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Lo TRl T N5, mRABHEN FIZOWT, BBRIZEMNES H72 0 O grain Ofi# % Grain
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| year | pot (10*?) | events | average # of ECCs
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CS ZHM DAL TEGEM T TITS>, CSIKELZRMBIE=a2—M) / KILHEDEDTH D,
CSD 2D OPREA 74 VL% AFX Y $5Z 212k, ECC AT 2% RO H
TZENTE D, ECC AIKIFHI T D Shielded Area & XI5, $AKIZ & - TR X /-1
TOEWBIZEEESN, CSDT7 14— K v 27 E2ED,

FRENERIIAE, AZEZHAWVCTT Oy hDEEMEEZ2F 2y 2 UTEOPSL L 21T
W, I a— A VR, REMERADIE L TV AT OMER, £/ —ALITTE TT Ok v
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NEEEENPR SN ERBOMER LT Z2izik, ECC 0BE&EZ175, K 3.212 CS T
RO 2REFDH &, TNEEEITTAZEEDTT Oy b7 FILeDEHE%X 3.3
[ N

Opu FROZEIWZIZ, "B URETFI YT —REDTT Y b T FIVDOERDIZEOVHE
D brick FITHEMZO L DICRETERVWI EDH DB, BOHLZE IECC D CS T=a—
MU RIS ZRETE WG, JBHEOE 2 . 28 3 g ECC 2 0 Hid, (X
3.1),

g uinininiuiuin]s HHHHEHHH
i Hododood | |~tHHEHEHBE
3.2 CS THRRINAZMID 3.3 CSTHRAINE-MRF2EEXETTTT &
B, RN x-z. y-z FHIZE T ks s, ZopTiEIa—FViEMEN R U iE
BRI E, BT Wi T NEN— KSR N,

CS 74NV LD HEBEETT Y RAR—=ZARLGHEARD 247572012, BALRY AT
WHiE T — 72 EHOEETR O MY —MET 2 (M 34), ZNE2RBHEINAT — VA
HEL, BEGEICkoTHEETS (X3.5), 71 b MDA LR 2 x 125cm? O A
¥ v T BRI 4 B, FEAaH LT — X &I1X 50G byte TH B, TRTH CS filhr D}
SEHEBRRERBGAN D ZTHAH L, 590 EU fi#fir4 CS 1E LNGS A% v =
JAF—2a v T LTI,

312 REFDFTHEY

CS. ECC ORI HHEIZIZ#HERERFZTHRAE M THONT S ZHERIHFAI D & S-
UTS[39] Z H\W 5, S-UTS Id@E# - KHBEOMRIFHINAFEETH D, OPREA RO E KA
HED—~DTH5,

S-UTS ORI, BEMEEAT — Vi AT v —2MAEbELZLEDTHY (K3.6).
AT =Y EOJR PR O W IR 2 BEENYL v X2 BLUTHR T2 o — TR
%, AFIEHORY % KT 2 grain 1ZE W 1lum FHOKTH 5, EEWERE LT (H{L0EE
io e, HABMEEEAZ grain 227 VDT VRN T—RE UTRHRTAIENTE
%, LV XEREE A AICHAEEZ 16 2EILT, BT ELLZE 2wV T —X2ERED
T2, TOLEDELI VDN TERLS Z LIZk> T, RO =R E2MET S 2
EIMTED, RFIZAZIZHIG U7 grain DATZE2 L THY, #KEE2HLHV 7 bEEZITTSHUL
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3.4 V—hMbEINHZCS T4 3.5 mAHD ATF—IJIZEEI N CS
T4 Nh, FBELEZZ4 VLD EIZYY) O
YOMEBWT, TOHERREL Y XHO
AANTHE=LTh b,

Charged
particle
hit .
] hj] 0
z axis
. hit
ubjctivedrive mechanism : o hardware : hlthj]’,
mountedoncoarseZstage e b processing board = th
- . hit
£ ™~ —
3 \ . = i
g I
o

tube for [ p : ‘

vacuum system S PH=10

X 3.6 S-UTS O&REH, ¥ 3.7 S-UTS TR grain % 16 J& T
WU, PHZEHEHT 2,

=4
3

oy

TZD L ZOR|EFADOW O 2L T HHEEZMEO R LITD, ZDE ED grain DEREGDHLE
D# % Pulse Height (PH) £E#T 5, ZOEMRETIVITV X LK AA DR % AL
BEAE, PHOFERER >0 UTHRTS (K3.7), /& grain EZ7ILDKEZ
(RX) 2R LEDLEZHL DL LT Pulse Height Volume (PHV) 2E#7 %, ZOIEHRIXE
HHELEDRE T 2R, ZOEANEI —1 v N TOMET - n;uﬁﬂﬂ*)éﬁo)ﬁﬁ'*k%&ofb\é
40]. OPERA HERCHFT 2 KED 7 4 L A#HH D 2 EET 372012, S-UTS TR +
WADFS Tz AT — Y 2 ERTEH AL, ﬂ%v/x&tivi%ﬁm%éﬁ\x%—y®ﬁ%
LRASE S, LY AOREREGE, @EHIERL TH S Z itk > T, 2em?/h O FE#E
TR AU HE 2 L TV D,

ZDOESIZUTHMELZZAAE TOMRYF % micro track & UTEREL T, H17 5,
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TANVLDIEBINZ ) AX (7473 T N VBRI & XAT 572812, micro
track IZIE PHODOA Y b (TLAE) B llonsd, $72_X—ZA %A T DD micro track 7
5 base track # €% 9 5 (X 3.8), micro track IXBLERIFD WP H A D8 % 32 1) 4 NG &
38 &% 10mrad TH 22, base track 12952 & T, X—AEDDNADKE %L %)
72\ grain 2{fo THEZ2EHRT 5 LN TE S, base track DAEKEE X 2~3mrad T
Hb, MIFOMEZ, 74 IVLAITEEL 2z FAIOHEHIZN TS x. y HHOEAEE LT,
ar = tan(dz/dz), ay = tan(dy/dz) L €%T 5.

emulsion base emulsion
A A
dz ’
dx 7

Micro track  Base track Micro track

3.8 N—ZA %A micro track »* 5 base track Z/E5,

CSDAF ¥ ZEWTIE, 74 NVAZH 4 8D micro track D1 > ¥ F v A% 5 FHIZ
FoT /A XDOM (2> T NVEFDNT Y TR EDMELEIREE) H o KW O IRE %2 EO 72
T, F-RPMEER (micro track, base track OA7iE, A, PH, PHV) %25 Z & T, &Y
DB & AR DFREF S U X 2K likelihood BB ZER L, RIFOAYS L2 F LT
EALDORES 20 A% RG2S, BEUIC X 2 RIS & TITW., ECC ITHi#i§ 2 ik % %
U729 [41].

BB T B v, BERHBERTHRODP oML, =2 — 1 Y /) KIGHKDEDTH S Z & %
BT D7D CS IZREFDME > TW B DR Z1T S,
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3.1.3 Scan Back

CSfthc=a— MY KGO I 57z ECC e EInizo, ECC OFEGEITS, E@
B2, ECCIZIE 74 NVALABMDT ZA4 A MHD XY —2Bf[FFonsd (¥3.9), &
ECC izi3#t T NETSCAN 7 714 XV b Dz DFHfr%z st 5,

CS@%%&ECC’%% Za— MV RISRIZEBW EFTWL iz, 74V AHE)
EO MR- @Jﬂnﬂﬂnm & Plate Changer 2 ¢ % [42], ®RIZ¥— MbIhik

ECC 7 1 VL ZGAHD ., CS #bfhﬂﬂ%:?ﬁﬁ%bf\ B NI 7 4 b b SRR %2 3B\ |
FTw ZenagETcH s (X3.10), ZDFE%E Scan Back (SB) L IO, BAMEE B E
mé®2m~%mmz@ﬁﬁ%l#?/bfﬂﬂ%i&t@ Zh 7z BRI U TRy %

BEOZT, AR U RO E L HEZTIZ, XBEY—21282T7 70420 N (FE
20 ~ 30um) IZXoTRD 7 4 W LIZKBEIT 5, REFH 3 WL Bl THNR L Lo 2545,
ZZERMIGR TV — b EHET S, S EX 3.11 12RT,

plate changing  motor driving

3.9 ECC Izl TN KWz X 3.10 Plate Changer D5 H, 7 1 )V
M~x—2, 74VLDOMUBEIZH S 710 A K LEO—F =Tk H UMEZICRIEWNT
EHANB I LIZED, T4 VLD T Z 2119,

1AV bEHS, W7 Xi#giE, ECC 7
ANVLADIHFEEZ T =y 7 §57DITH5,
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Point scan

~100x100 (un?
Large area
~100 cm?

\I

3.11 Scan Back O#f&M, TT ® hit 2 CS 22741, Tz ECC IZHH L T Mt
4‘#&0Z7‘32‘D%<0

i
w
gl

neutrino
—

emulsion

3.1.4 NETSCAN

—a— M) RIS T LV —b%E SB CRELRE, TOTL—hEduz, EE3 710
Ly FRT 74226 LT, REFOALEZ M2 1 x 1em? OEBET S-UTS 2 &5 AF ¥
YEITD. FDAF Y UT—ROLRMEGAN U, T 1V Lk EET D FHIARIREE 2 R
LT (#1150 &R/em?) TI4 AV bE2ED CBE ~ lum), =a— MY J KSR S AR
N7 % FHHEKT 5, T OUERLRIFEMER 5% NETSCAN LIEY, DONuT BRI
BWTHAE S W FiE%E OPERA FEEIZEREML L THWT WS [43],

NETSCAN o HiIX, =2 — MV /) KoDEEROFGEZM 2 Z & TH5, S-UTS OAE
TR TR tanf] < 0.6 2B BRI T—X%E, 3D KRRV —IIZLORRT B, (K
3.12), £9 SB Z2fro7zMiiz KoL, T UM Baihs (H% 10um) T
NG 2MEFEmlTs, 205U Toa— MY/ KISEDOREZITV. KGR
LZIMOAE, I a—F2, yIBOMNMEDOF v 72475, ZOHEMKS NIRRT — % % H
WT, FHERFRORMFIN LML Z1T 5,

base track DEE B L Z ~ 10°/em? TH Y, FLALFIV TP VBEFED ) A XD
TEB P DRIFTH 5, NETSCAN TAY O % 272 U CHIEEL T 572012 [43]. 4D
base track ®D7h 0 Z{ED . Linklet ZE#% 9 %, base track OO0 %2, fiETHE
AESTNTKS ZLITE D ADORITZREL., AP OREFZEV7ZS, GEHE 500MeV/c D
R D DL HEMBEL TR Z TAE TN, AETHO 3E0HAE), X 5T Linklet
H LD AGEDLER, AU base track 2HET 27NV -T2 UTEREL T, SERIZHEBI
D74 NVLEEHETE5-KOMMZEKT 5, Linklet IZFNICEED 7 4 )V KUz &L b, Oskip
(B$%). 1skip (7 4 VA —HIRIX L), 2skip (74 VA 2HBIRIEL) ODORERFTS, T A
FE—LATHESNTWS OPERA 7 1 )L A®D base track DA UEhEIZ~80% THH., Z
D& IZHBIRIZL 7= Linklet 2 HHWB Z 2 TOREDOREE 08% MLEIZT BRI ENTE S,
Z® Linklet (B L TlZ, Hi4.2.3 TLOFHELLHWHZEITS,
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METSCAN track reconstruction
1. All tracks

2. Make track connections
3. Remove penetrating tracks

X312 %Y hAFYUOBRBEILORET—X, 1.: lem?® OB TAF Yy Sz 7«
VLADERMERRLT WS, 2.: 74 )VAMODREAY Z2ERL T, ECC Z2Ei@L TW»
5 FHRE AR T 5, 3.1 SB 24T o 2R L PURT 2P EO7Z L, =a—bY /K
JomZFET 5,
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32 BREMNOS—FER

Za— M) KISEDFEE TN BIT, RERRHERETNTOR Y DEE— FIZDWT
19, BREMIEE— NIMEN TOME, 2L 4lIZaTE, ZUNETITHET S
HED (e) WRIKDK17.8%, I a—FVIZHETZEHD () M 17.4%. fENFBE YV Z—K
FECHEZT2H0 (1h) 1149.5%. 3 ADMBENRF OV 2E50HEE2 T2 0 (3h) A
15.2% DFHET %, HEDIELLDZ WDIELEKD 254% %505 7 — 7nlv, (pv,) FIEE—
RTHDB, plTHETEZE— FUINITARTHIA L 72 Op HFRERD, 2% 2 D5, 1u
HROHPENS I p fEE— R 25T,

Flightlengthy 8 =} L.--~ o=

X 3.13 ECC TOHERESER

FHEHAMMZED T IAA Y N2 -7 ECC AFXF Yy VT —X2HVWT, Rfo=a—-—1 ) /K
Je s 9 B ki (Impact Parameter, IP) Z23Hfid 5 (X 3.13), R FE&EEARO Y 7
70 VOSREEICL D, IP & pm EAL TS 2 Z & A AEETH 5, 1P Ik, WEKE KO
IR IZIKIE T 2T O BREGL. KIGAE TOHEMIZLDIREI NS, FEKEEATL— b
T AIVATORMBOHFREREBIZLD IP OBENEL LT LES 2 b s0, HEMR
2 &0 TR IE UK IP ORIE 21T D FAARETH 5, FERKIZ 70 fiEL S D 4 I &
2 E T AR E HRMEZRIZ L DinT 5 Z L HEETH B [46].

X 3.14 12 2008-2010 4EE D v,CC FRIZB VTR SN, KIG w54 U REFD TP ©
BAAZEITRT [44], FHEEIE 3um TH O, 3HDT A VRS IFMEEHEORIFIZLSH D
ThHbd, FARIRIFOIP L =a— ) J KIS ETOD z HREHOBEGRE RT,

AL TN UEEDENER (er = 87Tum) 12k v, ECC NT~1-2mm 1E ¥ DA% 57 L
PARITHIET 5, BIGAUTN LT v, CC KIGIZ B T 2 A BR 7 28FIE TP = 10um PARIZIN
ZOIZNLT, VTN VOFEL BN ORI EHA DIz LB KERIP 2K D,
U723 T 10um A ED IP % £ - 72 RS DS HIEREF O R & 725,
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:+_ 25
0.25 — MCv, CCint. -

) C B

S - '+' ® data - 2Of

© 02 £ B

vl 7 = L

o B Pu

g 0.15 [ o Br

E E g [

5 L # s [

c B T L

ke, £ o

D = 10 |-

N o1 4+ E Tk

T B S T

£ 7 + =

= L

Z 005 &+ 5k )
: +++ 7’_... X .“:.:’. U
7 - %ﬁq o Ay AL <
0 |H\lH|||\|||||||\|’.‘|A-L-IA‘|\“-1—‘= O-' 2 Y, K i . §e P B B A P
0 2 4 6 8 10 12 14 16 18 20 0 200 400 600 800 1000 1200

IP (um) AZ (um)

X 3.14 7£ : 2008-2010 FEE TR SNz v, CC KRNI BT 2 MEFD IP 45046, HEHER %
o, BYARSEBRAL THD, T2 RKTRL, MC Y Iab—Ya vtz
FoTWa, £:IP LRISHETO 2z AAEHOMKEE R, BAREShEF— 2%
£U, RIFEVEOPHEERT., ROBRIFHBERD 0D P OH v METH 5.

FIEIRKRL T D IP 2 BB ENREAMEB O TEZAL L. IP IZX Y ORITHERM L LHrnvdha v
DAE sinf ODETEHIT S, FETEL 2N TOEEEEZ P, 1A FOMW & OEHE %
Pr, Az 1, AVOERE M, 55, RUDHIERDPSEREZAANDT—L VY EHD v
factor Z T, X UAHEIT M & \EI _RRELZT2&, ZDEE, I[P~ L xsinf
ThHO, £/ L=cry, sinl ~Pp/PTHd, P~ MPSy/2. Pr~ M /2 THEh5, &o
TR DRREDIER F1X TP ~ ey X Mj\féw ~cr = 8Tum 1FE &R,

BT T BHHET 2 5 D% Short A, I EBA T, 7 L7 b UDBEZKICES D% Long
R KT D, K 3152 bR Y =%/, F7 Short. Long BZ 5 7z i BEIRAL F D TP
D MC IZ X204 %X 3.16 IZRT,

Short flight decay ‘ Long flight decay |
| I BN P [ B e Decay point
. ol i S | G — B ¢y
Primary Primary
vertex vertex
«——8 0 N —
1mm Pb [} 1mm Pb (]
e, )

3.15 short,long AFEED
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IP Short Decay hl IP Long Decay h2

2500 RMS 4358

2000
1500
1000

500

B I R IR PR Y I B s e i I8 Rrnllannllnnnllannllnnsllnaslnnallanslonallons
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
IP[um] IP[um]

3.16 Shot/Long AlIZRZ7=X D L 7 b VEEO K 70D IP O FHSAM, 6:4 T
short FHEED A DRHENE WD, TP S IP, 774 bL Y7 ADA Y b, EBTIZEN T Y
FAD v EEEINDS D DI long HIEDEIE % {725, Short k% 2561381
RT—=3heT—2eF Y INDATHD, (Short HIEETD T > 1h & T > puF¥r*
VTEERFREOXFIDPH L Wb, BN RZ 2072 OEH) ) A RER MG AR
IZ725,) FN6EEZERET B L& v DY 7 FIVIRHEL short:long ~ 2:8 TH 2,

RIS NZT7 VA 10 M ORIT — 206, —a— ) KIGEAD IP 2L FO &
IR THRD, RISKRDOIMHPDETZ N & LT,

e [P > 10um, (A < 500um)
e /P> (54 0.01 x A)um, (A >= 500um)

ZERT B, A XD E KT D720, FDORERMIL 3 B LD T 1 v LTl &
K35,

T, O 74 ML YR LT, RFORKLERD z I, KIGMD z FEFEE O 2%
Az = zyp — Zpts PHFRMZ (4 3.13 @ flight length).,

e 0 < Az < 3.6mm

95, T T L — b 3HIZAHGE L, XL TNV OREED 99% NE NS EHEEET
H5, IP O EREIZFNIZE ST

e [P < 300um,(Az < 1mm)
e [P < 500um,(Az > 1mm)

DFFAEZFRET 5,

Za— M) EREBPREINZHERIZFLUT, PARBY—I2L% v, BROFMAEREY
a2 K 31I1ZR9, FEE— FHI. Short, Long AliZ £7z DIS (deep-inelastic interacitons,
RIEFMERGEL) . QE (quai-elastics. YEFIMEREL) ROISDHNIZ & 0 3l 24T > T\ 5, [45),
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Short @ QE K E==a2— MY/ KIGHPRETE LW IZONEKP S LT WS

decay mode | Long DIS(%) | Short DIS(%) | Long QE(%)
1A 99.8 £ 1.5 36.7 1.5 90.94+ 2.1
3h 57.5+1.2 37.5+1.1 18.8 £0.9
u 522+ 1.6 275+ 1.7 52.6 1.1
e 45.44+2.3 33.3 2.3 2890+24

%31 MC¥Ial—¥3>viz&s Short, Long, £7zfi#EE— K, DIS, QE slici7-
AU HBEERK O RO Y —BRGEDOZ LD,

3.3 EPNFHRMG

B b AR T Y — %R T HE DM X NI LT IR T EE ) FI R £ RS 2 2 T
v, HEOEE I F R & 4T > [47].

® Zyeo: ZJERETD, =a— MV /KGR ZECI 7TV — b O Pt & iR & O,
Short FAEED GG T, 2gee < 44pm 725, TRTOHHEF ¥ > 2V T 2600pum D
FRREZF T TWS

Opink: R taaiﬁﬁa@ﬁﬁ*l%@ﬁa}#%% 3h AR DG G TR DI 7,

P2y ki - OEH) R, 3h DEEIRAN T —HEHS,

parY: SRR OD A B ) & Y R

m: W% m T2 RE L SICHBE I NI BR TFOARLEE,

Mmin: 10 EBIRAL TN A TR O eSS %2, 2z AOEHEZ2 28 e UTERL
TR AEE &,

o Gy =a—hV JE—LICEEREHTALZLEED, XUDOME LMD KK T (N
Fnyyva)®émkﬁgxﬁbw®aﬁ\ﬁ@%ﬁoxawzﬁﬁmﬁﬁﬁo
o P —a— MY =LA UTEEREHEICEIT S, BETHEDTHIE I Nz

TARTOEEHENZ MIVOF,

INSDOEHEHANT, v, FROEE) S ZIRRESRMN %2 T — NEIZHET 5,

1h:
Op FRIZBI SN0V RGO ERFEREZIMZ 272012, RREOHNEHA D M1
Opink > 20mrad. w = EH) = pQTy > 600MeV /e, KT OEH & FREIZ 2GeV/c &
WO H Y hEBRELTVWS, v DHIEAICHNEL TWAEAIE pr?Y v % > 300 MeV/c
WZiED B, 10 OMNBEIX AR EOREEZRER L, N B YRGS OFSREADT 572
DTHDb, 7z pitss ERRAEIZ 1GeV /e, ¢rp FIRIEIZIE 7/2 OHIRZELTWE, Zhb
X v NC Kne v, CC KitZEXAT 5, X 3.18 12 1h FEEIZE T % v, FROEE) S FENE
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iy

parent Hadron jet

® v

317 =a— bV /E—AEEHE TR gig. RIFXTVDOMERT MLz, TSN
AT B —IRREFDEEI RN 7 ML D2 KT,

BONHERT, X319 I—ADN RO R iz L oirhnghav o v Fod—%
R ELOEE) N FNEED NG ERT

= T 2 PREFEZER 3
AR = = = ?:f\\ N
2_\\ : \ \\ \
N \\ N
- TN
i N
8! MR
AN
I AN
s s s N A | H L N :l_ . s s o L
0.1 0.2 0.3 0.4 05 0. -1 0 1 2 3 4 5 10 15 20 25
ekink (rad) Zgec (mm) erv (GeVic)
=] 2_ FHREERRR RSN S 2_\\\\\\\\
@ r NN @ NANRANRRRNN

[ RRRRRRRRRRNY o ARRRRNNN

1'5- MENRRRRRRRA 13 NN

L NN AR

1- \\ \\ \\ N 1- \\ \\ AN

[ AN :\\ AN

[ ARNRRRRNN ANNRNNANNN

NN 0-5_ O 0.5 000 NS

NN N NN\ o
NN ) , Y, SODOONONNNY, :
0.5 21 1.5 0.5 1.5 2 2.5 50 100 150
p.” (GeVlc) pss(GeV/c) Ap ., (degree)

3.18 1h ARERICHB T % v, FROEEN N PEBD I, 7y bz RERCTR T,
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p_daughter pt_2ry
h3 h4
Entries 16417 Entries 16417
M 1203 Mean  0.1967
5000 RMS 11 RMS 1957
4000
3000
2000
1000/~ 2ry
- ery (GeV/C) Pr (GEV/C)
0’.-|-|.-"H-\N.m. L ! N S I I o il
] 5 10 15 20 25 0 02 04 06 08 1 12 14
missing_pt_1ry phi
hi h2
Entries 16417 E Entries 16417
r Mean  0.9936 1800 - Mean 60.88
500— AMS 05772 C AMS 5078
C 1600
400 14001
N 1200: I::
300|- 1000
r 800
200 =
r soof Ad,, (degree)
i 400
100 miss F
, \ py™¢ (GeV/c) : —
PRI IR VI SIS RS RIN R 20005 0 b e Lo bd o Lo Lo e Lo
0 0.5 1 15 2 25 0 20 40 60 80 100 120 140 160 180

319 NRFOYZWKEET—ADN RO YOInihat D 2R3 HE O EE) 1 FMES
i, Ihii v, HEOHY " 2EHTAZ LT, 2OTEHL2BFOL v, HEESLWVWHOD
PR ECHTIENTES, ERFLROFMIREITRR S,

3h:
3hAETIZ, N RO Y SIRKIEDOEFELBEA DA RN DT por? Oy MIFRE S, Ik
T DIy FEMIE. Ogine DYDY ERRME 500mrad, EHEDOGFHT FHRME 3GeV /c DAT
Hb, pss L gy 1Z1h LEUEMTH D, E72WR T2 SBR T TH D X7 OBEEDFE
i\, 0.5 <m <2 GeV/c DFMFZRT, 1h D v MZHART, WHIRZ 21) %
INT A= RPN DT NZEE N7 Y N2> TWwWd, X 3.20 (ZEE) AN ERD 54
ZRY,

J7

HRARDPREE/NS L, BhFoESE L EMHUEPFRICATRRRERETF ¥ V2V TH D,
T = BRI 1lp FROFPSBEREITV, p DKRAERILZHERT 272012, rinvdhin’o A4
(X LT 20mrad BLEZER U, por? 128 LT 250 MeV/c DAy N %175, p OES)ECH
UTIX1-15 GeV/c FTOLRMZZREL TV, EFLBEBMIZEL TE put BT NZ5A1C
WXF ¥ =BT I a—A Vi ut FETH L2, Fy—LFHREME L THRZ
1150 piss & g (IR Z 27200, X 3.21 I B S EIN A D 56 % R~ T,
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= = SR T AT =
CI NEEREERE B B
- \ 3 S
2-_ N\ \\ N\
L N\ ENANNNN
[ NN AN
L NN\ ~ \ N\
1 ARNY x \ N\
I N\ \ \ N\,
N\ VAN
0.1 0.2 0.3 0.4 05 0. -1 0 1 2 3 4
ekink (rad) Zdec (mm)
S 4 5 3 S y
« L ARRRRRN o I N\ N « AARRNNNNNNN
[ NN N\ OO NNNNNNRRNNS
F NN | N\ NN AN
:\ OOOOON 2_ OO0 \\\ \\\ OO0 2_\\ OO
2__\\ NN | NAUNRRRRARRANRN NANNNANNN
N NN I NN ARRRRRRRRRN
E\\ NN 1-_ AR 1- NN
1 AN r AN ANNN
AN NN N\ AN NN
[ AR RN PR P N NN
05 1 15 2 25 3 0.5 1 15 2 2.5 50 100 150
Invariant Mass (GeVi/c) pres(GeVic) Ap  (degree)
3.20 3h EIZB T B v FROMEENFAEBD 3G, J1y MEERERTRT,
e

V7 b ID 2475 72 820%, AEIZ p & F CUEBDZMRM 2T, BN FOETOETE
13 1-15 GeV/c D71y b &7, Hrivifind o MA12x U T 20mrad ML EZE2ZKRT 5, v, CC K
R S DET O KA HEMELIC X B ERFLADROZT L4 5 p2Y #1 v b IE 100MeV/c B L%
K%, ECCHTOEFDOREMNRIZOVWTITIRETHENS,

TRTOD v, BREMITIE, KO R TUHNDOL T R Y BEL TWRWERRD 65N 5B,
HEN 2RO LD EE 3.2I1TRT,
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= =
01 02 03 04 05 0« 0 T2 3 4
ekink (rad) Zdec (mm)
: \ KR
N
N\
5 1520 05 T 15
p, (Gevic) p2” (GeVic)

321 pu ~NDOHEIZBIT S v, HROMEENFEEBO N, 7y Mz R TR,
2 T e T =l T — 1h T — 3h
Zaee(im) < 2600 [44, 2600] [44, 2600] < 2600
Orink (mrad) > 20 > 20 > 20 < 500
P (GeV/e) > 0.1 > 0.25 0.6(0.3) /
p?™(GeV/e) | >land <15 | >1land <15 > 2 >3
(blH(’/’CLd) / / 7T/2* 7T/2*
piss(GeV/e) / / < 1* < 1*
m, Mmin / / / > 0.5 and <2

#£3.2 EBOFWEROS Y MEDOHEE— REOL 20, 1h T, po? 136 Uy bt
BELTWHIE, 0.3GeV/c DAy MZiED S ZEMNTES, %5 ThWEAIX 0.6GeV/c,

* 13, QE HFROGEITEH ST N (XKML 70 b EFEES Nz L &), B,

HEOBEGED S Short fiEEIZ 3h £ e FIEOABEHL TV,

EI=N=R
H
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3.4 BEER

29 DR B BT RHE [47) 1. N ROV OBE KRS . F v — A, 1 OKf
EMEHESD DD, THENIOVTOFME RS,

3.4.1 NFOYIRERES

Hadron Interaction

A

interaction

primary
vertex

1mm Pb .

Without any muon track

3.22 NP YyEREROEAM, FHENADPSHTVLSEWEAN RO v Z2, KOERD
B & DR 2 KT

RYDNARE Y ANOREIZIE, =2 — b U/&ﬁ?iﬁé%hw¢ﬁ%$®:Wﬁm’
ERERKVMNMET S (X3.22), BROX T 7 FNDAHy MEDIEYMEZEIET 5720
FLUKA ZFHWAZMC ¥Iab—Yave, TAMNERIZEDEHR 2, 4. 10 GeV/c D 7~
Y'— L% ECCIZHH U727 — XN OFER DR % 17 > 72 [48], 7~ HMEZEIC & 0 Hrivh A3
DOMRBEY =% RTEDIZEHL T, ZIRKIG/RTOEE) & & k& #EH)E%2 MC & il
7AERZX 3.23 12T, MC OFHlE ., i U7z 7T — R ITIEREAREM 30% 28> T—
N E XS g

MC IZ & B TIE. Opink > 20mrad Z2ZR U, IRKFOMA & EEjE e, EHRIZHT Y
FEATOHRET, 1h AT ¥ 2V DON B U ERFERHER RIS RDFEE S Nz Op FRIZD
& (3.9+0.2(stat.)) x 107° TH 5,

7N RNB Y RS TIEMAEEA U 728 O 72, VW2V F—ChiliEx
TRIDETOEKHRIIE > T, [KHEET XL X — (~F+ MeV) DR, AR
HLUTL %, Z2O&5RHdDEHMPEA (nuclear fragment) L IEC, KEREHEEE LD S
(B < 0.7) HZHUZRHEI RO TREF &2 5% 3. Z OBERER 13RSI IIMBEL 0z,
DRI ELA TN RO Y IR EFRETEZ N TE S, ZORBOFHAI D RERIRILIZ
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1 1 1g

S 095N 2 GeVic o 09F 4 GeVie < 09 10 GeV/e
= 08F = 08F = 08F
&8 0TEL & 07k F 07¢
< 068 = 06F = 3
=Fost =F o5k =05k
5 045 I g 04F 5 04p I
g o 5o 2
8 olH A o1 g o1f
O:H\||\H| RN N N R R S UL W RS e 0:\”7‘1\lll\\H\\Ill\\\|||||\HIIHH\HHIHH\HH O:Wru\m.lu‘hu\u.l‘.mun.ul‘.‘lnu
DEY 2 3 A S el 7 8 9 10 0 12 3 45 6 7 8 910 0 2 4 6 8 1012 14 16 18 20
Daughter p (GeV/c) Daughter p (GeV/c) Daughter p (GeV/c)
1 1 1
S 09 \ 2 GeVlc < 09 4 GeVic < 09 10 GeV/e
S 08 T S 08E ] = 08
B 0.7 H 5 0.7 & 07 5, —
= 06 B = 06 = 06 =
< os =l = 05 =] =" 05 Ffn i |
5 04 = 5 04 = = 5 04 I
5 03 =Trr £, 03 —= ! < 03
z 02 z 02 z 02
8 01 a 01 A 01
0 0 0

o 1 2 3456788910 0 123456782910 0 2 4 6 8 10 12 14 16 18 20
Daughter p (GeV/c) Daughter p (GeV/c) Daughter p (GeV/c)

323 7 ¥—L4% ECCIZHHE UL EZIZ—AKDIFN#HA D (20mrad BA L) & ULTHR
HEIND K. EEED S ¥ — LEEE 2, 4, 10GeV /c DRI O NTZT —X &R LU,
EZHNZBWT, i o 72k 7O EE) & % Daughter p. #iW E#EE) =% Daughter pr
ELTW3B, FERIZFEUEZMTE~Z FLUKA I2X5 MC ThH3B, F-E4KIZEVWT, AE
DAL 7 — 1h TOY 7 FVEETH S, ZODMITMA, N Far Ot A
i, HEEEFEDT—XH MC LHBELTED., HEHEEOHFATT — X & MC O—Eh HE
mo o,

X 100% TH Y., NHOFEMEEZFANS 72D AF v & UTKAE [tanf] < 3.0 £T
DE A 2175, MR PENZ L 2TRkT DL, 30% OBRFRBDEEL ZLNT
&5, M 3.24 127 A M= L THRENSNBRH LR © DB O HEMESR %2 R T,

BALINZ 1h OB RERBUIZ VY 7 FVIARED 5% ARl Z 56 Z 2 T& %, 3h
ABER T I ST K TOERFALETH 5,

342 Fv—LEEER

FY¥—L7A—22EGUHETENY LAY, DE DO Df. AT 13 1v,CC RIETEKS N,
Ay FFRACEEZFELHREOKREMTVS (£3.3) #ZOIZ—-kIa—Ar%23IZID
LTLED &, v RIGDERFER LR D, K325 I2F v —LERAROEANZRT,

CNGS 281 % v,CC KIETDF ¥ — L7+ — 7 A HELEIL CHORUS £ETRd S5h

72T — X D [49].
U(VEC +¢)
C

oy = (4.38 £ 0.26)% (3.1)

O'(I/H

MOHEEZIT D,
ANRO Y ZREIGD pr? 1y MEIZ K BERERITICHAT, F v — AW RHRKED
WIRIZLN T A =R B HFE DL, BRHODMIRXVHERELILBDIZR>TLE D, X 3.26
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0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Association probability

4 6 8 10 12

Beam Momentum (GeV/c)

(=]
%]

324 77 ¥—LzHWTEBEINIZHTHN, NN 2 RISRIZE T DR A R O i
R, FE¥Iarb—ravizisrlcHy, RRIUWELLZT—XTH5, 4GeV/c ML L
T 50% LA EOATBER DR X 17z,

Charm Decay

decay point B
Vi charm 3 -g*—~1 8 "
.............. > o e
primary
vertex ¥ h
o & . .

Immpb ... i missid
. -,"1 ]

= primary (-

X 3.25 F¥—LAEIESIERFER, —RIa—A D ID 2klTse, YEHRIIRS,

Z1h BRERIZB T 2 F v — L RBROEH N FNERA A ZRT,

ZDEDIZ g ERBUZEBEZTHD digmod OV TEHRELBEE LLTWS, —a—
NY ¥ — A EEEETHEORR 72 &b EXMARICRE I TWB RO N Ko > ID
2V, NFRYVEFEEINSZDEE ¢ DEtEZTWV. N ROV EEETERWEGS
WX Z O ZHER L C ¢y DEIBEZITSBDTH S, ¥ 3.27T ITHEAKZRT,

R (F v —2L0) OBEITIFFHERBOBAL Ty NFaY) THY., ¢ EHTIERND
REFEANARFBEY (LT hY) THD, TOERNOMREZ N R Y ID TENIX, ZTVHRD
AREMED E L g BZTDEFEHETE S, LAULNFRB YV EHETERITINIEI 2 —F 2D
AREED DD, F Y —LFROMWRVEE D, TOHEEZTOMRBERATE I LIZL T,
G ZRtET S, FY—LHROGEIE ¢ 137 7y MTELRYD, XVHRDOLEITIX
G WEHEVREEZITER, 1h AREIZET S d1gmoeqd T ZMX 3.28 1IT/RT, /2 A E&E
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particle | mass[MeV/c| | crum] | F7AEEL
T 1776.82 +0.16 87.11 e,u,m &
D* 1869.62 +0.15 | 311.8 | e,u,m,K %
DO 1864.86 +0.13 | 122.9 | e,u,m,K %
DE 1968.47 + 0.33 | 149.9 | e K %
AF 9986.46 +0.14 | 59.9 | PmK %

X33 Fy—Luix—2%2G0KFOEREEFM, XV EHKLT,

dz pt2ry_total

htemp htemp
Entries 15044 600 Entries 15044
Mean 291.4 L Mean 0.7521
RMS 839.3 C RMS 0.3276

7001

600

5001

3001
2001

100

000 0 0.2 0.4 0.6 08 1 12 14

—9000 0 1000 2000 3000 A
zdec (micron) pt2ry (GeV/c)

phi

htemp
Entries 15044

350[-

| Mean 1113
L [RMS 51.95

[ P E—
0 20 40 60 80 100

P E——
120

P R AR
140 160 180
phi (degree)

4 3.26 1h FAEE—FIZBIT S, Fy—LERFROEFHNPAERD M. £ LEIEF 2dec
(754 NP R), £ LIRS S B8R p Y, £ TR o 21T, v FROWEYE
TN %R,

KITBZLILEoT8IN% DX VFREEA, FYr—LERFERE 3TN IZTEHILNTES,
HRFARL L 20 0p FH LYW Ehd v, CCHRETHY, TOBERFREZRDPIEZD
W—BENRFBRIE—RIa—F VOREMNRDM LTS, fi2.3 ThR7ZLDIZ, Ia—F
VI TT, RPCIZE WV HERING, ZOIa—FVRAEIZEY Op BREDEINEF ¥ —
LERFEROBIIEARD 6% £TERBEI NG, ZOhTHENFN Y N2ESELZEON
FyY—LBERAR LD,

T LI TT, RPCIZEBFAEDATIRL, ECC O—IRk TR ZTXTT7 1)L A ETEWD
T TRE L EHEZHEL, NRE YR Ia—AUPORMETS>ZLIZEY IOEES
S EBTHREBOATODGEEIZHRISIZ60% £TIHASZZNTES, ZOFEE
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MC charm — h

(I)'H?) Hadron jet
parent /XY
remove
@ v largest¢ SRR (AR RE RSN R R
0 20 40 60 80 100 120 140 160 180
9(°)
50 3.27 phitirmed % FHTHAR, BARD (328 1hfBE—RIZBIT5, v, &F
pangle 2 FFOMPERA LT, Fle N Nu Y —LAEFFLRD diamoa DI, F ¥ —
Vet DRAEAZGHET S, Fv—LHR LERRERONMGEIET Ty ML 725,

EROTIENTE D,

Track Follow Down (TFD) &IEO, IROFETFFL K BAR B,

Za— MY/ RIGKRFEE., EFDERAY P ETITRTEDBROEMKN LT RFRK
. BT Y TV 4685 = a— U HETHEN 1A IZBWT 0.015 +0.003, 3h IZHEWT
0.152+0.030 TH 5,

pIZBVWTIEH, FY—LDI a—F Y ~OHEN, f(CT — uth) = (5.3 +2. 8)% Th5
ZERMAT, Sa—AYO7I7ABMOPENRSTNZV, B ULIREMT 2558 1RoNnD

THRHAZFBD &H A 72< 0.003 £ 0.001 ODATH 5,

e IEETIX, EBWORENTEAWNWI & &, Short fEZED Z 2 I2& D, HTRIFELHZ
0.027 £ 0.005 TH %,

F ¥ — LBHERIFERKOERFIRTHY, ZOMHEEZMZZZ VXY =a— ) JHEHO
AREMER EIZAYRTH 5,

343 I a—FYVKAEEE

ZOERFRIT v, CCHENSD I a—A A (X727 1V AHhD) JHTFEIZE - T
BELZ 2T, B HELDO b RO Y -2 RTEDTHS (X 3.29),

BRARNEOZDIZ, v,CC KEHSELZIa—F VB ECC HTRITHELY I 2
L'—Y 3% GEANT, FLUKA 2 YT\, fERZFEED > TWwW5s (X 3.30), i &
583 2—F YD Opinr > 20mrad. pa? > 250MeV/e DY T F VI HEAT B EA X
2x107° THBHH, BIEILEEDOIENICNT 2 I 2 —F VEELERT — X TO LIRE% %
LT, 1p BRYZD 1x107° %2, YREKMELUTRALTE D [30). @iFY > 7L
4685 =a— MV J HRFTHRFALRLIIAE 0.014 £0.007 TH 5,
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| Muon Large Angle Scattering

scattering
o S _
.
A% . 5.4 H
...... s |
primary -
vertex
1mm Pb .

X 3.29 pu OKRMEWILT, REFEFRIZAZZED,

ECCIZIa—Fv2BEITATAMNEREELETITONTED, ¥YIalb—Yaryomf

READETHRERFZBOHMMZT v 7T -5 FETDH D,

2 10°g
ﬂ>) E
8 oLl —all
£ E
H E
g 100 [ o
3 E 0> 0.02 g hpTLead
g 105— H Entries  1.605044e+009
- E = Mean 9.984
S E E RMS 7.183
2 oL p, > 250 MeV/c g
: :
103§ §
102;
10k
E i
| HN | |
E H\H\ PR R ”MMMH L
0 300 400 500 600 300 400 6!
P, (MeV/c) P, (MeVic)

X 3.30 ECCHTDIa—+4>0~15GeV/c #FEXHETECC T TOHELZ GEANT4
WWEDFARZYIab—va VR, EXIERTh TORELIZ X 2R EEBELHTH D,
BWRARL BRI a—F V3 1IpFELY2D 107° 0EETH S, ARIZEMAH T, Fi

A, REIR=ATIAF v 7R TCOMAEEHENHEZRT,
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X

%45

& B I FHIEET DT

4.1 ECC NTOEENNZRIEEM

ECC O HrTA7 5 EE I F WM O TGk, EBEENE & K7 FED HIRIZDWTiER 5,

411 EFEAE

4.1 ECC TZHEEMHELZ W CEB)E 2 E 28X, 0tz Bk A 72 REF o 4
ZEWES S,

Lead 1mm | i | EmuITon ﬁ.?:mm | 7 [
| |

i

i

+z
[

=i - base track
\
| |

e-“

ECC TSSO TV — M 2HALK 7 4 VADORITOABEZHEL., AEXE2RLZZ2T (M
4.1) ZHEHBMHGELE? S EBEZHET I N TE S,
A 28R DM % Neell &2 &, HELIC X AR 0y 1LEB) & p[MeV /c] Z FH\WT,
13.6 Ncell Ncell
= 1 . | 4.1
o = 222 e x(+oogsn(5_6 )) (41)

rERINDE BhhD Xg = 5.6mm), Ncell =k & EDHIEM 0, 2T, HIEME 0,eas
® RMS &,

Nmeas
<(972neas>k = Z <9ik)2/Nmeas = 08 + 502 (42)

i=1
Z 2Ty Nypeus W EEELADOHIEEL. 60 1F base track DHEIEREIZH YT 5, S-UTSI2HIT5
base track OHIERE 2 4.2 1Z7R-7 [39], FMEIZAEDKRE ZITMKFL, tanf < 0.1 Tl
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80 = 2.4mrad TH 5, ZWIIAKIEFIZREEDOIES grain 232 L iz, YL v XD
BREEBE O EN (2.5um) WHETL-HOTH 5,

accuracy (mrad)
T

angle

B S CONE T S SN, N SR N
TT T T T T T T

P R NS N SR BN E N
0.1 0.2 0.3 04 05
[tans]

4.2 S-UTS C#llE U T L 7=, base track @A EHIERE O MAEKEFEYN, OPERA
T A6 MEEDE Y 7 U=bDIZ 150GeV/c u~ ZRH L. 7 1 )V AMOD base track
DAEEZEE UTHEL 7=,

Bonrz® cell TORPTMEE., EEROWE 1/ps L AERE 60 EHM/ ST AL LT
T4y T4y SETHIRERS, EHRAEORE S AWET 5 ECC 7 1 L LK
DEHE LT, MCYIab—Ya LD REESIELEHE 1-8 GeV/c £TD 1~ DL —
LD SHANTz [50], B4.3127ay bERY, tanf < 0.1 DAEDORIFIZH LT, §XTD
ECC 7 4 WA HWNIX 8GeV/c £ TOEFET, 30% LA FOME CHEBEHE AT
H5,

. =1GeVic
s+ p=2GeVic
=3 GeVlc
o =4 GeVic
o p=6GeVic
=8 GeVic

A(PYAIp (%)

©
TTTTTT

o

0

—%

a1
60

ol o 1y L L PRI
10 10 20 30 20 50
track span (Nm)

¥ 4.3 MC Iz & v#EBE 1-8 GeV/c ® m~ % ECC IZI@H L. (tanf < 0.1), EEhEH
TENEE % 7 4 VA OB E U TORLEZTay b,

FEBIZ 7~ ¥—240% CERN SPSIZBWTHE L2 D2 L, MC & DLk %E17 -
720 2. 4. 6, 8 GeV/c DHENED 7~ % ECCITHEST L. tanf < 0.1 ORI U CHE) &
WEZTo7T2, TORE, TRTOEENET 30% A TFOKEDRENITZ S Z & 2R,
MC & QLR H —E 5 S vz,

BRI 4.412, OPREA @ 1,CC MIGTRONII a—F v OEEEEZ, ECC THEL
LD (Pyesg) CEHIHBARZ b A= THUELZED (Pgpp) ZHRLEZTBY F%ERT,
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ﬁ%%szWmMT®43$%®i:—ﬁymﬁbfwﬂ%ﬁm\Euﬁ%®m%%\ﬁﬁ
o= (22 :l:4>% THY, Pycs T 30% LAR DG D @Jifﬁjiﬁ‘fg’flﬂé & & RY,

—F—
I
Neve nts
—
[=:]
T

6 =(22+4)%

Pycs (GeVic)

= N W b 00 O N ©
T[T
1}
—

o

aalv e lae
115 2
Aplp

o
-
N:
w.
i -9

44 OPERA —a—hV /K THONEZIa—FvoEEHIEOHKEE, ECC CTHlE
Ui EhE e AR ha XA —&X—CHlIE L7 DD RT,

ECC Iz & 2 EBRIE . 8GeV/c ¥ TORTREIZSIE, S2 < 30% OHIE THEH
HHETH 2, LI UKIENEZ o7 ECC HCHIEICHALES 7 4 LV AKEIZ=a— KV
FIBR DA L D flRE 4, 30% AED XD BRWHEEOHIE 2175121k, TfKTH 20 7 «
VATDHENBETH S, DEWT 4 VAR TIEBSEREE XL v ELI RS,
74»AWﬁbED&w%m\it74»AIv7ﬁL?M%ﬁ§:Kﬁ#%é%m\é
FHEOEBEEZITWZWEEIZIE, THRO ECC TRz 8k U THRIEZ LK L.

74 JbL\WéﬂzOD%;uaJréi%’PTué%ﬁ% %,
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412 KHFREDAE

EF

OPERA TEFMRIFN LRI NDIDIZ 7 — e FiEEL 70 FIENP S DH V<R ve KIBIZ

L —REBTFNH D, HRIBT N EROMT2EHENTZ 212k > TRIETE, aai%
FIE—IREFRIFL OXBDAETH D, 7 — e HEBIZIBHBEETL. v, KNIZE>T
KU — YR OEF OGN, KISAICHs 2 IP TRBI%45S [46].

T eEBE-FN (FEv. KR) BT3B TREOMREMIT 572012, N1 A4V
S5LEELETFS LI EXHTB720D Neural Network 12 & 258217\, HIEIZHEHT 5
T AV LAHEE DR E UTAEFRENEEZK 4.5 1278, 74 VLABREOREINE HIZFE
DMENEL 720, 60% A EDREIZIZT 4 VAKE 10 K COMITDRRETH BETH 5,
BFY YT —% Nt ECC ANDEHT 2 Z L I3BET > TWARWH, v, BITIcE 5 vy 7 —
IANVF—DEMHRRIEDZDIZ, ECC HE T v 7 —EHDOM%EE2IT>TWVW5,

-
Mo
T

F"__w‘ LI LI
b by
[}
2 1 - 8 @ o &
o [ ~ ©@ Q
fl e S EET
£ 0.8 5% £
s [ @
Woel .
-
ol A% E
0.2-_ —
c_nnn||||||||||||||||||||||||||
0 10 20 30 40 _ 50 _ 60

Number of plates

4.5 Neural Network IZ & Wit Z21To7- 7 —» e HEBIZB I 3B FRESIEEZ 7 1)L
LBEROEEE LTRLETOY b, 10 ED 7 4 VAT 60% LA ETH B,

INN=DYEETr Y

NFBYVEZRRISEZRETZ I EICEVFAEZITS, i TOD Nuclear interaction
length 1% A\; = 199.6gem? TH 5, ECC IZ$h7Z 1T %2F 2 5 LY &R 63.56g/cm? THOH, B
£Z 1IECC ~1/3\; TH B, NFu v eKFORELMIEILX. S8 L TH#EE 2GeV /c AT
DI TIFHLIRREIZ & 0 MRS TV 2R T, KO IEMIZ N R >0 ECC 12X Y 5
HHTIEZMLPD S22, FLUKAIZLXS MC YIab—Yarve, kD - E—L4%
ECC I8 L 7= 7 2 b EBRD 7 — X D £ 17 - 7= [48],

TANEBRDT — X TIE 2,4,10GeV/c DEFED 7~ ¥'— L% ECC HTEBL., H2EM%
RO 5Z TP YRIBRAEZIT> 72, HHET 3700 &, 60m O 7~ REfZIT\, 318
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DEEHMERH L, HEE% 2GeV/c: 109.87 7 imm, 4GeV/c : 184.97232mm, 10GeV/c
02225 84 mm Lk, Y Iab—a v ORKOREE 4.6 1257,

300

250 F

200 F

150 F

100

Interaction length (mm)

SoF

0 2 4 6 8 10 12
Beam Momentum (GeV/c)

46 7~ ¥— L% ECCIZHRA LA EOEFHENIZALBmEES M, (1ECC &
73mm), 7% FLUKA 12 &2 PAUE, BIEZHET -2 THd, MC 21T 2 PRAUEE D
—HDHEP D SN Tz,

ZDESITECCHTNA RO Y ZRMIGDFREN AR TH 200, HEEER L OGNS, REf
% N OERD ECC IZHfki L TEBW FIF TSR ZZR L R T 1IE70 5 200,

4.1.3 Track Follow Down

fi 3.42 12BVWTHBRZLIIZ, FY¥—LERFRIFAKOERFARLTH D, TDEBDT-
DI =a2— MY ) KISRIIHET 2 KR FDIa—F /N FaryOREZITW, F¥—
LAEBRFROTERDBMERWO T IEDVENTH D, £72 dmoq PEHFEIZE T H iR+ &
ERAZETWBRFON R VEENARAIRTH 5,

fi 2.3 TTT. RPCIZ&E2Ia—FVRAIEDFRMAEIZDWTIRRZA, ZDOHRMEDATIE
Sa—FAVRMNHELTVRIZEEDLS T 0p FREINDELEDIEEFERD, K 4.712 OPERA
TRoNZTT ey MDAV 2a—F v DOHlZRT, TT,. RPCIZLs vy MIE=ITH
R & N7z 3RO RIEME R I 2 —F > D&% TH% & (660 g/cm?. 1 10ECC
DORFE, ~ 1GeV/e I a—F VIZHY), 21D v, CC IG5 DF ¥ — LT REALD G
5, TNOoDERFERIZ, MHESFMIETLES Ia—F 0, #HFE 1 GeV/c L TFD
Sa—FVETHSB,

F72 4812 TT L RPCOby MIODEI THEZKAI L& &2, v,CC Kt & NC K
IETEENIHOEENED LIS IELTT IOV Iab—Ya vy PlERT, HlE
14 WS ETKRYIB &, by PP ENL D HREVWHIETIX 95.5% O CC XKW E Eh
5, ZOMUTDEIZATIHECC Kz Ou LHIELTULE S, LU NC KD ER=%
TNF2hFITFnrewDT, TT DATORETIEST I 2 —F VERETE RN DAE
U5,
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| Event: 10299033192, 26 Oct 2010, 14:41 (UTC), XZ projection |

-50

-100

-150

-200

4.7 OPERA TO 1y FRO il X-ZHHTREZLEDA RV T ATV A,
BRENZIa—F L UTILEOTT by h3H b, REWEEIX 660 g/cm? (~ 10
ECC) 2#Z %, Zh& by MUCARD L, Sa—F YV ORAEMEHLL 2D, Ou

HE LT 5,
= C
g 100 f——__ 95 5% (CC events)
T so[—"
Py
L S
Py \
- % | 24% (NC events)
20— . >
o R SO N et
0 20 40 &0 80 100

cut on number of walls

48 TT & RPCOb v MUZL D, CC Mite NC K&Kl U7z & & DE &0 EA4L,
MYEvERkEVLY MEOFESLE CC. ZTNLUTFZ2 NC &T5¢, 95.5% O CC Kt iZH
ETEDLM, B A5% I NC KInizgEnTLE D,

ZOED BB T—IRI 2 —A VORERZ W LI 2121, BRI OALE 5 R RE
0.8cm DA TIFEA L, R FHEROMRSTZHNT, Ia—FVAELDBLULAN B VEE
ERMBTITOFHICIDF Yy —LERFARO L BRI ERS T Z B TE S, BRMIZILHE
RS2 - U-FHRIZHF LT, IRTO—IRKFBNARB WS Z & 2HERL,
FETERVEDIFE T LIFRDBRVEVWSFMEEZHT, TNIZL->TTT. RPCDATOD
Ra—FVHEEIZHLUT, FYy—LoBE5RERZ 40% BAHIELZLVARETHH,. L DHEL
BRARDOL L TOXVFATEVAREE 42 5,

ZD=DITIE ST ET 5 T R TORFDIRESZ S i 5 FHICAEEZR R DBV
¥, ECCRlZ#HLTW ZDXRETH S, ZDTFiE%E Track Follow Down (TFD) I
I [47], BEARMER 4.9 107 T, TFD 12 & W KFOR I § RIS EAR P IEN Ra v
FEMNTE, PR RPENGEIZIE, RFOHEKRE COREYES & #EFEDH
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i
W
Ik

re-interaction
ECC and f |l
TT hits
\.\\L\
momentum stop
measurement

4.9 TFD OfEAX, BWUAD TT by b (fEFE 0.8cm) OATORBHRIZH L, &
TR D ERRO REAE R (S fRFE luym) 2T RXTHES Z 2T, NKFE VORGSO RE
FX. RPEBIEZ - HSR 2B EDTE B,

B’roIa—F /NN rOlEREFHMT 5, TDRODNITA—-—X2—-L LT,

Drpp = — ) (4.3)

R(p) p

ZEHT D, 2T, LIFHESNZRIE. (p) IZREOBINIH - 72 FIIOWEEE, £
72 R(p) I$ATFTOI a—F v ORME, p FHESI N/ EBE, p IBROEETH 5,

COMEIREHR p 2RO TRIEA, Ia—F 0 Tho A IS REMER L,
HE SN RO REYEEOH G ZERL, WE LRIV I a—F v DHE 1 ITEWEE
B NRBYOBHIEFENED /NI RMEIZRD, TEFD IZX W REOE S L EHENIE
INH ZOMEN08 I REW UMW) & E RFIEIa—FY RO Yv) IZoET 5,
41012 3ab—vavitdkd v,CC KRBT Op EHEINTULESIFLDIa—F L
NRBUIZDOWTCEHE U2 Drpp DA% T, TFD OF&MAIE, REFDOAED tand < 1.0,
TREFARB AR DI TV (B ek 1 TH D) T Th D,

N - |Hadrons

Muons

T R A L T
04 08 08 1 12 14 18 18 _ 2

DTFD

B 4.10 Ia—FreNFRYORBIZNT S Drrp DM, 0.8 & /NS EHTE
SNHGEFIN R BT, REREIRONZL S Ia—F Y LFAET 5,
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Z D TFD Z17 5 (23R D ECC MRt D FE e ML T D20 EDVRH S, IREITEDFIED
HZEIT S,
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421 Scan Back Ic&17 % ECC B#EfHET—4

TFD TRz ECC #3572, ECCHDMNET 71 A Y hOEZHEL TEL 4
35, ECC IF Target Module D HIZE Wall D b LU A 12 > T x AT 56 R & 55
S5, TNy AT 60 Bl A TWS, ECC O E X 155 I3 28 O EMEIZ X - T
A VA N—IVRHZHIEE N, 2D & &0 ECC DT 10mm A —X—Th b, ECC ITK
DRI 572E DRI H U 2TV, FH2EWEEZAIZEH LW ECC BAEINS, £
D& EIZECC OBEH 21752, T L EDAENEIT lmm A — X —THlflz s, X411
2 ECC 28 &5k 2% Wall DEHE % /RT,

FEBZ ECC 2RI TORIT /2 EITT T4 AV MEEDHREHERE D IZ7 > TV 5 5 % i
MOBHIZ, —a— M) Ko DOFRERIZEWT, i 3.1.3 CTH#HHL 7 SB 217> 72 H4&
YTV egitL, TOHTR—O=a2— MY JHEUIEAL THEED ECC %2 SBLTWS Y
YINEED, 2O ECCZHBLTWAMRIZZELH L7, SBKHZIX CS TREFAFER X
N7, ECC Iz i L T SB #1754, ZTOMIHA ECC 2#HMEL TUL XS5 5ER LN
Hb, TORIZIE=a—t Y fHaEmo —~D>HD ECC #Hb L. £7- CS fEHr& SB %
75, ERECC T=a—h Y /RIGMETHEEDEL ZeRTENEL MibmhoEKESh
=R D DA 0 BE% T, ERAEOLETZ OO ECCIZOZDAREZENTE S,

ECC OE A% 80.187mm., XD Wall ® ECC £ TOHf I 53.813mm TH 5, X 4.12 I
—2®D ECC % SB § 2T DEAM % RT,

411 ECC T Wall BIZEE L L AMIZHEFED SN D, x FIANIZ 56, y HMAIZ 60
BTEYVa-VEEKT S,

SB 17> 7= HAMD 5546ECC X RIZLT, ZOHT, f—=—a—r) JHLT {HD
ECC%#SB LTWAEHD, E5IZE—DMEZEWNEIFTWEED 34 FHEL 36 REFIZA L,
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PLS6 ECC P2 CS PL56 ECC PL2 CS
-— @sszzillTL
 F Rt B o e
v Bl SR W >
~ 53.8mm = s
SB 20 trial SB 19t trial
80.2mm

4.12 SB TXx7=2D ECC % 7= R0 E W EIFOREAM

MESTH, AETNOSMEHER, AETNIE. N ECC TORLERY « V4 (PL56)
. B ECC TO®H K7 1« )4 (PL02) @ base track DfgE#%2 HTW\W5s, (PLO1 KU
PL57 D7 4 )V A%, AEEERVPEADKELZIT57-OFALRW), fMETNIE ZD base
track OALE & MAEZ HAWT, T brick 2* 5 Lt brick ~OERE U 7= P4 &, L3 brick T
?D base track DALEDZ%ZRKDT WD, (HEE, fETNOREESRMIE 100mrad. 2cm 2L
o B 4.13 IZHEERDOREFDH 2 R,

36 MEFD ECC MOMETH, AETNLONME 414 IR T, AETNIE. 0gee =
14.5mrad 044y = 15.9mrad, 7z x HRAIDALET ML 04, = 0.29cm. y & 04y = 0.19cm
ThHo7z, ECClEx HHENZHD HUZ1TS 720, x HEIZIZMED REERFLET 5, — .
y FAEE Wall IZED T o7z b L1 OALETREE S N5,

ZDEHTIZ & D Bt D7z D ECC REFHIND MM IZALE T WD £30 OfEe LT 2 x
2em? THATH D Z LW bhrorz, F86 U2 OIRENE O BGHE FEOEZEZ 05
+50mrad £ 352N TES, ZOME%Z ECC MRS D7~ DH¥EfE L LT, ECCHT
TREFEER 21T D,
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V1002999 BK1038092 V1002999 BK1038082
W34 COL 20 A Cwia COL 20
.E’/ 3 e - HHH
= I N O O I
L g 100000 .
L T
0005 | AdomEE——""|
1 — B e 1
N N N Ny Iy | "
M L]
HHHHHH "
o)
vV 2999 BK 380 V1002998 BK103801
JH UL [
e LY
B = B = —. L i)
w11 i ot | { i
L P 0 i
l i ' L L W
1 —t - o
o r Ll
1 [
N - .
| aodonoo

g ~am -4G0

B 4.13 p M#%E 2 20 ECC T SB U7z, LEIFENEY 2 —LATO R ECC @
MiE%E X-Z (7£), Y-Z (i) TRZKTH O, EIEIXSB UL-miiz &3, NEIXER
D ECC Z2HU &SR L, FRTHMBUZ p RBZ#EHL TSB 217272, ZOLED
ECC I TOMRBEDONLE T NI, dx=-0.029cm, dy = 0.004cm, F7=REFOMETNIX
dax=0.004rad. day=-0.011rad T > 7z,

SB track connection Aay
10| of 9
8 8F
8- 7 7T
[ o i3
6 £ £
5 5
a- 4
4
3t 3
2= 2 s
1 1
| e, i il 0 - 0!
$1-0.080.060.040.02 0 0.020.040.060.08 0.1 .1-0.080.060.040.02 0 0.020.040.060.08 0.1 2 45 -4 05 0 05 1 15 2 45 4 05 0 05 1 15 2
[rad] [rad] [em] [em]

4.14 SBiz&vfBEsn/z—>d ECC D base track iIZ X2 ET N, AETNER
T, METIICELTx ARy AL D HAEVDIK, ECCHYD H L DD x HrIdA;
EREMEIZEEHDTH S,



4 E EE) IR O TR 56

422 EEOFIE1L CS RF*+¥ VI & 5 REMES

EEOEFHOFIEE LT, ¥ CSICLEMFOESEZHFT S, 5 ECCIZEWVWT
Za— MY KIGRPREI N, ZZh oI NEREZ FiRD ECCITEWRIFZWnwed
%, T ECC ZH 0 H U 2Bz CS 72132 8Hg X v, ECC BARIZH T O T Shielded
Area IZiEPN S, CSIIM T THEEI N, £/ /1 AHEQOUETHB) 7Ly ¥ ak 2 [EfT
ST ens, FHBOBAPES ECC EOE /A XDDRNT 4 IV LTH D,

+1wall brick : X.YZ = (-1,0,1) Vertex brick : X,Y,Z = (0,0,0)
A
3 € 4
9
7 8 )
gﬁ
o TFD track
v S0 slope
slope (-160, -90)mrad
(-123, -114)mrad |, (Not found in the CS)

+2wall brick : X,Y,Z = (-1,0,2) i

2
slope
(-76 ,-50)mrad 2

¥ 4.15 AEEOWK T ORI % CS 12 X 2 ki % 1T\, TFD U726, A ERIE ISR
ECCTD CSTHH., KnmANDPFHREAM > TWD, ZOHTHRWERHDOMRHZ O &
D FH. ZEBED ECC @ CS (£ LX) 12##id 5720 CS 2 AF v > U, ERETZ R
U7z SOV EDTFID ECC D CS (EFK) #AFX v >, BRI Z R DT Efiic
BIHLTWa, ZORMOEEE%% ECC THIEL~ZE 25, EHE (0.9-1.2 GeV/c)
THEI NP0, H1v b ERED 2GeV/c % RIS Z & h 6 X OHE) 7 &4 %
W7z E RN R Do Tz,

ZD-DFT CSEAXFY L, HNE TR Z KT 5, X 4.15 12, FEBRIZH 5 RS
% CS TS L 7=l % R,

L2 L., CS 2 CORBETIEMENH S, CSIZHITEMHMED S BT RFEN R D05
CERSRWZ 2, £72 ECC FRTOEMUNE SN WD, T2 Tk ECC HTK
JEDHEZ 5> TWBEDE D P DRERTEIZTE 2V, HlZIE, BERAFROREA T iE ECC H
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track

[ A
/

ECC ¢S TT

CS not found I// Y

B

4.16 ECCHTIRKIGHEETWSE L, TDO ECC D CS TIIMMi2FR AT HZ &N
TEJ TFD 2527 TER\V, ZOHANKIBNZRETS57-DI1IIE ECC D7 1 )VA% L

0o EEERT 2 BEND D,

TR ERIUTWAGERETHDH (X4.16), N RO VECIZHERAN RO VR GD
FEIZIZ. FTIHRECCDOT7 4V L% EHRNOAT Y UT, MfrEEERL, Bidsl

WA RTH %,
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423 EKEOFIE 2. ECC ~NDEREERI R

IR ECC

3.1.4 TRz X 51z, @O KISAFE TIE ECC 2 FHift % RS U Tl EBRG& L, FHE
REFIZE 2 1um A FOREETD 7 1 VARIDT 714 A2 N %EY, NETSCAN (2 & 2 7R
MR A 1T 5. @ ECC IZIH 3 2 FHARITH 150/cm? DA THEEKR I N DT, #iid 5
TREFD 2 x 2cm?. +50mrad DRFEHIFATIEE £ Z 4em? x 150/em? x (50mrad/600)? ~ 4
ROREFAFDENDORFLE L TH->TLE S, o TTFD 247 5854121, MR Z2
—Xf =S X B DI FEHRE BT, NG E T TR 21T O B ERDH D, Thik
WE QRN ORN DR TIZTHONRVLETH 2D T, M NEHR ECC i TORMIRED ) ¥
N ZIRETOHTHENL L TV BEDRDH - 72, HTEGE ECC D AF ¥ > F — X O ITEH
EHEUTHBN, ECCOXMY—ITTIM AV NEL D,

XIBY—VIEBTSMA XY NOBEE

Alignment by Xray marking
Lead Imm Emulsion 0.3mm

u u M u M Xray mark

base track

'

—

g 1 i r |

Alignment by tracks
Lead Imm  Emulsion 0.3mm

base track

................. .y S " {
417 EAD X #¢ X 4.18 X#g~—2 (k) 2FHEMRE (F)
N—2%TJ7A4INVLEE ZXBECC 74 NVART 4 A MOHELD

RDTHEY L B E, i DFEA,

F9, XMY—212%% NETSCAN TD7 714 AV MEEZTMML 72, X 4.18 12, X &
N—=JW&kBTI4 AN, FHMIZEDET T4 AV NEDEVEBEAKTRT, X fRiE
EA 50um DAY v b Z&3EL T ECC OIS X, X 4.17 DX 527 1 )V AIZHIDZ]
Xnbd, 714 VANEO X~ —27D 70 A% S-UTS IZ &k D FAS, HIFHEEL -
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ECC TIXEET AMIBBA - TVWR WD, 7T T4 AV MEEZ EMEICHEGT 2 OIXH L W,
Z I TCFHBOBPHINTVWSE ECCEZAFXF YL, TOTFT—XIIHL X~y —271&0 7T
TAAY NEfToTz, ZTOHD O FHAGREZ FER L. 7 1 VARORBOMET A S X
BT T4 A b DK % M L 72,

20F-
T L Atttk

JE——————— o O o0 o= " " 20 0 20 0

dx[u m] dy[p m]

419 XY —2T T4 A2 N OFHMIRIMNZ X 25Hii, FHRZHKT 5 base track
DTV — b Ilmm Z2HALZRKOAETN, METNERT,

7 A4 VAR 2 x 2em?, 18 WMEAF ¥ U, ZOHT 161 ADFHIRZEDZ UL,
Z DFHRRIRIG & #EK T 5 base track 2 FIWT, $h 7L — b —WERHAZE EOAET N, {L
BT NOFERER 4.19 IR, AETNIE 044r = 5.3mrad. 044y = 6.3mrad THH, ALl
T 0gp = 6.1um. 0gey = 92um TH o7z, TOMEDS XY —7I2K D7 1 VLMD
RESEERED T 7 4 AV FEFARMEIE 10pm THATH 5,

TR ECC TORIFEEBAK

Rt U720 ECC O 7 4 LV ADOH TR 2 BT I21E, 4em?. £50mrad O#iFH T ARY) O TR
= ARKBETBHEVRD L, WD T 1V L TORBFOHALIX base track TH 253, FEAHLD 12
£BF—=ZTIX10/em? H OTREEA ) 1 A& UTHIET 57212, base track D DY %
RGBT A ADEFEIT D, BAEKNTBIEN B BADOR 2 H MR L TAY %2 FE
T 5,

T A IVAKEUE 10 AR FEARL UTHRZIT), ZIRKISRDREED7ZHIZIE & D Dk
B CORFER - i 21TV 720 D3 BUR 10 R COBEBTHRHIRIL 0% TH D, Z O
SR Z [ LI 572012, base track DD E %475 Linklet Z{EKT % & EDRMEDER%
795,

4.20 1Z Linklet OME&X %, X 4.21 12 base track 2*5 Linklet Z2/ED ., X 52z S

V=T U T—RORE & T SEaX %2 RT,
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Linklet
plate A material plate B
middle plane
1
Base track 'ﬁ. . H
1 r ........... + ........ = Base track
dax  dx, el 2
— >
PH1 PH2

4.20 Linklet OBE&K, A7V — M2 EEAZ 2 D 7 1 )V D4 base track % HifH
TOMMET N, AETNICHRMEEHE L Linklet 26K 3 5, £7- =2 base track ®
PH O&FHEICE Ay MEZFEEL T/ A AOKBZEIT D, HLi#d % base track D
Linklet A+% 022D 20— 712 LU TR Z BREK T %,

plate

Base track

Linklet

4.21 base track DD D T—ARKDOREFZFER L T HEFE2RLUZHEAH, Linklet
IV —TT B TR A EEET 5, base track 7% < 22 UXARY DR D A D3
D, /1 RHMEP T B, Sbase track BA_EDOTRIETIX 100% DFE TAYI O FREED AHS
5’5,

base track 7 5% Linklet D& T4 dx IFIROATRT Z & TE 5,

0T = 0T scat + 0Tatign + 0T err + d200ery (4.4)
dz

63/‘50(1 - _esca 4.5

v =75 0scar (4.5)

(4.6)

METN 6(ax) 1F.

5(am) - escat + 5067“7“

13.6[MeV/c] [dz z
scat = ———— 1/ —— | 1 .0381n (— 4.
Oscat e Xo( + 0.038 n(X0)> (4.9)

LXRIND, dz X base track HIOFEHE, p IR FORDOEHETH D, fET NDOJRKIZIX



o

4 E EE) IR O TR 61

P OLEBERBELL., TIA AV MIE2TN (bzaign) EMET T —I2LD TN (zerpe
80cry) MDD, TIT, XM ZEDIET SAAY FDTNTH B, BICRZXET I1 A
N D¥EE 10pm 123 LT, Bl ZIE 1GeV ik FD Ilmm $HEMAIZE ) 2 L EEBEMBELIZ X S
MET ., METNIE 3.3um, 5.7mrad TH 5, FZHUETT—I1XS-UTSick2fEE LT,
AEMNIERSE 0.2micron. AENERE 2.4mrad [39] TH 5,

ZZT/ A RIZ&k B Linklet &, APYOREFIZ L D D< 535 Linklet DPEE DE W%
R5, YIFINVERDBAYO Linklet & U T, 1GeV/c EHEDR TMES 8 lmm %A 7Z
Linklet iZ X2 ETH, AETNOSGETFHREZY I 2L —Ya VICEVEELZ, XBT
FAAVMOKEEEZ 10pm & UTHAAAR, B TDONITRXA—RE2TI ARHEZREL =
10000Linklet (= & b fEB L 7= 3R % 4.22 15T, da = /daz® + day?. dr = \/da? + dy?
EUTZRE7uy hTRRLULTH D, V7 FHIVOIEDMEZ FMNIHEIRIZ DA BIAD - T
W5,

Mean 0.007653
1000f— RMS 0.003975

800[—

600 :—

400 E—

200 E—

i
0.0

1 0.015

{ILI
0.02

1 1
0.025 0.03 0.035d 0.04
afr

Mear 12.71 =
RMSx  0.003975 =Y
RMS 6.667 =

drfpm

N
S

1

S

1 1 1 L
400 600 800 1000 1200

I
N
3
8

0.01 0.015 0.02 0.025 0.03 0.035 0.04 ®
da[rad]

422 x#T7 T4 AV MOKEE 10pum LIRELZE D, HE)E 1GeV/c ki T DIES
Linklet ® base track MO ET ., AET O FESA, £ FRIIMNET L dr 2 HET
N da DMHBMTH 2, £ EOKIFAET N da DL AN T A A FRIIMET LA Ok
ANT T DN ERT,

S UT/ A XDFES Linklet D3 NG —HRAMAIZR513T THD, EEOM NG
ECC ZAx¥ ¥ v UTESNTZ, 7 Imm % EEA TS 3874Linklet (FTRTH/ A X) DALET
N, AETNONAZX 4.23 12737, (2x2em? OFEBT, 12WDODT7 1 VLDAF Y V),
Z @ Linklet IZIZBEFEDO A v b+ AETH 20mrad, (E TN 50um 2L TW5E, KO LB
D, dax-day. dx-dy 6, AETH, AETIVUEL TRAGITR>TWD Z & h
MHS5ND, ZTDESIZ, Linklet DY FFILE ) A XDDHITIFENDH B Z R0 5 7=,
BAEDO Y hTIEMETH, AETHZUMAIZYIDH L. £72 base track ® PH Oz A
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~ %23 U T Linklet A 22 TW5,

5 h2
Entries 3874 Entries 3874
=006 Mean x  0.0002459 T 100p Mean x -0.2087
s F Meany  0.0001622 22 = _E Mean y 0.2976 18
2 F RMSx  0.01005 20 > 80 RMS x 256
o004~ RMS S RMSy 25.75 16
e —000e0ar ] 60—
-
0.02 e ae 40F- = :b-_
i= = 14 20 =:.- — 12
o e Fets = 5 M 12 i3 et i o 10
i o = .
5 = 10 u_ - s
- 20
0.02f— ===y s -
’ 40~ = 6
6 " mll ="
60— 4
0,04 4 60
5 80~ 2
0.0f u L o 10 L 1 Il Il L L o
28.06 0.04 0.02 0 0.02 04 960 —%0 0 40 20 0 20 40 60 80 100
dax(rad] dx[um]
4
Entri 3874
E Mear 0.01335
= Mean y 34.26
= RMSx 0004638 ED
© RMS

1. 1 1 o
0.01 0.015 i 0.025 0.03 0.035 0.04
da[rad]

M 4.23 HiFE# ECC (281 % Linklet DfiET ., AETHOMA, EERAKIZAES
N day-dax OME%Z, EBAIIMNET N dy-dx DHBEZ RS, KoMk TwsZ L
MDD S5NS, £ TFIE da-dr DM, da. dr iZHBIL T/ 1 XoEIEINT 5,

ZDOAX Y VT —=RIZBWT, Linklet 227V —7f{UTEDHUZREZEI L, &M
i % 83 5 base track DA %72, 2base track 7213 52 5 7 B R IX 4689, 3base
track A EIX 42 TH o7z, TORAXF YV T—EA0N6HD0LDOMB A2 ETHE. HRRMRDF
BULHWOMREFD M 123 U CAEZEMD Y b % £50mrad THIFTH, 2base track Tl
4689 x (50mrad/600mrad)? ~ 33 IZE DRI/ A KW A->TULE S, (600mrad : S-UTS D
MET 72 TR VR), ko THIRNRBEREZITS 720121% 3base track P ET ORI % #£3
DB B,
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424 HTFIRE ECC TORMIRSE

h2
Entries 745
100 Mean 38.97
L RMS 3.548

80—

40—

s niaallnnnnllononllnn ol
020 25 30 35 40 45 50 55
phsum

4.24 FHIRE 101 AZKERKT 59X TD Linklet ® PH 7346, kDA +Tid PH34,
36. 382y MEZFEELTWS, PH32 LA ETIERED 98 25T,

Linklet(old) dr (um) | da (mrad) | PH
Oskip (#4 1mm) 50 20 | 34
1skip (8 2mm) 55 20 | 36
2skip (§4 3mm) 60 20 | 38

4.1 BEAFEO Linklet ® 77y ME

base track DFHAE D MHRIRIZT A b ¥ —LFEERTIE 80% LA ETH 503, EFFIZHWD
EBED 7 4 VLTI 60~70% 1L TH B, 3base track LA EZ RS 254, KD Linklet
DIERRSEAF T 10 D 7 1 )V T, base track DFiAHLD MHERIR 60% ZAKE L7 & ZiZ
T0% 1ZEDMERIR U2 7L, ThEEET S 720IZBEFD Linklet 47y MU TH LW
A1y DR EIT T2,

A base track ® PH DH%ZE 16 TH b, Linklet Z/ESFEED 2 base track ® PH DOFll
% 32 A ED FIREIZT 2 Z & THRIEIERDM E2XSE Z N TE DS, K 4.24 IZFHROMES
Linklet ® PH ®434i% "9, PHOAY b& 2L EIZTHZ 8T, Y7 FILD 8% 240
TR ZEBR T2 e TE5, ULHALEMIZPHDOA Y b2 NP2 TlE . 1 X800
LTLESDT, ZOEDIZ/ ARV T FLEYDHTEHLWMET N, AEThoRHE
fEZEAL T, AYORIZB O, BYS UWRINIB IS THy h2EAT 5, HTFEE
ECCIZBIIBBEGFED Y PDINTA—=R%EFK 41 I1TRT,

FHZE DT 74 A2 FFHE, B 4.19 TRZK 51227V 7325 Linklet I3A7#E T 1,
HETNOERNYE TRAELSIIHAIARATEIEMTE I N TE S, T 5 Linklet O
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4 DDNT A=K dax, day. dx. dy BFHFEMEICEETNEHERS A%, DLRO x? T

52 EMTED,
2 2 2 2
() () @)
Odax Oday Odx Ody

FNTNDNTRA—=RDES KT A% o TELZ e TIEHLL, HHE 4D x?2 2E%H
LTWd, ZITNAIA=RIFE 1GeV/c TD MC D% HIZ U T, 044 = Oday = 6.1mrad.
Odz = Ogy = 10.2um 235, 2D x> DETHEMEEZZET 5 Z LT, AU DRI
Linklet DAZEIL Sy M%7,

PERDAy NS 272012, /A XDRHE Y T FIVFEHBDOAEN 2 DDAy hTE
DESIZEDLDE P EMHRT 2, A—RAF Y VT —RIZHEDOH Y N & 2T THIRERD K
Z11o72 (X4.25),

Output (old)

Linklet Total linklet #
Old cut filter
Signal linklet #

Output (new)

Scan data

PL21-30, 2x2 cm?

Linklet Total linklet #
New cut filter
Signal linklet #

X425 [FA—RAFY VT —RIZZODRBRLZHNY T4V R—n}T, Hhahd
Linklet [E$¥R D& W2 /5,

VITFINDRHEEFRND-HIZ, FHARES ECC 2 X fi~v— 27 THE LT —X %2 HW»
T (HER 2 x2em? T10 74 )V L% S-UTS A+ ), I[HH Y b %S U7z Oskip Linklet @
PH X fiETN dr. AE TN da DO EFARTz, X 4.26 1ZRT,

B2 RTO Linklet 2, TFEIZ 8base track BA ED & 7 2B (FH AR Z M3
% Linklet #& /R LTW5, FOEDHDIXTRTAYORE (FHE) THH., £ PH,
METNHAETNOLAIEMCIZEEFREEVEDTHS, (ERIZBWTETTIIYIF
VDR E, —kk72 ) A A& DREEN R ZT\W5D,) £7/2/1% Linklet © PH 504G TH 0,
PH=34 THv FLTW3, £ Eix PH O8I0 & 32 Linklet 254 LT WL DIZH L T,
EROMIZPHIS IZEEIZE—=22H 5, ZNOSDRPHOHED /A A5 LIy TFILs L
ZRLULTWS,
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2200
2000
1800
1600
1400
1200
1000
800
60(
40(
20(

S o

o o

55

60
50
40
30

20

4.26

Entries 5920
Mean 36.24
RMS 2.918
60 65
PHsum
Entries 418
Mean 39.73
|RMS 3211
60 65
PHsum

drfu m]

h2

Entries 5920
Mean x 0.01151 35
Mean y 25.25
RMSx  0.005294
LRMSy 2537 30
25
20
15
10
5
1 1 0
0.03 0.04 0.06
da[rad]
ha
Entries 418 9
Mean x 0007222
Mean y 9.723
RMSx  0.004146 8
RMSy 5738
7
6
5
4
3
2
1
1 1 o
0.03 0.04 0.06
da[rad]

[HA7w MZET 5 0skip TOTRTOR % MRS % Linklet ® PH, da-dr ® 4

i, BBt : 3 TD Linklet, FE : 8base track PA DM #5935 Linklet,

2500

2000
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1000

50(

2 30 35 40 45 50

55

Entries 8330
Mean 34.51
RMS 3.218
60 65
PHsum
Entries 529
Mean 39.33
RMS 3.362

drfum]

drfu m]

Entries 8330
Mean x 0.01141 60
Mean y 18.1
RMSx  0.005439
RMS 9.463 50
40
30
20
10
L L 1 o
0.03 0.04 0.05 0.06
da[rad]
|ha |
Entries 529
Meanx  0.007083 12
Mean y 9.624
RMS x 0.00404
RMSy 5194 10
8
6
4
2
1 1
0.03 0.04 ®

0.06
da[rad]

4.27 x? Z1v b &RBEG L7z Oskip TOTRTORY % HEE$ % Linklet @ PH, da-dr
DA, B : 3 RTOD Linklet, B : 8base track BL DA% % % Linklet,

WIZEALT =2 U, HLnwAay b2EHLUTPH 7Y % 32129287 0skip Linklet
WE LT, ZHITEHE 1GeV/c HH
L OR T HMES Linklet D 99.5% 2 &L L5787y b TH 5,

A EIZ3 RTO Linklet TH O, YT FNVOAEEFET LSRR A Y MZRoTWb, AR

DA EK 42T 25T, TIT, 2 <=15DHhvy b &
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WX FHARREFD Linklet Z[HA v b EFAMOEZMETERRLTWS, VI IV TH S Linklet A1
EIEINTETWBRZLhWbnb, £k E ATFOPHOMMIXIHAZY bEIFIEFALTTHD, &
TFNHELIE /AR LI THPNT WS, £ D PH 241377y i 32 L E®D Linklet
ML TW5,

Iskip, 2skip (2L CTH 1GeV/c HNUMRIOY I 2L =2 a v FHRENPSZD 2 Y b &
RET D, X#T 74 A2 O Linklet DALE T 1IE, BHIZELLIMEDE N K 25813 DH
FOLRLIFE-ETHS, ZNE, XTI AV POTNIXLEBERBELOMEI L H KE
W2l ¥ MEITThOEMEML AR VWI LIc& b, LU TAEDOThOMEIILE
EREBGELIZ & 0 skip BIZHIML, 2skip T3S A T 10.3mrad (2725,

Linklet(old) | o4, (um) | 04ae (mrad) | PH | x? cut
Oskip 10.2 6.1 32 <15
1skip 11.3 84 | 32 <10
9skip 13.6 03] 32| <8

# 4.2 x? @ Linklet ® 77 v Mg

PH #7v b 32 23 RXTOD skip BIZFRT 7212, Linklet @/ 1 X% skip B2 —EIZI X
%, TD=HIZ x2 A1y FDfE%E, Oskip Tl 15 (99.5%). 1skip Tl& 10 (96.0%). 2skip T
X8 (90.8%) L&ET D, XA2IZ 2 HY DRI A=REHES,

COHEHY FTOY T FILOBEREREL ) 4 ZARBDENE /257812, Linklet 15
T—=RMOENTNRIT — X ZEDIHBL T, TS M%E Az, TDL E 2base track THE
%X 2 TREF AU IH 4645 R—F1 17426 A (3.8 F%F) &4, AMFHIRED AD 57425 Sbase
track LA LD RBFALILIH 283 A—=% 355 A (1.3 fif) & 7> 7z, 3base track LA D Track
A% X 4.28 12T,

segment distribution (CR exposed)

& ¢ old

200 % new

100 ’iﬁ‘
® .

0 2 4 6 8 10 12
segment

number of tracks
w
(=]
o

4.28 HrHA Y MIBFBRBABD DM, BEXHA Y bz, KPHFAY bERT,

ZOZEeMPOH—DOT =2 U, FL WAy b TIERRBMRIE A Z HRKD A v MU
T30% MEIEEZeNTERL, MFBGEECCIZZIDAY MEITo725G. /1 AR
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I 3base track R % &S U T, dem? $HI% 10 D 7 1 VLT 100~200 RIFETH D,
+50mrad DAy b %&fTH T LI X OEARZENL, HOMHZR CHREHW 21T 2 LA A[EET
b5,

base track DMRHZNIELZE 60% & U7-RE, 7405 10TD, ZDOHY bOHFRMIZLD
D773 % 3base track ML EOREFOMHIRIEIL 90% TH B, LLEHIHAIY POEFTXRTD
skip @ Linklet TPH % 32 A LIZW 205 &, #MEEILES &% 50000 R0, FHAy b
TIiE 18000 AL 1/3 ITMNZ 2 Z &R TET VWA,

H UMD D0 5 W&, (KEB RO 28\ NP 255812187 1 LV A X
UTHERLU, 7y FOMEBEEEE L Tl zidAa b, PHOX Y M Il ERIFTCHBRHE
MEORE EIX2% UTFTHY, /A ZXHPHEZ DDA TH D70, ZOAY bDFET 1 VLK
BEEP U THREITD ANNENTH 5,

I o DFHEER - TRIFZHESEIZ ECC MO#EHK %175 T TFD Z17\ ., TREFA i #R4t
WWEIFTULE o720, AET 7R TRV ANTIZRWR D B2 B/ REZ B D 13HEFE
ZEH T 520D TFD OS2 72 U TN 21T 5 VW RETH 5,
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425 #EEOEEH

A2 i ECC IZ#f L7zl & UTE 4 v, BRI TIT o7 TFD 2 #N 3 5, YHE
RIRMTNARIEET 5.2.2 TH USRS, =a— MY J KISRD S ERE Nz — R 1 TREF I D
WT, 0% FRTRTO ECC IZ#fi 2k ATz, 4 Kb DRI 1~4 DN, R 212D
WT, bk ECC 48T 10ECC @ TFD Z17\., ZOW4ECC i% CS 1T & 5 R %
W, £725 0 S5ECC X ECC A ¥ ¥ iz kK RO E R % 17 5 7=,

ZOW, fi4.2.4 THML 7% Linklet ®IHA Y »TIERPFAFK R T3, Linklet OFr 7 v
N COBRTRIFAFER I Nz 8 FHD ECC MR O %2155, ZD ECC % i FB
BUTERI2 71404, 2x2em? OB TAF Y v Uiz, BRITRERPFOME X (-0.19,
0.25) TH 2, PHRINDIAMET NI HDRIFERE 2 x 2cm? OH T, £50mrad O £ HipH
TR L 7ZWIREE 2 DR 21T >7-, £3REAFD Linklet 7 b7 —&DH T, 3D Viwer E
T 3base track L EOREFZEER U7z & 2 A, BRI OEIL 0 TH -7z, %72 2base track
D FREFEA 1) 50 KD O, ZTDOFN S HHORSZ LU T DIFHRHETH > 72, IKITH LW
1y NEEALUTCHEREZITS &, 3base track TEMELR5EDIX4ARKH D, BEMBIZ LS
H I i@’®¢?*$ﬁ$%?%ét%#@6mtoZ@ﬂ%%PM&Cm%a’i
DRI ECC 74 )V LIZIBWRIF5E ECC 2K%2HEBT 5 Z PRI N, £/2RD T
D ECC Nt & foidT U Tz BoRHIICRES 2 3N EY 2 —VOEK ECC £ ThEDEE,
TFD %## 71 U7z,

10ECC TOMOAE T, MBETHOTHY bEK 4.29 1ICHAE 5, ZHIEH 4.2.1 TH
X7z ECC MOROMET N, AEThEBEEDHLETHD, £722ECCOLT 1)L
LTS THEDOZDERMTH S Z o (Hi5.2.2, X 5.14), Rifd ECC Mk A
BRI L TWA Z e 2EAMNIT 5,

Ml

0.5
005 | yayirad] dy[cm]
0.04 0.4
0.03 . 03 *
0.02” 0.2 ¢ ¢
0.01
L 4 * dax[rad] dx[cm]
-0.050.040.030.020.01 § 0.0440.020.030.040.05 -0.5-04-03-02-f41 ; 0102030405
0.02 -0.2 *
-0.03% -0.3
-0.04 -0.4
0.05 ¢ -05

4.29 ¥4 v, BHO—RMEFD TFD 1281 5. Mk 2 ® 10ECC B TOAE, fAEd
noray
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i

35

BRIR

Jlinl

= SR BRI

5.1 v, BER

INETIZARDOD 542D v, BERHELIZOWTHHT S,

51.1 B1ER

2009 FEDOVE — LN THONZKIOFEROBNPS RO o727 — 1h fEF ¥ 2V D
Ry =a—tY ) HRTHD [31], 2010 45 HIzRKEFFork, —a— MY/ RIGHIF T A
DORFP ORI N, TOIHEDO—D20FNHADD bR Y —%/RU, XUDAREHERRLH
EI Nz, 5.1 IZHMERINZMIT — 2D bRn Y —%R7,

NROY— & RIBDEENE

TRES 4 1 FBRFTHERI LT DV EHOMBTH D, 1335 £ 35um MA LI, MAE,
41 + 2 mrad THNHH Y, FEO M FoY—-2REL TV,

TR 1 13 EBN & 0.787010 GeV/e LHIE XN, EHFD ECC TIEED2 > TWaRY, ZKK
JoZ ECCHoO TT TlZI LTWwWb e Bbhb,

FREF 2 1EBREHEICE D pB = 0.32703 GeV/e TH Y, BEHBEDOKEZRITH 5,
ZOMFEIL 320+ 05gem™ 2 THY, FubrrHEINS, REPSHEINS o bV
DEH R 0.60 £ 0.05GeV/c TH 5,

TREF 3 1 4 D FRD ECC TR ZEZ U, 2 KDMER FORMEAEKR L TWE Z &
WD STz, EEENE pf = 1.977032 GeV/e TH B,

B 5 1% 2ECC TR T &L UMFIX 174gem™2 AR &l S iz, EEE X pp =
1.307022 GeV/c TH 5.

R 6 1= —hV ) RGO 572 ECCHTILE Y, HEEE ps = 0.3677 5 GeV/c, &
EHED A F v EFRE L,

RIS TIXEEICE =2 — M)V KISAIICMEL TE ST, 2D 7 VA TRPSFAE L,
FGRIZ TP = 43755 pm 282, 2 ORIMISIEEH S 28 U 7= ik DKL 7 HE D D & HEH
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|
8 A
!

|

daughler \

8 daughter

5.1 #H1HRIIBWTHEE S NARIFDO Ao Y —, £k CNGS b — AFEE-H,
b FAUPHTOIKKE, : fah o ZM,

g, HEEERMTIXZOMBNEL ps = 049703 GeV/c TH %,

TR 8 1XIREF 4 DFIEDIRKFTH 0, MBI R pB = 1275 GeV/c TH 5., Mk T D
B5M 2 GeV/e LB L TWD, KBS 2 IP X555 £4um THH, Mombik:

FALSIERUTH U Tum BSATIER LT W3S

Flzo Al S OB RMBARE SN T WD, FESALS 2z AAIZHEH 2.2 mm THA
RERLZL, —a—bMY J KIGAIZNT 2 IP=45.0 £ 7.7um (X U T, AESIZNT 3
IP=7.5+4.3um 2D, WEIN/ZT 3 )VF—IE, 5.6 £ 1.0(stat.) £ 1.7(syst.) GeV TH
b, RA VT4 YT OMREZFET 2L, KIGAIZHLUTIZ 1073 AR TH D, FHEMIIX L
TIE 32% THIERICAHBEL TV 5,

Y2 IF TRV F— 1.2+ 0.4(stat ) £0.4(syst.) GeV 2 Kb z SAHY 13mm T i T XAk
I UTWS, TP IFHESICH LT 22735 um. KIS AIZIE 85 + 38um TH %,

ZOBFREFDORA T 4 7 ORERIE, BRI LT 82%. MIGHEIZH LT 10% TH
D, EBHITHMBEL TV A HHMEICIERAITE RV, fER»cDED L HIBITE 5, 71
Y y2 DT ARE- R 120 £ 20(stat.) + 35(syst.)MeV/c? TH Y. F—72 70 HEDE D
WS RE R KRS 5,
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3: o o A=Y 3
© @ § E § 8¢ @
2 E 8 OENW
AN
AN
AN
RRARN
NN
\ \.
AN
AN
\\\ A\
i W . . A ha P ENNAN
0.1 0.2 0.3 0.4 05 0. - 3 4
eI<ink (rad) Zdec (mm)
:5 A RuaSS 3 2_ AHEEEEEEREN 3 2 = <
L NN\ ° I e @ NN
1.9 NN 1.5 N\ N
[ NN N \
NN NN
NN 1 \N \
AR R R RN N N\
NN N\ \\
NN 0.5 N\ N\
"\, \, \, \,
N NN
N . ; ANV . , .
0.5 21 1.5 05 1 15 2.5 50 100 150
p.Y (GeV/c) piiss (GeV/c) Np  (degree)

5.2 21 FHEOHEBEERONM, WEME TS -V REF TR,

BB F AR

HREE DB X BN R po7Y 132 0471022 GeV/e TH O, 4y HBRFEL TV BHBADH v ME 0.3
GeV/c % LY XY OZM%E 7T

v — Az ﬂbfﬁﬁm$ﬁf® TRTORFDORTEIHENRZ FILOR, pliss 1%
0.577032GeV/c TH Y. EREAY M1 CGeV/c MFTH 5.

F7-FUFET, BOKFOAME, MO—IXRFOEBFHEERRY VORI HE ¢y
i, 1724£2° THH, FRAY MED 90° U ETH B,

MR % 77 CIREL. 1,2 25T, BN FOARALHEZHET 5 &,
6407 2% (stat.) 500 (syst.) MeV/c2 TH Y. p(770) DERLEEML DS, 7 — p v O
X 25% TH B,

EoTIZDHLII v, KIGD 7 — 1h AEERESRME 2 U, (K 5.2), £ RS RITAFHS
LUVT N UER TN EERHER L, AV =a— MY KIREREFEE I N,

512 H2ER

2011 FEE Y — A CRoNZ=a— Y KRS, 7 — 3h F ¥ Y RIVEEED H 2
B R AR I N [47]. 2012 4 6 HIZHE &217 5 72,

RIGRIE 2 DOMB TR I NG, X7V 7 N U EaoRE e —RRHIX 0.9 4 m D
BRADHEHEZ R > TRIBAIZPER U, S ERFH 120um TH S, 2L 7T N VIEREER
Zdec1446 £ 10um ORIT DK, T4 VLD T T AF v 7 R—= AT 3 DORPICHFHEL T
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5, X 5.3 IZHBEKINZRIFOSBEE L, BAIIR=APTHEBELTWE X T E 3 KDRHH
Dk~ % HE 5,

52000 'Ll%]‘ﬁ

Lo

5.3 H2HROMI bR Y —, Vo ld=a— MY/ Kinkz, Vi 3EREZRT, Vs
X d3 DEELTHD., £Ih6 2 KOMER T d3-1. d3-2 BFELTWD,

Emulsion Plastic base Emulsion

[
N
- ——id =
—— 2 3
d
1
-

44 pm 205 um 44 um

M54 ZRIVTRUYDRT 4N LDR—ZHT 3 AR FIZHREL TWAEET.

MROY—ERBOEHE

— R EEN R pB = 2.8T0 T GeV/e b, TT OEWHTIE 2 2D wall UhZ OB
FIZEFZFRLTWRYL, X SIZREFO TFD 2 bit, —D2 D ECC IZHEFi SNz, %
DRPTy HANZ ECC 2kIFH L, OO ECC TRMIMIFER SN o7z, £235
W RRO ECCTH BMERRET) HEE2To7», ECC, CS Hcmfix kR THS, =
DFRHED ECCIZBWT, NI E Y ZREIGDFEILE T 720 OTREFERE, v BRI bz
PH O Tway, TT 25 DERE AHLETIO—IRRIFIE =D Fiid ECC IZ A%
BT, ERICKBUTHEELZEEDbNS, AUETED I 2 —A4 U2 EET 2 ECC DX
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26~44 TH Y., Drpp = 0.05 <08 S5/ RKB Y EHE S Nz,

A RUE 3 DDk A, dl, d2, d3 25> TWb, AL T RN a v IR G A
D oEU B OBREPITON, TDOEI B KREVEMELZ S OB RN —FTDOMR
RO o Ty, (tanf = 3) £T,

A1 I3EEE pB = 6.6720GeV/c TH D, 4 DFHD ECC TZXKIEE CS DREFD S
RBUTz, BmRELADS 2DOMMEELTED, TT THZD ECC T hit signal DHHNAFE
DY AR

d2 1FEBE ps = 1.3702 GeV/e 2Fib. TFD &> T—2 Fifi ECC TREFAER EH
720 2D FRD ECC MBETIIMEF IR D0 > TR\, Drpp 1025 AR TH 5,

EBE pf = 2.0700GeV/e THY, =a— bV KiEE &L ECC NToRKIG%
HZILUTWS, 1187V —bPFFHED (BXZF 13 cm) 71 VLAAFIEFH T 2 KD miERF
d3-1. d3-2 & 4 RO/ %2R L TW3

> ] 7
BB FRIEEMNT
5 5 4 T 5
< s [3EF % § <
L B B HE a AN\
F HE NN
2 1k AN
I |\ AN
I | NN
r HE AR N
I 1 NN
3 H E AN
I | NN
AN
0.1 0.2 0.3 04 0.5 0.t - 2 3 4 10 15 éOV/ 25
8, (rad) Zyee (MM) P, (Gevic)
5 4 - 5 - 5 - -
I RN NANNNN I NNRNRRARRARANS © ANANRRRRRAAN
31 N NN SNNNNRRRRRN NONNNNNANRR
NN NN ARARARAAAN 2'_\\ NN
[N\N NN NANRRRNSSN NN
\ \ N\ N\ N\ N\ \ AN \ N\ \ \
\ NN NS NN
NN OO N \ \
O\ NV 1 "\ \\
AN RN SO \ \
ANRNNNNN ORI \ ’
NANNN SO D NN
05 1 15 2 25 3 1 1 5 2 50 100 150
Invariant Mass (GeV/c) pm'SS(GeV/c) A(p (degree)

B 5.5 2 BHROEENFLBDN M, HEME TS -V F2HF TR,

ZOHZUZB T 2 EB N EMETOFERIL, =2 — Y /¥ — AEEVE TOEI I ELR L
LT ¢y = 167.84+1.1°, piss O.31:|:0.11GeV/c THb, kT dl, d2, d3(ZELTiX
Pravah s 0 SEY M I <9kmk> =874+ 1.5mrad TH Y. 500mrad ® ERMELFTH 5,
T AEHEE R pyy =84+ 1.7GeV/c THY 3 GeV/c D FRRMEZE LEID . 3 R THMEIT N
DALBERL, RAAREEEIIm =0.80+£0.12GeV/c2 TH Y. myin = 0.96+0.13 GeV/c?
THhd, FF71E [0.5,2] GeV/c? %iT-F, B 5.5 ICHFEBON ML EHERT, Z0H
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FIFERI LT, NRO Y EEEIN IR IZMOMRES, L7 s 3L T
W WZ L ZHERL, MARO Y — ROEE I FERESRME 22T DO THE 2u, HRE L TCHE
X7z,

513 HEI3IER

2012 FEEIZB T 5 € — LR DO ISHERENH T lp FROFPS 7 - p Fr v x IV HE
GO D B BRI N [51], B3 v, FREUT2013E3 HItHLE2B I ko7,
5.6 1IZ TTIZL2HK2RBezHES, KIEREGEURIY—2ZLEZECC 25 TT by b
KB RIEAERER T N, 24Wall 570 TT 2 Hi@ L, AR huA—ZKND RPC % 6
DHBELTIEE> T3, REOYERIX 1650g/cm? THOH, Ia—AVEFAEI Nz, %
DIRFEP SHEESIND I 2 —F VOHEBERIL2.84+02GeV/c TH 5,

TT upstream module empty walls RPC /iron slabs
PT1 PT2

340
320
300
280
260
240
220
200
180
160

n
[ =
e
—

X (cm)

| ] .-—‘l-"
1= 1
FTT_._T';——_
|

I|III|III|III|III|III|III|III|III|III|I
“

B = Bvient 121230652048
8{} F- ]‘h:a_\ 2012, M2 T
-100H

™ 1208 H

1405 I

-160HHHR '

-180 = AR EERReannnn
-200 =1 HETH il
220 |
_240F -

-260F-—- [Tr14L]

(cm)

Y

ENARINIHIRIN|NIB|RIN|RIN|SINIA|S BININIEIAIN|NIN SN ! e ERRRARRRRRE
=700 -600 -500 -400 -300 -200
Z (cm)

5.6 3 HLOLMAEKMLE, TT & RPCOby Mz kD I a—FUaFEHgkIh, K<
¥—2 U7 ECCIZBEWT=a— MV KA FEE S 7z,
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lmm

: o - 1
FILM FILM P : f ' ng“
18 41 G

B 5.7 BRI NRIFICLLEIFER RO Y —, KIS (Vo) EX—ZDFi# A (V1)
DILRM & e EITRT,

NROY—ERBOEHE

Za— MY KREIE 1T RO ORI E . 1 RDX IV T N U, 1 ARAD v S5 DET
Ty UM X DR T NS,

RYVT N UHBIZE 2 HREFERIIKIGERE ND 7 A VAT ITAF v IRXR—AFTERZ
D, RIEEIL 24 =376 £ 10um TH D, K57 IIMIFIC LS bARBY -2 FEMDIEK
%R, WHRFORMIE=a2— ) KIGAIZHLUTIP =93.7+ 1.1 um OEZ2FH. B
BOHNHA O A Oping = 245+ 5mrad TH D, ZORBFIAE, AE»S TT THIEK
ENIa—AVEeA—~TH5, CS THH—-DORILVMERINT NS, ECC THlE Xz
TREFEENE X pB = 3.1102GeV/c TH . TT ORIEHEBE L BAVEDDH BHTH 5,

—TREF D EE &R IE pB = 0.90%1% 5 GeV/e TH O, Fiid ECCIZEBWTFIFSh, 18 KD
BTV — N EREAFZEHEE U2, ZIRRED S I SN B REHIMER S TRy, R E
FEPSNRBVTHD ERES N,

v S DEFTRIFIIS G D S 2 HENZ 2.0mm Fik, (0.36 Xy ) THREL, R FHET
G BTY Y7 OB EMER S N, TIAF 1231100 GeV/e LHllES A, ZOE
FXIREE TP = 96 & 12 um THIEEIZ DS DIz U TP = 18 4 13 um TRISAUZFWD
THEH., ML TW5,
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BB NIRRT

HE )P ABIZ=a— M) J E—LAEELHETO ¢y = 155 + 15° B K AEO [
EEE pr Y = 690 £ 50 MeV/e TH Y, RT3 a—F v OB, Hrfiroh, 2vo
MEELAEI ST T — u BBV TD v, BESXMZ2TRTHG729, X 5.8 IZEHE)FHE
DAL FERIMEZ T,

a.u

a.u
lead
lead
film
lead
film

01 02 03 04 05 0.6

B,k (rad)
:i NN 3 AR
© NN L NN
NN NN\
N\ NN I D)
NN 10
2 NN b
\\. [ \\.
NN 1-_ NN
NN NN
NN NN
\\S\\ \\S\\ \
N 0.8=ar
\‘§§ N
1 1 \\\ [ \\\ _ 1 1
5 10 15 20 0.5 21 1.5
p, (GeVic) p.Y (GeV/c)

5.8 3 MRMFHROEH N EEBD MG L WEMT T —NY FEF TR,

¥/, Ia—AVOEME, WETORPCOLY N T FNDT 4w T4 TIl&->THR
DBZENHRETH S, WHGHTOHBART A=K =X, p~ OFHAN 5.60 THRAI N, £
7PNz MC TOMGEE LT, pt 2A UK THRES YL SZBlE N7z RPCOE Y b
DHIEZFATE DMERIT = : 25% I LT, pt :0.063% THH, BHlTNZIa—F v
X u~ THEZEPHERI N,

RYDBHHELTIa—A L IIh2 L oy VB LTo MRu Y —8 X OEE) %
L, 327 =a— M) JRGTHBEHELZ, I 2 —F U DOFERFRIIERE
KPR DBRVELEF Y VRN TH D, 72 - OBMAEIZHEIIL, ZUXIEENIC L D 4
Uhv, DV T MU BHIRBERT 5, ZORMICBWT=E20 v, FRERIEL, TET 7~
N2 BT BHREID evidence & MENT L 7=,
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Columns (top view)

Rows (side view)

5.2

-200

-100

\jOO Hm

\ Event: 12254000036, 9 Sep 2012, 22:00 (UTC), XZ projection

| I I I
200 400 600 800

L
1000

\ Event: 12254000036, 9 Sep 2012, 22:00 (UTC), YZ projection

= Selected brick
Brick in cell
Empty cell
Fake brick
Row manipulation
= Second predicted brick
Third predicted brick

1 L _L_ L
200 400 600 800

5.10 BRI NZRIFIZ LS bR Y —, EXIE z-y H#%.
viAzZa— U JKIET, v2 BN E RS, y1 & 42 BRISRUSARES 2 E -7 REF T

b5,

521

B 4 v, EREMNT O

NROY— & RUMERHT

L
1000

5.9 M#FHEEROHERO2MEE, BAIE TT HLUPT, RPC kv b,

ABE x-y B E £,

2012 FED ¥ — LT E T 5 Op FRO KGN OHh» 6 Frifini v o hARn Y —% &

S REHAS RO DD [32],

2014 FE 3 HiIZHE 2 T o7z Za— MY/ KIGDEEND

ECCE=D2HDA=N=FEV a2 —)VOHRT, HIZART bE A=K =%5 10ECC LjtiZfi
#35, CSf#ENr, SB. NETSCAN %ifi L C ECC O Fifih o 18 HDEH TV — hT=a—

NI

[FESINlz, 4 DDMPFE 2 DD v FRZ K DEFNREF» SHEE I N, ZOH
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T 1 ADTRIFAIRREF 2 AL 2 nidt o o b Ro Y =2 Nz, K 5.10 12K
NTRIIZ KD HRD ARV —%2 KT, FEAITNT SRIERD DD RAEAF ¥ =2
7 (tan® = 3.5) Db, R PMNEL TWaWnwZ & 2R L 7z,

REE1LIZZ LT U EHTH Y. REERIX 1090 £ 30 um TH B, Opine = 137+ 4 mrad
TH AT R TIZAEL TV 5,

TR 2 1ZSS AL, HEEE 1.9703 GeV/e L HlE S N, T OMRIMIE T ECC (124
LT TFD & h, MEELEFHEL SN ROV EFEES NI,

e 3 ILEBE 1.1752 LHES L, T ECC BV T F ok, —D2FHO ECC 2H
WU, 7D RO ECCIZ ABERNZ “IRKG &ML UTze RS D S X AR D ff kL
TREFBELTWS

TR 4 138 %E%@k%m BENREFTH O, pB=0.440.1GeV/c (p=0.7+0.1GeV/c,
Jua b VBEERINE) THhb, —2Fid ECCIZER L CEEZMIRL. —2 Fid ECC
KIERWTE ST, HEAZMA L, REVERIFZ M4+ 1g/cm? THYH, RIELEHEN?S
Ta by ThBERES N,

F AR 1 O FIERR T ORI EFERE I E D 6.0772GeV/c 2fib, —a—FV K
JERCKRUTIP =146 £ 5 um 25D, ZORMEENEY 2 — VO FififEE TEVW R
S5, WHARYZ b A—&2—HD 3RPC @Izt y 2B LILE > TW\W5b, RiEL EEED
SARBYEREX N,

ZODyKRON, Y1l id=a— ") IS T L — N THAERERI LT, AL D
EfMrSRELTCND, FEERHILEL S, BT BETOZILTY — %, HEKHICLST
INXF—DAZEFLT 075GV LIE Lz, =a— bV KISHICHL TP = 25 um
THIET 5,

V2 =a—bY RIS T L — 25 5 M NROMBTHAEREZEI L, TRV —IX
4011 GeV/e bHIEI N, —a— Y RIBAICHLUT IP = 33733 286, —Jifi#s
I TP =267 £36 um 2RO Zen 5, 2D 2 BKIGHRICHEET 5, 71 & 12 IC KB A%
BEIX 0597070 GeV/c2 TH Y, Fl—7% a0 HRTIERWI %2 RET 5,
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5.2.2 —RMEFD TFD

Za— MY RIREPSERINZTRTO— R TFD X4, Fiid ECC ~D#HE
ZITWEE 20ECC DM 217> 72, ZOFEROMBHIZENT —FBOHE R5DIL, R 2 D
ﬁ?ﬁi?%otoTT@EVFV?%%#%i2$®ﬂ%N RTE, ECC HCTHMKL
T-TREE 2 B L OIRA FOMHAEIEWZ & DRI Nz, UL LUKIBR ECC & TT O
t&ﬁi\t@ﬂ%#TT@tvby&%»%ﬁofmé#®%ﬁif%f TR 7R R B D R
BORME DR TELD o7, Fy—LERFROMEFED-HDIZIE, 2V VT bV BSMDTA
f@#ﬁﬂ%ﬁTﬂDKiofﬂFD/T%é#t9#®ﬁi%ﬁ5%%#%é ZFD=HIT
TRTOMBD RAD ECC Bt 217\, Hi 4.2.5 TR X522 0 - 72 ECC %
10T RTHREL, IRTD 74 INVLOMEFZB L Im IZb7z-oTEMTAZ LI2& b, K
T DERERE & REEVEE%2 KD D Z L IR L 7z,

Target section PT PT RPClironslabs PT
-250 _— 'g
L e g .
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400 500 600 700 Z (cm)
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: - vl | |
E L s ’r‘r“‘-’—kﬁ"f'..r T
S
L i : il
-250 |— i
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400 500 600 700 Z (cm)

M 5.11 EXIE x-z. P y-z HETAHZ L EOHEHR2EG, TSDDOWIZHITERETD
TFD 2 & 2% %5,

B 5.11 12 —¥RIRHH & BRI U TIT7 o 72 TFD OFERN S, A RV T 4 AT LA 1ZTR
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5.12 TR 1-4 ® TFD O % & &, AL ECC OWmKEZRL, —a— MY /Kb
ECC 7 S HENE Y 2 — V&0 ECC £ TRii% 272 1 7248 %2 23, KHIX ECC &
TIROMREFOAIE & MEEFRT, REF 1 (K 7) &REF 2 (—REF) 1 10 f8H O ECC
FCoEREIT V., REF 3 & 4 (—RIRER) (X 3 fEHD ECC F/iT ik Kt HK % HER
U7z,

PO 2R UM E RES, £72K5.1212 X-Y ‘FEH T, &% ECC TORMOALE & A%
KR UK %ERT, WUAIZECC OWiHiZ&R L., KANEE ECC O Nt 7 1 )V A TOIREFD
MELMEZRT, 2L EBFHIREZERDODIREETIIN D S b o 7R FTREF D %
pum WAL TRIET 2 Z & BN TE 2,

RS 2

Z ORI KIS ECC 2 S BE Y 2 — )VE#&5 O ECC £ TEfiZ 7w, TT Dk v b
EBENEDD DY TR EIRIT ALz, B 7 4 VA ETORESIRITOAME, HE»SIE
EIETWHBARI buA—%—0 RPC OER, HPT TYZFILBHEELTWE Z L %t
AU7z (K5.11 OFREOEE), TFD OFEERD S REVEE % 604g/cm? &3RD, I 2—4
VHIEEMOYIE R 660g/cm? % R Z & 2R L (K5.13), 7% ECC TRbhAE
ZUEL (M5.14), HEEERE%2iT>72, K 51512, =a2a— MY /K ECC 25, 9EH
FTD ECC O#lE s =& %Eéﬁﬁ H AR S B R OWHMTREL TH S, Z
DTZ 706, Hili ECC MR B I D2NRAICHEFIENHD L TWTF2RR NG, 20
EEREE T4 v T4V mfwﬁﬁ EHEE 1.97)5GeV /c L ARS 5 72, L L EBED S 7R
B2 1% Drpp = 040700 TH O, Ay MEOSUT 2R LN RO Y THS EHE Lz,
#ECC OFEFHEHEIZENVTE 1.5 GeV/c DEFENDH LI L 2FRTDH L., TINHDR
FEHARECTOMERIIIFASPIZI a—F gL TAR WD, M2 & 0iE< A RFa Y
ThHdILZREBT B,

KM MC ¥ ab—ravIiZ XM 2 O p/m #8A OFHE 24T - 7z, TREF 2 & TT
¥ RPCEDLETI2@EZ/Y > TH 0, TFD IZ & Y EMEZRIIEA D> TWB DT, HEE
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EF
S 600—
; - 1p cutvalue
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5 F
300
2003— ﬁ ~__
C ™ track goes “in and out” in the 4th downstream ECC
100—
0_ ol ey e by by
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distance along the beam axis (cm)
5.13 JREF 2 ® TFD OFFRIZE T 2 MEMEED RS 0, MfliE e — L0500
. fitiIMEYEE 2R, ECC 2T 2 Z L ITHBARICEENEATVWS Z W
5N 5, 60cm (5T 4 FiiD ECC TAEBIREEA KT, 5 FHiD ECC IR
IR DB BT VRER OGNS, REDO TV — 2Kk 2 A0 56, RPC Fiioky b
TOMAYERIX 604g/cm? TH 5,

0.3
19703

v ¥ N ol Jiw

1/pB (GeV/c)
> B @ A

TO L[ TR T IO [T T[T T[T

E % 0.2 1 {
F ‘ ¥
F 0.8
0. - % 0.15F j & 0.6 % + {. + + * +—-
3 ‘B 0.4
E 0.05f 0.2
o | T T2 5 ST
Plate Plate Relative position to vertex (Brick wall unit)
5.14 ECC THIE L 72k 2 DA E T — 5.15 JRiF 2 o#EE & & HlE %
A, HIEAHEFEH. HIIEBEFEHD ECC % 1> 72 ECC oMK, ECC Dfi
£3, WD plate HEZZ2 02 LTW5, &%, Kb ECC H & O i
TR,

GeV/e %D u/m MISE D S E Nz & 212 OPERA BB T LAl OREEY

BEPROWRZIMU7Z, ZOFEE, 13BUTOMETIEEFSI a2 —A421304% THBD
WIZXRUT, 11 B EORIEZFDONL A 1 9.2% OIERTH 72 (5.16), ZOHERES
DODETHRE2FINFEYTHBLEZEL -,

7 TRES 2 DRSO RPC OE#EEIH L UT, v — ARSI

BIF5 RPCOE Y

MEDEERE ., FHEEHAW ZREROGRE2MHER Lz, X5.17 2K 518 IZFhTETnD T
oy NERT,
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track lenght (TT+RPC planes)

516 MC ¥ Ialb—YavIiZLBME2 O p/m WERDMA, SRS 2 A@EE L 72
TTH+RPC OTH D, KInmh oL UZA UHEBIE2KD u (1) AkE 2 £ TIsmEs
%5 TT+RPC Oz F () OOMTERT,

HE D X - 3BT RPC IZEACIEFHLTE 0. =Rl L ambsRoiiss
ENTWVWD, MATHRE 2 HBREH AR b aA—XND RPC EDT v
RAR=ZIZIFE A TWARWZ E BRI, RIF2 BV E DD YT F VIS TITHE AR
7 bR A - —Z@iEd 5 WREMEIR RTINS,

KRB FIRE W & R

N
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TORPCAE LDy bR E L X
DIEEIRDL

RPC

XPC

2
XPC Layer
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R 3

RPF 31X 5.12 IZBWT D FiD ECC F Tk zir\., TD ECC TD AT IRKIL%
U TWBEZ 2R LU, “AOMEBERN FE2REELTWSI L Z2MERL. NFO Y RIGH S
NRarvThsdERIEL T,

reconstructed tracks in 3" ECC

-

track 3-1
//
/
v
\‘n- , track3-2

~3mm

X 5.19 FRIF 3 O RIS E D BRI N AOREN FORBOBEHEK T — %, =D
TiRD ECC Ol (ECC 2A8ETA237IVIELITSIAFv YY) TRIGEEI L, 4
BENZMEZ 7 « VATHERL TXRIGZREL 2,

FRER 4

T 413 pB ~ 0.4 £ 0.1 GeV/c DEBERDILN R FRITH D, —D FHD ECC DT
WMICBWT, KEREHMBELZRBOBEI IZL > THER L, ZDTFRD ECC TIEmRES % %
RTERD o285 —DTFRDO ECC £TTHRLZEWE LR, (BEHELDOREVWE
WRBFDFHEA D MR IZ 100% THH. REFOFEE L Uidewn,) REVEEZ KD S &
94jzlg/cm Thh, 7o b VEFEELZEEOEFHEIXp=0.7+£01GeV/c TH 2,

HEE 0.7 GeV/c D7 H ~ v OFFOREMEEOYFFHEIL R/M = (70 — 100) g/cm? TH

BEMRH B L DMREIT o7 (K15.20)0 F/NA A VKT Ia—FVEBRET S L,
Lﬁiyﬁbﬂﬁ%EE#EDﬁ<\%Aﬁﬁﬁbgt%%mbto;Mkib TR 4 137
Oh>ThdEREZRITH> .

RER 1 (JRMIF)

TREF 1 D HHEEIRRL 7 12BI U Tlk CS TOERD A %IT 5 72, RES 2 & [FRRIZ W RES % 7%
LTEY, R ECC D CSIZBEWVWTRIMDOFE R ZIT 72, TOMEENS, REWERL
EEE 6.0T75GeV/c DBEBENPONRB Y EREL, T — p EF Y VAL TH D EFER
11757,
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B 5.20 JREf 4 ORPE SN EHRE, REVEEOMGERT, &, &k SOV RNE
ThEn7a by, "M AY, Ia—FVEIRELZL ZOMHEINLHTPREMESEZE
T, N RNohoRofITlE I n-YEEE R L, hhoRE-EEE & OBRE BENT
DHBEDETO N VDOATH D,



Yirird

5 E FAEERMAT 85

5.2.3 EHNFHMEN

ROk T OB RIE NI A MM 2GeV/e K b K&, HEBOME S EH R pr? =
0.827030 GeV/e TH 5, ZDfEIX TS v MH 0.60GeV/c 2 KEL EE D, HEEIC y 23t
BEL CWARWZ e EbETXIL MO ki~ - 1 v, ZREBLTWS,

—a—btY) V=L BmEFHTREZHOZ LT N RO — KRN R Y 2w b
DEFREBENRZ MVOEBHE AL gy = 16672,° THH (XM 5.21), K X EEE DKM
I% piiss = 0.5510350 GeV/e THh 2, ThbiEy I FIVERICAENS, M 5.22 (THEB) %
DDA & %2 RT,

0.6

04 |-

02 .

Py (GeV/e)
(=]
I

A= 166°

Sy

.2
P, (GeVic)

521 =a—hY/E—LWEFEIIETS ¢y, KIFZT VT NV E, HFiZZzoffio
—UOREF D G BGEB RN MV E RS,

ZDHEFE T - IhREF Y 2NV L TOTRTOEEHFENELEZ2H- L, £72TRT
D—RRPZ N ROV EFEE Lz, RIGEIZIEI a—F >y, £REBF Y7 — %25 BFR
AR, 2o =—a— M) JKIGEFEEERTT > 72,
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X 5.22 %4 FEHFEROEBEEROSM, WEME I -V RE2FTRT,

53 v, BEROTFDDFE®H

INE T EINZUDD v, HROFIT, v 2R TRTORIIE TFD 12 & 0 REY)
HErEHENHEINTVS, INo2 70y bUAEBDEX 523128, I2a—F400D
WA MEYEE L EFHEOREBRERT &, TRTO—VYIREF, £ 7 RIEOLR 75 % OfEL
TOMETHEZEWENPDOND, ME—HE 3 v, FRIIBVWTOD, FEI 2 —F VRO
ANI a—F v OHIfFREMER L —HT 5, ZOKRIX OPERA THHILZTRTDLY
Za— M) IO —RRIFIZOVWTA R VEEZITWD., 2V =—a—b ) JHERTHLI L
EIRIET B, ZONRBVEERZTOIFHICEIVF Yy —LERFRE TT A3 TOIa—FVH
ELD 40% WA IETE LU, v, = v IREOEEMZ A LI MBI ATREE o7z, X
HTZOAEBMEOERIZDOWTHHEZIT S,
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nu_tau events range-p

1 03 tracks

—#—— 1stnu_tau 1ry
——+—— 1stnu_tau daugh
——#—— 2nd nu_tau 1ry
———— 2nd nu_tau daugh *
——+—— 3rdnu_tau 1ry e
———— 3rd nu_tau daugh

Range[ECC]
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¥ 5.23 OPERA TEHIX Nz v, FRIZBWT, T RTO IR & Uk T AREH D 3 B
BEMRBOBFKEZRT, REIZECCYHERMTRLTHS, HDO*IEIa—F OGS
D, HFOOHNE Drpp (&> TIa—F v /" NavzKRT 2 EOES)E & RIEOBR
D7y b, B3 v, BRIZEWTOFEI 2 —F VRIHUIMITRTA RV EFRE SN
TW3,
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A |

IREIMRE DB RMEDETR

B U7z ABID v, RROMEIEMIEZEIE T 7012, ZOETIEY I FILEEFRAR
JFHEBOHEE 2175,

6.1 EVFA/NAYIalL—23V

OPERA EERIZBWTOEYTFHILOY I alb—Ya yORlalk 47, CNGS ¥ —24 5
A2DZa—btV /) TITv I AEART bV AEIE FLUKA [52] Z2icL Ty Ialb—v 3
VEFoTWS, Za— Y JHEOEKIZIZ, NEGN =a—h) /) YxxLb—&—[53] %
THELEZEDEZHVWT WS, ZHiE NOMAD 56k 54 D=a— M) J FHRETLIILIZHD
Thbd, £72 v, ODRIGHHEFED T 3V F —KFMEIZIE GENIE v2.6 ¥ Ial—Yary7us
Z L [55] EFHWT W, v, — v, IREIOMERIZIE Am3; =2.32x 1073 eV? & sinf = 1 %K
ELTW5D,

BRI SIGE & R AR TORBfET DY 2 2 L — 3 »iZid OPERA TER S vz
VI 277V —LT7—2%HW5, RiflE micro track Z/ED | FiAE D ZEE DM HIRIE
FHDEE AN, TDHD CS fi#hfr— Scan Back = NETSCAN —fEHRERIZBE W TDK
IS RIFIE RN &2 0 ORMZLHM RIS, B ZEN Dy FOFE Ry Ia L —bT 5,
INs%zdH iz OPREA TREZOE ML MY A -2 o BRALEREITOTI NV I 2
L—yarv#irs,

6.2 Fv—LKFREDRE

VIOFN, BRFRBHEDO /O AF v UT, RV LHBEOHFGTHETZF v—
LT R OB & DI,

2008-2009 4EJE &, 2010 F£TD— D AEF 2884 HD 1y FHRIZK LT 50 HENF v — 4
B G y UTRES hi (4], F v — LBERME, BB b R0 Y — 1o B2 Y &
U T B ASEE A 2RI BB 2 R E 2\, 7272 L 1 AOMER 7T 5E— KT
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W Frivth 28 0 M 20mrad BA B, 8K T2 1GeV /e A EZERT 5, DL ZDERFR
ENAFOYOEEEZRD, KX AEDA N VYR A2 GURAFMRL T DTS 5,

25 20
[ charm MC L charm MC
C background MC ik E background MC
20 ® data 16 @ data
Kolmogorov-Smirnov test: - r Kolmogorov-Smirnov test:
L C.L.0.219 [ C.L.0.069
@ 15 r > 12~
g 5 10f
> r I
L F i o
10 - 8
i 6F
55 + aF +
+ QE +
0 + 0
0 1000 2000 3000 4000 5000 0 40 60 80 100 120 140 160 180

Decay length (um) o(degree)

6.1 Z£M:Fv¥—LBEERIIBILF vy —LAHHEOREEL, AX:¢ (Za—}H
) ) EEEIZBTEF vy — LR TFEIa—FVDOHEA) Ok, HIET—&X & MC I
EB5F ¥ —LFR NG RERE KL TR,

F charm MC charm MC
40 b background MC background MC
35 ® data ® data
Kolmogorov-Smirnov test: Kolmogorov-Smirnov test:
30 C.L.0.582

Tracks
Events

E c.L 0124 g
25 + i
20F 15:’ +

E 5

5F + + +
) i : = =B ot SR 'Y
0 50 100 150 200 250 300 350 400 450 500 0 10 20 30 40 50 60 70 80 90 100
Impact parameter (um) Muon momentum (GeV/c)

X 6.2 ERIZMC &ETF—XZ2HEBLUEZF Yy —LRFOZa— M) JKIGEIZRT S IP
(EX) & Ia—ArvoiE#Fz (FX) Oo46%215RT,

MCIZ&BF v —LHRBOMFEDHE 2TV, T—REDUBEITo 2, F¥— LA
W% % 13 Short 124 L T 0.18 + 0.02(stat) + 0.01(syst) T& b, Long 2% LT 0.58 +
0.07(stat) £ 0.03(syst) TH 5, MERNRRERIER L U T 0.34 £ 0.04(stat) £ 0.01(syst) %
FPELTWa, BlllE iz 50 F ¥ —LAFHFIIH LT, MC T & 2 AHEIZ 2884y, HLH
NET7TFry—02 14+3ERERTH D,

F X —LDEFMHERIZE 342 TRLUZEDEHVWT WS, BEBIZETZ/87 A —X,
Fr—LRTFOFEETOMBERL ¢ AE, MO T S IP & F v — L EO Ik 1
OHEHED MC &7 —XDOHEZX 6.1 £X6.212RF, IRTDNTA—=XT, R\LW—FHN
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RonTWws, Fv— LARHLHOMNE L DBEEWEZIT TR, 2HDIIRE —HAH 51,
Mt &3 O R~ X 20% 25 ELTW5,

6.3 MHEMEORBLY &I T, BERERBOHFFE

OPERA EETIEH TTI2 &b =a— Y /KD M A—»r56, ECC ZHD H U TRIGA
FE 21T\, T DEBAED R FME & EHE) 2N, TFD £ T2®R T v, OFRIE%2LT
5, FEETOREBTHRESERE RS > TWE D, WRHMEBULRIG S FEE 217 > T2 HREK
ERIZUTEEZT,

Z—a— Y JIREBHICHE DR T WA ELY > 7L 2008-2012 EEDO VY — AR T TT
WZED MY A= N7219505 =a— MY/ KIGFERONT, —a— MY/ KD FEE X 1,
FREERERER A AT Op BRE 1u HROEF 4685 ERTH D, Z D 4685 HG % FilE L
LT, vy EBRFSBOMMHHEEZRD S, XKL ICEEZLOFEGHRE2Z DS, 1u FRIT
Ra—AVOBEFHEDN 15GeV/c KD/NIVWEDZMHRE L TWD, 2008-2009 & FH 54 1%
HR{IT IR =2 — M) b2 BUHEROE N D% TD ECC EMDMEH 21772 7L
YU TINThHB, 2010-2012 FEEFLIZE L TR @fERL ECC EMiz — D771 &EE L,
fiffrZ2tr o7V TN TH B,

DO THIBEDRMAEN S 272 U, X SIEB RN O v, &EZ2 - U2d Dl
4fEITH D, ZD AHDERIZDONWT TFD 217\, 4{HTRTO X Z N Fa > & FE
IV, v, LHERERIT 77,

2008 | 2009 | 2010 | 2011 | 2012 | TOTAL
pot 1.74 | 3.53 | 4.09 | 4.75 | 3.86 17.97
Op 4 148 | 250 | 209 | 223 | 149 979
lp FLR (p, < 15GeV/c) 534 | 1019 | 814 | 749 | 590 3706
ERE 682 | 1269 | 1023 | 972 | 739 4685

# 6.1 CNGS ¥ —ATESNIRFET OFERY > TV

B & % M[kton]. POT #% L[10' #i47), v, 75 v 7 2% ®(E)[em™2(10" POT) 1.
£z, v, FRORISEFAEDO VR RE () 2 T5L, xv=a— bV H RS2 I
B

Newp = 10°MN4L () / ®(E)o,. cc(E)P,sedE = ML {¢) N, _cc (6.1)

ZZ T, Ny 37 RA RN P, [ZIREIERTH D,

<6> _ fq) UV—,—CC E)POSCG(E)dE
f(I) O'Vch(E)POSCdE

(6.2)

TH5B, N, cc it kton %720, 1019 POT %7 b ® 1, CC KIisH%E £ T,
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NI/-,—CC :/(I)(E)O'Vch(E)POSCdE (63)

7z, kton %7z b, 10 POT %4729 d v,CC, v,NC Kit# % N, ,cov Ny ne & ERE
T5,

NIIMCC :/CI)(E)O'Vﬂcc(E)dE (64)
_mmcz/wm@mdmﬂz (6.5)

Ou T BWTBIE D v, BEIERAEER 2, BIE N2 0 FEBE. v, NC KIS
ZHBNT Op LRAESNBHY, 1,CC HBIEBWT Op LAEINEBEEbELEDTH
D, MDESIRTZENTES,

Nott = Note(uCC) + Ngji (v, NC) (6.6)
=ML / O(B) (04, cotge: + o, NCEN)AE (6.7)
= ML ({ee.) Nu,co + () Nuuno) (6.8)
= MLN,, 0 ({6 ) +a(Ne)) (6.9)

2z (o) & (Vo) B0 BRIBNT 1,0C & v, NC ABUSHE S 15 TR T
Hb, FEEVTFHIVAYI AL =Y a IZLEBHENS

o¢=:£Yﬂﬁ19 ~ 0.28 (6.10)
vucc
TH 5,
BklbER L LT,
ML = Nots (6.11)
Nosco (o) +o{ec))

2%, Lo T, Op FRELUTHIE NS v, FERHMEIZ. AT ¥ o 2VEIZ DI
% BR; £ LT,

Op
N(Op,) (Z) — Nobs

P e () e ()

N, ccBR; (6.12)

(i = 1h,3h,¢) LEHEE NS,

1 HEDPH SHIHEEND 1,CC HEE (1 — puF v a) NOW s ABOFIETRS
5N b,

E7o. BEAGROMES 34 B TRA A SRAROMEE T LTI LA,
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INSOFETIE, N NI FF—=2r 601> 7y TV, oo #E TIE MC
IC X BEFEMAMEDND, FEIOFEICEVTIE. v, & v, FROBRMIRICS T 2R

R RE U2 (MISRAEDEBE TOMEK), Fryrilansg,

B | e [ BB | A#BG | FY—4BG | AFuYBG | pLASBG |
T —1h | 0.41 £0.08 2 0.033 £0.006 | 0.015£0.003 | 0.018 & 0.005 —
T —3h | 0.57+£0.11 1 0.155 +£0.030 | 0.152 £0.030 | 0.002 £ 0.001 —

T U 0.52+£0.10 1 0.018 £0.007 | 0.003 = 0.001 0.014 £ 0.007
T—e 0.62 +=0.12 0 0.027 £0.005 | 0.027 &= 0.005 — —
At 2.11 +0.42 4 0.233 £0.041 | 0.198 £0.040 | 0.021 £ 0.006 | 0.014 +£ 0.007

£6.2 HEF Y URLEOYZFIOVEGE Y SRS H~AERDO E 2 0D,

v, BREBEEFROWPFHEERK6.21CFL DD, e, ShEF Y VXAV TEF ¥ —LE5RSF
KV EZENTH B, £/ p FEF v U IV T I 2 —F Y KAERELIRD KELREFRFER
ThHbd, lhREF ¥ VRV TIENRNT Y RO RKOEEHRLE 2 5D 5,

v, DYRHEBOARE XK ER e F ¥ —LFHROMIE 6.2 Kb 20% THOH. Am? =
2.32x1073eV 2, 8in®2095 = 1 ZIRE L TTRTOHIEF v > 3 )L CHRMERIL 2.11+0.42 1,
HRTH 5,

F vy — AU RERBOREERXFERKICF ¥ —L2HLORED S 20% ZEtELTWS, £/
NREYERFERIZIET A ME =L D2 S 30%., I a2 —F 2 KALHEL (LAS) 12 50%
DR AEE AL > TW\W5, BERFRHUL0.2334+0.041 TH 5,

6.4 ARMOFER

vy — v IREIOAE RN 2R 272012, L2 TV oh TERllE W 460 v, F
RKDPEEHERDATHIATE 2R, p-value Z25HT 5,

OPERA Tld 4 DDfEF v+ Y 2NV TOBHRZITWV., TNETNTELR LMV RTE AR
FHEZFH ELTWVWD, BRERK DO DL LT, nes DY 7 FIDEHIS N7z & 12 p-value,
p(b, nops) 1 Poisson FAHDD 5 ED 5,

oo

bJ
P(nops,b) = €~ Z: (6.13)

Jj= nobs

ERIN, ERAMIBNT (1 -2p) OMfEREZ fHLEEED o L LTHENZRIT 5,
#£6.312, BEF Yy A NVEOERFERKL., v, BROBHIE, p-value 23R,

OPERA OEHIZ 4 DD F ¥ ¥ 2 I)VED p-value % p(n;(obs),b;). (i = 1h, 3h, e, pu) &
LT, Zh5zfiad 5701

»(0bs) Hp n;(obs), (6.14)
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[ | @M | BG | pvalue
T — 1h 2 0.033 0.000533
T — 3h 1 0.155 0.144
T =W 1 0.018 0.0178
T—e 0 0.027 1.000
total (as a channel) 4 0.233 | 10.2 x 107°

6.3 FEF v U AVEOERAEREE, v, BB 2 I 55HI N5 p-value 2539

EZEFHET B [56] [57].
BRHAROADMF T, OPERA & RIELEEREZROKRTIEEZ S, 107 DBOEER
ERAEXE, BREROFTTIROEFEZITS,

1. Poisson AAIZHED ERFHRDOPSLEIZL > T, iBHOF ¥ VA2 NIZBVWTEIHIE
b5 v, D% n; &9 5,

2. n; b 12X D p-value : p(n;,b;) ZFHET 5,

3. IRTOF v A NVTL & 2. 2 0EUT, pf =], p(ni, b;) Zit5HT 5,

Fisher D GiRIZED &, HERERICEVWTHEONEDN S, —2Inp) ZFHHE L, NS WEH
SIEFIZR SR THHEED,

WEIZBH N TWSHEIZ, —2lnpl(obs) = 2701 THHDT, TOHELHD HRELR
—2lnp} 2ROFEREBAL I LT, BERFLDATIHMAD 40D v, FRZFIHITE HHER
ZAHMECE 5, B 6.3 ITBERICED —2lnp! ODRMHDOFEREZ RS,

27.01 £ HKRER —2Inp! HEFEOHEEBRKIL 124 DATH D, p-value = 1.24 x 107°
2Rz, ZHIZKOHEIIAERMIZ 420 TH 5,

Fisher ® /%2 & % p-value i ld., L OERFRDOADHFIZH T S p-value :
p(ng, b)) R UTHE —2Inp(ng, b;) BEHE 2 O x2 DHEICRS Z 2 FHTL2EDTH 5,
ZDLEAHDRLDLF ¥ XV TOD p-value 2, Y, —2Inp(n;,b;) DESITRELEDLE
2, ZOMEMPHHE 8 D x2 HEIZHD . ko TEREKD p-value IFEBIZEM S /- fE
—21Inp(obs) = 27.01 HSMEBRETD 2 HHEOREMEL L TEHEI NS,

ULirLZDF FOHETIIEDNS D, Fisher © HIEIEEMHE (FRBFLBIUEE) D/
X 72 Poisson 434 @ p-value (ZxF U TIEME 0 L7272\, —2Inp(ng, b)) = x3 B OO L
ZITiE, p-value X [0, 1] D—FkA A L 51T THS, LA L Poisson 455 p-value
ZRko B e, FHEO/NS 4L SITIFHEIHRIEIZ X 5 T p-value =D HAETIZ R 2D,
—2Inp(ng, b)) = X3 ROz R>oTLED, TDd, BUENLRFIETHE RD B 72
DIz FEOBEBRIZ X5 5% Y b 2TV, pvalue &3 LTV 5,
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6.3 HRFROADOMATHEERZ LU THZ —2Inp) OO, LRIEKEEIT. AKX
EAEEI TR R L TH B, LA EOMIZBWT, ¥ 27 Dkid OPERA TOHFEDEH
Rk, —2Inp; = 27.01 2R3, FOREEREZ > 7 FILVOBHKTHSITILEZLED
—2Inp;, DI,

7z, M7 FEE U T Likelihood Ratio (LR) % W 7z#itat FiEIC & % significance 3
filiz 17> 72 [58],

BEEF ¥ AT BT 2 ERERMREE b(i). V7 FVIHRHER s(i) LEE, T A—
R ZHAWTHEHEZ b, +xs; 25, ZOL Iz, BHIENS v, FREIEKF v R
A b; + xs; @ Poisson I1ZHE D, MERFEEREE L U T likelihood %

4

Lyys(z) :He

i=1

LEFET D, TOLEIT, Ly, ZRARIZT S 2 @ Best Fit fi%z xpp £ 3 5, Likelihood

Ratio & ¥ 7 F V+ERFERDRE L. ERFRDATORE (z=0) OHEDLE LT, X
D& SizEKT,

—bi—as, (05 +@5))"

- (6.15)

g

4 b
Lyts(zpr) I (bitwprs;) bitTrs)™

=1 e n;!

LR=—-2In ( (6.16)

LR = —2InLy,s(0)+2In Ly s(zpr) = X*(0) — x*(zpr) = Ax?  (6.17)
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Ax? DIEIF, EREEDP S ENEIF S I F NS LI EB/BTWEhOREE 45, —21In Ly, (z)
DTZIThS, zgr DIz OPERA TERBRIZBONTWAIEZ AN L TCEHET L &, z5p
=178 ThHH, A2 =1687TTHh5 (K64), 2O EIZ, BRERDATOMHFRTHE
BETV., Y7 F N EERFEROD Poisson SHADOWD S EERNSFHE L, SHEEBR T L1122
DiEZERHT 5, BERON, FEED OPERA THOLN TV 16.87 LD H K& A2 i
EROERBRBEZF ET5Z 212k (K6.5), pvalue 2185 Z &N TE 5, FHREDHR,
Pv=103x10"° ThHO, ZOHBETFHEIEWTHHANERN 420 THDZ & 2 HER
U7,

-2 In(L(b+xs))

2 In(L(b+xs))
3
TT | TT

IS
o
T

\T\ T

5
&

E Xge=1.78,y=10.31
E x=0,y=27.18,A=16.8

@
S

6.4 x*(z) D4 fi, OPERA TEEIZHONTWVWEEF vV 3 ILED s;. b; DERMET
® x @ BEST FIT Offii% 1.78 TH 5, ZDL & Ax*(x) = 16.87 TH 5,

10 -

i ‘ H‘ H‘H‘ H

5L I P (T IR AT 1 1 T I8 \‘|‘\|“|II
a6 8 i 12 14 18 18

|
0 2 20
LR

6.5 HTREROADOMBTHEERZ LU THL Ax? DEOHH, T OHEEFE 107 [
DT 16.87 (B I h RKEW Ax? O FEOEBRBMERZ 52 2I12& D, p-value
1.03 x 107° 287z, ZOMHEIFAEN 4.20 ITHYT 5,

ZNIZEY v, = v IREOBHO AT 4.20 TH 5,

72 sin%0a3 = 1 D7V I F ¥V Z %M T T, Feldman-Couisins fiFF FIEIC & 5 Am3; ©
HEEME LT [1.8 - 5.0 x1073eV? [90% C.L.] 21587z, Z OHiFHIIMDFHERED S D &
FETH 5,
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OPERA EEIX, v, 2HEERETIHIZE>T, INETCHBEILL>TREBINTE
Vy = vy NDZa— M) JIRENCHEGE A 5 A5 2 LR HNE LRI Nz, RS ED
B U T AN F = 17GeV D v, E— L2V REH=a— M) JIREIERTH D,
CERN THEKL7Z=a— VY /% LNGS ifFEaIC R E L 727 702tk (ECC) % ¥ Mdias
¥ 3% OPERA MiHi# T2 T kD, v, DMBEHIL Y MG SFETEEZ LT ZD
R E EEM - AET5Z L2 HIE LTz,

R VTN VRERROBRER - [FE LD R & 2 OB 1 F R e WS =D
DAT Y Th 65, EHEWFETONEIL, k7O EEHIEIC X 2 HEOM N X E8=
72 & OHEEN S AEBOFM, KRS R IUADMD L T N Y HBFEL TWRNWT & DO
B, ZTDEHDONRA Y RSP ERY ¥ T —OEEOMHRLR Y, XU HRORESM 2
S hEIDRMERTHILTHD, FRAOERFRTHLF v — LFIEHROERD /-
DIZIE, KIGEPSEL S I a—AVOMNHEOEREFHRDZBENHD, TT DATDI 22—
I YREDGEIA, Rz ECC Iz U TIBW R TIa—AF /APy KEl (K
OVHEE) 2752281280 ZOERELRE 40% KT 5 Z & 2 mREE L7z,

A TRANTEL LD ITHIE. TDEDITAARTH 72, HEBD ECC TRz #Hki L T
AFERIZIRN 21T 5 FHEEE L., KT 2 —ILIZWAZ ECCRIDT 51 X v b D2k,
I EBERERBOZDICHI T TEHE S N ECC 2B 1T 2 RGESH T RO 2@ U T,
R FIEDORESL 21T 572, 205 OFiEZE AW THEERROFEMEN 21T\ 450 v, F
SLORTIZEBRU7Z, BIZHE 4 v, BRIZPWTIE, BRLAZFERZ 7VITEHL, — kKT
D 10ECC IZh =2 RiEERIZ L DN Fa VY EEZITW, 7 — 1h T v 2V D v, HRT
HBHEMES T, ZOABOMBIZED. v, = v, REDIFEE 4.20 OFEHIA RN T
AT AEAEAREE L, REOHETH 72 v, — v, REOFIEITKEE DT 72,
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=i

AR X EMERT BIZHT20, L DHLZITHRERVEZEEE U, B<BLEHLLESFZE
T, PR REHRRIZIZZOHRXOIBEEZBMI LT WEEEE U, 8 4 AR E
WASTRLINETT o RENITITLZED, HEZRTWZZWTEH#HL £, (FEE
Bz X, MEOMEDOHRZE 1 258 ATH 50V, OPERA EERTOMHTICELEDLS Z
ENRTEBESIZRVE L, DD S T VE LA, HEBITHEICIEITEEED 57
WHFIZWOE T CWAEEEE U2, F/-HIZADLBRLGRILE THHBIZRDFE L, /N
MR B TIGE I o 72 & T, MEET RANA A 2THE, BiFTHEo0VWE LA, £
727 OPERA OHTODIAIa=r—YavDORYIZHATHoWE Lz, FIPPRMAZERIR
WZIEEE L WA S YD I 2B T W E E L2, BEAESKIZEMEDE X HX1T
BHORYZTZHATWEZEE U, MEHFRIZCOYIEB DK 2123 0Wod FENY
K= 2 LUTWEEE, KEBHEHZRD £ UL,

F e =2D AN %, 72 OPERA % ZhF cHizf7o TE /2, I KRZE, M KE, @
E, 2—mv/8 flidRTDO OPERA a5 KL —X—Dfix, AFxFvy Y7 hS—bh&A<—
DRk, OPERA FEBRICHI U T B EE DK,

OPERA DR e, Z O XIEERDB IR R I NIXZER TEFHATLUZ, HOBRESHT
XWVWE ULz, TUTKAEKBEIZLO»SEHOEZHBL EIFXT,
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