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CoaepxaHue

OxcnepuMeHT OPERA 1 ero poaocioBHas
(CHORUS, DONUT, NOMAD)

PEKOHCTPYKIHUA XapaKTEPUCTUK B3aUMOICUCTBUSA
ruopuaHbIM getekTropom OPERA

IlepBBIN KaHAUAAT HA B3AUMOJECUCTBUE V, B
SMYJILCHOHHOM JIETEKTOPE

[lonck ocummsinmu v, —v, 1o nanabM 2008-2009 1.

®oH: poXKICHUE YapMHUPOBAHHBIX aJIPOHOB, PACCESIHHUE
MIOOHOB Y aAPOHOB Ha OOJIBIIINE YTJIbI

MHOroMepHsbl€ KpUTEPUHA OUCKA COOBITUM OT V,

3aKIIIOYEHNE U BBIBOJIbI



“Popurenn” skcnepumenta OPERA:
DONUT u CHORUS

Direct Observation of NU Tau (DONUT): otkpeitae v, (ans t
ct=87 um) (K. Kodama et al. (DONUT Collaboration), Phys. Rev.
D, 78, 052002 (2008))

CERN Hybrid Oscillation Research apparatuS (CHORUS):
[louck ocummwisut v, —v,  (E. Eskut et al. (CHORUS
Collaboration), Nucl. Phys. B, 793, 326 (2008))

JleTaiIbHOE UCCIENOBAHUE MPOIIECCOB POXKICHUS YapMUPOBAHHBIX
agpoHoB (A. Kayis-Topaksu et al. (CHORUS Collaboration), NJP,
13, 093002 (2011))

Neutrino  Oscillation  MAgnetic  Detector (NOMAD):
MPEU3HOHHOC U3MEPEHNE CEYCHHH B3aUMOJCHUCTBHUS V,, (Q. Wu et
al., Phys. Lett. B, 660, 19 (2008)), nouck ocummnsuuii v,—v, (P.
Astier et al., Nucl. Phys. B, 611, 3 (2001)) — reneparop coObITHIA
mrs sxkcnepumernTa OPERA(!) (D. Autiero, Nucl. Phys. B (Proc.
Suppl.), 139, 253 (2005))



ITygox CERN-Gran Sasso (CNGS) ¢ 6a3oi1 730 xm
(Balley et al, CERN-SL/99-034(Dl) (1999))

| [IoTOK nepBUYHBIX vV, MaJ (pacyer
-10
:»E«m | g nyuka CHORUS— B. Van de
3 Vyver & P. Zucchelli, NIM A, 385, 91
E U (1997)). Jlons B3anMOIEHCTBHIMA
: v,=0.8%, anti-v,— 2.0 %,
” anti-v.— 0.05 %
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Jlerexrop sxcniepumenta OPERA (R. Acquafredda et al. (OPERA
Collaboration), JINST, 4, P04018 (2009))

Oscillation Project with Emulsion tRacking Apparatus
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CxeMa IIOUCKa COOBITUH OT V,

scintillator trackers
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OCHOBHOM MCTOYHHK (DOHA: COOBITHUS C POKICHUEM
4apMUPOBAHHBIX aJIPOHOB



I/IBMepeHI/IC HUMITYJIbCa aIPOHOB MCTOAOM MHOI'OKPATHOI'O PACCCAHUA

(N. Agafonova et al. (OPERA Collaboration), NJP, 14, 013026
~20 % mis 4 GeV/c u HopMaIbHOTO HaaCHUS

(2012)): morpemnIHoCTh
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BHCpFI/IH raMmMad-KBdHTaA 110 SMYJIbCHOHHbIM

HaHHBIM U3MepsieTcs ¢ norpemuocTbio <30 % ns
E >3 GeV (F. Juget, J. Phys. CS, 160, 012033
(2009))

XapakTepHas MOTPEITHOCT, BOCCTAHOBJICHUA
SHEPIUHU IIEPBUYHOTO HEUTPUHO BJIEKTPOHHBIMU
nerexkropamu =~ 20 % (N. Agafonova et al.
(OPERA Collaboration), NJP, 13, 053051 (2011))

Haubonee onachulii ucmounuk oona — cobwvimus ¢
YAPMUPOBAHHBIMU AOPOHAMU U MIOOHOM HU3KOU dHep2uUl,
uoyuiem noo ooavuium yeiom (=1 pao) k ocu nyuka



Kpurepuun ordbopa st COOBITUH-KaHAUIaTOB: HapaMETPhl

4acTHIl, 00pa3yromux nepBudHyto BepmuHy (N.
Agafonova et al., Phys. Lett. B, 691, 138 (2010))

At the primary vertex, the selection criteria are:

e there are no tracks compatible with that of a muon or an elec-
tron;

e the missing transverse momentum (P’T"iss) is smaller than 1
GeV/c;

e the angle @ in the transverse plane between the 7 candi-
date track and the hadronic shower direction is larger than
T /2.

(*) Db PEeKTUBHOCTD UACHTU(PUKAIIMN MIOOHA AICKTPOHHBIMHU

nerexkropamu= 95 % (N. Agafonova et al. (OPERA Collaboration),

NJP, 13, 053051 (2011))
(**) Ommoku knaccudukaimu 1t -/e nccmemnosansl B padote L.

Arrabito et al., JINST, 2, P02001 (2007)



Kputepuu oTO0pa: napaMeTphbl YaCTUIL U3
BTOPUYHOMN BEPIIUHDI

For decays of the 7 to a single charged hadron, it is required at
the secondary vertex, when not in the primary vertex lead plate,
that:

e the kink angle 6, 1s larger than 20 mrad;

e the secondary vertex is within the two lead plates downstream
of the primary vertex;

e the momentum of the charged secondary particles is larger
than 2 GeV/c;

e the total transverse momentum (P7) of the decay products is
larger than 0.6 GeV/c if there are no photons emitted at the
decay vertex, and 0.3 GeV/c otherwise.



CoObITHE-KaHAUAAT HA B3aUMOJICUCTBUE V_ B
3MYJIbCUOHHOM JETEKTOPE
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CoOBITHS C POKJICHUEM YapMHUPOBAHHBIX aIPOHOB
(N. Agafonova et al. (OPERA Collaboration), NJP, 14, 033017 (2012))

Topology Observed charm Expected events
candidate events | Charm | Background Total
Charged 1-prong 13 15.9 1.9 17.8
Neutral 2-prong 18 15.7 0.8 16.5
Charged 3-prong 5 5.0 0.3 5.8
Neutral 4-prong 3 2.0 <0.1 2.1
Total 39 39175 3.04£09 |42.248.3
OCHOBHBIEC HICTOYHUKH (pOHA
Decay Number of background events expected for
channel 22.5 x 10 p.o.t. 4.88 x 10" p.o.t.
Charm | Hadron | Muon Total Charm | Hadron | Muon Total
T—u | 0.025 0.00 0.07 | 0.0940.04 | 0.00 0.00 0.02 | 0.0240.01
T —>E€ (.22 0.00 0.00 | 0.224+0.05 | 0.05 0.00 0.00 | 0.0540.01
T—h 0.14 0.11 0.00 | 0.244+0.06 | 0.03 0.02 0.00 | 0.0540.01
T —3h | 0.18 0.00 0.00 | 0.184+0.04 | 0.04 0.00 0.00 | 0.04 £0.01
Total 0.5 0.11 0.07 | 0.734+0.15 | 0.12 0.02 0.02 | 0.16 & 0.03




®oH OT aIpOHHBIX B3aUMOJCHUCTBUI U PACCESIHUS
aIPOHOB Ha OOJIBIINE YTJIbI

Daughter P, (GeV/c)
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OsxugaeMoe CpeaHee YNCIIO COOBITHI-KaHANAATOB 3a 5
net skcrnepuMenTa ymeHsmmiocsk ¢ 10 (M. Guler et al.

(OPERA Collaboration), CERN/SPSC 2000-028
(Proposal) (2000)) mo 7.63

Decay | Number of signal events expected for | Interaction vertex | Global 7 detection
channel | 22.5 x 10 p.o.t. | 4.88 x 10! p.o.t. | location efficiency efficiency

T — U 1.79 0.39 0.54 0.09

T e 2.89 0.63 0.59 0.14

T —h 2.25 0.49 0.59 0.04
T — 3h 0.71 0.15 0.64 0.04

Total 7.63 1.65 0.59 0.07

Table 3. Expected numbers of observed signal events for the design intensity
of 22.5 x 10 p.o.t. and for the 2008-2009 analysed data sample corresponding
to 4.88 x 10' p.o.t.. The updated efficiency for locating interaction vertices
is shown in the fourth column. The last column shows the global 7 detection
efficiency that includes detection and selection efficiencies for both interaction
and decay vertices.




R. Wendell (Super-Kamiokande Collaboration),
NNN, Toyama (Japan) (2010)
Slgnlflcance Calculathn Central value of SK-I+l1+11l Fit

4

Asymmetric Gaussian centered at 1.63

Prepare an asymmetric gaussian
centered about the best fit from
the data with widths
corresponding to the systematic
errors (previous page)
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The integral of the PDF below 0.018
zero (corresponding to no t 0.0
appearance) is a measure of the 0.005
significance L I Y B ¥ S RV Y

Signal Fraction

SK I+11+11l : Integral below zero = 5.8 x 10> corresponds to 3.8 ¢
The Expected signficance : 2.66 ( 2.96 without systematics )
Preliminary

SK data are inconsistent with no T appearance at 3.8c



Metoxa: MHOrOMepHas OaliecoBa Ki1acCHU(DUKAIINS;
reaepaTop coowrTuii: Neugen 3.5.5 (H. Gallagher, Nucl. Phys. B (Proc.
Suppl.), 112,188 (2002))
p(x|w; ) P(w;)

p(x) I

Plwgn)= I -
p(x): (2!?)!/2]:]]/2 exp(_i(x"_ﬂ') }> (X*,(L))

A
plz) = Zp(:l'f\w-z)p(w‘i)
i=1
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~— ) “\\\\ s 3
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(*) Hna cirydas pacnaga 3-prong MHOTOMEPHBIE KPUTEPHUH OBLUIH pa3pabOoTaHbl
B JIMCCEPTAIUIX

M. Lavy, LAPP-T-2004-03 (PhD Thesis) (2004) (In French)
M. Besnier, LAPP-T-2008-02 (PhD Thesis) (2008) (In French)
Jlis kanana 1-prong: T. Tran, PhD Thesis (IPNL Lyon) (2010) (In French)



3aBHCUMOCTbD J10JIM HEMPABUJIBHO KIIACCU(PUIIMPOBAHHBIX COOBITHH C
npucyrctBueM D* (poH) B 3aBHCHMOCTH OT 3 ()PEKTHBHOCTH
BbIZEIEHU V.. 1 Kitaccuukanuy oToOMpannuch COObITUSA, OJIM3KUE
10 TOMOJIOTHH K COOBITHIO-KAaHIUIATY.
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pesynerar (N. Agafonova et al., BRAS, 75, 423 (2011))



Craryc skcniepuMeHTa OPERA

2013 2. — nepepwis 6 pabome ycxopumens SPS(?)

Okcnoszuims 2008-2011 cocrasuna 1.43-10%° pot (protons on target)
(L. Stanco, Talk at IAS-CERN School, Singapore (2012))

[Tnan na 2012 roa: ~5-10%° pot— 2008-2012: 1.93-10%° pot

(rmepen Ha9aIOM 3KCIEPUMEHTA OBLIO 3aIlJIAHMPOBAHO

2.25-10%° pot) — 86 % oT mepBoHAYaIBHOIO MIaHa — 6.54 v_

CpenHee 0)KUaeMO€e KOJIUYECTBO COOBITUI-KAHIU1aTOB B
OTCKaHUPOBAHHBIX AMYJIbCUAX ~2.5-3 v_— B camoe Oymkanmee

BpEMS CIIEAYET OKUAATH MOSIBICHHUS 1-2 COOBITUH-KaHINAATOB



BriBOaBI

OxcnepuMeHT OPERA 1o npssMomy HaOI10I€HHIO
OCHUIISALIAM HEUTPUHO B KaHAJIE V,—V; YCICIIHO
HaKaIJIMBACT MaTepHall.

K HacTosmmemMy MOMEHTY OOHApY>KEH OJWH KaHIuIaT
Ha B3aMMOJAECHUCTBUE TAOHHOI'O HEUTPUHO B
SMYJIbCUOHHOM JIETEKTOPE.

JleTaabHO M3yYE€HBI OCHOBHBIE HCTOYHHKH (POHA —
COOBITHA C POKIACHUEM YapMHUPOBAHHBIX aJIPOHOB U
pacCcestHUEM aJJpOHOB U MIOOHOB Ha OOJIBIIIME YTJIBI.

MHoromepHasi METOJIMKa BBIICIICHUS COOBITHH,
MHULIMUPOBAHHBIX V., TO3BOJISIET MOBBICUTH
CTaTUCTUYECKYIO0 3HAUMMOCTh PE3yJIbTaTa.



[lononHeHus



Neugen3 | | Geant4

MHOITOMEPHAA |

— pesynibTaT
Krnaccudpukaymns PesY

Cenekuuns [TapameTpbl
TOMOSNIOTUN | CcOObITUI

l/IHTerpMH.JOBaHHbu‘?I
nHTepdenc

1. I'enepanus coosiThii-Neugen3
(maHCTpyMeHT Konadoparuu MINOS)
2. Bp10Op KaHama (KOHKPETHOM
TOIIOJIOTHH COOBITHIT) u+2h

(B manpHewmeM h- 3apsascennvie

aoponnt), E>300MeV

3. MoaennpoBaHHE OTKIIMKA
nerekropa (Geant4)

4. BerauciieHue mapamMmeTpoB
COOBITH: 3 yIJIa MEXKITY
yacTuuamu, 3 sHepruu, |P
(paccTosHHE OT TpEKa |1 JI0
BEpIITHUHBI 2N)

5. MHoromepHas
KJIaCCU(DUKALIUSA



MonenupoBanue oTkiIHKa geTekropa (Geant4)

1. T'eomeTpus: smynbcroHHbIN Kupnny skcriepumenta OPERA (emulsion brick; 57

CJIOEB SMYJIBCHH M 56 TUIACTHH CBUHIIA)

2. YacTuiipl B IEpBUYHOM BEpIIMHE: U3 0a3bl coObITHI Neugen3
3. BzauMopeiicTBre 4acTHIL C BEIIECTBOM: CTaHIapTHBIC AJIEKTPOMArHUTHbIC
IIPOIIECChI, pacnaabl KOPOTKOXKUBYIIIUX YACTHII, YIIPYTHE U HEYNIPYTHUE aApPOHHBIC

IIPOIIECCHI
4. ITpocnexuBarorcs yactuipl ¢ E> 300 MeV BR(%)
5. Tononorus: v,— t+2h, v — p+D° Dsneutrals 1546
6. Mogpl pacnaga: t—u, D? K- +x*
(mpeacTaBuUTENH 2P-MOJIBI)
D—uth- 5.9+1.4
YacTuua T.s M, GeV BR
T 2.90-10-13 1.777 D—e*h- 5.9+1.4
D’ 4.10-10-13 1.865 0.45 DO—sh*h- 59 2449
D" 1.04-10-1> 1.869 0.10
D! 5.00-10-13 1.968 0.18 D0—2h*2h- 14.6+0.5
Al 2.00-10-13 2.286 0.26




OCcunuIsIUuyd HEUTPHUHO (B BaAKyyMe)

HeoOxonuMbie yCIIOBUS:
1. Hanmnune y HEUTPUHO MACChI ) Z
(pa3HOM y pa3IUu4YHbIX apOMATOB)
2. CMmemmuBaHue
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