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FOPERA ] The OPERA collaboration
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B pesynerare 50-netHux nouckoe, uccnenoeaHuu U
3KCMEepUMEHTOB C

* CONHeYHLIMU HeUTpUHO

* ATMOC(PEepHBIMU HEeUTPUHO

- HeuATpuHO OT peakTtopos u

* YCKOpUTEsbHBIX HeUTpUHO

CYI.I.I,QCTBOBGHMe HeﬁTPMHHbIX ocUMNNAUMU OKOHUYATESIbHO noarteepxaeHo
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Llenu yckoputenbHbIX
HEUTPUHHBIX 3KCMNEepUMeHTOB

- TToaTeepxaeHUe ocumnnNaumm, HabnroaaeMbLxA
aTMOCEEepHOM CeKTope
* TouyHOe u3mepeHue napametpos Dm?;, (29,3)

- OnpepeneHuwe y4acTBYHOWUX B OCLUNNALUAX, TUNOB
HEUTPUHO - HenocpeacTBeHHOe Habnroae

 TTouck poxaeHus v, ans onpepaeneHw

T

Heu3secTHbIX 3nemeHToB PMNS

P(v, = v,) =sin (2923.} r(Am?l j
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Vipareent art?

S okcnepumeHT OPERA ¢

* Direct search for v, — v, oscillations by looking at
the appearance of v_in a pure v, beam to explain
atmospheric neutrinos anomaly and results of K2K
and MINOS.

e Search for the subdominant Vu — V, oscillations
for ©,3 measurement

GRAN SASSO
<Ev>~17 GeV (ECM >> m,), L=732 km

4.5x107° pot/year

v, CC /kton 2900

v, NC /kton 875
<E>, (GeV) 17

(Ves Vo) / Yy 0.85 %
\TEAN 2.1 %
V. prompt negligible

[eTeKkTop AOMKEH ObITb OAHOBPEMEHHO O4YeHb MAaCCUBHbIM ANA
perncrtpauum v u oonagatb MUKPOHHbLIM pa3peLlueHnemM Ans perucrpaumm
pacnapa t nentoHoB - ECC




Cxema peructpauuu v_. B ECC

S OFPERA

Pb ob6ecneunBaeTt maccy
~15 grains/50 um oeTekTopa, aaepHas
doTo3IMYNbCUA CyOMUKPOHHOE
paspellueHme ans

emulsion “grains”

2

track segment

Vi

. VerVu pernctpaumn T

e, h Gy~ 5 mrad
c.~0,5um

decay “kink”
OPERA ECC brick

| >25 mrad / \

-——— 0

Pb ES Pb ES

< 1Imm 8 cm '
(10X,) 155000 bricks in total
“ i
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§l Detector today : electronic detectors OK
Bricks already inserted [§i|
U Tru
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T The OPERA detector

SM1

0.68 kton i I’ | | !."I'H.iil.llli=:
| - (I |“|“||L:. it = e it I

?lRe;g)plane ///v Target and Target Tracker (6.7m)?

High precision tracker Instrumented dipole magnet e Target : 77500 bricks, 29 walls
e 6 4-fold layers of e153T
drift tubes e 22 XY planes of RPC in e Target tracker : 31 XY doublets of 256
both arms scintillator strips + WLS fibres + multi-
Muon spectrometer (8x10 m?2) anodes PMT for

* Brick selection
15 May 2008 O.A.TopHyLLKMH «MapkoBckue Y . Calorimetry
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brick production/filling

Detector filling in progress, 180000
~125000 bricks inserted 140000 -

120000 —e— 2 drums/day

% 100000 - —=— 2.5 drums/day
* 9*10° emulsions & lead plates 5 80000 3 drums/day
- 155 000 bricks to be produced 40000 real
. 20000 —
* production rate ~ 700/day g I B
1 8 1522 29 36 June 10th ‘8 85 JUIy 28th
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WS : : :
=== Brick Insertion & Extraction

Tagged bricks will be extracted every day
=> quasi online experiment

Spatial precision o(0.1 mm)
on ranges o(10 m) using

Load ing station  djgital camera vision
and brick drum

Draw bridge for
Digital camera brick insertion

esull] Wi ¥~ | for positioning

Manipulating

platform
Vacuum sucker vehicle
to retrieve bricks

Electric jack to
insert bricks Storage Carrousel
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MepemeLleHnem 06beKTUBA Mo Z U OrpaHUYeHneMm \

MyGUHLI PE3KOCTM 40 3-4um M30BPaXEHME B SMYTbCUM TTTNK : _________ D_I_g_l_t-l-Z_e_a_ “hits”
Bblpe3aeTcs Ha pasHou rmybuHe u peructpupyercs o = NS
BUaeoKamepon )\
CO cKopocCTbio [0 4kfps, nsobpaxeHne obpabareiBaetca L | < _______\ DN

crnewunpoueccopoM 1 oundposbiBaeTcH. M3 otaenbHbIX
3epeH BOCCTaHaBNMBAKTCA MUKPOTPEKU, KOTOPbIE CLUMBAKOTCA
AN NOMHOW PEKOHCTPYKLMM COBbITUSA

PTATRE Rt e

110 o A T 1

S ——
1 [ R
7 1 e A
. T j | i/ =St Ry —
5otk : N
200 um Wl

N3mepeHne nmnyrnbca no MHOroKpaTHoOMY paccesHuio a Pb
dE/dx ana m/p pasgeneHns npu HA3KNMX 3HEPrusax
Bblicokas TOYHOCTb 3fIEKTPOHHOM MAEHTUGMKALUNN, UBMEPEHUE SHEPTUMN
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ESS in Europe

Based on commercial components, easy to reproduce
Software algorithms

Very powerful system embodying longtime
experience of Nagoya U. group:

Dedicated hardware with track finding algorithms hard
coded (image preprocessor, track recognition processor), very
fast custom CMOS camera (4kfps)

Both systems demostrate:
~0.3 um spatial resolution

Scanning speed of 40 cm?/h ~ 2 mrad angular resolution
~ 95% base track detection efficiency

~40 system installed in Japan and Europe
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L stage (Micos)
0.05 pm nominal

precision ; J '
I |‘!
CMOS camera /

1280%1024 pixel
256 gray levels

376 frames/sec A S
(Mikrotron MC1310) 7 -\ e

Emulsion Plate

XY stage (Micos)
0.1 ym nominal
precision

Illumination system, objective (Oil 50x NA 0.85)
and optical tube (Nikon)

B HacTosiwee Bpema OUNAU moHTupyeT ESS u npumet yyactue
15 May 2008 B CKAHMPOBaHMUM N NOUCKEe Tay-HENTPUHO




JTanbl NOAroTOBKM 3KCNEepUMEeHTa

May 2006: nofiHbIN 3anNyCK 3NEeKTPOHHbIX AEeTEeKTOPOB

Aug 2006: 3anyck CNGS, TexHun4eckuin ceaHc, npu 0.76*1018 pot
HabpaHo 319 HENTPUHHLIX B3aMMOOEUCTBUN B CKallbHOM IFpyHTE,
BELLECTBE OETEKTOPOB

Oct 2006: Ha4ano npon3BoaACTBa KUPNUYNKOB

Oct 2007: kopoTkun doumsndeckmm ceaHc (~40% MueHN)
0.82*1018 pot

38 coObITUM 3apPEerMcTPUpPOBaHO B MULLEHM
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First OPERA neutrino event located in brick (October 2n 2007)

TOP VIEW (horizontal projection)
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TOP VIEW (Horizontal projection)

Event Number 182802454, Mon Oct 8 23:32:48 2007
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SIDE VIEW (Vertical projection)
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STanbl NOArOTOBKU SKCnepumeHTa

May 2008: 125000 kmpnuumkos yctaHosneHo (~80%)

Jun 2008: OPERA 3anonHeHue AeTeKkTopa 3aeeplueHO.
Hauano nonHomacwrabHoro ceaHca Habopa AGHHLIX
Oxuaaetca okono 3*10!° pot 3a 147 gHeu paboThr
SPS un oxono 2000 cobbrtui
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Oxugaemoe 4Yncrio CoobITUN V,

- 5 years CNGS data taking ( 4.5 10"° pot/year)

* 1.35 ktons target mass

Signal @ Am? (Full mixing)

-d
v qecay Background
channels

2.5x103(eV?) | 3.0x103(eV?)

ToW 2.9 4.2 0.17

T o€ 3.5 5.0 0.17

T - h 3.1 4.4 0.24

T — 3h 0.9 1.3 0.17

ALL 10.4 15.0 0.76

15 May 2008
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YysctButensHocTb OPERA

—_— 3 d sensitivity
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e iy 3aKknveHue

 Bce aTtanbl NOAroTOBKMU JKCNnepumMmeHTa NoJIHOCTbLHO 3aBepLUeHbl.
3anyueH HeUTpuHHbIU nydok LIEPH-IpaH Cacco
-3anylueHsI BCe 3M1eKTPOHHLIE AeTeKTOpLl, BCe napameTpsl (3¢ppeKTUBHOCTb, paspelleHue)

NOSIHOCTbFO COOTBETCTBYHOT OXUAGEMBIM
CO3AGHBI CKAHUPYHOLWME CTAHLIMU C BLICOKOWU 3(PEPEKTUBHOCTbFO U NMPOU3BOAUTENBHOCTBIO,
OTBeuYarolen OXUAAeMOMY YUCTy COBbITUM

‘MsrotosneHo u yctaHosneHo B aetektop 80% 3nemeHTOoB MuweHU (NoNHoe 3anonHeHue K

WIOHIO)

*PO60TbI-MAHUNYNATOPLI FOTOBLI K eXeAHEeBHOMY U3BJIeYeHUHD «KUPMUYUKOB» MULLIEHU, a
Xumudeckaa nabopatopua k NposBrNeHU0 HAXOAALWEUCA B HUX 3MYSIbCUU

‘TTporpamMmer U aNropuTMer Nossonsaiolwme 3PEPeKTUBHO UASHTUPULUPOBATL BeplUMHY cObLITUSA
C NOMOLLUBLFO CUCTEMBI LiesieyKa3aHUa 351eKTPOHHBIX AeTeKTOpoB npoBepeHbl B ceaHce 2007
roaa

*dPpPeKTUBHOCTbL ECC 1 MeTOA0B NOUCKA BepliUHLI COOLITUA B 3MYJIbCUU C MOMOLLLIO
CKQHUPYHOWMX CTAHUUU Kak B SinoHUM, Tak u B EBpone ycnewHo npoeepeHbl Ha COBLITUAX
otnaaoyHoro ceaHca 2007 roaa.

*Konnabopauus xaeT Havyana nepBoro 6onbLoro h1M3nM4eckoro ceaHca,
KOTOPbIA HayHeTCcs Yepe3 Mecsil, U, BO3MOXHO, NoAapuT nepeoe cobbiTue v !
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B =g OPERA sensitivity to 0,5

(by-productv, —v,)

By fitting simultaneously the Limits at 90% C.L. on sin?20,; and 0,
E., missing pr and E,;¢ distributions: Am?2,,=2.5x103 eV2; sin20,,=1)
sensitivity ~90%

S o Mo Experiment sinZ 20,3 043
I : ' """ Vebﬂamconl.
b v, CHOOZ <0.14 | <11°
S NC MINOS <006 | <7.1°
1 OPERA 5 yr <006 | <71°
1 JHF 5 yr <0.006 | <2.5°
1

0 FEETR

1.2 14

Missing p.. (GeV)
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RS Some history

(I astdifd
Despite :
- CNGS postulated in 1979
- Kamiokande result in 1988

European physicists have limited the accelerator V program

GO oM e iR PURBUC 422 L &M AT

. . . . & LRroselm
inside the fence of CERN, arguing on X e
Confusing experimental results Figuro 1.1.1: Seteh by A. Zcic, 197
- Strong theortical arguments:
107 e e . .
A'rmo_sphémc‘bed‘tm%g E J. Ellis et al. (CERN-TH-6569-92)
: G s * 6. Altarelli et al. (Neutrino Telescope)
| |
10~! e | Prejus 3
N% ‘L\'-‘ F-;’,
o 107% = Kamioka | s
= - (allowed) T
=] =
[ Su]? - :
-3 L solved by Smal 1ode WIRW soldtion
because it is 80 DRI
i IMB-1 ~2 e Importantscalie & riosciliation is
o4 L N becadse it is
° 9= 054- 2 cosiNoPeLiNadly relevant
FIG, 2, ™% C..l.. limits o v, 1:.:-:-1 ¥y nﬁc:’!laﬂnns.l'r-:.rm rate - (125 s - VJe a.bout e?_.z.szbzo.oqz
TR Il ~ 2.0 SbheriG neutrino anomaly must
Saclay (CDHS) [15]. Dotted curve shows the allowed region 5 1
from }Hamiukandﬁ [16] TEI::: Frejus limit 1': 95% C.L. mﬁcrs beca'use 1t reqmres large
are 9,
+ LSND ..
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Muon Spectrometers

TT provides an identification of the ECC brick
where neutrino interaction took place.
MS provides muon momentum and its sign
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