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AKCNepMeHTbl MO HEUTPUHHBIM OCLUMINALUAM

PeaktopHble: CHOOZ, Palo-Verde, KamLand,
BOREXINO

Me3oHHbIe chabpukn: LSND, KARMEN
Yckoputenu : CHORUS, NOMAD, DONUT

ConHe4yHble HenTpuHo: Homestake, GALEX,
Kamiokande, Super-Kamiokande, GNO, SNO

AtmocdepHblie HeuTpuHo: NUSEX, Soudan-2, IMB,
Kamiokande, Super-Kamiokande, BOREXINO,
UNO, MACRO

Yckoputenu: K2K, MINOS, OPERA
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Measurement of the oscillation parameters in the
atmospheric neutrino sector: present situation
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Full mixing and
Am?2,.~ 2.4 x 103 eV?

The grey band indicates
the OPERA allowed region
(90% CL) for the above
parameter values for

22.5 x 10'° pot






The OPERA Collaboration
180 physicists, 33 institutions in 12 countries
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http://operaweb.web.cern.ch/operaweb/index.shtml .




OPERA: npsimoe AeTeKTUpoBaHMNe OCUMUNIIALUA HEUTPUHO MO NOSIBNIEHUIO
T-nenToHa (Macca 1-nentoHa 1,777 3B. Bpems xu3uun 2,9x10-13 cek)

npeackasaHna PMNS :

P(v,2v,) ~sm20,,c08%0 ;sm*(Am”, . [/4E)

TpeboBaHUA K IKCMEPUMEHTY:

Bonblasa 6a3a,

Bbicokasa aHeprmsi HEUTPUHHOIO
nyu4Ka,

bonbllagd MHTEHCUBHOCTb NMy4Ka,

BO3MOXHOCTb OeTeKTU POBaHUA
KOPOTKOXUBYLIEro T-yierntToHa
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From SPS: 400 GeV/c
Cycle length: 6 s
Extractions:
— 2 separated by 50 ms
Pulse length: 10.5 us
Beam intensity: - |
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Expected performance: ' s T =0 B eafet

— 4.5-10Y pot/year g e CNGS: a 17 GeVyv, beam from
SN S aES  CERN to Gran Sasso 730 km )

St wamin 1;|| TETHIT S ‘iCIE!‘ Ey alt 2




WHTEHCUBHOCTb HEUTPUHHOIO NyYKa B
nadopartopuu Gran Sasso =4.49 * 10° M2 Ha 1
nagarowmm Ha MULLEeHb NPOTOH (~1017
NPOTOHOB B CYTKU), MONepeYHbIn pasmep —

okorso 800 M, cpeaHsada aHeprua ~ 17 3B

[y4oK B OCHOBHOM COCTOWT 13 V

[Mpnmechb V,u - 2%, Ve -1%

7

target beam instrumentation helium bags decay tube hadron stop muon detectors
downstream (TBID)

target reflector : /K deca

neutrin

100 m 992 m 18.2 m 5m 67 m 5m
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The various components of the CERN Neutrinos to Gran Sasso facility, which produces an intense beam of muon-neutrinos.




CNGS- nyuok v, ot yckoputens B CERN HaueneH Ha LNGS (730 km)

Emilia-Romagna
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11.4km

L =736 km__

~ peutrino beam ——»

Thight = 2.44 ms

Peructpaumsa B3anmMogencTBum B JeTeKTope

17 GeV OPERA. Peructpauus Tay-nenToHOB B SSA€pPHOM
ok

Oxraaemoe YUCno B3auMogerncTBUIA ANg
22.5x10%° pot:

(v, tv,) v, (CC) 0.87%

v.,/v, (CC) 2.1%

~ 23600 v, CC+ NC
~160 (v_+V_) CC
~ 115 1-'_1: CC (,.-'_‘\[113 =7 5% 10-:5: E'.V:"}




LNGS ( INFN), camaa bonbwasn B Mmupe nabopartopus, cBasaHHas
Cc noa3eMHoUN pU3NKOMN:

~180’000 m3 o6bem nomelueHust, ~3'100 m.w.e. rmybuHa, ~1 cosmic p/ m2 x yac,
9KCrnepuMeHTaribHasgd MHPPACTPYKTypa, MHOXECTBO 3KCNepUMEHTOB. [loa3emMHble
3anbl opueHTMpoBaHbl B HanpasneHun CERN.




OcHoBHou npuHuun: ECC + JJIEKTPOHHbIE OETEKTOPbDI

ECC brick
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Ucnonb3oBaHMe 3NMEeKTPOHHbIX AeTEeKTOPOB A
BPeMEeHHOMN NPUBA3KU K IMYJIbCUOHHOMY AETEeKTOpY U
onpepeneHns mecta B3ammMoaencTtBmst HEMTPUHO

ONEeKTPOH
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TpEKKepbl
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AOETEKTOP- OCYLLECTBJIEHUE OCHOBHbIX NMPUHLUWMNOB
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Mpn obpaboTke aMmynbLCcuUn Bblaensiem
criegymoLime TUnbl COObLITUN:

Tabdmuma 1
L'l cc B3auMoOIeHCcTBHE V, (0bMeH W~ 6ozomomM) VN = X
2 | NC B3aHMOJeHCTEHE HeATpHHO (00Mer £ 0 0030HOM) N — X
3 | CC mzasmoneficTeHe 1V ] vN—e X
4 | BzamMmogeHcTBHA ¢ 0D0pazoBaHHEM YapMHPOBAHHEIX TACTHI. v,N —cuX v, N —copX
5 | CC ezammogefictere V_ VN—->1T X
Bblnenel?ue COObLITUM Bpems Xu3nu t-nentoka
291013 c.

BeposaTHOCTM pacnagoB paBHbI:

T oev v, X 11.7%
rm o uvi,X17.8%
rm = hv (n7°)49.5%
r-—>3hv, 15.0%
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BbliaeneHne ocUMNNALNOHHbLIX COObLITUN

w-
| TP =
Vi
_ o Y
decay klny'\},t', h-, e
Vi seeeeeees FRSRSRRSRRSREssseienas T
oscillation V.
—~1 mm—!

plus 3-prong decay modes
dPoHoBblIe COObITUA

Signal

1, &, hadron
v CC

A heKkTUBHOCTL A0

€ trigger x € brick x € geom x € vertex location= 99% e

Background

v, CC+ charm production

charm muon
misidentified
MOCGHT. T. 16
(270%) * 94% * 90%
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Pacnagbl t-nentoHa noapasaensaloT Ha «KOPOTKUE» U
«arnvuHHbIe». KopoTKuKU pacnag npouMcxoout B TOWN XKe
CBUHLOBOM NMJflaCTUHE, B KOTOPOM MPOM3OLUSIO
nepBu4yHoe B3ammopeucTeme, OJZIMHHbIA - B O4HOU U3
nocneayrwowmnx. B nepBom cnyvyae otoop cobObITusA
npoucxoaumt no npuuenbHomy napametpy (impact
parameter), KOTOpbIN AOMKEH MpeBbIWaTb BENUYMHY
5 mkm. lNMpusHakom ANMHHOroO pacnaga ABnfAeTcs
yron msnoma tpeka, nexawuu B npegenax ot 20 po

500 mpaa.
emulsion film plastic base
N
Pb kink | || le™
v
bt 4 eklnll'.
. P

»

€ > «
Short decays Long decays




Signal & Background

Signal
Zr?ae::; B.R. (%) | Am2=2.5x | Background
10-3 eV?
T>H 17.7 2.9 0.17
T—>e 17.8 3.5 0.17
T—>h 49.5 3.1 0.24
T — 3h 15.0 0.9 017
Total 104 0.75

MD =1.3 Kton, 5 years run, 4.5x10"° pot/ year,'full mixing

OCHOBHbIE€ UCTOYHUKUN (DOHA
e (ObpasoBaHue N pacnagYapMMpoBaHHbIX YacTul
e [loBTOpPHbLIE B3aUMOOAENCTBUSA aOpOHOB
 PaccesaHne mooHa Ha borsbLUne yriibl




CNGS

2010:
3rd physics run since 2008

CNGS program nominal goal:
4.5x10%7 pot x D years

Year

Protons on

target

SPS
Eff.

Events in the
bricks

2008

123

1.78x10%7

61%

1698

2009

155

3.52x1019

70%

3693

2010

187

4,04 x10'9

81,2%

4246

x 108

pot

BODD i_
FOD0 :
6000 |-
%000 |-
4000 |-
L F 2009

JO00 =

V000

1]

2010

>9600 events collected until

- 2211 2010

High specific CNGS efficiency ~97%

2012 Machines Stop: (if limiting to
2008+2009+2010(404%13) +2011 (4.5519)
would imply reaching ~65% of the nominal

goal)
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The OPERA detector

ECCs } |
scint. i |v

I
strips ;L

e ——

EMULSIONS “
- 150036 ECCs ~ 1/25 kton

TARGET TRACKERS
« 2 x 31 scintillator strips

walls
. 256+256 X-Y strips/wall
 both-sides readout, WLS

f ber

* 64- channel H7546 PMT
6 channels

~ 0.8 cm (2.6 cm pitch)

L
° =~

* rate = 20 Hz/pixel @1 p.e.

Luca Stanco - Padova

a quite large fine grained
“vertex detector” |

Brick
Manlpula‘ror'

system

HIGH PRECISION TRACKERS

6 drift-tube
layers/spectrometer
INNER TRACKERS  spatial resolution < 0.5 mm

. 990 ton Fe dipole magnets
(B=155 T? ms‘rr'umem‘ed with

+ several essential “off-site”
ancillary facilities:
 emulsion “refreshing”

br'uck assembly/dlsassembly

. %85RPC p anefs (streamer mode) « labellin

. surface

« “+7 ~1.3 cm spatial resolution * autom glc development
g 6 % (geometrical) . scanmng 21

21
OPERA Status - IDS-NuFact2009 21



2 MULLEHHbIX MOAYIA, KaXAblA CO CMEeKTPOMETPOM U3 XKerne3a
ANA geTeKTMpoBaHUA MIOOHOB (noaaBrieHMe ooHa U KaHan
| tau—muon pacnapa)
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VETO SYSTEM
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double layer of glass RPCs ~100 m?
97% efficiency in streamer mode
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MWWEHb 3 CUMNHTUITNAUNOHHBIX CTPUINOB

> 5 p.e. fora m.i.p.

~ 99% detection efficiency = trigger
position accuracy: ~8 mm

angular accuracy: ~ 20 mrad

MexaHun4yeckas CTpyKTypa:
brick trays: Tonsko 0.5% maccbl MULLEHU




TPEKKEP BbICOKOI'O PASPELLEHUNA (HPT)

Entries 4009

Mean 11.62

RMS 9.432

muon momentum
Data (black hist.) vs MC

30 10 50
Muon momentum (GeV/c)

hist_residuen
Entries 335378
Mean -0.00166
RMS 0.02456

spatial
resolution
= 250 um

h_II|III|III|III|III|III|III|III|III|III|III|II




CBOP OAHHbIX

* Trigger-less scheme: hits from single detectors with GPS time stamp
» About 1200 sensors for controlling groups of pixels, strips or wires

« All hits recorded in the DB

» Events extracted offline from DB

Remote controls

Ethernet switch

Sensors

Detectors

General Server QRACLE D B. Server & replicant
1 N
=l l . GPS
firewall = = g i anrerna
) . CISCO 3750 . -
DHCP :
DNS
External S Manager i
lab Optical link
Uude1gﬂuud
lab
™ lRPtL" l T ‘ ‘ l .fﬁ l
DAQA | DAQL | DAQL DAQE :qu DAQE by
CISCO 2830 —

31

T.T.



«CEPOLE» 3KCNEPUMEHTA: | Tbpupkas cTpykTypa

ECC muLeHHbIE BpUKK | N\

— _/

57 OPERA films, 55 lead plates [lonHaga macca muweHu ; 1.25 kton 2

(scintillator strip)

Fa
"36.4m m
v

102mm| ECC

/Q{%}. |
Ad
2 Y

Changeable Sheet | ||
thickness 3mm ] A

OPERA cogepxut 150°000 ECC
«KMprnmyeny.

Bcero 105’000 m? NnOBEPXHOCTU
CBUHLA U

111°000 m? saMynbCUn

(~ 8.9 MUNIMOHOB NNEHOK)




MPOMBILWTEHHOE MPOM3BOACTBO AOEPHbLIX AMYNbCUW (FUJI FILM)

Emulsion Layer (44 microns)

% basic detector: AgBr crystal,
_ size = 0.2 micron
Plastic Base (205 microns) & | detection eff.= 0.16/crystal

- 10%3 “detectors” per film

S

Emulsion Layer

sensitivity 15 grains/44 microns L .
gt - intrinsic resolution: 50 nm
MDD |  a ve memanags s RS G| Lo from linear-fit line. (2D)
. oty = B
electron 1100 keV L s | oo
L™ - ‘ 2 E
gogmi Sm e s®E ]| -
& ‘\- . [a[a}
\ SRS = - = 505
high dE/dx tracks A : 28
from nuclear evaporation ' - o Ere ;, 28






[MPON3BOLCTBO CBMHUOBBIX TJIACTUH B JL-GOSLAR

HWUP wn npomblwneHHoe Npon3BoOLCTBO:
9.2 MnnnMoHoB NnacTuH npomssegeHo n3 with
1’300 TOHH cBUHLUA

HunakodoHoBbIn ceuHel: lead (80 Ba/kg) ¥ @ ’ﬁ’""
0.04% Ca alloy \ I

P

Specs (fulfilled):
* + 5 um planarity
* + 5 um thickness
* + 50 um transverse dimensions
* class 10000 cleanness
* no corrosion of surface
* not aggressive to emulsion




POBOT gnsi CEOPKU KUPMUYEW (BAM)

Nn:xeHepHoOe oOecmeveHne : apToMaTu3upoBanHoe npoussoacTtso 150°000

kupnuyeid (2006-2008)




Cucrema yCcTaHOBKU U BbleMKU Kupnudeun ns getekropa (BMS)

Belemka “hit” kupnnden napannensHo ¢ CNGS ny4kom:

« initially used to fill the brick target (two twin devices at either detector sides)
» fully automatic extraction of 25 bricks/8 hour shift (neutrino interactions)

* ~90’000 bricks handled until 2009 for the extraction of ~7000 event bricks
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* 6 automatic lines running in parallel, in dark
» maximum rate: 150 bricks/week

« additional facility underground for CS: max 300 CS/week




Changeable Sheet (CS) ycraHoBka To pick up event related tracks.

B I'IO,EI,3eMHOI7I LNGS na60paTOpMM * On-site refreshing and doublet
packing: very low background

ORERA, Mim x 2 " Bua cboky Ha CS : emulsion tracker.
» doublet E « 160°000 CS produced in 2006-2008.
muon track . §
P &

600 microns

YnakoBo4yHas
MallumHa




High speed automatic
microscopes:

~ 200 cm? emulsion film
surface/hour/facility

Based on state of the art
technologies:

precision mechanics, stepping

- motors, CCD readout, pattern
European Scanning System recognition, image analysis, ...
[\ 4




PABOTA IETEKTOPA




BRICK, noarBepxpeHHbIn CS

. Target Tracker
W (scintillator strip)

I :fr 4mm
102mm ECC
¢ brick
’\3,’./
2, - :
79mm
cS
1. 13 44 9B B A7 HE 20 21 22 2 h
T
Entries n 4240
00— . Mean -0.8231
CS doublet clumBka Compton anekTpoHamu: 2.5 microns iy O
1200—
O] e
1000 — Sigma 2.663 +0.039
800~
suuf—
400;
. 200
Scanning effort/event: CHORUS 1x1 mm? - |
%5 20 40 0 10 20 30
DONUT 5x5 mm? o
OPERA 100x100 mm?
[o HacTosiwero BpemeHun, 640°000 cm2 nosepxHoctn CS Obinun 37

oTcKkaHupoBaHbl B OPERA akcnepumeHTe
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NOKANMU3ALUUNA BEPLWWUHbI BSAMMOOENCTBUSA
HEUTPUHO

Emulsions give 3D vector data, with micrometric precision of the vertexing accuracy.

The frames correspond to the scanning area. Yellow short lines - measured tracks.
Other colored lines = interpolation or extrapolation.
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Event: 9150054731, 30 May 2009, 10:03 (UTC), XZ projection |

— 500 —
2 |
2 L
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(Y (97 =2 L
B3anMmoaenctBmun 3 - I
500 = ' T ' ' — ' ' ' 7000
Event: 9150054731, 30 May 2009, 10:03 (UTC), YZ projection | B Selected brick
500 _— Brick in cell
T o
> I — - Row manipulation
'g B -] R o
I .
v L
N3mepeHHOe OTHOLLEeHNE s T
NC-like/CC-like cobbiTun ==
|'|OCJ'| e I D M |-OO H a ] Event: 9164000729, 12 Jun 2009, 22:10 (UTC), XZ projection |
—_ 500 —
nokanunsaummn codbITns 3 T
>
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Event: 9164000729, 12 Jun 2009, 22:10 (UTC), YZ projection I = Selected brick
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> : Row manipulation
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Ctatucrtuka coobiTum

ODPEKTUBHOCTb OBHAPYKEHNSA B3aMMOAENCTBUS BMECTE C
nonckom BeplinHbl  60%

[TonHoe Yncno HanaeHHbIX BEPLUMH: 1617

Uncno cobbiTnn, Anst KOTOPbIX OCYLLECTBMNEH MOUCK TOYKU
pacnaga: 1088 (187 NC)

OT10 cocTtaBsngaet ~35% ot nonHown ctatuctukm 2008-2009
CeaHCOB N COOTBETCTBYET 1.85 x 1079 pot

C yyeToM cTatuCcTnkm ang Am2,, = 2.5 x10-3 eV? n nonHoro
cmewmnBaHuna, OPERA oxupaer: ~0.5v,
COObITUN




PE3YJIbTATblI AHAJIU3A




NM3MEPEHWA Impact parameter

Mean 104.34“” IP distribution for:

v_events (MC)

250

soof IP distribution for v_events (MC) NC+CC v, events (MC),
zun NC+CC v, events (Data)
150

expanded scale
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Impact Parameter (1..m) Impact Parameter (.um)




N3amepeHnsa MoMeHTa:

Multiple Coulomb Scattering...

...B lead/emulsion film

CpaBHEHNE C USMEPEHNAMN
AJIEKTPOHHbLIX OETEKTOPOB
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leTeKTupoBaHUue y-KBaHTOB U onpeaesrieHue
Maccehl 10 me30oHa

2 EM showers give a reconstructed mass ~ 160 MeV

3Hepr|/|$| EM NnBHA n3amepsaeTca no KacKkagHOW
KpI/IBOI7I N METOOOM MHOIOKPATHOIO pacCeAHUA




onpeaeneHue Macchbl t° Me30Ha (3kKcn.
AOaHHbIE)

n’ mass reconstruction f / ndf 1.954/6

Constant 7.388 + 1.757
Mean 142.2 +13.2
Sigma 65.76 + 11.56

35 gamma pairs

\

o — 1

LI | Ll 1 | | Ll I | | Ll | | | Ll | 1 | L1 | m T - | Ll 1 | | | - |
50 100 150 200 250 300 350 400 450 500
Reconstructed mass (MeV)

1 6 mass resolution: ~ 45%




COBbITUA ¢ HAPMOM




Charm candidate event (dimuon)

flight length: 1330 microns

kink angle: 209 mrad

IP of daughter: 262 microns
daughter muon: 2.2 GeV/c

decay Pt: 0.46 GeV/c

/

" daughter muon

/
‘i\
\.\




Charm candidate event (4-prong)

y

D, hypothesis: F.L.: 313.1 um, ¢ : 173.2°, invariant mass: 1.7 GeV




OcHOBHbIe ycrioBusi oTOopa AnAa coobITUMN C YapPMOM:

» P daughter >2.5 GeV/c, kink Pt > 0.5 GeV/c (for kink events)
* looser cuts for multi-prong events

30 charm candidate events selected by the kinematical

cuts,
3 of them with 1-prong kink topology.
Expected: 24.0 + 2.9 out of which 0.80 * 0.22 with kink

topology.Expected BG: ~2 events (loose cuts: work in progress to reduce BG)

Examples of distributions:

Decaylength of charm | | decay_data Phi angle charm muon | copl_data
Entries 20 Entries 18

F Mean 1120 E { Mean 121.5
9 (RMS 1096 9 RMS 52.79
8— 8—
= 7:
6— 5:
5__ 5__
4- 4— ‘
3 3: ‘
2 - 2 ‘ T

. \ _ i
1 — 1 "__‘_L | — — . : . ‘
._ : | —’_
00 1000 2000 3000 4000 5000 00 20 40 60 80 100 120 140 160 180
Decay in micron Phi in degree




APYI'ME UHTEPECHBIE COBbITUA




C06!=|Tue ve candidate

From a subsample of ~ ~8x00 located events we detected 6 v,
candidates
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Pusunka: nsyyeHue:
v,-Ve oscillations
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OYEHb MHTEPECHOE COBbITHUE...




CobbiTue( mrooHa HeT) 9234119599, 22.08.2009, 19:27
(3NneKTpoOHHblIe AeTEeKTOopPbI)

‘ Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection I
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Jlokanu3auusa BepLUUHBLI

CkaHnpoBaHue 0onbLLIoW Nnowaan
[MonHas pekoHCTPYKLMS apoOHOB U ramma-
KBaHTOB




PekoHCcTpyKums cobbitns (1)

daughter




PekoHcTpyKkumsa cobbitua (2)




OcobeHHocTU TOnonorun (1)

Beam view

daughter




OcobeHHOCTM TONoONornmn (2)

Side view
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Tpeku U3 BepLUMHbI NPOCIEeXUBAKTCA (Yepe3 HeCKOJNIbKO Of10KOB),
YTOObI UCKNKOYNTL NPUCYTCTBUE MIOOHA. OcTaBLUasACA BEPOATHOCTb

v,CC event (13-3a BO3MOXHOCTM He 3aperMcTpupoBaTb MIOOH Mnoa,
oonbwunm yrrnom) ~1%. “Nominal” 3Ha4yeHue 5% npeanonaraeTcs.

Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection
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AHAJING

CtaHgapTHbIM noaxopn akcrnepumeHTa OPERA ucnonb3oBarcs npwu
aHanuse coObITUA - KaHOMAAaTa Ha aApPOHHbIU pacnag TaoHa:

» kink nMeeT mecTO BHYTpPM 2-X CNIOEB CBUHLIOBbIX MSIACTUH,
pacnonoXeHHbIX rryodxe BepLMHbI NePBUYHOro B3auMoaeucTBUA

* kink angle 6onble 20 mrad
* UMNYJILC «AoYepHen» Yactuubl > 2 GeV/c

* NonepeYHbIn UMNYIbC «ao4YepHen» Yactuubl Pt > 600 MeV/c, 300 MeV/c,
ecnn 1 ramma-KBaHT MOXET ObITb OTHECEH K TOYKe pacnaga

* Hegoctawwun Pt B Touke nepBu4yHoro Bzanmopgencteua <1 GeV/c

* a3MMYyTalibHbIN Yrosl Mexay HarnpaBneHuem pe3yrnbTUPYHoLero
UMnyrnbca agpoOHOB U HanpaBJrieHUeM Tpeka «parent» yactuuybl > 7t/2 rad

A. Ereditato - CERN - 4 June 2010




perncrpaums
v-KBaAHTOB

* nonHas paguauuoHHaa anuHa : 6.5 X,

* MOUCK Y-KBaHTOB BbIMNOJIHANICS BO BCEM CKaHMPOBAHHOM
obobeme

°* TWaTelibHaA BU3yaJibHasd npoBepkKa

Distance from Energy (GeV)
2ry vertex (mm)




«NpuBsi3Ka» Y-KBaHTOB K BepPLUMHAM

Distance IP to 1ry IP to 2ry Prob. of Prob. of Attachment
from 2ry vertex (um) vertex (um) attach. to  attach. to hypothesis
vertex (mm)  <resolution> <resolution> 1ry vtx* 2ry vix*

sty 2.2 45.0 <11> 7.5 <7> <103 0.32 2ry vertex
2nd ¢ 12.6 85.6 <56> 22 <50> 0.10 0.82 2ry vertex (favored)

* probability to find an IP larger than the observed one

2ry vertex
1ry vertex

N\ Pointing resolution (1c) for a given gamma:
function of scattering and distance




KnHematuyeckue nepemMeHHbIe

* KuHemaTu4eckune nepemMeHHbIe
onpeaenanucb ycpeaHeHUeM ABYX
HabopoB M3MepeHUU NapamMeTpoB
TpekoB

 [MpegnonaranocCkb. 4TO:

Y1 M Y2 OTHOCATCA KO 2°Y BepLunHe

VARIABLE

kink (mrad)

decay length (um)

P daughter (GeV/c)

Pt daughter (MeV/c)

missing Pt (MeV/c)

@ (deg)

AVERAGE

4112

13351 35

12 +6,

570 *320,

173 £ 2

Cpep,HMe 3Ha4YeHusA Ncnosib3oBasiMCb B AalfibHEeULWEeM KUHEMaTU4YEeCKOM aHanumse

HeonpeneneHHocTb Pt n3-3a HeonpeageneHHOCTU NPUBA3KU v, < 50 MeV
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KnHematunyeckue
orpaHu4veHus

OTtbpakoBka NC cobbiTum ¢
bonbwmmm missing Pt (neutrino)

OTtbpakoBka hadron interactions

50.045

«

0.04

0.035
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0.015
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—— Candidate event
[ ]MCv, events
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Missing P (GeV/c)
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BG:
X (hadron shower) | small {

kink

A3umMyTanbHbIW yron Mmexay

HanpaBneHnem T-decay T

pe3ynbLTUPYIOLLEro y

UMNynbCca agpoOHOB U i

HanpaBneHWeM Tpeka g :
«parent» YacTuLbl v.N— tX v

qu —> vun'X

Transverse momentum

-~ 0.06
- — 4 ko
=06 Hadrpns - 2 / /
e % %
E i 0.05~ =~ Candidate event
0.4~ - [ ]MC v, events
] 0.04— |[__]1MC NC events
0.2 r |:| Excluded
L 0.03~ :
02 0.02
041 0.011
—0.6_— 0 Al | N I N TR T N T
i | | 1 1 | 11 | | | | | | 1 | | | | | 1 | | 11 | | O 0-5 1 1 5 2 2-5 3 3-5
0.6 04 02 0 0.2 0.4 0.6 ¢ (rad)

Px (GeVic)



NMpupoaa coObLITUA N PEKOHCTPYKLUSA
WHBApPUaHTHOU MacCChbl

* Mocne npumeHeHUAa Bcex «cutsy», Npu HaNM4InMM XxoTa Obl 0O4HOro ramma-
KBaHTa, OTHOCSLLEerocs Ko BTOpU4YHOU BepLUMHe, noaTBepAMnachb rmnoresa
KaHgupgata pacnapa 1t > «1-prong hadron decay mode».

- UHBapnaHTHas macca ABYX 3apermcTpupoBaHHbIX raMMa KBaHTOB
cornacyetcs ¢ maccoun n° (cm. Tabnuuy).

* MkHBapuaHTHaa macca cuctemMbl T~ y Y MO 3HAYEHUIO cCpaBHMUMa (CM.
Tabnuuy) ¢ maccom p (770). KaHan c p nposBnsietcsa B 25% crny4yaeB pacnapa
tit2p(m nd)v.

° Mass p Mass

120 £ 20 + 35 MeV 640 *125, *+100 _ MeV




AUcmo4Huku ¢poHa

-Mpamblie v,  ~107/CC

- Pacnag 4yapMuMpoBaHHbIX YacTuL, BO3HMKAIOLUX B V,
B3auMoaencTBUAX ~ 10-5/CC

- IBOHOEe obpa3oBaHue Yapma ~10¢/CC

- Pacnap 4yapMyMpoBaHHbIX 4acTUL, BO3HUKAIOWUX B v,
B3auMoaencTBUAX ~10-°/CC

* [loBTOpHbLIE B3auMoaeuCTBUA afpOHOB ~10-°/CC

70



Hadronic interaction, 1-prong
~ 14

1.2 signal region

0.8
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Daughter P {(GeV/c)

* No events in the signal region
* 90% CL upper limit of 1.54 x 10-3 kinks/NC event

 the number of events outside the signal region is confirmed by MC
(within the ~30% statistical accuracy of the measurement)




®OH OT COObITUI C YaPMUPOBAHHbLIMU YacTULLAMM

_ . primary lepton
Charmed particles have similar e not identified

decay topologies to the t Vie X

D+

» charm production in CC events represents a background source to all tau decay
channels

» this background can be suppressed by identifying the primary lepton
- ~95% muon ID

» for the 1-prong hadronic channel 0.007x£0.004 (syst) background events are
expected for the analyzed statistics

» further charm BG reduction is under evaluation by implementing the systematic
follow-down of low energy tracks in the bricks and the inspection of their end-range,
as done for the “interesting” event. For the latter we have 98-99% muon ID
efficiency.




Cmamucmudeckoe
paccMompeHue




Mol Habnoganu 1 cobbiTve B agpoHHOM KaHarne pacnaga T-nentoHa (1-prong hadron t
decay channel), c oueHkamun poHa (~ 50% norpewHOCTb AN KaXKA0oM KOMMNOHEHTHI) :
0.011 cobbITnin (NOBTOPHbIE B3aUMOAENCTBUS apPOHOB)
0.007 cobbiTunm (charm)

0.018 £ 0.007 (syst) cobbiThin (Ha 1-prong hadron t decay channel

Ecnu paccMaTpmBaTb BCE MOAbIl pacnaaa T: 1-prong hadron, 3-prongs + 1-prong y+1-prong e :

0.045 £ 0.020 (syst) cobbiTnin total BG

(30ecb Mbl CKnagblBaeM OLLMOKM NUHENHO)

PaccmatpuBas Toneko 1 kaHan pacnaga( the 1-prong hadron channel), BeposTHOCTb
HabnogaTte 1 cob. ns-3a dpnykryaumm goHa -- 1.8%, co ctaTMCTUYECKON 3HAYMMOCTbIO
2.36 ¢ npu HabnogeHnn nepBoro cobbiTUA KaHanaaTa Ha B3anmMogenctsne v_B
akcnepnmeHTe OPERA.

Ecnn paccmaTpuBaTtb BCe KaHarbl pacnaga t, KoTopble MPUHUMAaKTCH K paCCMOTPEHMIO,
BEPOATHOCTb HabnoagaTe 1 cobbiTne npu Hanuuum dnyktyaumn doHa --4.5%.
OTO COOTBETCTBYET cTaTuUcTtnyeckon sHaymmoctn 2.01 o.




MpuHAaB, yTo Am?,; = 2.5 x 10-3 3B? u umeeT MecTO
NosiHoe cMeLUnBaHue, Mbl NPeANOSIOXUIN:

0.54 £ 0.13 (syst) v. CC cobbITN cpeamn Bcex
BO3MOXHbIX KaHanoB pacnaga TaoHa u

0.16 £ 0.04 (syst) v. CC cobbiTUM B KaHane
pacnaga c poxaeHnem 1 agpoHa Mbl Habnogaem
OOHO coObITHe.

JATOT pe3ynbTaT no3Bonset onpeaenntb ¢ 90% CL
BEPOATHOCTbLIO Am?2,; > 7.5 x 10-3 3B2 (npu nonHom
cMeLluMBaHUM).




3aKknyeHue

«OkcnepumeHT OPERA HavaTtbein B 2006 roay ycnewHo
HakannmMBaeT CTaTUCTUKY.

*ObpaboTKka aKkcrnepuMeHTanbHOro Mmatepuana c
NCNoJSIb30BaHMEM METOO0B aBTOMAaTU3UPOBAHHOIO CKaHUPOBaHUS
N Noucka BepLUNH B3aMMOJENUCTBUA U TOYEK pacrnaga ycrnewHo
npogosKkaeTcs.

[lony4yeHbl coObbITUSA, TONOSIOMNSA KOTOPbLIX YKa3blBaeT HA
CyLLecTBOBaHMe pacnagHblx npoueccoB. Cpean 3TUX COObITUN
MOryT 6bITb NepBble KaHAMaAaTbl Ha pacnai TaoHa.

« 3aperncTpmpoBaHo cobbiTne 6e3 MIOOHa, YKa3sbiBatloLlee Ha
pacnag 1 no agpoHHOMY KaHany ¢ 1 agpoHoMm, [ins yMeHbLUeHnd
BKIlaga (poHa HaknaablBanncb KNHEMaTUYECKNE OrPaHNYEHMS.
OTO coObITUE - MepBbIN KAHOAMAAT HA PerncTpauunto Vi HEMTPUHO B
akcriepumeHTe OPERA




Data analysis

In my opinion, this achievement is the
indication of the approach that must be
“the norm” for the future of OPERA:

Focused joint effort and fruitful
collaboration between experts on
scanning, data analysis, electronic
detectors, editors, where each issue is
attacked from several sides, with an
efficient coordination based on well
planned goals.

To large extent, this is what is being
currently done in large HEP collaborations

AE LMNGS September 2010

Cortonts Nirts puallablo &t SolenacoDiress

Physics Letters B

wenwy, lseviarcomilonataigmslath

Observation of a first v; candidate event in the OPERA experiment
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