CNGS, OPERA and ICARUS status

long baseline Vt appearance experiments
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CNGS ( CERN Neutrino to Gran Sasso )

400GeV/c proton beam
4.5x10" pot/year in shared mode

Prevessin-Moéns

Average v energy = 17GeV

* WV VeV = 112x102: 8x1073: 5x104
}g - 2600 v,CC events/kton/year

LEP/LHC

kL

N

22 v_CC events/kton/year

e ———— assuming sin?20 =1, 5m?=3x10-3eV/?
?f , Meyrin rL;?f":;
Meyrin Site A

First beam to Gran Sasso in May 2006



Target Chamber — December 2002




COLLABORATION

36 groups
~ 165 physicists

Japan = Evrope collaboration

Belgium
HHE(ULB-VUB) Brusscls

Sofia Liniversin

China
IHEP Beijing, Shandong

Croatia
Zagreh University

I'rance
LAPP Annecy, IPNL Lyon, LAL Orsay, IRES Strashourg

Gsermany
Berlin, Hagen, Hamburg Miinster. Rostock

Isracl
Fechnion Haila

Ll

Bari. Bologna, LNF Frascati, L Aquila, LNGS, Naples. Padova, Rome

Japan
Aichi, Toho, Kobe, Nagoya, Utsunomiya

Russia
INR Moscow. ITEP Moscow, JINR Dubna. Obninsk

Switzerland
Bern, Neuchitel

Turkey

Inderlined : s having joined since last vear
Underlined : groups having joined since last vei METU Ankara
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OPERA is an emulsion experiment similar to DONUT

V. CC event is identified F.L.=280um
by detecting 1 i:iecay vertex 6., .=0.090rad
Y P=414 Mo Vic

P=4.6" 1 GeVie

‘% N\ DONUT v, CC event

‘~.:

closeup view near the neutnno inferaction

Electron ID in emulsion
uw ID in emulsion and in electronic detector ~ ~ to reject backgrounds
Momentum measurement in emulsion -
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OPERA Construction

Europe

. Japan
SN ()
Scan station in Europe

¥

0\

Exposed Em ision
h.u._... -._L_- ..-...___‘.11.....-".___. : . ﬁ..Mn.U
Scan station in Japan

Detector in Gran Sasso | |
(x) emulsion DAQ outside of Gran .

+ Analysis begins when the beam



OPERA Detector in Gran Sasso

e
'

1 spectrometer

“\ Target Emulsion Wall ( 1.8kton )
|_r

Target Tracker (T1)



Emulsion Brick for OPERA e 200k bricks

57 emulsion sheets and
56 lead plates are
\ vacuum packed




Low radiation lead

10t Boliden Pb + 0.6t Britannia Pb

rolled and ready for prototype mass production ( 25t )
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Naples-Frascati wall CCD Camera

The Vacuum sucker Vehicle (VV)

VV cable loop
driving system

VV cable



OPERA Target Tracker ( France )

First TT vertical plane




T Decay analysis is no problem
Enough experience from DONUT and CHORUS physics analysis

< [00k V interactions in OPER:
DONUT

Observation of tau neutrino interactions
- Phys. Lett. 8504 (20010218 4 Vt CC events among 203 V interactions
L‘* TVt CC now

CHORUS  ~ 140k Vinteractions now
Measurement of D° production in neufrino charged- current interactions
= Phys. Lefl. B§27(2002)/73 283 D°decays among ~ 25k Vu CC events

Measurement of Al production in neutrino charged-current interactions
- Phys.Lett. BS55 (2002)156 338 AL candidates among ~ 50k Vucc events
Determination of the semi-leptonic branching fraction of charm hadrons 1 _
produced in neutrino charged-current interactions
- Phys. Left. B549(2002) 48 956 charm candidates among ~ 56 k Vu CC events
Improvements in OPERA
« §-UTS ( faster emulsion DAQ) fcm/h = > 20cm¥h
« 9B (i.e.B) measurement ( Jow momentum uID)
« Better electron ID and energy measurement < clean emulsion by refresh + Pb instead of |



( ueder ) ge7-4 ul uonels buliuuedsS uoIS|NWS




S-UTS ( new emulsion DAQ system )

UTS ( current system ) runs at 1cm2/h
— S-UTS is designed to run at 20cm?/h or faster

« Ultra High Speed Camera High speed CCD
— Up to 3k frames per second. — o -
— Max 100views/sec mlﬂ L-B0pm yyove objective lens
ot G - along inclined axis
« |mage taking by follow shot Objective fage w\h ﬁ D -50um
— No go-stop operation to avoid ,J : v
a mechanical bottleneck. =1 m'

Emulsion

=
-
Driving in constant velocity



era Head + CCU

by ™
p

Ultra High Speed CCD Camera for S-UTS
« 512(H)=x504(V) pixels
« 3k frames/sec
« Digital output via LVDS, 1.3Gbyte/sec

v

real time processing



S-UTS camera image
consists of 32 readout channels
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Horizontal + Vertical

Objective lens
actuators for S-UTS

made by S.ISHIKAWA
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dEfy Cor ) in emulsion is @ measurable quantity in automated scan ( Track Selector)
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expected value for n*
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identify stopping
-]
fo kill charm BG

~dE/dX (MeV g7 'cm®)
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—-dE/dX {Me¥ g~'cm")

u identification
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— range measurementin TT

Low momentum p ( range < 47,1 )

> dE/dx measurement in emulsion
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Electron ID

mixture
ofge

emulsion sheet

v

/mm Pb

Jest @ CERN PS
( May 2001)

AB< T5mrad, Ar'< 45 um

o

5Xo (27 layers of Pb+Em)

e-like energy loss <=
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detect Shower + measure energy loss due to bremsstrohlung

rumber of trocks

rumber of bracks

dGeVie
@
|_.I._u.“-._
[}
=15
.m__.n_
o
)
=
)
[ =
[1F}
.
m._..r.u ul.““_"_.”_ W+
“wfE
=R - is
C a0 | i
T F .
Sa0 b B
= Ll e
(= |_u.m.xu Q M.u 0.5
u
T
e 1)
..,.._nlu”__.U ” i
g0
£
=
c =0 . 0 0.5
Xe= s

window for Shower detection <— small due fo high BG track density
2GeV/e

with shower

-+ electrons

passing thro
w/o showel

“* pions
o i abi

S0P WO SN0
d W

= ._..‘L.......lh..-.l_.___._._._ .w.

eff.~90% , mis-id ~ 5%

- like energy loss
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Energy loss measurement by multiple scattering



Electron energy measurement
by counting track segments in a horn

clectron = ¥ Of track segments

A <250mrad

beam

2GeV/c

68% of shower tracks
are contained @ 4GeV

4GeVic

Test @ CERM PS
( May 2001 )




Estimation of background

at random volume

Track segments from
another electron and
interaction are seen.

Random background
~1track/mm?




E
DATA (B.G.)

olectron < # Of segments

# of events
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Electron ID and its energy measurement are done in emulsion

using. ..

(1) energy loss measurement by multiple scaitering
enerqy loss difference between electrons and pions

o —

h
m mmE:mumx.+E,mamﬂEE§u
Er(2) ~ Eq

(2) cascade shower detection

Our data from tests are well understood and repraduced by Monte Carlo.
« identification eff. ~ 0%, mis-id probability ~5%

* energy measurement mm.m ~ 0¥ 2 afew GeV

G
\

These performances can be improved in lower BG condition ! = refreshable en



Refreshable Emulsion

Trajectory of a charged particle

~35grains/100micron

Refresh ( 3days in 30°C and 98% RH )

~ 8grains/100um remains



Refresh Facility in Tono Mine

Cosmic ray shielding
Room#l 1/30 of a ground level ( [ 153m.w.¢. )

Room#2 1/400 of ground level ( 220m.w.e. )
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Emulsion delivery to Gran Sasso begins in Aug. 2003




Refresh Room #2

Refresh chamber
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Refresh Room #2 on 05-Jun-2003




T decay analysis is no problem but event location is a hard job...

Poor resolution of a tracking detector
DONUT, CHORUS ~ 0.5mm® fiber tracker >  OPERA 2.6¢m width strips
Larger area must be scanned -  Ultra fast emulsion DAQ by S-UTS
Quasi-online event location
Event location begins when beam is ON
Well organijed analysis procedure

CNGS dedicate mode will acceptable
\:E the case for CHORUS ner |

Emulsion analysis chain for event location must be ready before having REAL events !

\

Rehearsal must be done !

CERN is oot in OPERA

: _ —=>  Rehearsal ot KEK PS
CERN PS and SPS is down in 2005



Event location rehersal using KEK PS5

- ¢close to our scan Station and refresh facility

- similar BG condition will be feasible
i —

as of a real brick

< w. _.-.m._u.ww_ .:1 -~
E.u..,.uh:.._:...,_..r. w a8y,
i vertical

Tono Mine

refresh facility
E,“ﬁn# ﬁnnﬁ:m

/

Emw&.n

scan station
development facility



Mini OPERA _mmﬂr:_a



DONUT Scintilation Fiber Tracker reused in Mini OPERA

500pm P fibers

YZZY plate U plate

‘\I / distances between plates are flexible
Yi YZ YZYI YZ
i¥Y ulIv I¥ tYu LY

A\
L40mm * 40 mm

SYZZY plates
2 U plates

I.L Cmex 30HE)



Mini OPERA setup ( 07-Jun-2003 )



Mini brick walls in Mini OPERA



Rehearsal scheme

know the truth by SFT

(2) Scan back uch_nrtuomm tracks ?
L = || - _
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BRI \%’ () General scan to pickup all tracks

(3) Find a vertex
Ultra low density exposure < /0 beam over /00 cm?




Mini OPERA schedule

2003 Jun

2009 Feb

2009 Oct

2006 May

Submit proposal to KEK

Minimal setup ready

Test in F-ken (Nagoya) using cosmics

Beom line studyat KEK PS

Full setup (add mini TT) ready in KEK
KEK PS slow extraction

Begin event location rehearsal

Full running of event location rehearsal

I

Tuning and improving event location

k

1st beam to Gran Sasso
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B. Lisowski, F. Lu, G. Mangano, G. Mannocchi, M. Markiewicz, F. Mauri, C. Matthey, G. Meng, M. Messina, C.
Montanari, S. Muraro, G. Matterer, S. Navas-Concha, M. Nicoletto, S. Otwinowski, Q. Cuyang, O. Palamara, D.
Pascoli, L. Periale, G. Piano Mortari, A. Piazzoli, P. Picchi, F. Pietropaolo, W. Polchlopek, T. Rancati, A. Rappoldi,
G.L. Raselli, J. Rico, E. Rondio, M. Rossella, A, Rubbia, C. Rubbia, P. Sala, R. Santorelli, . Scannicchio, E. Segreto,
Y. Seo, F. Sergiampietri, J. Sobczyk, N. Spinelli, J. Stepaniak, M. Stodulski, M. Szarska, M. Szeptycka, M.
Terrani, R. Velofta, 5. Ventura, C. Vignoli, H. Wang, X. Wang, M. Wojcik, X. Yang, A. Zalewska, J. Zalipska, P. Zhao, W.
Zipper.

ITALY: L'Aquila, LNF, LNGS, Milano, Napoli, Padova, Pavia, Pisa, CNR Torino, Politec. Milano.
SWITZERLAND: ETHZ Zirich.

CHINA: Academia Sinica Beijing.

POLAND: Univ. of Silesia Katowice, Univ. of Mining and Metallurgy Krakow, Inst. of Nucl. Phys. Krakow,

Jagellonian Univ. Krakow, Univ. of Technology Krakow, A.Soltan Inst. for Nucl. Studies Warszawa,
Warsaw Univ., Wroclaw Univ.

USA: UCLA Los Angeles.

SPAIN: Univ. of Granada.
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Sth Pisa Meeting on Advanced Detectors - La Biodola, Isola A'Elba - May 25-31, 2003
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Detection technique

LL \ LAr used as 'ftarget’ and 'detector

Anode: multiplane readout
3 wire planes at 0 and + 60 deg

Wire separation = 3 mm

Collection L 55 -
<" Induction 1 b
. Induction £

[ fransparcid )

E =500 V/em y

dargin Mavas () Ceaneda), 230505 CIFANFIL (NY ) 3



drift coordinate

14

Examples of events: “electronic” bubble chamber (I)

Oxy ~ [mm
Hadronic interaction |} Gz
(T600) |

~ 0.4 mm

Run 308 Event 160 Collection view

- 80 cm

T “ | _. 270 cm
, >

wire coordinate

Antonio Ereditate - TMFMN Mapeli - NOOMNO3



“Electronic” bubble chamber (ll)

Run 308 Event 7 Collection view
Eir »..._““

Cosmic ray showers
(T600)

facm

drift coordinate

ke

>

74 cm

drift coordinate

A |

wire coordinate
15 Antorio Ereditate - TMFM Mapali - MOOM03




A vast physics program ...

i LT B
Aemospheri
1

HERErINQs

T3000

Supernova newtrinos

i

SOLATr HEWLTLLAS

i
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Sempia Mavas (1) Goanada), 230500 CIFANPOL INY) 1%



vV,— V., appearance search summary

(2.25 x 10* p.o.t.)

(2.35 kton active LAr, 1.5 kton fiducial)

Super-Kamiokande:
1.6 < Am?® < 4.0 at 90% C.L.

Signal Signal Signal Signal
7 decay mode Am? = Amd = A = Am? = BG
16x 1072 eV2 | 25 % 107% ¢V2 | 3.0 % 10~ ¢V2 | 4.0 % 1073 ¢V/2
T — 3.7 i) 13 23 0.7
F — o DIS 0.6 1.5 2.9 3.9 TR
T »p QE 0.6 1.4 2.0 3.6 Bt
Total 4.9 11.9 17.2 30.5 0.7

+ Several decay channels exploited (golden channel = electron)

+ (low) backgrounds measured in situ (control samples)

+ High sensitivity to signal; oscillation parameters determination

Sespas Mavae, (11, haraddey, 230500 CTPAN P (Y )




Mnaﬂn...__,.

CNGS st beam in May 2006
Long baseline Vt appearance experiments in Gran Sasso run from the st day
OPERA
T decay vertex detection

refreshed emulsion = low noise - better in electron ID and energy measurement

%4 is @ measurable quantity = low momentum U ID fo kill charm BG
S-UTS

reheasal for event location using mini-OPERA at KEK
ICARUS
3000t LAr TPC

Vt detection by kinematical analysis





