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Abstract

In this thesis,the development of the range counter for the J-PARC E27 exper-
iment is described. This experiment aims to detect K™ pp bound state. The K™ pp
bound state is the simplest kaonic nuclei. Many experiments have been performed
to detect the signal from kaonic nuclei and many theoretical calculations have been
done about it since Akaishi and Yamazaki theoretically predicted the existence of it
in 2002. But, the experimental evidence is not yet found and the values of binding
energy and decay width of the K™ pp bound state are different depending on the
strength of K-N interaction and the methods of calculations. So, it is important to
investigate the K™ pp bound state via the different reactions.

We plan to confirm the existence of K™ pp bound state, and to pin down the
values of binding energy and decay width via the (71 K™) reaction with the liquid
deuterium target by using missing mass spectroscopy. In this reaction, K~ pp bound
state is formed through A(1405) production as a doorway. However, the sticking
probability of A(1405) + p — K~ pp is 1%, and thus the cross section of K~pp pro-
duction is very small.The main background is the quasi-free hyperon production. In
the K~ pp non-mesonic decay modes, two high-momentum protons are produced.
On the other hand, there could be only one high-momentum proton from the hy-
peron decay and the spectator proton whose momentum is lower than 250 MeV/c
from the quasi-free backgrounds. Therefore, it is necessary to tag the two high-
momentum protons with the range counter to reduce the background. The six units
of range counter modules are installed around the target. A unit of range counter
module consists of 10mm, 20mm, 20mm, 50mm and 20mm thick scintillation coun-
ters. Coverage angle of this range counter is 33° to 93° and tagging efficiency is
14%.

In the quasi-free backgrounds, proton-pion pair is produced instead of two high-
momentum protons. Therefore, it is necessary to distinguish proton from pion by
high precision. We studied the behavior of proton and pion in scintillator with
the geant4 Monte Carlo simulation and performed the test experiment to check the
performance of particle identification with the two units of range counters at the
J-PARC K1.8 beam line in 2011 autumn. Both proton and pion incident on the
range counter in this test experiment. In this analysis, we estimated pion mixing
rate is about 1%. This value is enough to perform the E27 experiment.
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1.1 KHFEFEF

K il R 7% &3, KK S8 s A BRI & o THGE S e
FTH 5, KK PRI O 3% &R AR TR 5
£ ) FIRCTHEBERDBIRIE S, E7o, BUICHANTRGGINZ 676 F K
[ DEFENICA S 2 & CHRABEFROWIEIRE LT 2 st b i
THEY 1], TSR NEFRITITONTW» 5, FEENIZIZBHI O K thiE 1R o1
TEZ R TRERPIME SN T 03, REHFRRIMEEL TE 6T, HEmIC b4
BFETIHE M T Tw 5,

1.1.1 EH#FE
KN H8EER & A(1405)

A(1405) EIFAF LYY RRAS=—-1TJ = (1) DNV A TH 2, A(1405) i3
LA EDBEVRAINL Y7 4= 2820 bBbOTHEAEY - XY T4 —%
FonNU Ao THROLELS, u,d DAL SRS LS N*(1535) £ b 100 MeV 2 |
M Twz t wIRRAWE 2> Tw5b, ZORRELMEITHMZ SU3) OREL
T2 74— 7BRITHHT 2 Z EBRETH 2, A4 7 2=% ) —EHRITFb
ARETH %, Z I TIENFa v OFREIZEZ T 7% EDRERED N F v & FEE-
T—IVFAPYRYVOIELE LTRB I, A(1405) I3 7% & KN 2 2 ZnE
BRI OO0 R L 2REOELGDOE TN b T3 (2, 3],

K ABEFRFZDTE

1963 412 Nogami IZ & D #1 T K thE RO Hm P gL I 0 4. Y4
IRl A(1405) 2 KN OHERHERAE & L CEMEA 2 S 11T w7z [5], Nogami (3 Z 4L
HOSHEZTVK &L OO TBHRET 2 20T 5 L) Blim T2 FE L
oo ZDORIETIEZODOBTVBTAVAEY 1 ZHART AV AEYD 1212k 5
EEICHEL D HFII0MeV HEL 9 2 LI RERE R o7,

BUETIE KN AT 257 — % & L TR R V¥ —TD KN #iLs
FOK HEFE T O X BHED D 253, Mikild KN HAIEHICBIT 2 otz &
A ETRD o7, F72, Nogami AR S Wycheh 7 &1 & ) BERFIE D2 S 7228 7],
1997 £EICAT b7z X FlE (KEK E228 F25% [6)) 3R I % F TIE KN #L & X
FBRHIE DFFRD B L TRV 72ITTH L XFHIEICBI L TIERRIC K > THRE-



TAl7Z o7z KN MHAEAERICB L TERAD Z £E23% £ K FiE 7R 1% 0 B
TS KN HAEHOAERZGATL EFo Tk,

KN MEERICEE T 2 5038 2 72 2002 412 Akaishi, Yamazaki 12 & D D52 D
K RIS B T 2 i PR FRER I N (8], 5 1% A(1405) Z KN D27
AVAEY O 2 A L ZORFIREB EIRE L T, ZORMI 2L X — FiE>
Martin 12 & %2 KN OBGELEBRD 7 —% [9], K FEF/KEE T D X #5— % [6][10] D
ETREBT2EIREKNDRT v v V2 BIRGICREEL 72, 512 gfrdlik
kD Z2oMEER%Z K PEFRERFE~NEH L Z o7, KN»®T7A Y AEY
02t & T ITH\BI I E 22D T, KN ODHEAEHDE %O IEEMHEICFT 5 1%
L, BT R S S RBE R TR KT 5, ZDF5HR. *He, ‘HeZz ED W
O DIFRWFTRZIZ LT K 723 110 MeV FREE Tt A S 72 IRAEDSHY
30 MeV D HEKHI/NS WHIIETHEL ) 2 2 L2 L7 (K 1.1),

nuc
Ug

Me\V/ =
ol

1.1: Akaishi,Yamazaki IC & 2 KN & K— AT ¥ > vb & A(1405), 2H 2 H

DFAFHERL DFHERER [11], I < 8 S NIy 3R Z R d,

3
K

1.2 K ppRi&IRRE

K pp #fHRAE & X =2 Df 1 & K- o dRE T, & Hifliz K i+
JRFHTH %, p-pIRE (PHe) TIEOHLAAHML HWds, K B DD %25 &
HIH T LT, WHIREEZ IR T 2 WHeMEDH %, Akaishi, Yamazaki DFHH [11] 12 &
2 LT 2L X — 1% 48 MeV, IR % 61 MeV & 72D A(1405) & D I3RS HAE T
%3 X D threshold & O & LOYMEMITAIIET 2 (M 1.1), £/, ZDOEZIDK &
b7 YRRt 1.36 fm & 1.18fm & % ) DD P T O FIEREX 1.90fm &£ 75 5,



ZDHIZEARFZICE T L7, hETEOREETH 5 3.90fm £ D HIFBITHE N &
Do s, i bkc 2RI X2 K pp HFEIREOMEmEIELI LRI NTwS, »
O TORIZEFED S,

# 1.1: K pp WiREBICET 2w TPEOE LD, 2L X — (B.E) L i
g (0) MOGHRESGEZ $ L7, RL 2L ¥ — (B.E) & IR HALIZ [MeV] T
b5,

B.E r Method
Yamazaki and Akaishi[§] 48 61 Variational Method(ATMS)
Ivanov, Kienle, 118 58 Phenomenogical Model
Martin, Widmann[12]
Shevchenko, Gal, 50~70 | ~100 | Coupled Channel Faddev Calculation
Mares, Revai[13]
Ikeda and Sato[14] 60~95 | 45~80 | Coupled Channel Faddev Calculation
Dote, Hyodo, Weise[1] 20£3 | 40~70 | Chiral SU(3) Variational Method
Wycech and Green[15] | 56.5~78 | 39~60 Variational Method

ZDEIIE L OBV THMREDMEHINS EEZoNnTw5, Lo Ll
R KN MHAEROID ooic X 0 S 2L X — PRI S F 2%
ALTED, EBIZX Y K pp RIEIREDGEROMEENATRTH 2, £, £
FERDPRIND Z LI K D MR R B L DR 25w B L T 2 &N
Wfrxn 3,

1.3 INFTOKFEAFRFHIRFER
KEK E471 / E549 £

KEK B471 SBIZFII D XD KEK-PS 1T b7 *He(K,,peqr 1) KIEIC
£ % K ppn HFREOWREZHWE LFEBHTH % [16 17)o 4He(Ks’topped, n) SO
TlZ K ppn 27" $ % missing-mass 73740 2 1572 [16] DIZRT L, *He(K p) K
ICB W TIRFICIEOM Y — 7 gz F R L 7% 17,

L Ladioty 7y 728 LR KGR Ui <17 - 72 E549 25T
BT EATL EFRCBIMl S LB Il € — 7 3Bl S e o 72 (18] F 72
[AIRF 12 4 He(K Stopped, n) OB & T & f1d 21 40 MeV DUT D F v BBl 2 € L
72 K= ppn, K pnn (&8 LTI%BLT & w9 L WAEREK ER2YE- 2 & 47z 18, 19],

He(K,, peqr P) He(KZ,,0q, 1) D inclusive 7 missing-mass $51C & 2 fi#ffr & H <
40 MeV AT @ HREEIE D> K—pnn X O K ppn 1B U Tl ed THE L WA R BB

DPGE S 1tz K1.2 2RIC KEK E549 FHRICE T % *He(K,,,, 0q) p) BIGOD missing-

mass A7 ML HRIZHEIEZ 0,20, 40 MeV ERE L 72 & T DAEE LR %
N

stopped7



Proton Momentum (MeV/c)
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1.2: KEK E549 SEBUC N % *He (K, 0qr p) KIED missing-mass A7 b (/L

M) JOr, SRR 2 OE U 7e & & 04 FIRAA (18, 19]

FINUDA =&&

FINUDA #EilZ A 7V 7I2dH % et e HEANIH A TdH 5 DAONE Tlirbi
ZEERTH D [21], et e UL 5 D $(1020) T HIEL S AL 5 K- 2w (L,
TLi, 2C, TTAL W) R AR RICERE S, 2 2o o i S iR L 7,
Z DFER. OLi, TLi, 2C OBV RN & JON A IS S i s AR L BT
PRHEIN, ZOA-pXNPOALEHELZDEDD ER 13D X)) R Ny I REED
Bz, Iz K pp HREEH DN Y 7HEETH B EEZ LI ENTE, 20

EHME T 2OV FX — 1% 11575 (stat) T3 (syst) MeV., HIBEIZKI 67 MeV L FE L 72,

DISTO £&&

7 7 Y AD Saturne TE Z b7z DISTO %5 [22] 1% 2.85GeV D FE— L%
HoeT p+p—- X+ K" X > A+pt 3)*@0);\&_@%}@2\ X @ missing mass
EAN+p DALEEOWM T ZHEL 72, % DfEH, EEDY 2265 MeV/  DLFTIZN
vI7REBERN SN, ZoNy TREZ K- ppﬁﬁﬁﬂt EDARICHEIR § 2 Mg &
RN L 72358 DR 3 )L X — 10542 MeV, AL 11848 MeV & 72 5,

10



B(K pp) [GeV]

n.? 0.1 0 01
1 L L 1 i L i L | i L 1L i |
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25 T T T
= ! P
o 1
r—g M= 2367 (2) | 1 e
B
20| Bk
-B,., [MeV] 8 b
i T I . 8 BE
| is0 1 0| o = 1 —L N\ | E
2 8 7 r=oye@) N\ 1§
Ng‘f‘eo = S | i ¥
3 S 10 T e e
E 5 F i - I 2 i ] ]
-1 | o b I 1
< f L T, 2 NI
E 0 2.2 225 2.3 235 24 T 05 ai ~
3 7] B zl ]
[a] el < |
) i - S
1 | U i i L 2 i In 1 i
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' ) p-A inLrarianlﬁ'sassEGeWc% : ' Missing Mags MM(K] [GeV/c?]

1.3: FINUDA #E» o5 o 1.4: DISTO #Ei o6 N/ K pp
K pp HiREEEZEZ 580 7 TIRAE & E 2 b B NV THEE, [22]
Mk, [21]

ZDXIHIZK NNNZICBHL Tk, KEK E549 SEEiIC X h <~40MeV DL T DHH
BRI LTl L WAEBREAEDIRE I N TV 32— Ty IRDIEVIRENTFET %
AHEMEIC O W TR I N T 5, —H. K pp RAREEICHR L Tk 25 DfEHE»
SHEBICK PHTIR T EOGEHEIHEE Lz EIFE 0 v, ZIUiBiilEnzE—
20T LS K pp FEIREERLNO D DTH B EWIETE I ENTELVLLSTH
%, BIZ1X, FINUDA EBRICBI L Tid, &Ik L 72 K- EFBD %112 & DRI
SNBSS BT (AR T) 23, B ERIRBHAFEHZRRZ 32
EICED ART LB FOAEERICEE G525 L o RO AT 5 [20], £
T, GBI EHEES A B BUL % F W7 K- pp WAREEDRR 2179 2 £ T, H#EEZHHS
PIZTEOPRBEOHETH S L F A5,

BAERTR S T 5948 E LTI DISTO 348k £ FRRIC p+p — X+K+, X — A+p
£ ) JRBIZ & % K- pp HAREEZ PR3 2 FOPI 546 [23]. &1k K~ WU %
v %2 AMADEUS 9284 [24], *He(K~,n) K% H\ 72 J-PARC E15 9£5% [25], %
L T4 23551 L T % J-PARC E27 5284 [26) %038 %,
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F£28 J-PARC E27%F!

=

2.1 J-PARC

KR FER 1 gzt J-PARC(Japan Proton Accelerator Research Complex) I
i L L X — MR TFERRE (KEK) & HARK 05t (JAEA) 23[R L <tk
L7z T %, 2008 FEREICHE DO EELNFITHE T L. 2010 KD S 1AM 70
N e vEBERICE W TYHERHNO E—LMHHME > Tw b,

J-PARC OJ#ZRIEZ, V=7v 7 3GeViv7utury-50GeVyvr7utnoyv
THREIN TS, V=7 v 7Tl 44 VIRTREISEKEAL 4 v % 400 MeV
FTIMEL, 3CGeV v Zubuy (RCS)NEAHT S, RCS ~NDODAHTBTIZY =
Ty 7o DEKEAF v E— L 2B RFER 2 o T E — A28
5%, RCS T3GeV £FTIEL 72z 13 RXED50GeV &> 71 bua v (MR) N &
ANFFE50GeV FTIES N2 BRAEIX30GeV TTOINEE 2o TWn3%),

J-PARC TIFHIE, VHE - EablyrdEiafizk, »Fa v EREE, =2—rY /
TR D =D D FERHaR DM L T\ %, WHE - APl EEEER 21X, 3GeV
B E—2ZfH L 720  ZRPETFIR, S 24 ViYh 5, N F o v e,
Za— bV 2 EEEFTIE, 50 GeV DT E— L% HWTHRA 2 HT#% - BRE
B3fThinsd, MR TIE 30GeV D & FIZ 9pA,50GeV D & E 1T 15 A DERJE % H
BLTED, ZOKBEE— LI DA BREROERBRICR 2 EEZ bR,
D6 b RE RN TFE SN TS,

2.2 SEEREW

REREER g J-PARC N R o Y FEEERND K18 E— L4 74 YIZE VT, &
b HiliZe K TR 7% T H % K- pp RAHRIE DR IR (B27 F25% [26]) 23 F7E &
T3, E27 EETIE, WHREAKEEND S D (7, K1) RUGIZ X > TK pp KAl
REEZ BT %, K pp WHIREEDTALE L Z DA RHHER S 7850 3l = 7oL
¥ — - FABIE 2 R L AR Bl L T 5 2 E 2 HERE LT 5,

2.3 HERtEE

KR e ER T2 FEE LT (K, ), (7, K1), (K,N),(v.K*) X
JGE VO A LY PR RAZBITT ARG EZ oS, E27T EFE T d(nt, KT)
RISz RWTHEZITI D, CORIGTIE at +n— A"+ K- D X912 A(1405) %=

PRMAIE L L 722 27 v ZIIGIC & ) K- pp RERE 2R T 2 (42.2), Z0 %3

12



0% - AR RERNREY
JULZPEFH, S217VH

3GeV Y20 RO B
B 350m
25 Hz, 1 MW

2.1: KEREEFZ - MEE J-PARC DRG]

7% A(1405) Z H[EMRRE & U 72 K pp AR D LK I3 Akaishi, Yamazaki 12X > T
RN 27), ODEIR L2 d(rt, KK pp DAY PV EX 2318 T, C
2T, #2513 K pp HAIRIED L 2 )L X —% 86 MeV, HiEIE%Z 58 MeV & KE
LTw3, ¥, AN FOESRIEIp, =1.5GeV/ L LED, 20 L Zoidb)E
BAT1E 600MeV/cTH 2, TORIETIE A DT L KIBETITHANETL £
e HERE D A QA EDLRC T, K pp REIREZ TR T 2 HERIZH 1 % &

HEbonTws,

®)  gegt SKrepea”

+ "..n "At" +
no+"n" > + K @1.5GeVic Q~600 MeVic
"A*" +"p" --> bound Kpp  minor

--> quasi-free A* dominant

30

A quasi free

g
E
5 20 R(A'p)=1.44fm continuum
+ + ?
e “ @~ ¢ Kpp
N K S 1o bound state
A . g x 50
d A*p ; /\/
p 0.0 . . !
. -100 0 100
E(X'p) (MeV)
2.2: d(rt, KT) K pp KD 2.3: Yamazaki,Akaishi O Fgwat5IC K
AT T T L [27) % d(rt, KY)YK " pp DAY F )L [27]

13



2.3.1 =8

7 R 2 v 7 A(1405) AR D FEERIE, 1985 4212 D.W.Thomas 7% £ X D AT
bt [29], 15 137U 2 H T AR A DOEE & p, ~ 1.69MeV/c2 I 5 7 p
RIGOWEZFTo 7, ZOMMETIE, K24IWRTEHICDT & af OALEHEZH
BT EITED 4004 Xy F D A(1405) ZRE L, ZDORAE Y - HE - HifiEZz kiE
L7, ZDFEEUT A(1405) DIFEZIRED T T RKRD—DTH %,

[T 1

Events /10 Mev/ ¢ 2

der/dfl (b /Sterod )

1 L 1
1350 1400 1450 1500

2.4: YETT OALERITA [29], 2.5: 7 p — A(1405)K° JUBIC BT 5
(a)~(c) DHIFIZ R TP TH 5, oy WTEI RS [29], HRHARIZ LS » > FILEIH

Ak % fit Bifk<dH %,

MoK 2412H 2 StaF OARBEED ZART MV DENTH» S 2A XV b D 46%
23 A(1405) 2B TH D, FE D 1F 43% DIAHZRRNCHE > 7@ B R 2 DNy 7
7777 F 8% h3%(1386),3% H3 A(1520) 2B TH % L AfED -7, 74, K251
T p — A(1405)K° MIGIZ B T 2 Wiz R, 20k ) E27 ZBETHW 3
7tn — A(1405) K+ BB 81T 2 #8115 O 4 WAL %, 0% T 5ub/sr, FEEE
FTO60ub/sr & HEDH 52 LDITE B,

2.4 EERFE

E27 923 JJPARC N FR v A — L KIS E—A T4 VIZBWT ARt E—2 0D
HEEZE—L AR bR X =% T, BiAICHELS 115 K OEE s %2 KIZ A H D
TR 7Y ARET HEIEE K HEF AT ba X —4 SKS THIZE L. missing
mass Z T Z & T K pp HFAREBORH L 2L ¥ — L FiiE2ME T 5, K1.8 ¥ —
L7 A4 v OB %2 X 2.6 IR,

14



K1.8 BR K1.8
beam line » beam line

beam line
spectrometer 3

2.6: K1.8beam line DHEHEIX|

24.1 E—LATZAVARIRNOX—%

E—AZAR7 b X =434 HOMEMERA (Q10-Q13) & BUHHERA (D4) 2 H
W72 QODQQ R EZD B E TIRICREL TH B 4H5DF = v /3—(BC1,2,3,4)
KO AR D7D 3FED A7 ¥ — (BGC,BH1,BH2) 2 5 B I 11T %
(X 2.7), E—LDEBERTMHEIZ Ap/p = 1.4 x 1074 (rms) E A 5TV 3,
ZNZENOWHEROLBE & EREZ LA TR T,

BGC

E—LHAF 2L v a 7HiE (BGC) R F = L > a 7Hil#c, E—2aho
BT BT L r PRI KA 2 721 BB TH . A A 1T atm @
4V 7Y RMAL, €= LK1 £100 mm HEF 1 +20 mm QRPN TE ISR L
THIHHZI®E 99.4% % FEB L T\ %,

BH1,BH2

=LK FAa—=71,2 (BH1,BH2) 3k ORI ZEZHE T 2 72D DR
mMTHH, NIA—BEROF 7 74 VENTCR TR 21T 9 . BH1-BH2 [H D
3#104m TH D, KRR IZHY 130ps TH %,

15



msy BC1.2

X 2.7 E—AL A7 Fa X —% DOHI%X

2.4.2 SKSZARIZKNOX—%

SKS A7 b1 A — 23RN OB{RERR - EAa & Z O Bt e PiiciRE L <
HHABRDEY 7 FF v N—(SDC1,2,3,4) KO TIRICREL 745D MU A=A
» % — (TOF wall,AC1,AC2,LC) 2 5HRI LT\ 5 (X2.8), KRIZ4EFA (100 msr )
EEEEI T RRE (0.1% FWHM) &V IRz s 5, INET (ot KY) KIGIT X
5 ANAN—EOFEFICHOONTE, ZNTNORHBORE L WEZ LT IC
NN

TOF wall

TOFwall 1F 32 KDMiFADS v FL— a VIRHEHECTH B, E—L T4 VAR
7 ruaX—=%vD BH2 & ORMTRIIZZHIE L, 47 74 VT TR il 2179,

AC1,AC2

7Yz F L razEtias (ACLAC2) IR 106Dz 7y L% H
WRERF Ly a 7S TH S, 1.4GCeV /c BUT OEB)EFIR T  HHF &
K72 00d 5 2 LN TE S,

LC

VYA b FoLra7REERIZEITR 149 DLV A b Z2HAnEERNF L > a
7R TH 5, 0.85GeV/c LA TN OB RN T K hiF L2 omid 2 2 &8

16



T&E%, SKSARYZ v a X =7 TR i GEZMNICELED S,

# 2.1 SKS AR b u X —Z I B RF#A %, O, X322k 17)%HE
WLz EEFEZHITIHI V2 ZRLTWS,

n T | K T | BT
TOF wall O O O
AC O X X
LC O O X

X 2.8: SKS A7 F 1 X —% OHEHEX

17



2.4.3 RAEEKREN

ARFEECIE, BN E U CRIFEAREENZ V%, WIRE/KFE D25 1atm (760
Torr ) TOPFRL & HIEIL 23.67K, 0.166 g/cm?® TH 5, WHIELE L L Tl KEK E559
TR I NIRENY Y LER 70— A4 ARy PIHIATRD 7 74 A5 v
FEREEHT % [30], ZAUIMRIEANY 7 ARG L, 7 94 A RS Y FNED
BAHAR CHEAKFER 2 A LIRILT 2 5T, ~Y U A EEECSHEIAETH D |
774 F ARGy FOIREBI/NI B EVH)RFEZ SO, /o, BENAROREIRE
££63.7mm, E—2A G AOEZ 120mm THE 427mm3 o b D2 M %, K2.91
A E X RS R 2R,

D34F A2k

2.9: MFEAKROWHANHH T 27 744282 v b (EXN) 8 XOENES (G
) o

18
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2.5 NvIT727I7VR
LA FTHEA L 7 & 912 K- pp AR DOWIHIRE IZIEF IS Wit oBIchHIT 5 Kk 9 %
EHHBEED 70 A0 6HE 2Ny 7 777 FPIIN S,
() AR S B EDNA 1 A
(b) Am % X DK
(c) 2(1385) % A(1405) 7 £ DA X1 v DFLRAED 425K,
(@) ITBWVTIERD L) BRIEBEZ 6N 5,
.7_‘_-1-_'_77 77_>A+K+_'_ps7
o mt+7"n = X0+ KT +pg,
° 7_(_ +77p77 —>E++K++n5,
ZIT. MtE s 3¥EHHEBRTEL 258N 2 IR L7 THEAKEHO EDO%
T ERIGL 72 %5did LT3, (a) DRIGDOEIGHTIHRE X 100ub~250ub & FLiE
%%:&ﬁfg\;hiK1m$@®Mﬁﬁib#% IREV, LorL, ORI
THIFICHELS L5 KT L GEEIEDI TR E K % 57 ®, K pp HFHRAED
ALK EXGIT 52 EWHAETH %,
(D) IZEBWTIERD & 9 BRIGIHEZ 65, FIRFIC 7t OEEEDY1.7GeV /c D
IRf D 71 KT I A b B S %
o 7 +7"n" — A+ 7%+ Kt +p, (13.7 ub),
7t 4+7p" = A+ 7t + KT+ n, (40 ub),
o Tt +7"n” > X+ 71+ KT+ p, (28.9ub),
o Tt +7p” - X4 7w+ KT +n, (40 ud),

F72. (c) DIBRICE O TIIRD &) BRIEBHZEZ 65N 5,

o T+ 70" — A(1405) + K+ + p, (20.6 ub),
+ LIS EO<1385) + K+ + Ps (767”[)),
o T4 7p" — NH(1385) + Kt +n, (124 ub),

7t OHEED 1.7GeV/c DIRFD missing-mass D> 2 2 L — a VFERZX 2.10 I
7Y, HIZIX FINUDA, DISTO T8 5 17z K~ pp HfEIRE @%@@ﬁ%ﬁ@%m
T, BEZRZOOMTRL T3S, 2D I missing-mass IED A% 7285
uL%wi5&Nv7¢77yPﬁme%ﬁﬁﬁwvffw%ﬁi?ﬁ%%ow
T, K pp HARED EEWIHEED NS WEEIZ NNy 7 757 v Ficy 7 v
bhTLZI,
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| mm {ftriggered==1} | h_tot

Entries 14566

T o™, 22
Eﬂﬂ'_— — n"=Lak'
F | — x*n" o £Y13885)K°
ﬁﬂﬂ_'— n" = Ak
- |— xp" - L1385’
400 *p Az’
» — x*p" -+ ExK'
300
- FINUDA, DIST
2001
100
ﬂ:l e [T S T _.|_|E|-|||
2 21 2.2 2.3 2.4 2.5 2.6
| g
P S :“: [ _s¢ missing mass d( 71" K*) GeV/c?
“r Egt i

—eew pewa ) 50 RRUR ey 00 SR 00T TP a
216 218 22 132 234 326 228 1.3 132 1M 0. LM
milssing mass 8=, K"} [Gavic’]

2.10: B4 REFHHBRD Ny 7 757 v P68 L 512R1F % missing-mass .
FINUDA,DISTO THIE S N7 f i = 2 )L ¥ — BT A%z Xk RAIT, B
iz A DR THR L T3, K pp WAFIRED A JRITAIBIOVNS Wicd T s DI
I % WS 2 B EDYH B,
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26 2BFOYTICKBNYITTTUY RRE

R TR Lz X9 d(nt, KH) BKIGIC BV % K- pp AR AE D A4 BT L 23 JE 4
(Z/NE < missing-mass ZfHE 72V CREH RO Ny 7 757 v FiciibnTL
¥ 9 72, missing-mass 77T Tld e S HDOFIETK pp HiFIREETHZ Z L %
FWET Z20ENH 5, T, E27FHERTId K pp FIIRAED & D ik 1% i
T5IETK pp KAREETH 5 2 & 2HERT 5,

K pp HFREDHIHE—F 3L L Do TR0, MEDOERTIEA+p
DOIEF R — F 2B IR I N TV S, H L ZOHMI 2L —23100MeV
U7 5785613 K pp — SN OHEEF v » 2 V355 O TIHEHE e — F
B 10% DA —F =B L2 RBELD I ENTES,

K~ pp HAREEDIEFRIFHEE — FIZATDO=>2ThH %,

e K7pp— A+p,
o Kipp =X +p, 20 — A+,
e K pp— Xt +n,

FRLD & 9 RIERREIT T — FlickB W Tid, QfEids240 MeV EIERICRE S % 5
DT K pp HARRRED R S B U 204 Rp v e IEEWilEiEZ D, F7-,
NA XA DHED 54 L 21 b EiEE R 2 b D, 5T, Ny 2 777 REk
5t 4+d— KtYn4p, DREGEIZ, N RXa v Q) 64 U 20 1dE o EE)
BEFOD D ) DO TIMEBIR T2 DT 7 =)L SEFREE OEEEI R & 4 5,
X211 K pp — A+p, A — p+n~ & K pp — X04p, X% — A+v, A — p+n- D
TINDHHL 5 0D OEEIRSAMENY 7 7577V RERDIG 4L 5
ZOOMEIEIA 2R, MHPICRE TR L 7253 K pp — A+p, A - p+7,
AL CRE L 723D K—pp — X0 +p,3° - A+~v, A —p+7n , B Tidb L 7z
o33Ny 275 v R e 2EHIERED AL 2 DD O#EIRTMTH
%, TDEHIT250MeV/c M b= >oEEE R 2T 52 12X h K pp
WHLREEDL S D> FF VIR L TEREWREZ G LIcEF X, Nv 2777V P2k
ETHILEBTELZ EDVbY 5,
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800 sy ok
N : __IKpp—>Ap
2700 I—Dg'lnlnlc.lnlnlan'ﬂ,n S * 1l  Kpp—=2XZ'p
® . [F-eeo [ J1QF A*

E 600 — = a‘_ e eTE—— o
=] — e i
= 500F-
c - = : ] :
S E : |
o 400— : cae '
a E i : |

300— =2

200— 22

100—

1 | 1 Db CFLEE [ T L0 ppraliyiT N ST K F"=| NN S B |
200 400 600 800 1000 1200 1400
proton2 momentum [MeV/cl

O

2.11: Kpp HHEE Ny 7 757 v F 64U 5 o1 OiEEh 1K [26],
FEOTK pp— A+p. THOTK pp—S04+pHKDbDERLTED, HOT
Ny 2759y e EARBROBER RO DZRL TV,
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2.7 MERLGICKIGEFORE

A HfE T OB E DY 1.5GeV /¢ T K pp WARED AR S 1L #chL K H i+
DT I N5 56, K pp RAREOHIED 5 4: U 5 DDl D HE=E R
TOMBENAIEK 212 X213 D X I 1% 5 (BHEIZELRTEFIMEZINE L
TWw3), 22T, 212 K pp - A+p A — p+71 ODHAET, X2131%
Kpp—3X4+pX 5 A+y,A—p+71 ODHAHETH 5,

n - - - e reges 59 ] -y
100 120 140 160 180 100 120 140 160 180
proton1 theata Lab proton1 theata Lab

X 2.12: K~pp — A+ pDHEE—F  [X213: K pp — X0 +pDOfiEE—F
o4 B 0D OMESA, M. »OHEL B 00T OMES N, M,
CORBIIETTHLEREL TS, OFBIIEFTHE LREL TS

(Y

INXD, Kpp HEIREDLSERSI NG DD TIE K pp — X0 +p, 30 —
Aty A= p+7 OHBEEFBEP T2 L T3P L L3> TR 5HDD
E— AN 5 I B W TE 30° ~90° AN EF T 2720, BEHNOMI I
MR ZRET 2L TO20BF2RINT5 2 LR TH 5, E27FTIEZ
DODEHEENRG F AT 27DIEBD 77 AF v 7o v FL—58 06
SN2 v 5 Cﬂ&@ﬁ%®#@u0DTiA$uﬁﬁT%)i@y
KD TZ2BET 270113k D RELEAZE ) HBEE L3, E/KEERN
ZHHT 20T 7 744 AF v FENHR G OBISERR A, SDC1,2 &
Vo 7o RERE AR & OAZIE O D 5 K] 2.14 DERIC— 200 mm[W]x 1000 m[L] D
KREIDOMEBREGZMBEICEZDOTORBET LI LI L, 2DEE, BN oA
RO —EH £ TOHHEE 50cm T, o T 2P IE 33° ~93° O % % 9
ZETT IR TV ARK 4% BEKL TW 5

K- O EE)EIRE I IR T ORITIR I Z 5, BERNICIEARZ baXx—%
DFEFFIC L DERNTORIGEZREL, E—LI34 v FichrE—LFFxa—7
(BH2) & FRFER 2R DR 72 & TRITHREED & ML 2 PET 5,
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SKS

BH2

SDC2

2.14: MEHHMOEEN, Elyo Filice—4 54 v A FAa2—7BH2. i
WY 7 FF 2 3—=SDC1,SDC2 SEE I LT\ 5,

24



ek

53

N

3.1 ZEX

B_HmTR LX) ICHEHBERE»AEC 2Ny 7 77 v F2IfT57:9
IZ J-PARC E27 FZHC I3 HERY R P IC BRERRL 7B a T d 2 IREE B a2 BB L |
K- pp WK DD 6L 2 o oREE R OG- 2§ 5, RERTES
(Range Counter) & i AHKL T DR (range) & (B) LWEFTHET 2 %
V¥ — (dE/dx) Z2HET 5 Z & TRl 21, AR O3 V¥ —2RET
LR TH 5, BETTHMICOWTIIAR 205, T D X ) IR, &, =3 L ¥ —
BR»SRTBINZIT) BEICEDH 2 —EDHEGTH 23 L TL X ), AHEE
Tl 250MeV/c ML EDEBRZ OB 725 2 L 2L L TWw S0, 20D
B30 7 hEFORITHICE 1T 2 IS 7= ORI £ X 2 508 TRV
T HE 2T TH B AL TL £ ) WREMEDH 2, AaGIEZN S DNy 7
757 v Fefibr L THEEE X S B2kl 2 32D 5,

3.2 TRiE

TRE & 3R EPICAR L7 & &, WEPTEILT 2 £ TOHRTSH D,
FERINICIEH 2R FE 57 T2V X =2 DO ASRI 7035 22 X ORI Z FEBT 5
AKX DVIESN LB TH % [31], AR ZEER & WINADIE S DRIRZ X 3.1
RS, SN 6b»5 X)) IEBRIEIH ZEI TP ET, wo72h & dh
BiEZ b > T T 5, THd range-straggling & X IEN AR T, =2 L ¥ -4
RORHINC AT 272 0ITEL B, HB—IOEUITIE Z O S F 3R L & 5,
Z DA DOV Z P9 TREE (mean range) F 72 FHUSIRFE LR85, 22T, H—X
MBI IR P TRIR (3R 05 L R BRI LHE LS B b, £/, 2TDOANHK
T-OMFIET 2 2 X 2 JHERER (extrapolated range) & KO, —MAVICIZKI 3.1 12 &
% £ ) ITEEED 0.5 DD S IEE R TSN 2 ESTH %,

HERAICIE, PRI L EELZ B R L kv e &

Suw—iéﬂ(%g)ng (3.1)

ZHOTEbING, 22T AR FOEB VX —THY, dE/dx1Z T3
NE¥—BRKTH 2,
F7, FERIZI

)%E (3.2)



ZHWTEINS, T T, Thn 3 dE/dr © Bethe-Bloch DEADSEHTE 7% %% %
BARHEE) =2 )L X — T, Ro(Thin) FFEERINCRO SN BB RNV F —IHTH S, %
7o, —MRIC T 2L X —HHK (dE/dx) 1% Bethe-Bloch D% F > T

dE 2 2 ZZ2 2m672U2Wmax 2
_% = QWNaTemeC 'OZ@ |:ln<—12 > - Qﬁ ]

ERTIENTES, 22T, N, E7 AL FaH, r X\ FLEE me ZEFEE, ¢
ZVEH, p I FRINER DB, A FEERZ 3R TF&S, B IEARN D v/c, 11344
fERT Y2, y1d1/yT = B W 13— RIOEETEL 2 =2V X —BATDOHRK
i TdH %, ZD Bethe-Bloch DA HWTEME L 2= 2L ¥ — L REDEIRZIX 3.2
RS, IS, M TALBICIZ T 2L X — ERRBRICIIEIE LT 2 2 &
DTED, £, BRI FNLX—DEAEZIR & Bethe-Bloch DX & O dE/dx 1% 372
DAL 72 2 728, BATDNE U 7% o X5 — IR IR

—Z—f x B3 2xT '\ RoxT? (3.4)
ERTIENTES, M, HICHLEE TS ERTI b, 2L DR
BEANZERICBEWTEH DALV —Z2HWTHDLT I EDTEI2YHETH S
ZEBbh s,

(3.3)

NUMBER -DISTANCE CURVE

Range [g!cmz]

o
L

-------------------- STRAGGLING

Transmission

MEAN  EXTRAPOLATED 10 10 100 1000
RANGE RANGE Energy mew

Absorber thickness

3.1 WYY 2 WA DR S IR 5 3.2 MR R I BT 5 =0 V¥ —
B [31], & TR DB [31],

Z Z T range-straggling D734 %

IEBA E LT 5,

3.3 RIFHERIRE
BT 2L X — & 3 ORICIX

VT2 +2Tm

— (3.5)

6=
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EW ) BRI D LoD T, K ARRFOEE = XL X —2FW U757k e LT
b, BREILICSDMHEIZER S (m IFEE, TIHEHZX LY —THS), £/, Hi
fCRER L7 X9 ICHEB = 2 L X — IR LB D D, B2V X —DgA %2R
SRR L EBI T 2L X —DICIZ R oc TV &0 ) BRI D 322, Z DfER. X
33Dk T EICp LML DRICHEAEOHEZR >, ZhzFHLT
Ry 2@l 22 L3 TES, BT, WHPTOZ XL X —48K (dE/dx) 1F5 (3.3)
IZFLIB L 72 Bethe-Bloch DX &k D g2 HOTRT I L TE S, LoT, &40 &
RIEB &NV F—dE MR ,AE & =2 VX — DB Z M T 2 2 L TR+ % ik
T2 ENTEL, AMETIIINS DFEHREZMAGOE L 2 LICLDRLIIE
LG22 & 23S FIc D W TEET 5,

-y
N

=y
o

range[cm]
N
T ‘ T ‘ T ‘ 1T ‘ 1T ‘ 1T

0 R !!"\—r L mmpE f
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
beta

X 3.3: BpFeahllFIcBIISBETTRAF I v FL—2ICBIT 2 REDE
%, stoopping range if%H.Y 7 F SRIM Z W CEtHEZ2 11> 72 [32], Atadsfp 1 TH
) r - TH 5,

34 TSIAFYVIIVFL—H

AR TIE, T7AF v 7> v FL—F%2LEICRET % 2 & TREBRL %/
BT 2, 779AF 973 vFL—=2LE7v b7y, ZAFNRUE UV HEDOHDEE
BAFLVPO R DEMPIEP LTEER 77 A Fy 7L LA v FL—F D
—fiTHB, 7IARAF Y7L vFL—FDrise time 3 ns THH., 7 FILDILD
EDD LB T DBIEFICL L, TIROIM LRSS TH 5 1A L ik oMt
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mE L CYHERICER SN TCW 3 NANZRESRTH S, DIMICEKY v F 1L —
8§ DFNIFEHZ T,

YrFL—ya v EYWEYD r o fHiEZEHO 2B T (n EHT) DB EBRL
T3 31, 2N6DWIEICE T 2 MM T 0L X —HEf7 2 M 3.4 1IR3 7, HEK
REBIFAE Y —HEHD S, TH O, BEREE L TAY Yy —HEHD S, S5, Ss. ...
ERAEVZEHED T, T Toy ... EWHINZHEN DD D, BIZZNZNDOHENIZE
L T T OIREPRAEITIE L 72D 72 = 3 U X —HERLDSEAET 5 (Sor. Soaw -..S11+
Sion o)o FIEREED T 2L X —HER 21T eV T T DOIRENC X 2 Z4UF 0. B eV
ThH5d,

Y Xve b L R R
S3 Sao 7
Sopem e — b —— . T3
Sz S20 K
Si3— — — H+ — — — . T
su__fi_ ______ T2
guwmm—-— — — — ——
Si S
y ™~
e — — —
N« e
Tl-
R
[ f %
SDS—-‘— ~?— - b~ — 41 "———— —_— L—
goz—' 1 =] 1 —v—i-” —--—-—--1 "—-—-
01— -t — 4 T— — —— - —_——
So Suo ] ‘ N

M 3.4: G v FL =D r BEF O FLF MK, LI E RANIEER %
AL, TRERANL S, & Ty 205 OHOL L BRI 2 £ T, [33]

PREPFRABIC X DAL 2 = 2L ¥ —HEALDOHIFRE IZBAT 2L ¥ — (0.25eV) ICHIRTK
VDT, BROGEIZIZEAEDTTIF Sy IRFEICH 508, > v F L —FIffHE
BFDAR T2 L34 D ERANCH 5 & 9512 ERLDLEH 2 tERED £ 2 h i
TBRTFEMEL TRV X —2INT 5, AE Y —EHHEDFEREE I L 72854612
iX. 10ps DL T O REIERE TR DS 2 b 2 WINE A X D S, HEfT A~ LB T
%, Sy DIERIH 5 1FE ns DIFHEINIC B OHER T OIRENRFE S & Sy DHERT~
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LR L OB T 2 (H6), AY Y SEHEICEB ) 2 BBROEA S FRICNEE
U XD Ty DHEEMANEBEINDG, Fz, S ¥ S T N EREER I NI LA
bbb B, Ty 96 Sy ~DEBIIARETIZH 203, Ty + Ty — S* + Sy + photon
DEIHICHIMTIIEETE RO T, FMEL k3, koT, B vFL—%
BB vFL— a EDOREIFE X

Ts

HF#=A exp(%f) + B exp(_—t> (3.6)

EEODORTOMTRT LD TES, 22T, 74 ALY —HIEERNOHE ER
DHFMTHY 7, FAE Y ZHHEERDEVEBROHFMTH S, DKL) RiEfEzft
THELZ Y FL—vavlz 54 FH4 F20 L TOEETHEE (PMT) THEA
BRI A LR 2479 . HIAIN 28O 1Z 100eV DT 2 )L X —HERICOE 1
HTHH, lemEDS v F L —F TMIPIZE T 2T DOIEIZRI 2 X 104 & % 5
[34],
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3.5 THAVDRE
3.5.1 m=FFER OTFH1V

REDOERELZ L EHRICIEE{EI vFL— a vVREBMOES 2 L/ X v
MbZz L7203 E Ly, KRICIX 3.3 20 58 & RE OB D K &\, HiER D
AN AP S BZ T EEREEDOY v FL—FICBL TE, BT A g T
19 2 K123 250 MeV /¢ DU IC 72 286 7% )2 S st Ul LJE TR L9 2K 1cBd L
TUTHL L 72\, 5T, RATIRIRZ HIE 3 2 RO BLE D & A 5 L i BIE TR
C L7 kv, ¥ s, E27#BTHEMT 2 RERHSR IR EEEE—LFF
2 a—7 (BH2) ORFTHRIZHIE T 2 2 L TR OMEZHIET 2 DD, Z DR
ICRATHRF I OHIERS IS v F L — a VRIS O fREE ICiRE T 5, > v F
L — yaV@&%@ﬁ%ﬁ%ﬁuyy%v—&®5§%54bﬁ%F@%ﬁﬁ%&
B (PMT) OMERBIC K Dk D, —iRIVICS v F L — 5 DIE S DI 15 D3I o7
fREEIZ X S %%, Lo T, DY v F L —% O X IR A NE 12 L%
FRIFTIICTELZRL T I TVLILDIZTL20HELH 5,

fhoftighze & &I L Tk, BENOWHANCHERT2 7 744 2% v FoHd
REEWA EOTHLOBRBBRZEL ZEBTEIEMIMoNTED, A=
ZEMAFHT 272013 &EDOS v FL— a VA TE 3 2 1ED T T
ETZENEFT L, ZDDICIETA MAA FORIRIETTRZ b D L IERFRZ
bDORMAGOLE Z2HENH), ZOBRICEWTEIREED I A4 P4 FIXIER
PR IBIRIC L7z, 5, > v F L —3 a VIR OIS REE &L\ ) Bl o %
25 &I TIRDE E L v,

F 7o, EEFHEGE (PMT) B L TIMERL X WD DIZET D A0 35S R
IIREREIZ X K 205, EREDS X WH DI EEA L 22, JEER T4 P A4 FOBIR,
ﬁm?%PMT@%g%ﬁotf% 74 S A FOIRIC & % IRl o7 fRB R 281X
Pl WDE I PR T IEGE LEBEIREW EVBbhrol, EoT, 74+
ﬁ%bi#ﬁﬁ’ﬁ%%ﬁw iEMMMNmUHw@%//%V T DIEEIC
(X T DOFR LT 2 5EB) =AY 250 MeV/c IHHM$2 (SRIM 12 X 25HE) 1em Z8H
T3 LT

30



3.5.2 BEDEZIDRE

BIHOIEHTORGT & 7 PRIFIRT 2 KR & EHEDOBIRIZX 3.3 1cH 538D
Thb, M33%4H25EMRBEN5em { 5VETIHHE L § OBIRICEEL» 2T
HBD, 5em A LD EZATIIMHEDE LS 2o T0w5D83br5, 2Nk, K
& &L TR & iR m PRIF 2 B3k 3 2 722 O12iE 5 em DU T Do 132 < &
TRV LEADPROE5ecm YA EIZ2 7 XY MUT 20D W2 L3RS, ZD
R EAIHITCOEZ LD, MHBDOEI DR Z LD 5 1lem, 2cm. 2cm. 5em,
2em DJEZ & L7z, 351K Tk 261 & i o HiET OHEE (8) 1T,
M, ¥ 32—y a3 viZid Geantd ZHWTE D, TRITIIYHELERE L L CTIXERMH
HEHOAZERL T3

L. Lodo o lad, il Ml P NS FEEE FET T P (I NS IS I I P B P NN R FEEEE EEEe
0 01 0.2 0.3 0.4 05 06 0.7 08 09 0 01 0.2 0.3 0.4 05 0.6 0.7 08 09
beta beta

| 1 1 1 1 1 1 1 L. | 1 1 | 1 1 1
0 01 02 0.3 0.4 05 06 0.7 08 09 1 0 01 02 0.3 0.4 05 06 0.7 08 09 1
beta beta

10 3.5: #IECHILT 25T & fi8 « R O (8), 72 BRI JFH (Lem) T
5 B ET-OMEE. i FEIC R H (2om) CHIET 2R TOMIE, £ FRICSREH
(2cm) THIET B BT OMIE. 4 FIRICIIEE (5em) THILT 2 8 T-OME, KT
BT, Mo FRETERLTO S

D L) LD THA T, M LHREDERE D Bt & i o FhE+ 2 Xl
TEDIEDVMERTE 2, 612, WEHTHIEL 2w EEnldiE oo L
THRETOZIRINF—BROEREZH L Z L THTZEBNT 2 ENTES (5
ﬁ%ﬁ%27%t%ﬁtfuéi5m$mﬁﬁm%imnmmmqmmq]@ﬁ%é
Zlaizy FORERNGE LTw5, 22T, AEDOERZESOIC—JEHLE
THEBEIZBWTE20em[W]IZBIL T10em JEICp#ET 5 2 LI L, BB, &

D v F L —F IR RRE DI LR A L 728 2 E§ 5 72 DIc 2 TD
X7 AV MR L OEEHEGEE IR 2. 7THiCORFAMICHHA THET %,
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i L TR LI IA4F RS v P RBEEEWAO LD THE2EBL T
KR CTELRIIEEIEIMEIC L2, K36 ICREMHESRLI 2=y bOTVA &~
ZHAE S,

R,
AN
R = —1 |
R, —
7N %

o L—

X 3.6: RO T A v, SV FL—F KRNI A4 M H A 8, B FEGE DR
BEZEE L T\05, ZEVPEAROIEL TWwE I b5,

F 7o, AREBHER TR OIS A L 2256 1385 L 2 B RE S I3
£ ITHRDHE ) . BERVHIR DKL D3R IE Rs ICEET 2 B & DI KA L I3#Y 33° T
BB, ZORRE ANTIGET O EHEDERD S BT & o b %A 2
EDTES (K3.7), BIIHDIKTVBAS LIGAEDOK 35 LREDY T 21—
v a VSR EK 3.8 IR T, MO DM I E DM KT8 E F S 4t
ICEZRITTLESTOIHEREFHE LA LB L TW2HERTH S, ZNDIFE
A L1 100 cm[L] DFESTFEICEZHIF TR L HERTH 270 (K2.14 ) 100cm
DD AFHLED & X T 2 2 EDHRETH DITEE IZ RS hnwEeHEZ 6N 5,
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12

e L
S L
g’ ,
§ 10? i .
8~
6} mm .
a4 .
2; ::. . [ ]
B - "
B = 1k
0||||||£F.|l|l!ﬂ*|.|-7.||||||||||||||||||||||||||
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

beta

3.7 ROICARKT 256 2FRICONGTL mnhEFICBIT S 3 L REDE
R, stoopping range % 2 — F SRIM Z W THIE 217> 72, Rad 1 CHEAaD
THHETFTHH, HL4LDRKECHDMHEBRIDICAR L GG TH 5,

0.06 01
0.05 008l
0.04f

0.06—
0.03f

0.04—
002
0.01F o021=

! 1 1 1 | ! 1 | 1 1 !
01 02 03 04 05 06 0.7 08 09 01 0.2 0.3 0.4 05 0.6 0.7 08 09

beta

014
F 012[-
012
F 01—
01|
F 0.08[—
0.08[-
E 0.06|—
006
0.04 0.04f—
002~ 0.02[-
0 L. 1 1 1 1 1 1 1 0 L. 1 1 1 1 1 1 1
01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
beta

3.8: RHDIC BT 2 M % BRI N R CRIET 2 BT & 1 1 T o
B (5), #EICHT 2 HIRIXIN 3.5 & TSH 5,

33



3.6 FHIRK K UIRRZHWcREas O EREFHME

3.6.1 EEREHH

FEoMEREETHET s v F L —v a VIRBEROMRE 2 ST B 72 0 1Tl
MIDEER Y, & v F L — a YIHEDPEER (Attenuation Length) & v F L —%
HCOEH 2 T & FEZ -l CHPE L 7z, 7o, FELoRRICARBRHIERICE W T
K OMEREIHHT2 ~E@HOY v FL—y a VEBRHEBOEIROE 74 + A4
FDOIGIR, BTG E OEEIZEHETH S, 20D, HRLAREI, 74 A F
DGR, JEFIEE DA S ¥ TR fERE 2 JIE L 72,

3.6.2 FHRZAWKEIBRIEUE
ZETHEAY SREBOREIRENEDRRTFE

31K ETHAT I vy FL—yavBEHEBORIRERT (KEDOHFRICE
LCiRK2.1228), 206 oMtat & 100mm X 100mm X 10mm DjFEAD >~
FL— a VS (Start counter) & X X 80mm X 150mm X 10mm D H &t D
YvFL—ya g (Center counter) %[X3.9, 3.10 DERIZERIE L. FHR%
HIE L7z,

% 3.1 MEMmESoORER, LG L3594 A4 FoBikTtH %,

A | JEE [mm] | BEIE [mm] | £ 7 X ¥ | LG(E—2751A) | LG (E— AmEE )
R, 10 100 2(Ryq,R1p) FERIFR R
R, 20 100 2(Raq,Rap) X R
2 20 200 1 KPR R
R4 50 200 1 KPR FERTR
R; 20 200 1 KPR R
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l cosmic ray

Start counter 1

R1 R1b

a

R2a R2b

Rs

2y
e

center counter L1

3.9: FHiMEE O R EREIIED 2 v b 7y 7 ORIEX 1 (FHEROMET A1
R L TR 6 FL 72 IX])

Start counter ® cosmic ray

R,

R1b

3.10: FHifEE AR HSEEHIED X v b 7 v 7 ORI 2(FH RO HEST T
6] B, 72 [X)



[ RIE, BEOEEDO7DHIZ NIM gz, 77— 7 IEM I CAMAC [B[i#% %
U7z, K3 11IflH L 72K oig 2 R~ 3, LEFEEED» S DETIEFA LB
E OOt T3H B D TH J71E Trigger 5520 6AEE 115 ADCDF7— LD
YAV T B DLOICHYL LRI OBEBEE A 7, = 2)L¥—EK%2
729 ADC 2. b 9 K J51Z Discriminator (23 UEREEFSICEHL L F U {EEZX ¥ T
RSS2 ST 2720 TDCEY 2 — A~ AT 5%, %E. ADC I3 HOSHIN 7219
16ch ¥ =Y ADC %, TDC ¥ RPC-170 8ch @ common start %1 HRTDC
2 L. CAMAC Ol i35ks7 7 = A ##o CC/NET ZfiH L 7z, Trigger
X—EH O LMD IEETIEEE D & DIES (Riar,Ripr) & Start counter d D
HEFBIEED S DESDFEFICBE 72D E Lz, £/, TDCORAY— DI A
U7 B AL E § 5 72 1T Start counter & Coincidence % & A HIDKRE T
) 30ns BIE I ¥ TH 5.

‘ B }*4{ DiscriI
;:II:‘ Fin/FoutH Siict H Coi |>4{ G.GH ADC Gate |

Ry, |—{ Discri|
@ [D—l TDC Start |
L [ iscri
Delay ADC
|
R,. . Discri | Delay
l l {

X 3.11: [0]#& X DI X

BRIE & R

TS L 727 —=4% D9 bR AT 2 i@ L 72K D & % B TR 2 fE g
DWEZLT I 7=, ENTIZIZIR T8 D Center counter 2> 55534 U724 X b
DAHZFERL 72,

TRILF—EIE

FHBUIE D T 3V X —IE T pedestal & FHfz 7 v 7B T7 4y L
BXD MPV(Most Probable Value) D "R 2L T v F L — a VRGO L 4
WX —IEZ T 72,

pedestal £ 1Z ADCOIZ VX —0ICMNIET 55 TH 5, ADC (Hoshin 7219) 1%
Common Gate €— FTEIfEL TE D, ADC ?D Gate IZfEFDA S 72N TD ch
DAL 27> T3, Lo T, Pulser & £ %2/ L T trigger Z{EH L ADC O
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Gate IZfE5 2522 E ANMBESHEL Ry v F L — a YIRIEGED# ch 123
IR F—0ICHIGT % ch ITEDEFZIAT NS, D pedestal IZXF L TA 7 ABIEL
TZ DMl (mean) Z ADC D 0 5 & L 72,

FHfZ MIP(Minimum Ionizing Particle) £ &L, ZD% LT LF—%
2MeV(g/cm?) & L7z, £z, v FL—F DEEIZ1.03g/ecm? TH S, LT, #l
ZIXTJEHDIE S 2cm DY v F L —F TTFHHRRIYE & T T2V F — 13 2MeV/(g/cm?)
X 1g/em? X 2cm=4MeV LG TE S, ZOMEEFEHBO LA N7 L% 757
BT 7 4v F L THR 545 MPV(Most Probable Value) %z X & 7z,

Slewing correction

REEITE SR DO HUSIC XX 3.11 DRI H % & 5 IEE FIEEE D © DfE5 % Dis-
creminator Z W TEBEEF AL, TDCEY 2 — VIG5 2 k> Tw 5, 22
C. Discreminator IZ X D HH I N ZBEET DY A I v JIEETEEE P DY
TFVDMEE L 7-BME2 A -REIIC L > THREZINEDT, ¥ FLDREEIC K
DIPE S DY A IV IDERE L, 2 UZ—RIC time walk EFEIEN AR TH B,
Z D time walk ZIR D 7 12 TOF & ADC DAED I 1 —# i

TOF:/h+—l§— (3.7)
ADC
EVH BRI o, B, 2T, TOF LidAh v vy —Mickl} % TDC D
HIZ2ETH 2, FRloBI%ZH\WT7 4y F L Slewing Collection 2179, X 3.13 12
Slewing Collection D—fll % "3, I Slewing Collection £ D TOF % 4 7 A B
T74v b LZOBD o ZREESREE L L 72,
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W 25 W 25 25
ek 22 s F
24 20 24
E E 2
23F 18 23
E 16 E
2f 14 22 15
21 12 21
E 10 E o
2 s 20
19F 6 19F
E E 5
E 4 E
18 18
E 2 E
- ] = ]
17 T2 3 4 5 6 7 8 o 17 T2 3 4 5 & 7 8 9
ADC StartL ADC StartR
2
5 F 0 & *F 2
Ll S Ll = 22
20 24—
E - 25 E - - 20
23 oL - R _ - 23 - R T 18
E - ; - E . o 16
21 = 2 22f =
E < E = 14
21 15 21 12
E E 10
20 20
E 10 E 8
19F 19 6
18| ® 18- N
F 2
1 1 1 1 1 1 1 1 C 1 1 1 1 1 1 1 1
7 1 2 3 3 5 6 7 3 N 7 1 2 3 4 5 6 7 3 N
ADC 1aL. ADC 1aR

3.12: Slewing correction Hj® TOF & ADC OB, #1141 TOFla & (AL)
ADC StartL, (£5.F) ADC StartR, (A£F) ADC 1laL, (#iF) ADClaR ®HHEdT
»%, TOF ® ADC &M TIN5,

StartL
25 30
s “F E 25
Ll E
24 F
E 25 E
2k E 20
E 20 E
22f E
E E 15
21f 15 F
2F E 10
E 10 E
19 F
E 5 E s
18 E
- (] E ]
17 T2 8 4 5 8 7 8 o 17 T2 3 4 5 & 7 8 9
ADC StartL ADC StariL
2 2
& F I - 25
20 24
E 35 E
23 23F- 20
E 30 E
2F 2F
3 25 3 15
21f i 20 2
20 15 20 10
19F- 10 19F-
5
18| 5 18-
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1T 2 3 3 5 ° 7 1 2 3 4 5 6 °

8 9 8 9
ADCR 1aL ADC StartL

3.13: Slewing correction #£® TOF & ADC OB, #1141 TOFla & (£ L)
ADC StartL, (fi.f) ADC StartR, (% F) ADC lalL, (i ) ADClaR OHHEIT
H %, TOF D ADCIHKAMEIZIZIFIHA T\ 5,
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3.6.3 HREER
ZJE O REE D2 £ 3.2 ISR T,

# 3.2: KA V¥ =BT BRI ERE DA,

A vy —4 | W ERE [ps]

Ria 100

Ry 98

Ro, 117

Ray 108

R3 214

R4 172

Rs 183
Start counter 145

¥, —EHIEHT 227 % —DMERERHli D 7- DIcE 32 IR L 72 MERED A
v =% &) ICEQTREDREHE 217> 72, BT b ATV, £3.20

SR it s tO;@F%#%74bﬁ4b@W% X ARRIIAENS Z
EDbrol, £, BHEEBDOEIIC WEZINTEIBlem DA V¥ —Tb+
TS RRE 2 K TE S L 75%‘)75)0 72

3.6.4 HERERAWCZYYFL—Y a3 rHORERKROIGEDRE

TR T v FL—=FICAB L TRE LY v F L — 2 VIRIOLE PGS
AW 2Ty vy FL—2hoWE EMAEH L OERPNMET 5, WETZ
rlem] MEALBRDONE N IZ, v FL—2a v ORERTOLINEE Ny LT
% &

N = Npe™x (3.8)

TRITILENTES, 22 THHRADS VFL—% (ZNFNLR ET ) ITBWL
THOLD S zfem] DEFTICHIEZ B £ LR 21219 ADC Off X

I+z

ADCL == GLN()E_T (39)
ADCR:GMWK%z (3.10)
THABND, ZITGy, Gr W T ICE T 2R T, 113y v F1L—%
@Eﬁ@”ﬂ®ﬁf%b::fimmmf%%o_mib
ADCL 2x GL
== 11
lOgADCR 3 +logGR (3.11)

39



LRTILMTELDTloghpes & o DBRDP SRR Z RO L ENTESD, K
HIETIESr AR ZX 3.14 IR T D 100cm D v F L — % DA 10em D HLiE D>
5 10cm BEZIZEFI AFr CHIE Z T WIRERER ZRE L 72, E2FFHZ LRICKRIT S

R, v vy F L —F Tl b HIE L 72,

SrifiR
L R

X 3.14: SrfflRIC X 2EE. WEhToOXENEDLYy b7y T, Y rvFL—FD
Sedi 10cm DAZIED> 5 10em B ZIZFFI APFTICREL, 2D L ZD ADCE XU TDC
ZHIEL 72,

X 3.15 12 Ry, 12 H51F % loghpes & x DMBEZERT, SO LI Ic—KBEHTT v
N LZDMHE D SMERZ KD,

0.5

log(ADC L/ ADC R)

10 20 30 40 50 60 70 80 90
x[cm]

X 3.15: Rig 128 2 log4BSL b o piHEH, #RiE#E#41E lmm & L7z,

ADCr
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3.6.56 MEREER

HEFRERZEIZICRT, ZOLHICyvFL—rarvBBBOEZIIZIEL %5
IZETYF L= a v HOBMERIZESRD, Ry & Ry D2 SHFAROEZ
DEVLHBBEENELS RoTw3, Ui, ¥ vFL— a »Eo RS RED D
BOITRENYP s THEEEILIONS,

#33: KAhI v —IIBITRHER L GHEOE

A v =% || WER [cm] | JGHE [cm/ns]
Ria 78.7 13.3
Rip 79.2 13.4
Ry, 132.1 13.7
Rap 133.1 13.7
Rs 194.2 14.3
R4 357.1 13.7
Rs 189.57 14.3
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BaE 1 pt/XL— 3 v
SEBR

4.1 NFHBACHFBEIZNY TR

3.5.2 HICHIAR L T 5 X ) ICBUCHAMFHIZ DWW I EBAHAAEH O ATRIR,
TOREZE Z R SIS RIETFE r T 2XNT5 2 LN TE S, L
L. DNICET &9 7 PHETF-ORITHTOHESS 7~ ORI £ %2 BREIC
ANDEH L —EDHEGTrhHFEZBTRZ LB LTLE I,

4.1.1 REBHEZRFICE TSt DIRDEL

7 1% 99.99% DWERT pt IS 2 (7t — pt +v,)e OB ZHEKRIETH
52 LD, Lot BRI NS pt OFE) T 2L X — 138 4.1MeV E R B,
ZDD, Frlbrt 2 oFRET L DO FL—FNTORRIFH 1mm TIZEA
EDGAR DY v FL—FNTEILT 22 12570, T & olTiknicB
L CRTEIZZ 6 22 WSTRATHR IS HIEE L 723858 130 T O EE A5 2L 3 % 72 O
MHE R AA[REEEDSH B, Geantd IC Kk BT I aLb—Y arvyZHOTat IOV T
BT 5, K417t 2 ANz uga (EX) L ANnZGE (GX) 28175
“HEHTEIETS 7t 20l pt 0 3 %2R, M, PHELERR IS ot oA
WFEWHAEHOAZERHL T»5,

B 4.1 DD S hD2 % & HITEEDIE 7t 23ATHIC pt ICHIE S 2 2 Lot
FERBAL . RPN E Z 03B, TD X)L EHEZ TR & 7 i
T DR AT BICIE ot BEIC K D) TR BB LT LE S
BEMEDEL 2, 2E. fMEr PETFOFEMIZ260s THD ¢r =7.8m TH %,
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[lL 700 — ']r

600}

1200

1000|-
I 500
800|- i
I 400 C

600 L
3 300[—

400} L
I 200[

200} 100[-

ettt Mlﬁﬁﬂﬁmmmm

0 INEN NN NN NN NI NENREN AN INNEEN N NN G INENEENENE}
0 0102 03 04 0506 07 08 09 1 0 0102 03 04 05 06 07 08 09 1
beta beta

X 4.1: 7+ FREEDELR, FXIZHEOYEZ AN TR WLIGAET, GXRIZANTE
HTH5, GETIEBIVNIWVHNCEZFWTWE Z EDbD 5,

4.1.2 REBRHEZRFICE TS 1 OIRDEL

7= DA S ot EFRRIC EELD X 9 BHEORNIR ST 5203, 2 I —E
DIER TR X 22OV THEET 208 N H 5, 7 b ot LIRS
99.99% DHEFRT = ICHET 203, WEPTEIL L Z25aIc8 VTR o IS
250 bRV ICHEET B FZICRINS L, 7—a vy itk I nioa
MR 2T 5 [35], 2z n~ DFEFEBINEMES, 2T, = 23
ENDE - BXMEBH L TEROWEERICER L T E, PR TROHAMERIC X
D IR FIZICRIN S WVEBOF 13RI s, 2Ok, 79 XAF v 7
VFL =Y WICHFET ZRETICB L Tk, SOiERchErasitsins, 2
DWW THEL 2 METPH TR E8 1 DMEIL L AREDY v F L= %75 3H]

BlED D D, R LT Z O TR 247 ) BRI IR DRI L 2 5, [M4.21
X 4.1 &FEE. ZJEEHTELET S 7~ D Geantd ICE B2 EVYTANLBY I 2L — 3
VHERZERT, M. VELEBRDO Ny 7y =Y L LTIZ QGSP ZfH L TWw3,
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400

350

300

250

200

150

100

50

:
|

oo
o
-
o
N
o
w
o
=Y
o
o
o
(=]
o
ﬂ

0.8 0.9 1

¥ 4.2: 7~ ORI X 2 FBEOEL, 3.5 L1352 28T 62V Wl
WIREZFIWTWAR I EDBbrs, T, o Wk v FL— a v
B BRI S NEC 2RTH S, £, BRI~ &
YFL—=vavBBhER T EOBRICK D ECZRTHE EEZOND,
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4.2 EBEREHB

D&y, MRERHGTH 2R 2BICiE o hH 272 LaRaE L T L
£ RENED D 5, Z OFRFRRPBILEROEIED &0 T EDREDIHIC 72 5 72 5
flig % 7zic, FEKICTH T & m P25 AR S 1 5 BAOG 2 e TEE 21T 72,

4.3 ZFEERFE
4.31 tLybhkrZv~/

FBIE J-PARC N FR Y A= LHD KIS E—L T A VITBWT1.92CeV/cD 1™
E— A 2 AOKEERIC AR S &, EIOMITTITH T 2R %2 o R &
ZHOTHELZ, #Boxy b7y 72431277,

Start counter
(100%100%10)
N~ BH2

- / /Unitz

43 TAMEBRDOX Yy F 7y 7, BEROMITT 90° 05 97° I T BRI E AR
DO Z W THIET %,

4.312dH 5 X ) IR ST NI R SR 2 BRIE L 72, S hlid E27 5
BCi 2 REB DS ZA TN ok emiiaGRZEBM L 72, Bl 56 1.2m
DAL KT DIRATREFIIEH I 100 X 100 X 10 [mm] O > ¥ F L — a v HilaR
(Start counter) # “HKE L. #2268 1m OIEICARIERTHH T % R
e HRE L 72 (K43HICH 5 X 9122 NZF 1 Unitl,Unit2 & RS, TREMHS
DTFHFA ICBIL T 3.5.2 1258 LTV %, E27 ARFEERIC B\ TUI RS TR E 72
& D Start counter 1FE—AL T4 ¥ FICEEL TH 5 BH2 2\, BATH I RIS
W S e KT & E— 40 ¢ HET-OREMEHRD © )OSR Z Pl LKL 10
fEEg 2B LT 6RO 2, 2070, HIJ7 LHTTOMIG IR F-2BHE S iz T n
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ETRERR I 2 IS A 2RO I3 RE S v, SO T 2 FEEICE VLT
B FRGRAE R ED - DI+ kfiat 2 HINE LT eZzo, E§lod X 9 12 Start
counter % HERKE L TR FORELZMETE S LI Lz, F/, E27 A% L [H
B2 BH2 O TDCE#HRD 77— 7S L TE b, #%iE L 7z Start counter Z H\» % 51k
& BH2 # H\» 2 5150 D fE TR FOREZMETE S L) ILh>Tw5,
L2 L. BH2 Z M\ 7o AT IR E IR 1T X 2 T I3 BRI T T H % 72 0 ARSI
IFECHEL L 7R\,

4.4: 7 A P EBTORERILER, 7256 AR L 7R 23R B g IS AR 5,

7, ShloT7 A P EBRTIIREBREROMGICHEEZIKIT 2 FERE veto T 57
® D Veto counter # if EHHD oD =y Fiz, REBHEISROE I HHIZE
WTHILZE S - BHR A2 MER T % Central counter % PR I HEE L 72 (X 4.5,
4.6), Veto counter 12X 4.5 DAKD X H IR DIZAH T 2R -3 HER N T Lk
FOTIWRERITKTFBIEFEF S EIICRZZARY F2HIRT 272D L
oo LU, BEREEOK FIZRET S I LDRWVE ) RiEEZ L >TE D) E27H
BORFEFIIZIEH L 2 TPETH D, ZHDOT A FEETIIERET 5 587500
Z & ZfifEER L7z, Central counter 13285 &£ DT & HLDMEICRET 5 2 £ 53
TERpoltcd, LD 55mm FOMEICEKEL 72, D, K4512H% &)
IZZ L Z 4L Veto counter % Vetol,Veto2,Vetod EFESRZ & E L, AT VT —DK
& Z & Vetol =250 X 1000 X 7 [mm],Veto2 =300 X 1200 X 10 [mm],Veto3 =200 X
1000 X 20 [mm] Td h, Central counter DK E 1% 100 X 1000 X 20 [mm] TH D,
Veto counter 1% F @A T Central counter (Mgt ATH S, 77 7F AL L TIZ
75 90° 725 97° ITHITK 2R F2HITE 2 L 9 Ik >oTWw 3,

46



Central counter

X 4.5: b5 RcT A FEETORERHGALAOX Y b7y 7R, ARICRKT
HRZHRT kT2 LT 5,

Rs Rs

particle ®|

Central|counter
E—ASALDES |

I
w,
\

Veto colinter

4.6: ©— 10D 6 Bic 7 2 P EETORBRESGRAD Ry + 7 v 7,

47



4.3.2 [EOFEETFT—INE XTI

ARFEEFCHEH L 2[R X, EE I NIM R & 57— INEH I CAMAC %
L7z, CAMACOav tu—7 & LTEHEET 7 =h® CC/NET ZfEH L 72,

trigger & 777

T =Y WED 7= DIZ LT DI trigger Z A L 7z, M, BFE J-PARC Tl 6 A
HTE—LoEHEHINTED, Spill gate £ IZE—LBWOHLPIc 7y —FINT
WA= THD, FEIBEL T LETOXEFHEGEE» DY V22 ZnUD
EWES, 5l 21X Unitl @ R2b @ _LOYEEFIMEE D6 D> 7 F Vi Unitl Ry, & W
ST &I 3%, £7z, Central counter (3754 LR & XU Z 11 Z 41 Central;,Centralp
& k5,

e Unitl Ry X Unitl_starty

Unit2_Ryy X Unit2_start;

Unitl Ry X Centraly, X Spillgate

Unitl Ry X Centraly, X Spillgate

e Clock

Clock & ZEHAMICGEREESZ TN 2 €Y 2 — LT, pedestal lHZ 155 7z D12l
HLTw3, £7%, LTDES%2 TDCIZ AT LIENTIRIC b Y A —DiFERI 7z,

Unitl Ry X Unitl_starty X Spillgate

Unit2 Ry X Unit2_starty X Spillgate

Unitl Ry X Unitl_starty X Spillgate

Unit2_R;y X Unit2_starty X Spillgate

Unitl_R;y X Centraly, X Spillgate
e Unit2_R;y X Central, X Spillgate

e Clock

Unitl_ R,y X Unitl_starty X Spillgate, Unit2_Ryy X Unit2_starty X Spillgate
D7 77— LBKROKFBAS LT —% %227, Unitl_Riy X Unitl_starty
X Spillgate , Unit2_Ryy X Unit2_starty X Spillgate , Unitl_Ryy X Central;, X
Spillgate, Unit2_Ryy X Central;, X Spillgate (3 FHFFNEHD 7 5 7 CH D, Unitl Ry
X Unitl_starty X Spillgate , Unit2_Ryy X Unit2_starty X Spillgate D 7 7 7 13
[ 2 K 8 2 BED MBI D 7 — & 2 IWED B L. Unitl Ryy X Centraly, X
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Spillgate, Unit2_Ryy X Central, X Spillgate 13 FHift% AWz 2 2L ¥ —IKIED 7=
ODIERINED 7= DI L 72, Z 4 Srart counter & Ry DD v F 1L —%
AT 2 FEHBDA XY M EBD R BEOTH D, SO T A N EERTIIEEE
High (SKS<7 %y ) O ICREMNZGRZHRE L 27O, BGEDFETLE
THUEE D S D> T FNDr A v asEiN & IFREIN cfk 5, K-> T, FHMD
T =% 2RSS 5 7 DI EEEEGA 2 RB I 208 B H 570, TA L
FEEFOE — LD I N TR WK Z M L TFEHBRO 7T — Y INE2 T 72,
¥ 7z, adc @ pedestal 7— % ZHfS3 9 % 72 DI 1Hz @ Clock > 7 F )V bR HIRFIC
T—FIWNEL 7z, trigger KO 7 7 7IZBT 2 RE&IX % X 4.7 127RT,

|Uuit1 R,,, H Diseri

Fin/FoutH Delay L’&DTI
oin | ]

|Unit1 R,,, [— Discri

| Unit1_start,, H Discri]I

|Uuit2 R, | Diseri

F,/F...[ Delay [— )
|Unit2 R, , } Discri t Coim ] | 1222 TDC Start

| Unit2_start;, H Discril|

| a6} ADC Gate |

.

L Coin

. i Coin | 4":'7

‘ Center_L H DISIGI'I‘ — DG flag
bar

| Spil gate l bar | Coin |

Lo

Clock

4.7: trigger LN 7 7 ZIZBHT % KX,

Ri D Fyp /Fou #2 & Start counter 3 £ X & Central counter % Coincidence " %
BROFHMMTDIA T 72 K481 T, TOXHITTHR DEFZESEHD
R, D> 7 FNVDig%z#M< . start counter XX Central counter DlE#%#JIAL 52 & T
TDC DAY — DY A IV IPETR, TREINS L) ITEEL 72, £7., Start
counter & Ry DEIDEEEIZH 1m TH % 72 3=0.1 DK TF-DSAH L 7285613 F
ZB=172,tF 5L 2msENS I LI 53, Start counter D% +3)A < Lo T
W3 ZETEWK P E 754D+ Coincidence $5 X 91> Tw3,

ZNETNDOHBETHEE» SO T FIVERGIE T w7y 7o % % ADC
Gate DF A SV 7IZH 9 KO IWTELE S ¥, F 7713 Discriminator 12 A L GmBi[0] B
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WL 72BICH 100ns BIEZ B TDC DA F v FIEHDA v 7y MIZHAL 72,

(@ 500mv Q@ 2 ][20.0ns 2.50GS/s 2 }[

5M points —190mV ||20:21:07

712H 2010

)

4 4.8: trigger MIEIELDEED S 4 2 v 7, MIHFD 113 Unitl Ryy D Fip,/F o B D
FfE%5. 213 Start counter DiwPE 5 ThH 5, MOEHT S FAKIC R, TYA v 7
DIRIE S B ERICHEE L 72,

ADC

KT A b FEERICIE Start counter, ¥ & U Veto counter,Center counter 1 Lecroy
2249W % JREARRH 2 A4 12 HOSHIN 7219 F ¥ — Y B0 B ADC 2/ L 7z, Zh
5DAXRY 7T DOEY TH 5,

F4.1: HH L7 ADC D ARy 7

Lecroy 2249W | HOSHIN 7219
Full Scale Range 0~256pC 0~1000pC
Number of Bins 11bits 12bits
Full Scale Range 0~256pC 0~1000pC
Regisistance 5082 500
minimum Gate 30ns 30ns

AR HHER 2B L TIE MIP @ = %)L ¥ —gHIg ) 5 W 72058 1R § % = %)L X —3HI,
FTREREDOZ 3V —15H%ZME L 72\ 7z, Full scale range D Ji > Hoshin
7219 Z{HH L 72, M. ADC D4 — b DilEIX 273ns & L 7=,
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TDC
TDC & RPC-060 common start HR TDC ZfiH L 7z, AXy 7 Z DU MIZRT,

4.2 L7 TDC DAy 7
Number of ch 8ch

Number of Bins | 12bit
Full scale 118ns
Time resolution | 25ps

DT A b EBTIIREE X < RITREE 2 1E § % 72 12 Full scale I% 118ns T
AL 72, £/, BiA & v ZICIZR RO fERE 1 25ps & & 523 ch T & ICHRIEE
2HIDRNEWEDH 5728 ORTEC @ Time Calibrator ZfiH L T, €Y 2 — )L DR
B RRE 2 MIE L 72, SZ 2Nz T 10ns Z &SV -ES2 AN LT, Hh
IN7AZ55% Gauss BT 7 4 b L ch B Rl & B L 72 (X14.9), filil3Eng
505, S L7 ch Thid BV ch T27.4ps. B b #EV ch T28.8ps & W) fiH &
mot, ZOHETHENAEZHH L CETZT-> 7,

| TDC_caliblation |

—
<

éiOOO
3500
3000
2500
2000
1500
1000

500

-

40 60 80 100 120
[ns]

oo
N
o

4.9: TDC D57 fAERE I E

o1



4.4 BREI|OEIE
4.4.1 MRIZEDRTE

pedestal

Clock signal @7 7 7 ZH L 7 & Z 1% adc D% ch 1T pedestal (T FILF—D
0M) DIEIFED 6NE, COLEDEANT T L2 AT AR T74v FL, 2D
HUOME (mean) & 971 (o) 23K 5, BLBI 7 Unitl Rouy D Ade @ pedestal & 7 4
F DORRT- 2 X 4.10 1237

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

50 100 150 200 250 300 350 400

oO

4.10: I 72 Unitl Roey @ Adc @ pedestal & 7 4 + DR

A~y THIE

Bl Z X, 3EHTEIETAA RV FEWVI)DIFRD - DDOFEM 2T L-bDE
2zoNb,

e 1/EH~3EHZXTD ADC DIESBEET 5,
o 4JEH. 5EHDESEEL 2\,

HIRITR T E T OXRETHFE D 5 D ADC DAEH I pedestal D mean+30 Pk
oGtz Hit E L, 9 ThhroBa% No Hit £ 9% & LDOFKMEZRDERIC
HEETIENTES,
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e 1/HH~3EH —Adc Hit
e 4/EH. 5/8H —Adc NoHit

DIth 2 D&% Stop3 EMEL, M. Stoph DELEIZETHDIE T Hit 3H % - O 1i)E
HClFokh 1 EREKITMNTFPIRERAL LIRS, T, HIZIFT
DERIZ Unitl Ry, 8 Hit T Unit1_Ry, % Unit2 12 Hit ® X 9 IZ[H U< 2P | Hit
3 554 Unitl_R,, 73 Hit T Unitl_Ry, 28 Hit @ X 9 IZ track 23551} 22 W54
abnormal event & L CTHENTD S PEBRT %,

e Ri,, Ry — Hit — abnormal data

e Ri,, Ry — Hit — abnormal data

X 4.11 12 Stop3 DA D Hit 238 — v %9, o A3 Hit TX X No Hit TH %,

particle

X —F 1 30

X — N O
| BE— O

4— - X

| — %

Xl 4.11: Stop3 DHFAD Hit 287 — >, T D X I 1T track DB B HERD A% fiRHTIC
g %,

ZD & ITHIEE#RD S R DOIRELICEE§ 2 [EM 2155,

4.4.2 FPEEDEIE

ARSI T 2> v F L — a S CTIROLE FRIGHE 2 ligt A o
M3 270, @D LETO TDCIERDZED S ETHHICEI L TR 725 AH L 7241
BE2HL I ENTE S, E—LHEFIZ Central counter 23 Hit L 725 T THO—Jg
HO ETNOREZEE Zit%E Gauss BART7 4 v F L7k 2 X 4.12 123737,

ZZTETDTDC OREZAED Gauss BIEIT 7 4 F L7BROPIMEL X5 % & &,
B idH & Db 55mm] FZdm L 722 & &k % (Central counter lZHH DL K D b
55mm FIZUEL 2 EWTERDP-LD), £7236TEZELLX I IC—HEHIC
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600
500

400[—

L n
0 100 500 600 0 100 200 300 400 500

Gniez_Fia

600

500
400[—
300

200

100 j 50
oL hat L | NPT ST ol

4.12: E— LS HIC Central counter 23E - 725 FTco—@H D LT DR
& Gauss BEEtTc7 4v b L7RET,

L 7e> v F L — g HToitmidilg Sr #fz2 W CHlE L TE D | £ 13[cm/ns]
Thb, o TTPTAZHOTHRITHEEL Z3kD 2 Z L3 TE 3,

2
lp:¢ﬁ+<ﬂb—Tb—ﬂhmﬂxﬂmxv> (4.1)

0.055
VX Tres
Z ZT, lE—JEH & Start counter DiMERHEE, Ty, Tp ZZNZ N LT D TDC D
i, T)es 12 TDC D 1ch H7- ) DEE, v 123 v F L —=FHDHHTH D, Thean 131
TORZEZ Gauss AT 7 4« v F LZBEOHIMETH 5, T 2 TR L 72Rf7HR
HErHOTRTFOREZRKD 5,

TCeneter - Tmean - [Ch] (42)
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4.4.3 IXRJLF—KIE

Birks’ formula

FHME LOE =GO T = 2L T f VX —KIEZITH), 77 R
Fo I vFL =234 F AEEEICN L TRIZICIZIEEE T, BEED A 4 1k
DELGEMIP 2o B ICFRINIBID DR OEDET LB L 2w
34], DI DT ORRIREICREZ KD XA L 7y F o IR
fR7E L 7z Birks’ IZ X 2B 7L CHET 2 2 £ 3 TE, TEddD Birks’ D=

TEIT I EMTE S,
dL dE /dx

dr °1+ kpdE/dx
C 2 CdL/dx \IMERFINERT 2 AR I H7- D I IS 206, dE/de 131
BALTEBET 2HNEIH DDA A MU >TRIZFNVXF—TH D, F7-,
Lol 7 20 F v TORREB R CEBEDOY v F L=y a v EEER L, kg ld Birks’ /¢
TRA=FEMREIN T Vv F v TR DOESEWERT,

AIHZE TlE pedestal DA & Ry X Starty X Spillgate D 7 7 7' % F\ 72 FHHRIC
X 5, E—2RHERDOPGTOfE% Geantd Ik 2V T ALY I alb—yavilh
L Bitks' DA T74v b $5 2 ETRIEZIT I,

Z DHIIZ pedestal & FHIFRD %2 > 3.6 2 & [AEED JTiETHE —RIEDIKIE%
79, 2O, FHEICB O TERO AR 2 LT 2 72 OHiffio LT O tE 6%
BB 5 TDC OWZEZ I THILD 6 £50 [mm] DEFTZ2EA Tw 5, X4.13
WAL 7% Unitl Rapy OFH DO ADC B A b 75 4 ¢ Landau B%Ic k327 49 &
OMTZRT, D, ZOE—BREDO L2V X —IEZ{To 74 L FOESOHEER

(4.3)

500

400

300

200

100

IR I |
00 1400 16

L1 | ‘ L1
00 1800 2000
ADC_3U[ch]

PRI B s N IR P
200 400 600 800 1000 12

OO

X 4.13: Unitl Ray DFHMD ADC £ A k7' 7 4, REBEHEHOHL £50[mm] %
il L TV EHEREEATV S,
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BVaR Lo bDRHICADC (J8) LR E T35, HlZIEVUEHDEE1E ADC4
E9 35,

EBICRITEHITXRILFT—EBELXDOERKR

BT DIEE > 728 L ERIOEO ADCIZIZR 12 L ICHEADOHE (E:AE) 23% %
[36], & LTADC3 & ADC2b DMEIZ X 4.14 12773, X 4.14 DMHBEKIZ DWW T

nl 70 — - m‘TD -

o [ o [

g t ) . 2 ¢t Proton

< I o . < [ max energy
60 - 60| depisit

50/~
s
s

20f

10F

5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
ADC_2b ADC_2b

4.14: ADC3:ADC2b DB, 2203 b 56t % 1) Tl w6 T4 1 Stop3 D5&
e L TWns,

Y 2, ARG &2 T TR WHEDOHBITH D LK Stop3 D52 3R
LTw3, £ HORDIED S E2 X 5 IR DT A 72838038 1 H3 ik
L7cARY FTHY, TIZD ) RAITEL T 25T EE L 724 XV b
ThHb, EFRFDOO~DIELUTD & ) mFRTH 5,

O R3WICENENFEL ARV b, 2D/, Ry TOZFINAF—HEIZKEC R,
TOHOIFINLF—HEIZNZ 0,

@ Ry DFIFLSWVETEREL /A RV b, XD B Ry TOZRIILT—HRIZ/PDE
{ Ry TOZRNF—HRIIKELS ZoTW3S,

® Ry DBRIGETENEL 724 XV b, Ry TOZFNF—HRDBRKNER S,

@ R3 %EE?%% N ]\o Rg,Rgb ’C@lilbﬂ?—iﬁ%bii’éﬂl{)ﬁé\t"(w < °
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R2b R3 R4

=

® o6
W

e A
v

L4

X 4.15: O~@IZAL DR \WE ) EELUTH S, T2NLF—HEEREORERZ R
AR L T35,

DAL DBfR % i 2 B T 4.15 1289, [X4.14 D Stop3 D&M L T3 H
BUCHEHT 2 EMFITR LT B X ) ISk 2 &1 mu DERLTIC AEE O
B3 2 DDETHEL, BRI N TV 2 Exb %, HIZX4.14 DFEE
X% ADC3ICHE. T % LB 3Ry TR E TIRAZ RILX —1BR%Z D ch B3 b d 5,
F 72 [AREIC Stop3 DEMFETTO—EBHOZ 2L X —HEOMRICEEZITIE LD B
BATIFIEL7cA Xy MICBAL CHBEmME L AT VX —BROHIKZ T 52 &
MWTES, LrL, BIEZT) BOBEZRDE TR M8 1E L 2855813416 5 b
1B L) ICRAEDEZ GEARLS 2 R TE RO OBIFIIEHERA L 2,

160F
140
120
1oof
8o
601
40F

20f

IX| 4.16: Stop3 D& T TD ADC2b, K 4.14 X% X IZHFE L 72 b DITHYST 5,
ADC OfiE X VIR RZ 2V X —HEDEZIRET 2 DIZWEETH 5, ¥ 10~20ch
B DD 7,0 TH Y 20ch AEDGTFDILITH 5,

CIZTHA4AK EX 4.16 2> 5HH S 227 X 5 ISETNCFE 1D Cut S&th %2 LU
ADC2b TORGF ORI AN X —HRDMEZIRET S 2 E3TE S, L L, &/
IRV —LRARZ VT — IO T 3L X — 43 idHg O ki 12 A7 iE 3 2 0E &
ORI F VX —HELED TRIEZITIDIFHEEL ., ZNE2fTo72 L LTHI

o7



EDRERTRIEENICH S LIZEZ oLV OEEZEDETEILT 2EHRICEHL T
R L 2wz &L 7,

AR R BRI IZRFEICEEA L T 2T ORI L 1/8 D2 PIT 5 2 L Th
SBaT DA Ny PRTZER L, f{d+tanh(b(—z+c))} L) BEET7 4v FL
BIDPTOMEE LR TOXICHY TS cofizR AT FVF—HEIE L, H
FMEICBIL Tl Geantd Ik B EVY T AL OB I 2L —Ya vy a2 EIEHE
Bz iz ZEOGG L FRRICHEITT 5, 41712 ADC2b IR 2 B E > 2 2
L—ya VD7 4y POKEFERT,

|Stop2b(experiment) | Stop4(experiment)

60—

35
30f 50
a0

30

ADC2b

Stop2b(simulation) Stop4(simulation)

250

50
aof 200f
aof- 150f
20: 100:

s0[-

o-nn PR

30 40 50 60 70
ADC2b

X 4.17: ADC2b DR KT F N X —HEROWRE, ERPERME TRPY 2L —
T a v ThHY, EDYStop2b DL, 403 Stopd DA T TOIETH 5, F7ARDORR
T7 4y FOMFERT,

ZDXHITLTRE -7 & FHifR. pedestal DEICES L T ExXoD Birks’ ol &
FEREDOREEZ VT 7 4y 2179 (M4.18), EEfit s I aL—yaviinzh
TNOBAITIE 2 {d+tanh(b(—z+¢))} DBIT7 4 v b L EBROFEEZRAL T
W5, M, FEBROFERMEICEI L T Geant4 1ICX %532 2 2L —3 a V% Landau
BT 7 4w b LEEED MPV 24 L T\ 3,
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ADC2b[simulation]

W £ o

(=] o =]
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\

n
o

-
=]

o e b b e b L L e Ly
20 25 30 35
ADC2b[experiment]

OO
o
-
o
Y
o

4.18: ADC2b IZHIF % Birks’ & FEDORICZ X % 7 4 v b, X3 EER{ET Y HfiAs
PIal—yaviiTh s,

EREMAERICZ ANV —BIEZ2 T2, ZDREREEL43ITRT,

# 4.3: ADCla~ADCH IZBIT B ZF X —IEDINR T A —%

Ay —=% | L kg
Ria 1.083 | 2.09 X 1072
Ry 1.093 | 1.95 X 1072
Roa 1.160 | 1.26 X 1072
R 1.105 | 1.10 X 1072
R; 1.096 | 1.04 X 1072
Ry 1.060 | 0.412 X 102
Rs 1.091 | 0.919 X 1072

DX ITKIEL 728 D% DR dE(JEE) S-S 2 EI2T 5, BIZIF=EHDY;
Alx dE3 &S,

4.4.4 BERE

PNADIRATIRFE D PE 11 Ry & Start counter DIRFEIZZFH L 72, H. Z1
ZNRHEER TN 2 Lo D2 AL TE D P Z D 1a,1b IR 57
TR %2 2N F N TOF a,TOF b EMERZ & T 5,

Slewing correction

3.6 & & [ARRD J714 T Slewing correction 2179, L L. 2 2 TIEFH T Start
counter il L T3 Ry X starty X Spillgate 7 7 7 Dffiatid A7 <, BEAMIC
T 2 TR EZ BT 2 O TIEA M & T ROR FONRIET % 72 O FH 2 A
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C Slewing collection %2

S >

1179 C

LIRWEECTH B, Fo, WS E AL SR S EEER

MR R DU ISR 2 3E L CHIE 2T 7D THEEP LRI 74 ~ T
R 2 B ICE ¢ CFEREZMET 2 LIETE RV, ZOROAT A FHEERIC
BWTIFE — AEK DR % H\ T slewing correction 2475 72, 23 E W+
1% Stops DAL TEDEY KIETHOADCHEMIP DT FLXF—{HRERL L%
HWTEE L 72,

F4.4: ©—LhORTIZBIF B MIP OERZEM:, & FED ADCS IZRFHICE LW

fHicLTw 5,
& || JEE [mm] | ADCEDHiPH (MeV)
ADC2 20 3~H
ADC3 20 3~H
ADC4 50 7~14
ADC5H 20 3~4

slewing correction %17 9 Hift® TOF1la & ADC OMHES % [X] 4.19, X 4.20 (2737,

TOF vs ADC StartU TOF vs ADC StartD

17

TOFa

TOF vs ADC 1aU

8
ADC Start!

9
U

s 17
'Y
o
=

8
ADC 1a

9
U

TOF a

TOF vs ADC 1aD

17

©
w
(<]
=

17

8 9
ADC StartD

ADC 1aD

X 4.19: Slewing correction Bi® TOF & ADC O#E, Z#1Z# TOFla & (L)
(£ E) ADC StartD,
TdH %, TOFla D ADCHKAFED R CHL S,

ADC StartU,

(/£ F) ADC 1aU,

60

(i F) ADC1aD OHIES

100

80

60

40

20



TOF vs ADC StartU TOF vs ADC StartD

@ 18 s 18

8 9 8 9
ADC StartU ADC StartD

7 8 9
ADC 1aU ADC 1aD

4.20: Slewing correction #£® TOF & ADC OB, 201 Z 4 TOF1a & (/L)
ADC StartU, (£ F) ADC StartD, (/) ADC 1aU, (/5 F) ADClaD DA
Thb, TOFla D ADCHREFEIXIZIZWH™Z T\ 5,

C DFFIERZ DIREZE % Gauss BT 7 4 95 & Ry, Ry TZILZ 253 (ps],262[ps]
£, 3.6 EDOFHMHEIZ X DG Z 547 176 [ps],175 [ps] & D #9780 [ps] >
e >Tw5, Z4UIFE 442X % Cut T TIIGERITHED Z 5 > 7k %%
ETHIENTERPSLIEDHEELTHTFoNG,

IRy A R =

TDC 2656 N21EHRII AN 7 F VO RERTH H. RITHRRZ KD 3
La 3IRHEERZ GO 205 BH 5, KK TIERA4DEETOR I =1
DHETH 5 & L CREE N 22T o7, BARNICIZER 44 DKL Z T &
D 1/pICHYT 2 OtdH) / ((BEEE) / (TOF)) % GaussBHE(CT74» FLTZ
DHRLMES 11275 k91 L7z, 2R EED X HICE 44 DEMDOATIZNEHE
LT & B E DR T2 3BT WL O TR RREE D 75 D A4 — & — T IEHE 75
IR DOPREEL L 1ZF A B VS NOBIT T 2 DEZRH L 72, X 4.21 I[C5i%
DT ZLOT,

CORRICL TR E 22 MRITIRA & L. BEEEOER EMHAGDE THEZ RE
L7,
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[ 2500
1200 i
10001 2000~
800~ 1500}
600
i 1000}
400} L
i 500
200 - j
0- P l.! &E, 0-..JJ4_.4J.|_L;JL il Lol
2 25 3 35 4 45 5 0 0204 0608 1 12 1.4 16 1.8 2

4.21: TOF alz&BF 2 RHHEEMFREIHZEO A F 77 L, ERIDSTEEA], XD
BB TH D, 1/pICHY T2 OtH) / ((BEEE) / (TOF a)) 2811275 K91
IRFfE S 2 G L 7,
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S5E BT

N

5.1 MBIAEDER

4.1 FETHEEL T2 L 9 ITHIES I AN & - T r O MR & D10
ZNEEET LT TTH 508, FARFICKFETOZ RV —BELGTFERU
IO BIRAIENZ T HAREIEIZIEF I NI VWEEZ OGNS, 2D, RIE L HE
DIERITMZ THETOZFL X —HERZ HOTR 0 2179 2 & THEEERL K
HIFLIENTES, KHiTlE Geantd Tk BEVTANLBY I 2L —vavEk
HOTHTTEDEE 2179, M, —JEH TIEILT 251 0B R 1% 250 MeV /¢ BA
TER2DTHHTICIZEEAL 2,

5.1.1 PID %%

AW TR TAMEIE L 728 & ZoEBiDOEO L 2L ¥ —E% (E:dE) 2T
X9 HEEBICTE LR ki 2479,

(dE;_, + dE;)* — dE® (5.1)

DIt% 2 OBI%% PID BI L Xk &, DAtgE D PID BIBUC X 2 R F5lknl 5k c B4 2%
%13 [36] DF X ZHEIAT> T 5, dE;_;,dE; Li3ZhZFi i JHTHIEL 724 X
YRR LT -l BTOZRLX—HE i B TOIRFALF—HRTHD., o3P
B ERTH D 1.75 I fEB IS BAXNTOEEFABETHB), £
7. dE;_; +dE; % i-1 EHIC ASRTIC B I 207 OEE = 2L ¥ —%2 B d 2 (X
5.1),

PID BAB RN 5 2 fH IS EN %, 30 (3.4) ZFE I T, B m, fiff Z, H
¥ —T 2R ORFOMRER IZ

[e7

T
R x 3 (5.2)

tERIN5,
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—1E B i

T
M

dE, ,+dE, dE,
OO
dE, , dE,
b R

4 5.1: -1, i@ THOI RN ¥ —%E L THET [36]

COLE, -1BHDOY Y FL—FYDEZZ b ETIUL

(dE;—; + dE;)~
m2z?

dE

mZ?

(dE;_1 + dE)® — dE® < bmZ* = const

RZ'O(

(5.3)

(5.4)

(5.5)

EFRT I ENTE PID BEUIN F OB T 7L X — 124K & 8 & & i D A IS

THEER D,
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Geantd IC Lk B3 T a2l —yav 2RVl FE ot i8I % PID BEDIR % 5w
EHT 2 (52, ZNUHBEDY I 2L —YavIicBWTITEICERE L 20wEds
QGSP oYLt 2 {HH 3 5,

400 =
<00 140
T L L
90 L
c 120
80F i
70 100~
60 -
r 80~
50
40 L
30f
20
10
o : I 111 I 111 I I‘::I 1 I 111 I 111 I 111 I 11 0
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600

PID PID

X 5.2: ZJEHTILEA0TE nT I2BIF5 PIDBEEE ZEBHTOZ RV —HEHED
B (ZEK) L2z x ICEHELA2b o, BTrEaRTrt Z2HTRL T3,

brraRc, nt 2 HETRLTw3, £XED PID BEUIK O 2L ¥ —H%
WS TR EIC—EDEERL TS Z b0 5, AKOHE LA
FZLDt DRI HEADE DS L 72> T B 2 e 6, ot SWITHIC wt B
TICHEL T B X bbb,
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RICPH & 7= I8 % PID BB OR8] 25292 (X5.3),

00 =
w F 140
T + L
90
[ 120
80
701 100}
601 -
: 8o
50
40 L
oF aof-
% : 20
A AR AR I A TR A e 'H " A ‘h'lvlnwx
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
PID PID

X 53 ZJEHTIEE 3BT & 7 I8 5 PID KL =BHTOZ 2L X —HED
B (EX) L2z x KL D, Bre2RTr Z2RTRLTVS,

JRFREIRIIC X O 7= D3ERIE L 728 T = 2L ¥ — BRI IS E 3
TR EDORTBEL 29 RKREL L2701, ZEHTOZ 2LX —ERIC
XL CPID B —EfEZ2 R I %\, 5.3DEKTEBHICEIF 3 20X —EE
73 20MeV LA 1225 100MeV 22T THDIAD) B LD 7u v 2 k2D EEZ 5
N3, £, 4128 CHR/ L WIS I X N2 P78 08 v B3kl L 7=
JEDOREICETERET 2 IMEE R T RO ICAD > TWE I E3bdr 5,

ZDXHICPID BEDAZEMH L T TIRIMEX SRk 217) 2 &3 T&E
W EDBbh S,

5.1.2 PIDE#EEEDIEREZ BRI F45

7 R ORITROFIEEE X O - ORI X 23R8 % 0T 2 7- O IR &
HE PID BB OEHRZH V2 Z L ThHTFOENZI{T), ¥ IalL—aricEir3
HETEIE L 725 BT A5, oty n SBT3 E L PID BSoOHEZ DT
IR T,
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1000 1200 1400 1600

[ S R AP R
3 200 400 600 800

PID

0.2k L

”}ﬁf

0 200

5.4: Bt & 7T IcE 1T % PID B & g 2 w7k, 2nzaki1» (&
b)) ZEH. (B =EH, (ET) MEHTILE 2RI LTRLTWwS, B

400 600

800

1
1000 1200 1400 1600

TR Tt ZFTELL TV S,

PID

- ‘ o

1000 1200 1400 1600

PID

Cooo 1o
0 200

P
400

Pl
600

P
800

Pl RPN B B N
1000 1200 1400 1600

‘-

Cow o Loy o by by a1y
0 200 400 600 800
PID

C 1
0 200

1 1
400 600

X 5.5: B+ & n |
[ CTH 2, TzRTr ZRTELTVS,

1
800

-
-

1 1 1 1
1000 1200 1400 1600

PID
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1600

PID

B2 PID B E B 2 H 7k, MEDSEMAIIX 5.4 &



CORBRED ntr- DEL SICBI L THMREL & HEDE 1~ & HET 285413 FIC
B r-ofiik b b PID OBIBUED/NE < 7 B {HHIAD S . PID BASE S EHME 3 5 f4iPr
& 7 DJE TN X 2FEBRE L EBbholz, o, BiEIFEBOBH
L5 r I E BHIDOE TR FIEEZ ALY — 2L T I ENTERND
EZRL TS

DX IR LW, PID ZAGOE TN 2179 2 & TR X < Bk
T2y T2 —ya X DMERL 7o, AWIFETIE Z DT 7%
LCHERT— 2T L. AR TOR ORI 2Rk 5,
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5.2 TANERRICHITBHRIFHF

AWIZE TR Citam L 72 NBICEED Z AE & PID R OY, B & RO E Rz 1
R 24T )

52.1 AE & PIDIC & 55!

AR CRLah L 72 PID BA%z H TR Rl DT 2179 . 4 5.6 12 Stop2 D5tk
TRy ZEMEL 724 XY MZEIF S PID & dE2b M. K 5.7 12 F % xifi5m
W L s 2 T (), FRFAMIC Geant4 I X A TDY S 2L —3 3 U
ByH#EeE s (R,

dE 2b

40

30

20

10

1 I 1 1 1 I‘I 1 I/.I:I‘I‘I 1 1 I
200 300 400

1 1 1 1 1 I 1 1 1 1
500 600 700
PID

LIa® ||| L1
100

5.6: PIDBIS LB L 72D dE DM B I A EEEE S S 2L —2 3 VfED
L, B EBETREINT S I 2L —va vV HTH B,
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800
700+
600 [

500

400
300
200}

100}

100 200 300 400 500 600 700
PID

B 5.7: ¥ 5.6 245 L 7R, BOEBETRPBGFICHFsr3aL—va Vil
ThH 5,

PID Bi% % Fl o TR afThbnTwu b 2 b d 5, K5.7IRLTWA X
I PID BB DK E %2 flid & 2201, « T, pkit. &1 BET) O
WigEx A5 ENBTES, L2L, BTFoEICN LTy IaL—ya VfElddE2b D
fEIC L CTFIE—EDMEIC 2 > T 203, EEMED 1% dE2b O = 3 )L ¥ —HKRIC
NLUTHBEZR > TLEIRRE -7, THUE, v FL—ravEdshTto
IANF—HEBEUMEE 272 LTHA43MITR LA A A MAUEED XS ED
B TERIET AN T ERESHIT AR T TIE v FL—a vy ONENREL-STL
F, TRALX—ENELLfTbNTuEWI E2EREE LTEZNS, HlZ
X, 2cm DEZ DHE 2cm DJE X THEIZ MIP 2314 MeV T2 V¥ —HE %2179
Bty LARRD K23 Tmm 5Vl (K4.15 OOICHHY) Tk L T4MeV ¥ &
TEHEIEA A AUEERER L 27200 4MeV D2V F —BEZE I THATY
PUFL—varvoNREIEELR S, 5606 bEELZETO AL X —1EE
DPNZLBEORPFEFTLD2EEL TV AEWVAXRYFICHLTYIaL—yarvEHE
BRES—E L TwuWnl b b,

ABHERICB LTI 7O 2L X —OREIIRITR A ZHEH L v FL—%
DADCIERICE 2 Z 2NV —ERIFFHL 2wz, 3V F—EARICBE L TiX
AA3FOEBIEDEZMHH L., PIDEBID 1.75 D2 £ 51 ICOHEICEET 22 LT
PID BI#D = 2 L ¥ — k2 L (K5.8),
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# 5.1: PID BB D /87 X — % DA H{H,

Stop &<t | B L 78 || ZH
2 Ry, 1.61
2 Ry, 1.61
3 Rag 1.65
3 Rop 1.65
4 Rs 1.69

TR, A
700 500 500 000 1200
PID PID
idEXT 3
L —
« - - - - Mean x 188.7
M S E S | Meany 21.92
S x 205.4
RMSy 19.54
i
500 70
PID

5.8: 1.75E% % 5.1 DEICEHE L 723540 PID E421E L 72812 % dE DOFHEY,
BA2DEDEMILLTFO@EY TH 5, (£ F) Stop2 TRy, 28, (5 F) Stop2 T
Ry, 2@, (/5H) Stop3 TRy, ZadiH, (5H) Stop3 T Ry, i, (/£T) Stopds
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5.2.2 ZEEEREICKSDHR
BFICEEL TOER

3.5.2fiCIBR & B D IRRRIZE 2 01T 72 & ZEDOEEDERD & b1 &« i1

B L TRl 2919 2 L3 TE S, & TOD Stop FRFICE T % 3 DFHEERfE%
5.9 1R, HIKZR5 12T 5 7 ORI L 7z PID Bi%z Hw TE D&
ZHIFRL T3, gAVNIWHNC R S N2 HED T, REWLHNC R S 1 2 i
D3P R IC k ARETH B, Fho. FHHEOBEED - DI IcBI L To
Geantd IC LK B EYTHANLBY I 2L — a A FAFFICEE L T\ 5, M. Geantd
YIial—YavoYhEfiicii QGSP W TE D, MO DMRE L L TlX 3.6
TG 6 N IR RRE DEZ ] L T\ 5,

1.2 . . 1.2
beta beta

004

1.2 . 0.4 0.6 0.8 1 1.2
beta beta

X 5.9: Ryg \CAS L7 FICBE T 2 % D Stop SR BT 2 BOEEREE S S 2
L—y a VEDEK, Z0Fi (fFLE) Stopl. (FE) Stop2. (Z£F) Stop3. (£
T) Stopd DEAETTD pERRT, BAWWNIWEIADHEHGFICE DT, K
Sl 7 T p R ORER RS NS, FERfEZ BT, Broy Ial—va
MEERFROETRL TV S,

FEEE Y T 2L —va Vi (RER) ZHIKL TR THAS LB TOMEN R -
TWw3, D7 ®K 5.10 124 Stop F=IFICE T 2 3 0FEEMEZ R T, 1/3T0.3 1%
EFNTw2 I Ebrs, JHUBRERILGNTEILT 2 Foz 2L ¥ —H%
13 MIP 12X} U CEBFR E 2l & 7 5 DT, slewing collection D HRA 2 2 T L
FoTw3 E/bND, 443H THRRT S X 5 4R OMENT T IR R O Fi%
FIEFEICIIT A T wdy, ZNOFZEIT 1/ TI0 2 RELIIIDZwEEZI LN
%, slewing collection Z1TH %\ IGE D Stop F=AFICE T 5 1/8 2K 5.11 1R,
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L
0.5 1 15 2 25 3 35 4 4.5 5
betainv

004 0.045F
0.035F- 004~
E 0.035F
0.03F-
E 0.03F-
0.025F
E 0.025
0.02F
E 0.02
0.015F
E 0.015
001 001f-
0.005F 0.005F
i 1o ol I L L L ok I add L L
0.5 1 15 2 25 3 35 4 4.5 5 ] 0.5 1 15 2 25 3 35 4 4.5 5
betainv betainv

5.10: FJETD Stop SFAFICEIT 2 1/ DFEBEE S S 2L — a VEDHIEK, 1/
PR E N/ S N 2 HEED BTN S BN ] S 1 2 &L 7 Fi - R -Ic &
LHEETH B, FMHIEN59 LRETH B,

0 1 2 3 4 5 6 7 0.5 1 15 2 25 3 35 4 4.5 5
betainv betainv

4 L
05 1 15 2 25 3 35 4 4.5 5 3.5 4 4.5 5
betainv betainv

5.11: slewing collection Z {15 720> > 7B DEJETD Stop FFICEIT 5 1/8D
FHfEE > 2 2L —> a VEDHE, F&FIFK 59 LFAETH D, FEhfEL s 2 a
L—ya VEBRWIEE T L TWw3 2 &03bd 5,

WERMTIRROHEETHEREE S S 2L — a VEDP L TR E23bh 5,
1E L > slewing collection D AFIEICEH L TIIBIEZEZHTH 225, FEDE > 7+
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WXL Tl Time walk DRIRIZ/NZI W EEZZ 5N L ORI E O TIZHED
REICBH L CHilERToEZ 5 2 12 L 7%,

THEFICEAUL TOER

aHRFICB L COEBEL S S 2L —> a VEDOHEK AKX 5.12 12T, EEfE
ERT, ot DY Tal—va sk ZNETR ETERL TV,

betainv

betainv

5
betainv betainv

X 5.12: #JFTD Stop &fFI2H T2 1/ DFEBEEE > T 2L — a MEOHK, 5
X 5.9 LAk TH 5, FEEEZE, 7t D> I 2L —2 a VR ZNZF IR,
HTRLTWS,
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FEERED J730°%° 1/ 8 DN WA GREEDSR W TR I T Tw 5, g pkz
TICE2HFLGETHLEEZOND, FEREHE phFICBITSY T aL—va VED
WG T D X9 1c %,

X 5.13: &JETD Stop MBI % 1/ DFERRMEE S S 2L —> a EDOMER, 5
fEIxX 5.9 LRIBRTH 5, FEREZ R, put D> 2L —v a VlEz ZNZIUR,
HTRLTWS,

M. Fito ke 32—y a3 Geantd ZHWTED 77t OFEDIA
FPBLRRRIC A>TV S, Fo, MFORERIZEROERICE T 2N OH#HE%
HHLTH 2720, ARITHIC a PRITFD p R FICHBEL 2 b2 AL L Twb L
ZEZI5\0, M, E—LIZ uSREL 2 T 3720 Z OEELRER AR D 5 DF S5 b
HoH7-d T E pkiroltE AfEd 20 kREETH S, LrL, Eio> I a
L—2a vt lEER ST ) b HnE 2AICH BHEEIR r PRITH LI pbr
FILE2bDTHE EHMAETLIENTE S,
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5.2.3 MHHELEIERZBWEIT

5.1 i & [ARRICTRER &R ) O PID B2 A G TR0 217 9, 4 Stop
G 2 PID & 1/8 %X 5.14 128,

1/beta
o
BT
S

YT IS ST BT I B :....|....|'...-.|....|....|....
0 100 20 300 400 500 600 0 100 200 300 400 500 600

oE X Y S EE N I I
0 20 400 600 800 1000 120 1400 20 400 60 80 1000

5.14: £ J&T?D Stop FfFI2B1F % PID & 1/8 DMK, 21 Z4d Stop FtF1x
(E) Stop2, (1) Stop3, (F) Stopd THH. (/) Ry, ZEEL 72 b D (F) D
Ry, Z@EBEBL7-bDTH 5,
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U S O PID BA% D AHBE %2 Stop3 TRy, 23 L 724 X b (M5.14 A% & [A
L) ZHWTIHHT %,

s SE
2 E I1E
2 a5
A = —14
4 -
3 d
s L —12
3F B —{10
25 A
2 —
e " —g
1.5 :
- 4
1:
0.5 2
D: i 1 | 1 1 1 | 1 1 "'I | 1 1 | 1 1 1 1 1 I ] 1 | 1 u
0 200 400 600 800 1000 1200

PID

[X| 5.15: Stop3 TRy, ZH L 724 XV b, RFUZEEED EDRLTIZ X 5 b DR
LTw3,

KrhizEl LT 3 & 9 IckEE % Ko T 251 E PID DEA/ NS WD
Brchsd, £/, BAFREROLNIMWELBIIN TS, ROWATRL T
5T 4128 TCHE ML TS 7~ DR FIERINEROMETH 5, MR T
HEDGHRIE WD ODOREEIXE T BETICL2METh %, o, K514D L
Bt (Stop2) THHEFEICRZTWE n 5B FICO0TWwAHEGE (BRTHATWYSE
FT) (XBG T reaction loss IC K BRI TH %, Z DMEEED 72 I Stop2 T Ry, %3l
WL7A XY (51404 F) & Stop3 DA Nk Z2EKHICET (M5.16),
FIZHRETRL TR 5D Stop3 DA XY FTH B, THENS5.16 & DHIEH»S
BTHATOLAEITERTOTHIRKITDA XY FTH S LIERTE 5,
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© S5r . 22
°® F .
=48 SRR
4 SEeT : —18
3.5 et —{16
- ; ' —14
33—
- 12
2.5 - T
= - —10
2—
- . —8
1.5E 6
1: 4
0.5~ o _ ’ 2
0 : I. 1 1 1 | 1 1 1 1 | -I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 0
0 100 200 300 400 500 600
PID

B 5.16: B § b KT OREDRGEEK, M DARIC Stop3 DA Rk % [AIRFICE
#HLTWw3,

Cut £HFDER

PID BASUIE D Cut S E DAL 52 ISR TETH F2#E R L 5% 1/8 T Cut
NN

7% 5.2: PID B3 @ Cut M@l 45 1/3 i

Stop &t | i L 7 1/p 1
2 Riq 2.7~ 4.0
2 Rqp 2.7~ 4.0
3 Ry, 2.4~ 3.1
3 Ryp 2.4 ~ 3.1
4 Ri, 2.0~ 27
4 Ryp 2.0 ~ 2.7

1/8TD Cut # D PID fi% Gauss Bz W74y F 9% (X5.17), 74y b
fERE2£F3ICELED S,
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250
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50

\H\‘\H\‘\H\‘HH‘HH‘HH‘HH

" I SRS s S WS B
100 200 300 400 500 600
PID

cO

5.17: Ry TIEILL 2B T DA X MBI 3 Gauss B X 3 PID B%D 7 «
v bk,

7 5.3: PID @ Gauss Bd¥uc X % 7 4 v MH

Stop &&fF | @M L 728 | Mean o
2 Ria 230+0.3 | 13.6+0.3
2 Rup 22140.2 | 9.540.2
3 Ria 527+42.5 | 64+2.5
3 Rup 535+0.5 | 2040.4
4 / 57140.5 | 31+0.4

5.3 R L7cHiMl 420 DIEZ BT DA XY FELTCut 272 ED1/3
D% ERE TIR%Z Rl Gauss BA%tc7 4v b 925 (X5.18),
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\\H‘\H\‘\H\‘HH‘\H\‘HH‘\H\

s Loy sbo dooolonlofedodd 1 L N B e e
0.5 1 15 2 25 3 35 4 45 5
1/beta

°O

5.18: Ry TIEILL 2B F DA XY MTEIT S 1/ 257 4v MsH, LEE
TROFMH%Z Gauss BT 7 4y F LT3,
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74y MEREZRSAICE LD D,

#5.4: 1/0 D Gauss BT X % 7 4 v PR

Stop &fF | BB L 72J& | Mean(MFR) | o (FER) | Mean (LFR) | o (EBR)
2 Ria 2.964+0.01 | 0.070£0.007 3.56+0.02 0.070£0.010
2 Ry 2.92+£0.01 | 0.056£0.006 3.60£0.03 0.056+0.019
3 Riq 2.66+0.02 | 0.091£0.011 2.7640.02 0.091+0.009
3 Rqp 2.634+0.02 | 0.077£0.008 2.7840.01 0.077£0.008
4 Riq 2.2740.02 | 0.089+0.008 2.4040.01 0.0894-0.005
4 Rqp 2.25+0.02 | 0.083+0.009 2.39+0.01 0.083£0.008

5.3, 5.4 Dfi 2 FHEITRL 13871 D Cut (2 IRET 5,
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5.3 M[FipEe 0 DR

KA L HE L - hIc e ENT LB ETFUNDE T Sy 2 752 F)
DHTH 2IRARE R O & UCRHiliZ 1T 9 6

5.3.1 BAXDRE

A LTI 5.19 DFFFRTRE L TV 3 X 9125 5.3, 5.4 F DD Mean+30 %
Bty 7 & @8 L GHEZ1T 9, BARIEGTOY 7 FILViEIcE £
TWEZNY 7759 FORADEETH 5, AHAETIRGTFDO 7 FIViEEICE
FNHENY I TV RIF—ETH D EREL, K519 FORDFHEIBD A X MK
Do —ERNy 77 I F2RELE LT, BAREZRET S, 22T, Ny
2779 FORBL D ELTBTFOY 7 IV LD 1/8 2V S Wiis % i
TREVHEEDAZEATVWLDIEX 515060 FDO> 7 FIVEEEL D b 1/8 570
S VB 77 WINDIR T DR ZTwW b 7280, ZOfEkIE—ERN Ny 7 777
FELTENEYTHSL EEZONEDETH S,

10?

F F II\ ..I|.|.-
005 115 2 25 3 35 445 5 005 115 2 25 3 35 445 5

betainv betainv

il g

35 4 45 5

betainv

005 115 2 25 3

5.19: IRARDOYGESE, (£ EK) Stop2, (£ EX) Stop3, (£ TKX) Stopd DA
RV FTH5,

81



5.4 MEREER

TRAR & RPE 721 Oz V> T 217 - 723551 R T IR EHZ L PID 2
fHAGOE TN 21T 2 & TRBHIRE 23 L L7 2 LT 2 (M5.20),

120

100:—
80|
60|
40:—

20—

0 0.5 1 1.5 2 25 3 35 4 4.5 5
betainv

ol | NP 4
3.5 4 4.5 5

3.5

4

4.5 5
betainv

5.20: PID I & % Cut 2217 2 HiETD Stop &fFIcB 1T 5 1/3, 2z (k£
EX) Stop2, (/. EXI) Stop3, (A£T) Stop4, PID D&MEEPIF TR WE &2 E
T, PID 2% 5.4 OfEICH L T Mean+30 DEMTHIT T 3 & & 2R Tidid

REEEHE L PIDIC L ZRHTIC X 2IBAFREZRS5ICF LS, kB, ZDEE

D Cut 1352 5.3, 5.4 DfEIZK LT Meand30 DL LT 5,
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# 5.5 IBRAXK

Stop &&fF | B L 728 | IBRAR
2 Ry, 1.240.24
2 Rip 0.8240.18
3 R, 1.1+0.23
3 Rqp 0.37+0.12
4 Ria 0.37+0.11
4 Rip 0.601+0.14

D EH)IZENHDRIGIZE W TREARIIN 1% L o7, SROHFEICE W TIZK
520 k0 7 BB FOHERIZN 11 TH S, —/. K pp HiEREOHEL L X —%
FINUDA, DISTO D 3Ea#5 2 kg L THI 100MeV, AERWTIHIRE 2 A(1405) D 10%
ET5EK ppHAIREEE Xy 7 75 v FERZMEABKIGICEE Ny 7757
YRIZBIF A SN 1:10 E AL 2 2 E03T&E 3, ko, fHICIIARET 8
FUCB I 2IRBARIIN 0% EEZ D L TE, Ny 7279y R2Ild 2
e LTI oRMERTH S, £, AENGRICE TG T B0 & BT n T
NEFATL0EHNE L TCWE 2 EE, EHBMKNILEZ NNy 2777 K96
LSBT, i P2 2RTIE R 0D, BAKI0%E VLI HIZRD
HWAZMELLAED D TH B,
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\ly
dOy
(@
{mt
Hb

413 J-PARC 12T, K P FERFEOWEIE (B27 ) %2179 FETH 5,
E27 FEBRCII A E KBRS R L C (ot KH) KIGZ TR Z L TK pp DER L
AR % missing-mass %2> 63K &, K~ pp WREED AL OMEGEEZTH ., 2 DRB
IZEWTIE K pp ODAEEMIHEDIEF IT/NS W EE Z 545729 in-clusive % HIE
TREHHEBRD NNy 7 7777 2 FICH LN T K pp DIEFZEIIT 2 012K T
bb, 22T, K pp DIEHFRITFHETAEL 32 2D F1% 250 MeV/ c BL Lo
BRICR DD, Ny 777y FERZEARRREOCTERINLETDI B
— D IERIR T & AR B O 7 o)L SEFEREOE R L RS 2w
AHH L. ENo I ESEEG 28T 5 72 0 ORERI SR 2 RIET 5.

Ny 775 v FOMBERTIE =D 0EEB 2 S b DB & i
B PR BT 5720 7 R L TR T A DD 5, AR & H
WK R 21T 9 BRI, 7 PRTDS 7~ DR PRI AT T D p b F~ DR
B EORBIFEICELE T 208D 5, AATIES I 21— a it kb RE
B OREI 21T\, AR TFOMRE, #E 2V ¥ — =L X —BRE2 2NN
HE LHAG DR THEN 2179 & TR 2175 Tkz2iEr L 7,

F7-FEE AEEL 2010 fE£ J-PARCKI8 E— A 7 4 VIZBWL T ik o
MR 2179 20D F A N EEZTo, ZOfE, R, = L¥—Lt i)
¥—HEP S EZRSI NS PID B, HEZ ALY THEITT 2 2 L T Hauhi 1
FRAIERE 2 o Z & R HERR L 72,

S5 LD T A N EBOBT 2 I 51D, E—L I VAR b X—FL
SKS A7 b a X —% DIEWH 6 KGR ZEARL LT, E=L 74V EDF FRAa—
7 (BH2) #RA¥—tA vy —L L TRITREIZRD 2 PETH S5, TIUTFHEEE
D E27T KRFEFRTOMTFIETH V. KIS DNME DAL Tk I 5 2 55
BaTHET 208D 5, o, 2011 FHEF TIOARFERRICHIE L5 D OPUA % BUE
LR DIZA Y A b= L7z ETEQTARFERRIHHZ D FETH %,
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S

COBLmXERET 2ICH o TEHL DAL ICBIEERHCARD L7,

FADIEEHE T dH A AKITALEIZ I % A b L v 2 AP & v ) BB ZE 7 —
PANBOWTII), FIRXTFIEZRIBL L9 & LTWw3 J-PARC E27 FE#IC
WAEDOREMHAROF L WIHIBLR LD T -2 52 TF3wE L7, FEEL
L TR DAE S 2Bt 1 REDBEED & J-PARC &\ 9 #H L LIRS EHR T —
A%@%L%%%%Wi@2$% My HEEETIEEE G 2T E, BN

W DEELEREZEEFE TR EE L, BRZZZBICIIARELRmEE
CIZHh, oz ATh 5 0nE Lk, KHPHEEICED S TR CRE
ZLCHE, AMIsAFAICN L T—o—2TE8ICZHE L CHHE £ Lk, Rl
BRI I E D IREIZ LT & E L, ZOFEBRD S RCHEE TORBIZT
DETY, JIIMEBRHEERD S 13RI 7 PN A 2THE T L7z, FRC, BL5ms
FOBRICIZREERELBERZ L C0REEE L, £, Lo 2 WIEKT%
LIAATWEIAZ TR DT TS N E L, A EBHEED & 3FEBRFE» S BRL 2
ZHEEEF TATCOLLEE L, ERYHEAE L L TOBCIERIIALICHT SN
F L7, B ZBIBIERZEE W) ZEHDHD, 7 SADMEZWAEEEE L7,
UM EOGE B RIZ E THOEET, IO TOYHIYEETOFREND 72 <
19 2 EDTELDIIHUBIB DWW I H > T ZTL 7, #ABREELICIZFAE
HEERANDOBHIZEDRIC B R D Lz, 77 MY —FIEEOEEI ZH L
TWwWiZEE L7,

MRBOHETH HIFLHL I AL, [ S F TRYICEMERICARD F L%,
FEWR D HEA D> & FRIT TFIE PR SCHED / 7N £ T, %ﬁ%@?ﬁktf%%&:
EDEER B THZI T EEE L, LI ADHFEIZEICLOEETHD.
OPEEWRS5NS X I I m#%@%ﬁLtmauofmiﬁ A U < SeBEDFR
A XANCIEEIC BE2T EBED a7 XL —F L LT, ¥ F DS L) ik
DF B oYHOMENE TOL EHRICESTO o wE Lz, BV IA. BN
gugh BKISE—L T A4 vDie#EL LTEBMEGcRD £ L7, REHASAIC

BRIZEEVWHIDLH D ENTICK - 72 & Sl Z BT onE Lz, HEHF—Z A
AT X A SIS BNL 172 7 & e BifERicz ) F Lk, FERES A, EHE
RIAEFKFETHETFED 2 E2imI e TR EE L, BAEd I AKX
[ U RS OB 2T o2 8w 2T b H ) REBIMEEICZR D £ L, A
XADBELHELZIETHLSEICEY £ LT, FAEIOSHWATE, MEHE L ITHE
DR SMEBITFEZIToD L DI EZWIIL TTVL, LWLIE S 5 \»
F L7, FICHOMEB ORERMCIZELINE L, BEOLREHE, EHER
S A, TIREEE, BEHERE ICTERE/RZ FLE-o-TH6-o70, HEEDI L
FTHTTHoWEL X,
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Flo, KISE—LATA Y THEEZIT) V0V — 7 DEI 3 IV X — NI O
EtERITHER R, RARTEBIZ. HARE 1 e o5 - —2ds, RNERR:,
KRR A DBRITEERLZIZ, V) 7 IV R FEDOHEMEZEZ, FALK D HR I3,
NN EGEBI L, =i R B, RAISEA L, HEMARIS A, fMRE TS A
AL S A AHEKEE, NR—WE, KKRBRE, BRRLFRFADEIRS D
S, RIRRZEDOFHHEREBE A, ARGERE & 13 J-PARC TH L Oz iThE
TWZZEE L, BIADPSEHL DI ERFIEIVT0IEEE L, HYIL
ITEVE LA, ¥, TIRIFHEENLE» o2 D% < D% DB S
Wz L £9,

RAZIC, VOBEEDSIATANARERHIEH LT, KMCHHI»ESH T
IWELX,
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