPERA

1998 SK atmospheric neutrino anomaly:

deficit of v, (and not v,) with

zenith angle dependence: OSCILLATION !
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'I"i,-] o C I\J G S bealrn Beam main features
% v (mass) tourisrm L 732 kam
M Cern Neutrinos to Gran Sasso <E,> 17 GeV

43 km/GeV

(Vo#V,)/V,| 0.87%
3 . v, /v, 2.1%
(v, ~Vv,) &6, (E) v, prompt | negligible

convolution maximized
-> high E beam
(“appearance”-optimized)
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for OPERA (~1.35 Kton) means:

B aT it alien, v e | OOV
: ~> 24 evts/da
~4l1llantiv, +156v_+13antiv,

additional 10k in the OPERA magnets
~ 100 produced v_.CC for Am? = 2.4-107 eV?
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The OPERA challenge: “seeing” the v_ appearance

F k}nlg/ e Pb
—— e — PSS )Q(ink I Pf T L

v, ..,,,‘._:::/.“ ™ ...-> R
K N I | | r D """"""
. / I N O
—— - — 00 o
Ve T d-ecay- tOpOIOgy kink T=H tV,.+V, 17 %
Kink signature T=>e +V_ +V, 18 %

Emulsion Cloud Chamber detector i T = I+ Vo + n(pi’) 50 %
two conflicting requirements: prong T = pi*pi-pi- v, n(pi*) 14 %
» Large mass N_0O (Am?)? Mearget » High granularity: (~ pm res.)

O(1 Kton) for Am2=0(103eV?) signal selection +background rejection

« Brick 56 lead plates (1 mm) + 56 emulsion sheets (300 pm)
« Changeable Sheet: low background removable emulsion
doublet attached downstream of brick.
- validates the occurrence of event in the selected brick
before unpacking and developing.
- “Bridge” between el. detectors and brick.
p measurement (with MCS), e energy (10 X,), pi/mu and pi/e '0mm
PID : practically a “stand-alone” detector
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Target L spectrometer . the OPERA way

A T rac ke rs Targ:et Tracker (TT)
l?cggg]t éxtract bricks according to
LU electronic det. prediction ot
Pb/Em. brick s 1
V H ) TN
_______ > | T ['ﬂ " Chﬁ;gsfblf;SheéM,w.—
S .
© 1',;;";-"' 1 BaS|C “Ce”” V
-"-- §
M i 0 ll.ﬂ
N
x*\
THTHTTITTIT N
*i
N
N\
N
. 1 mm
“hybrid” detector 8 cm \ Pb Emuilsion

Emulsion detectors:
modular structure of 154750 ECCs

detect v interaction, brick finding mass industrial production with

high standards

1 1D, Q and p : background FAST-AUTOMATIC scanning
suppression

Electronic detectors

vertex search, decay search, e/J 13

A stack of all OPERA emulsion has ~ the

|D, event kinematics Mt. Fuji height ... (3776 m) !
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The deteCtor a quite large fine grained

“vertex detector” !

EMULSIONS
« 154750 ECCs ~ 1/.35 kton

TARGET TRACKERS E;'Sﬁ‘éma”'p“'ator

« 2 x 31 scintillator strips walls

HIGH PRECISION TRACKERS

- 256+256 X-Y strips/wall 6 drti_ft-ltube I|a¥ers/s%e50trometer ;c" S_GIS{[_GI’BJ essential “off-site”
« both-sides readout, WLS fiber spatial resolution < U.o mm aclliues.:
. ggacshSanRel H7|546 PMT INNER TRACKERS
*6~0:8cm (2.6 cm pitch) - 990-ton Fe dipole magnets . emulsion “refreshing”,
« € =99% (B=1.55 T) instrumented with * brick assembly/disassembly
. rate = 20 Hz/pixel @1 p.e. . E%S%PCzplar]]ecs:e(streamer mode) - labelling
. m? surfa .
« 6 ~1.3 cm spatial resolution « automatic development  __
« € = 96% (geometrical) . Scanning ::Easéu.agifg

P1C2008 Perugia 26/6/2008 M. cunygndn 7



Analysis flow

* Predictions from electronic detectors are
searched in the CS doublet.

* If an interaction is detected in the CS, the

brick is exposed to cosmic rays (alignment) Brick flndlng

and the emulsions are developed and sent
to scanning stations/labs

* The tracks measured in CS are followed
back inside the brick until tracks stop
(prediction scanning is fast !).

* A volume scanning around neutrino
interaction vertex is performed (~ cm?2 for
few plates)

* Finally the event topology & kinematics
reconstruction is performed

*Eventually more bricks can be extracted <
to increase accuracy of kinematic 4}

reconstruction vV
/ H /e

Trigger

Z

Electronic detectors
Emulsions interplay

Vertex location v,

decay search

M/e-
@ 1_ry vtx ?

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

Electron identification will be applied to ~all the NC
events (v, ~>v,_ search).

IC2008 Perugia 26/6/2008 A
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lignment

emuleion film  Lead plate

ECC

T~

L
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L NI

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

no

T decay mode

Kinematics
V
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CCD
(o= 11 (=|= 1 Resolution

512x512 pixels
| Field of View
—  150x120pm?

f ( Z axis

-l we -

22 NEEN DY NCRE o RREETSTA §.0,.0) 5110 s i G S
Offline” data taking b p

Objective Lens x50

~ 24 bricks will be daily extracted and analysed using i : M‘.I.Fv’. Track ~Spm foeal depth
high-speed automatic systems it TR G o
~ 40 microscopes distributed in Europe and Japan T, =
2 “schools”. Many useful cross checks are possible ! Bt . 2 e
Common Data Base for data sharing/publication . *oeeam. FOQ £ e
Compton Electron : “§- {rog
European Scanning Sys em L * S-UTS (Japan) & -
N 7 | [ Layer
ol | / 44um
DS LR a>

=

Customized commereial optics and
mecha + asynchronous®AQ software
modular ﬂcentrahzed app

proposal goal



moer 2003

Assembly frame for vertical slabs

'/ ! s ; > "
Magnet Assembly in Hall C september 2003

2005

M ‘
"'IHHM ! ‘u{:ﬂH{

Installation completed with VETO and HPT
before first half of 2007
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R. Acquafredda et al., New J. If:hys. 8 (2006) 303

The OPERA 2006 run y
Aug 2006: technical run, 0.76*10*® pot collected ' 9>0
319 interactions in the rock, mechanical structure and spectrometers / 9<0 z

GPS time correlated with CERN beam spill time
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Extraction length = 10.5 ys

hﬂght angle projected in the vertical beam plane
- ta

-.E E [ cosmic MC
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August Run result: <@=(3.4+£0.3) °
(statistically dominated))

MC: simulation from MACRO parametrization, ABSOLUTE normalization !




X (cm)

VCC in rock (rock muon)

.+ 43 VCC In Magnet

The OPERA 2006 run: event gallery
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The brick assembply and detec tor nllmg
Brick Assembly Machine I B
Nl Getector filling
ool routine extractions

Underground | E{leaifelyl cup, vehlcl‘e

4 dark room. a _ B
.,, ) /i‘
— 7
Automatic /‘ LA
_ 2 “4-_ SIS adel
stacking and

| ackagingof  [egieeriiin s I
~150 K bricks | ‘ \““/

(~9M emuls.

. B e i arm équipped with camera +
& lead plates) [ 8 =L es % pattern recognition sw to
' p\ “center” the brick corridors

el Continuous brick mapping
(extractlon/relnsertlonf

‘ Ioaded “drum: My
.;, _ 246 brICkSI il Bl n\\\ 'managed by a relational DB

Bl For efficient tracing and
_ ” — retrieval of etherogeneous
| |

' ' data: brick and film handling,
BAM started in Oct. 2006. 'DAQ, scanning data in

Production rate is now ~700 bricks/dayt . i ‘ '} il maz;h%%se(ljagf/ DeItBC are alsQ==
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Filling progress

nowadays
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22 June 2008

some among

the first ones
141.520/154750 inserted bricks

~91%
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yzsomane | 1 vertical angle,

The OPERA 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) -

evu] 1 energy (RPC inner tragkews) |

—+— Data

C|— MC |
r | MC target
r |l NC
'r
|
!
|‘ L‘
‘ \
'l
1

yz3DTrkMU4
Entries 277
Mean 0.0468
RMS 0.09976
%2 [ ndf 2.644/5
Constant 45.46 + 4.16
Mean 0.05677 + 0.00390
Sigma  0.05053 £ 0.00407

0.4

0.6

Vertical angle (rad)

Out of target interactions (rock muons, vix in the specir.):
331 events passed the analysis cut
303 expected

70—
601

501

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

- - = T 0 10 20 30 40 50 60 70 Bgner 90 .
Analysis almost s 1373 i
ml B MC reweight RS 515.8 fluxt
com p I eted . L —— MC no re\lgveight . = L E.::.l.,“ 1;:
i —— Data =] = —0— Data unfolded RMS 13.29
Unfortunately | @ Sidin
- - 105 - MC flux anti numu
statistics has been | |
limited: i “ unfolded v spectrum
problem at CERN for 5
cooling/ventilation and

-800 -600 -400 -200 o 200 400 600 BOD 1000

monitoring electronics X - i : j
first hit longitudinal coordinate

0 20 40 @0 80 100 120 140 160 180

200
v energy (GeV)



Nt lerconnec tion between physics events !
ele tronic counters and emulsions

~2.7cm = 0, ~3.0Ccm
Entries 18 y Entries 18
—————————{Mean -0.4916 Mean -0.7244
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36/38 Wlth gOOd CS tagglng . cos-rﬁic rays used fér local
Wall Flnd|ng_ > 0504 alignment. Exposure at surface

Brick Flndlng (80 - 7) % done in a pit designed to suppress

low-E/component.

dslope (rad)

see also arXiv:0804.1985v1

Electronic-detector to CS
« position of bricks known from

extensive alignment
measurements + mechanical
model of structure deformation

CS-brick connection
« marking with 4 X ray beams to fix

CS-1¢t plate relative position.

« Also performed for all plates with
thin lateral X beams to get fast
alignment pattern to be used in
tracks follow-down

» CS-CS align: Compton tracks.
X ray marking

CS doublet

Brick machine
X-Ray Beam
T X-Ray
Generator

Lead shield (3 mm)
with 100 micron hole

Plate-plate connection
cosmic ray pit

/""*\

lateral X ray
marking



/

And now let's “open the box

A selection of neutrino
vertices reconstructed in
the emulsion detectors

~>
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Av, quasi-elastic CC interaction

TOR VIEW (Horlzomal projsaion)
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Event 179673325 QE-like topology
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oo R - i v\-vu.E]
., T
. £
= E
..... an, (1o
i Y et




v CC containing a pi ° -> yy

first event in the
OPERA target:

02 Oct 2007 17:04

angle,, = (300 + 20) mrad
m . = (110 £ 30) MeV
compatible with pi ® mass

P1C2008 Perugia 26/6/2008 A. Longhin



A v, NC interaction

ToP VIEW (Harizental prejectien] |
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These are the “tough” events due to
the lack of a clear vertex pointing
high energy track ! ~> larger area to
be scanned in Changeable Sheets

vertex in emulsions
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— Event 180718369: XZ projection, 7 Oct 2007, 16:18 (UTC) i = ‘.,‘c
; o L ] :
£ i - i | A charm candidate!
> C - -
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Secondary Vertex
(1 prong decay)

kink angle = 0.204 rad
Decay length = 3247 pum

p(daughter) = 3.9 "7, GeV
p, = 796 MeV
pMN =606 MeV (90% C.L.)

A. Longhin
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Expected v, events  |[5 i R e o oo o
T decay Signal

channel Am2=25.10%eV2 | Am2=3.0 -10%eV 2 Background
=M 2.9 4.2 0.17
t=>¢€ 3.5 5.0 0.17
T=>h 3.1 4.4 0.24

T =>3h 0.9 1.3 0.17

ALL 0.76

100

=0

50 —

40

Z0

Discovery probability %

0 1 1
.05 .01
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CL3 0.35
AmZ (10E—2 evex2)

A. Longhin

Main background sources:
- charm production and decays

- hadron re-interactions in lead
- large-angle muon scattering in lead

SK 90% CL
(L/E analysis)
Last MINOS
measurement N—




The 2008 OPERA run
Start: ~ June 25t

End: Nov 10t
FIESEM  poopg Beamin 595 SN LHCSerp Moth A gpg -

-t
\apr | = '||Mﬂ¥ r i [ ™
':I: 14 }. 15 1 :"L 17 ,,-I'I'—m_'ﬁ!{ﬂ:«_; ?rl fat /] o2 § mn ] 20 Vo5 | |= 130 dayS for the CNGS (200)
Dl fRE e | 2.1*10'° p.o.t (4.5%10%9)
Th HBH?*’M e -'-r :I '-':_--J-.;.-. ‘Il z
Fr n!‘J‘fIﬂl m I
: Total number of
interactions 2000
July Aug Sep
o N - v,CC events 1500
2 | v ,NC events 450
o e v./v_events 13
Oct T Dec wlm i
'::: 40 M o] £ a4 . 48 .1 a7 - 48 - 45 . 50 .| 51'1'.| 52 - Charm decay 85
Tu i
= = S & [weow 1 candidate
> BB (@2.5 10 eV?)
u | | | |
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Conclusions

The OPERA experiment is running

- Electronic detectors fully commissioned

- Target filling will be completed by July

Scanning labs are ready (~40 microscopes available)

The OPERA 2007 run allowed to test the full operation
chain:

- Test electronic detectors and data acquisition

- Test the brick finding algorithm

- Test brick handling

- Test CS doublet scanning

- Test the target tracker to brick matching and scanning strategy

The concept of the OPERA detector has been
experimentally validated by measuring neutrino events in
the detector.

The first high luminosity OPERA run is starting

these days. With some luck we will measure the
first v. candidate event by the end of this year!
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Backup slides
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OPERA sensitivi '/ro£
6,

events
Search forv, - v oscillation Assuming : (5 years)
Simultaneous fit of Am2,, =2.5x 103 eV? ﬂ
E -  dictri -
- Missing p; and E . distributions Signal @ ooz fim 0
0.15
o™ CHOOZ T - € 4.5
lanp .
&;‘ v, CC 1.0
| . v, NC 5.2
9.1 _ v, CC beam 18.0
. 5 years nominal
. % !
S s b .
D'DE ] L . : :_ , : --- :eb_e}ajmom_
_  syst. 4 (R o
90 % exclusion o % '
L p.o.t. (x10®) . [
0 10 20 30
1 -
J.Phys.G29:443,2003 W e = I
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Non pscillation

2370 m (as.1

10000

physics: high-E u charge ratio

— cosmic ray composition studies

— TeV muon E-loss

— hor. muons: system

GRAN SASSO rock depth (m)

« Mean muons underground energy: 300 GeV

P1C2008 Perugia 26/6/2008

threshold
energy at
LNGS ~ 1 TeV

A. Longhin

iQ f atm. v data

g 1L = A vv\. A4 1L B LI IR ) ||" A B —4 A =1 = 3 IV\‘ L
=
< 2 © Conversi, 1950 (6.4 GV) % Nandi and Sinha, 1972 (16.1 GV) B
I r @ Owen and Wilson, 1951 (2.9 GV) © Burnett et al., 1973 (5.8 GV) b
< * Moroney and Farry 1954 (3.0 GV) # Abdel-| Monem etal., 1973 (4.8 GV)
é r Filosofo et al., 1954 (4 7 GV) # Ayre etal., 1973 (2. 1 V) 7
&) | * Fukui, 1955 12.2 o Baxendale etal., 1975 (1.4 GV) i
= O Holmes et al., 1961 (2 9 GV) & Singhal, 1983 (15 6 GV)
< 22 @ Paketal, 1961 (1.6 GV) A Rastin, 1984 (2.6 GV) -
§ b ® Coates and Nash, 1962 (2.6 GV) % Stephens and Golden, 1987 (4.9 GV)
L B Hayman and Wolfendale, 1962 (2.1 GV) * Grandegger, 1993 (KARMEN, 2.9 GV) B
Kawaguchi et al., 1965 (12.0 GV) * Jannakos, 1995 (KARMEN, 2.9 GV)
r @ Rastin et al., 1965 (2.6 GV) ® Boezio et al., 2000 (CAPRICE 94, 0.5 GV) 7
L O Baberetal., 1968 (2.6 GV) ® Brancus et al., 2000 (WILLI, 5.6 GV) |
Allkofer et aI 1968 (14.1 GV) u Tsuji et al., 2001 (Okayama, 12.4 GV)
2 1 Y Allkofer and Clausen 1970 (2.3 GV) ® Le Coultre, 2001 (L3+C, 6.0 GV, preliminary) —
O Appleton et al., 1971 (2 6 GV
F A Allkofer and Dau, 1972 (2.3 GV) B
| Allkofer and Dau, 1972 (14.1 GV) |
1.8 -
1.6 -
L o d
1.4 — —
a * * F M =" |
B — >
™ o 4
W
LN i
1. } f

0.8 |~ L
F [ Owen and Wilson, 1949 (2.9 GV) B
L BXXX3 Krizmanic et al., 1995 (IMAX-92,0.1GV) [__] Fit by Hebbeker and Timmermans, 2001 4
0.6 — (S5 Coutu et al., 2000 (HEAT-95, 0.1 GV) I CORT (variation of &, R, = 0) i
L Lol L | L Lol L
2
1 10 10

Muon momentum ( GeVic )

Underground experiments
measure the charge ratio

in a higher energy region:

muons are energy-selected

e N | N N N R g = N T I AN

N—




T search : Backgrounds

Primary lepton

Same decay | h*

topology as t©

e LL,E" not identified
- ut Charm production in CC,
{ et common to the 3 channels

Good muon identification

is fundamental

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

v, H

V

""" M

Coulombian large angle

scattering of muons in

Lead : Bck. fot— p

Hadronic interactions
in Pb: Bck. tot— h
orfot— p

(if hadron mis-
identified as muon)

—>e |1—>u |t—>h [t—>3h |Total
Charm background A73 .008 134 181 496
Large angle p scattering .096 .096
Hadronic background 077 095 . A72
Total per channel A73 181 229 181 .764




B3 SIGNAL | v,beam | t—>e | v,NC | v, CC
9° 9.3 18 45 | 52 | 1.0 |Amyx®=25x107eV: @, = 45°
nominal CNGS beam 5 years
7° 2.8 18 4.5 5.2 1.0
5° 3.0 18 4.6 5.2 1.0
E OPLRA
LI \ 640 7.10
h[4] : H )
2.5x10- V2 TR
— HWaminal Eensity
-r LNgh inlomsily (500 URG S
N "' o n 1o

sln* ‘:ﬂ.,.

0 - . .
Combined fit of E,, E..., (Pt II- 90% C.L. limits on sin?(20,;) and 8, :
to improve S/B ratio sin?(2@,,)<0.05 ©,;<7.1°




Fion search

v, = v, oscilla

2 1
Am” ., (eV7)

1

2.5x1073 ¢

10

{ OPERA
.":_‘x
."h:f‘.}.__
2 s
i -'\:'::"\-\.
1 e
e,
-.'.H_.\_\:\..
—— Mool infensty
-==== High imtemsity (+50%) CHGS
je o 0 ,
s 20,

Ein'20,, (#3ECLY

Wbl limil Mo

Chooz Eacluced

B o puide] willhz
[ Bop=D
- signlan Mise1
] ]
2005 il i ] am2 2014 2018
Fear

Am,2 =25x10%eV2 @,, = 45°

nominal CNGS beam 5 years

Combined fit of E_, E, ., (Pt)iss

[

90% C.L. limits on sin?(20,,) and @,,:

y
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Pl

CNGS beam @ CERN:

Proton extractions from SPS with
3 cycles of 6s each : 2 extractions

of 10.5 us, separated by 50 ms.

: - time
SE FE
1

PS PS g \ PS PS o PSS PS PS PS
/‘ﬂm_:.
Ter=335s
T 216
Beam event selection : TDPERA o (TSP‘S + TOF) < Tgﬂte
~24ms ~lextraction

Nominal intensity : 4.5 10!° pot /yr, with 2.4 10'3 pot/extraction (FE)

AN



Prompt Dose Equivalent Rate (mSv/h)

; Electronics
2000 k- i

0
Solution :

~>Replace damaged
electronics

500 o 2500 S000 7500 10000

bea  [1-3]x10° mSv Zicm
—~>Find another place for i@ -

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 !
They were not just taken into account when the ventilation was installed
Radiation protection measurements confirm the calculations

P1C2008 Perugia 26/6/2008 A. Longhin Co EEEER




Experience with
PEANUT

A B =
e S L

“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

P1C2008 Perugia 26/6/2008 A. Longhin



Tirne selection of bearn events

Maonte-Emilius
Premonte
Alessandria
Emilia-Romayna
Monte-Maggiorasca
Monte-Giovo

a

o

ol

©

m
)

v T3km
~ neutrino beam ——»

GPS Time Stamp resolution ~ 100 ns

P1C2008 Perugia 26/6/2008 A. Longhin



X {em)

Target Tracker -

TOP VIEW (Horizontal projection)

CS connection

Top view (horizontal projection)

lEvent number 4379516 r

@

=)
m‘l\\\‘\l\l‘
o
S|

| I 1 |
250 300 350 400,

Z (cm)

Side view (vertical projection)

—130

400
:mni—
200 i_a .uuuuua:uﬂ: dddadad i s,
1002_ 4 & .
=
-1002_
200 =
-:mni—
H oo Ly ey
500 500 400 200 ] 700
X (micron) -
30
-uq_.‘“._
10
Muon track
in emulsion | ~
-200 -100 0 100 200  Z(micron)
Y (micron) . ' st
0 1st emulsion
—
sheet =
2" emulsion
10 ] |
sheet [
-200 -100 (I) 100 200  Z(micron)

100 um

—140,

I 1
300 350 400

Z(cm)

ol
sl
S|
|
o
i

«One target wall partially instrumented with
dummy bricks with real Changeable Sheet (CS)
doublet to test the Target Tracker to Brick
connection

« Muon tracks predicted by target tracker found
in the CS doublets.

« Angular difference between prediction and
found track <10 mrad, dominated by electronic

detector resolution




Mornenturn in the emulsions (Oct 06)

= OPERA 2D display

3 Edit Mlew Options Inspect Classes

[=][a][*]

Help

16 i
14 f
12 f
10 i

TOP VIEW (horizontal projection)

[ Event Numbar 1064775 |

wE—
o E-
v St e
w  GTIE PO 012 pemniseminn
E i z |
w S
D §_ o
i =
w0 5
= L 1 1
B0 &0 400 204 00 00 ana [
mip
SIDE VIEW {vertical projection}
b S
300 =—
200 §—
100 E_
o:=:1
Al ;— ) 1
a0 = i iR :
g E_ 1 1 1 1 1 1
00 400 T 00 ] EO 00 00 [T [

cosmics spectrum after surface
exposure measured in emulsions
with multiple scattering (angular
method)

CS doublet

prelim.

Cosmics with p>2 GeV/c
used for local alignment

A. Longhin




* The beam is separated into a central beam and four a
islands by means of non-linear magnetic elements I\/I L] ]'|‘]_'|‘| | rn
like sextupoles and octupoles. =i=t ==

« Each beamlet is ejected using fast kickers and a /< rrC [] O n
magnetic septum

Virtually loss-less

.
I n Magnetic
/ “\ a” Septum blade

core beam kick

—] 3_\' L 1
.—: L] |-l H Fast Kickers 13/21 &8
\\_,/-I \“J_"/ ik sl beamlets
N ‘[
\ 4 I:: Inirial beam distribution Beam distribution after 6500 tums
h. /:: _ _ L, M 1800 w
[ - S s )
2001 First proposal (linked to 1.5 0O iy T &
intensity increase for CNGS) .
R&D and tests 2002-2004 I'Ep-:'- * -Cpl':é * -I'.I'.l * .'\IIZ * -Cpl'> * ﬂ-f ;' -0'90.6 * -0.1!': * -0:|2 * \'.\.IIJ * 0.‘3 * D.-
Implementation Study group 2005 0 Beam distribution after 7500 turns - [, us Beam distribution after 16500 tums
D.!d: . aJaf '
March 2006 TDR
October 2006 Project approved ! . @.J%,-: - e O e
Important step for a safe achievement | N 0

Of the goal Of 4-5 1019 pOt B Ty T e ME AR OE i o




r events topolod

(P

“Long” decays ~40%
kink angle (in 3D) (., > 20 mrad)

o(8,.,) ~ 3 mrad (normal)

< 1 mrad (special)

/Y

T - ¢

A

T- M
T - h(llT[O)+p

“Short” deca}@ ~60%

Impact parameter {[5,20] pm)

o(IP) ~ 0.3-0.6 um

T

i:l decay length " kink angle ) ’ﬁ """"""""""""

g
—2mm e X higher final
i = 1 Iau -

efficiency for

. N -
M, long decays.

L
LL‘-L"'\Fﬂ.




T channels and backgrounds

sighature background
_ charm production in v, CC
T > eV, V. e.m. shower in the ECC with e- decay without
primary M identification
) ) ID (MS + Spectr. Large angle p scattering
T WV,V, B ID ( pectr.)
. i i charm production with
Events with a kink without Produetion wh
hadronic decays +
T - h A (IlT[O) muon or electron reinteractions

Dedicate kinematic analysis for each channel —
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_TOPOLOGY BCKG CUTS EFFECT
SHORT CHARM PROD. Signal/15
DECAY Mhad >2GeV bckg/1000

beam 2 GV < Pygyqn, < 15 GeV bck to reas.
L PT pT@decay.vtx (e-channel) > 100 MeV pT@decay.vtx Ievel
j mis-ID (L) > 250 MeV
1K) NI N S s RPN NS
DECAY "\ Paaugre. < 2 GeV v, NC bek
hadronic re- | p,@decayvx(wy ) > 300 MeV p,@decayvix (W/()k) suppressed (high
HADR. interactions Y) > 600 MeV p;™< low @ )
meiss< 1 GeV : ¢t—H> T[/2

signal: T & hadrons are

ymiss

(*): due to low % of v, NCevt ¢ .F

with prompt vy.

If vy —> measured p,, higher

so higher eff. at same bckg.




Signal " ackground*
J DY >
T ’
--....§é=\ --....\ e .
) : 4. U from CC

15 20

v

8] 5 10 15 20

Event selection Mass (GeV/c?)

« with 50 % mass resolution & M> 3 GeV/c? 0.2% of c bckg survives
Main backgrounds

» charm decay vtx confused with primary vtx

« g fromv CC mimickingt - B because of large IP

Contribution to the tau detection efficiency x BR : 0.7 %




Altitude
(m)
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Bearm cormposition

relevant forv  ->V search

(V.+V,)/V, 0.87%
V, / V, 2.1%
v, prompt negligible
E
L
3 1
- 1_”]5; -I
Bt
i
6"k |
A
I'll .J-',I"
\
1Y,
2 e ,IJ'
E"'f’ﬂ-'-. kfl ﬂﬂ‘{.
RN .
\ I|" 1
I |5|1 111«1!
o F] 50 100 150 200

http://www.mi.infn.it/~psala/lcarus/cngs.html
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CC events / ton / 10"pot

FAQ: radial ¢

pear profile at Gran Sasso ?

L

— divergence over 732 Km

I 1 1 1 I 1 1 1 l 1 i 1 I

@

1000

2000 3000 4000 5000 6000

Distance from beam axis (m)




Surface INFN laboratory. 980 m

Final resort LNGS Natural Park. -
Laboratori Nazionali The underground lab is at
about the same altitude

del Gran Sasso

2912 m. The Gran Sasso
_ highest peak
' (Corno grande (“big horn™)

verburden
uction ~ 1068

Baksan

e COSMIC U T

10
e (1n /m23/h

" o (LB )
g 10° Soudan
oy Canfranc (1ab3)
E 4 o« Kamioka
-
w = e
& 3 Frejus . e
O
= - Baksan \ yjont Blanc
5 o
S 10
=

1 1 L | 1 | 1 |
0 2000 4000 6000 8000
Depth (m.w.e.)
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nuclear stabilicy; ~ .
neutrino astrephysics; @,

nev cosaic phenonenology;
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OPERA




Laboratori Nazionali del Gran Sasso - INFN

current experiments

rl laboratory for astro-particle physics

Borexing

\ 4

Cuoriging

L

Damalibra

Pulex2

Tellus

Underseis

L'AQUILA CERK

e ~ 750 scientists from 25 countries

* Neutrino physics (double B, solar, atmosferic, long baseline osc.)
HMBB, MACRO, GNO, BOREXINO, OPERA, ICARUS, CUORICINO, COBRA, CUORE, GERDA

* Dark matter - cressT, DAMA, LIBRA, HDMS, GENIUS-TF, XENON, WARP
* Particle & nuclear astrophysics - EASTOP, LVD, LUNA, VIP

* Gravitational waves - Lisa

. GeOE)hySiCS, seismology - ERMES, UNDERSEIS, TELLUS, GIGS
erugia 26/6/2008

PIC2Q08,

A. Longhin o1
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(64 ch.)
0.2 %

* Plastic scintillator strips

*670x2.6X1cm
« Hamamatsu PMT's

* R/O by WLS fibres
* 6 p.e. minimum

* 2 ends R/O
* Probability 0 p.e.
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The target wall
51 x 64 bricks (27 tons)

light (0.5 % of weight)

robust strud




The rmuon spectrometer

iron top

 Dipolar magnet (B=1.55T)

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

e Gaps instrumented with RPCs with horizontal and ver .
strips with digital readout (inner trackers) I

6 vertical Drift Tubes stations with 0.3 mm resolutior

(precision trackers)

RPC with inclined strips
(to solve PR ambiguities) top view

Projection horizontale

Event Number 1

X [cm)

Total iron mass
1.3 Kton

B
|

PIC2008 Perugia 26/6/2008 DIft tubes A. Longhin




Muon specitrormeter close-up

| _Coppercoils

Precision Tracker
drift tubes

Target Tracker
scintillators | i |

Inner tracker
bakelite RPCs | I




3 e

——
* 462 ( bakelite RPC) + 42 (XPC) x 2 ~ 1000
* tot. surface: 3326 m?
* digital channels: ~ 27000
* strip pitches: 2.6, 3.5 cm (Vert, Hor)
* Front-End Boards: 468
* Controller Boards: 52

» Gas: 76%Ar+20%TFE+4%Ilso+0.6%SF,
P1C2008 Perugia 26/6/2008

w W e ESGOTER R e

The inner trackers

A. Longh

Ground plane

PET
Y strip

/ grafite

bakelite

FOAM
Linseed oil coatin

spaziatore (bottone)

Hot melt

bakelite

\ grafite
HORL X strip

Ground plane)

PET

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

16bes?543
120 spacers
I. L N 5 II- 1
100
0.8
BO
- 0.6
A0 0.4
0 0.2
0 0
—300 —ZE0 —200 —150 100 —50 i
° (2 gxl 1) m2 efficiency map
T AR, T M b o
0.8 - 08 F
06 F 06
.4 f o4
0.2 | 02
O C 1 | 111 1 | 111 1 | 11 1 1 0 _I 111 | 1111 | | - | | .| I 111
-300  -200  —100 o o 25 83 73 109
¥ aff., 7 eff.



The precision trackers
drift tubes

prototype in Hamburg
i W 38 mm diam. 8 m long tubes

B 4 layer modules (staggering)

" @ - 10.000 drift tubes

TELI 1% Vue de coté

du spectrométre

Spatial resolution

< 300 pm
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The precision trackers at worg!

horizontal projection A cosmic ray event

[Evant Numbar 51722
crossing all the 6 stations
‘ (24 Iayers)
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A4 il LN Cll\alllll—lakl h | CLE\_I.)( (= DLW B § B

R&D (@ Nagoya & Fujifilm

resning T

acility
acility design & Prototype s e sriy

i Room Size

4.5m X 4.5m X 20m

days in Tono mine (Japan) to erase the previous “history” of the emulsion (track
latent image fading). Repeated for Changeable Sheets in Gran Sasso.




| ead production

- Pb + 0.7% Ca production ‘and..
‘thickness cogtrolin
“ good mechanical properties Germany

“ low radioactivity
« produced in Germany (Goslar)

 sent by trucks (~ 100 shipments)

Lead boxes at Gran Sasso



ap

| ?'-'f'.;, . 2 _-.“'F N“:‘r‘h

Ermulsion delivery (2005)

« Shipment to Gran Sasso by sea

- Underground storage —

« Memory of emulsion order during
transportation (from Japan to Europe) is kept
and taken into account during brick assembly.

«Segments which are aligned assuming a spacing equal to the emulsion
thickness (cosmics recorded during transportation) are discarded at analysis
level : "virtual erasing” concept
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A. Longhin

at surface

~ chemical plant

6 parallel motorized
stations

for automatic
development of
bricks.

P1C2008 Perugia 26/6/2008



8GeV/c o L 2GeVie
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Electron identif

DESY 2003 e-test beam: 6 GeV
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/

Electron ENergy meas urerment

Test exp. @ CERN

2GeV
Data

o

Energy determination 0.4

few GeV
by calorimetric method E VE(GeV) @ a few Ge




tl=/elx rneasurerneni

dE/dx  ~spatial density | :=dE/dx = k /B2, E=MB?/2
of grains
> M~412x/k OM/M =0.12
p=12GeVic p,=®*+ @ KEK/PS 10 emulsions before stop pom® OM(TT) = 16 MeV
/ good separation !
.o Lone plate -0 [ average of 29 plates
&0 E Lo b
S6l = O -
4550 - =40 n
s - - n
AD L 30
ok D
—EBQ g— _gzo =
2 20 | P
10 = -
0 e I T R A N D:||||||.|J||||||I.|
15 20 25 30 15 Z20 25 50
oulse hight pulse hight

N.I.M. A516 (2004) 436 —

M, J/
N




\VilaYaal=Yala 1N ,J/ rn'l]r]OL, ,)‘,EF C—)flr]g
13.6 ﬂ,[ev/cr «Angular method

X -+ based on angular difference btw adjacent base tracks
pﬁ » not sensitive to relative shift but
» good parallelism of surfaces required

0o =

« Coordinate method

» based on displacements btw adjacent base tracks

« Longer lever arm (high p).

« Good local alignment required (cosmic ray exposure)

80 © | ;’:;‘ s 2GeV T e 661
n 3GeVT = == il £ | ndf 5235 /16
I " e C PO 3065230
& 01450 ! p1 2.055 1 0.025
60 adl p2__ -0.1772:0.0080
G '

40 | 30% resolution i 22% resolutjon
| with3 X0 of with 5 X0

20 s| ol
o L e S ¢ 1 2 3 & 5 6 7
0 5 10 15 momentum (GeV)
P (GeV/e)

N.I.M. A512 (2003) 539




Nuclear ermulsions “curriculum™
Unique tool to “see” the decay
short-lived particles
*Established technique

1% . Dl Vad & d B Jolin
f’+ A aﬁi;.,,. s it

1896: radioactivity
Bequerel U salts

1947: pion

discovered in cosmic rays
1971: charmed mesons

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

1985 : beauty mesons
WA75 hybrid experiment

first observation of B product

& decaﬁ
owadays
a0 ¥ p7 pr= 0.45 Gev/c

24005tk e automatic 0 e DL, 5 '
DONUT “beam-dumg ” exp. 30 Gevre —

+ massive targets

~ “zero background” exp. small statistics is

T decay searchinv_©¢ acceptable
Interactions Further experience of E531, CHORUS




The ECC detector ,J'—‘HC)HFI:I.HC":‘

100u

® High precision tracking (dx<lpm, 60< 1mrad) .
LS
® Kink decay topology o
. ) . M.I.P. Track
* Electron and y/pi™fdentification /
* Momentum and Energy measurement . -
* Multiple Coulomb Scattering 5 - ol Fog
(Ap/p < 0.2 after 5 X up to 4 GeV) : Camptolilectron |
* Track counting (G/E = 40%/NE)
Ag grain eif/ter development
® Jonization (dE/dx measurement) m ﬁ%
_ _ NG ﬁi
* pi/U separation 2 M.I.P. Track _

Sigma 0.05216 = 0,00009 2000

Sigma 0.05335 + 0.00009

* e¢/pi’separation =

1800 1800
1600 1600
1400 1400
1200 O 0 5 1200
1000 = l’lmoou

800 800
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OPERA milestones

May 2003: start of detector construction

May 2006: completion of electronic detectors commissionir~ Acquafredda et al.

Aug 2006: technical run, 0.76*108 pot collected New J. Phys. 8 (2006) 303

319 interactions in the rock, mechanical structure and iron of the
spectrometer

Oct 2006: start of brick production

Oct 2007: short physics run (~40% target) 0.824*10*8 pot collected
38 events collected in the target

May 2008: 135000 bricks inserted (~88% target)

Jun 2008: OPERA target will be completed. Start of full data taking,
expected about 2.1*10*° pot in 130 days of SPS running.
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alignment pattern for a full brick

=rmulsion
Uignment

QY

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

«faster global alignment using X-ray marks
«same technique for CS-brick alignment (*Compton
tracks for CS-CS alignment)

|

X-Ray
Generator

Lead shield (3 mm)
-Memory of emulsion order duritiy TR ortation (frorm Wapanto Europe) e kept
and taken into account during brick assembly. Segments aligned assuming a
spacing equal to the emulsion thickness (cosmics recorded during
transportation) can be discarded at analysis level : virtual erasing”




