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W=

JE A TRERR S - (WD) OB 2 £ T, IREES R (BOS) 2% 7—~< & L C
W23, ZDEOS DHTHEMED VI3 IVF¥ — E(p,0) ICIEH L TE O, FERHINIC

E(p,8) = E(p,0) + Ey(p)6” (1)

ERINDZEPHONT VS, ZIT, p BBWEOHEETH D, 6 3P T - PHETHE (&% pp. pn)
DD 2R TA Y AEVIENHEL 6 = (0, — pp)/(on +pp) TH B, () RDTA Y AE VKL 7%
W E(p,0) 1, A WE TR CHEIHEA TV S, BRI E po ~ 0.16fm™ fHETIE 7 A VY A A
7 —BERH, MR THEOTRE S OUERER» S, 2 L CEEEIIR (200 < p < 5p0) Tl collective
flow, HELATTO K FRIFEROMER R SFIR SN T2 [1], 2 L TR 2L ¥ — EEE
N5 Egy(p) IZ2WTIE, p =pg MHETIHEZ RV X —HA & U H%EH 6 OB 2 NIE T % 5T
FER CRE S N [2] 25, BEEHERTOIEBIZEAL THL R, oM R L X —%2FE L  BET
BH T, ANLEMEISO TR ISER T 2 7210 T . REZ ORARIEE CER L EEDOBR
Y X 2o T T EOMRICHO KE R EHRZ R T EHIf I Tw 3,

Z ORTEIZHR L Bao-An Li (R T SIG D 72 & Dk L 2 it < BRI 08 A 0%
WIZE D (Ka), BAA VEHEPSEL B ot & a OERENEL S L) HEEREEZR LTV,
b IR THRIC, 7 /nt DI RNV FX AR ZTARN DR E,y(p) DIEICKE LG LG 2525 L%
265 3], ZOFERREESZF. F&41E 2009 4E 7,10, 11 HICHEHRRE AR EHFEATO HIMAC
12T, E— A I %)LX — 400, 600, 800 MeV/nucleon d 28i E— 4% PIn [CHEH L. Z 2548
INTz 7t DRER E— LHIHTK L, 30,45,60,75,90, 120 FETiio 72, WEERIALDZRLE—L
V¥ (15~100MeV) D n* ZFRHCHIETE 2MldR & LT, v FL—F24EIcER 1 v
VYA vy —%FL [4], KERTIE, HIEZR2LX— 71t OfEEL BT 2B Z2MA 7%
L 72, 2o = BHE#IZ, > FL—FNTEILL 72 7t 25t ICHIEET 2 F2FH L
Tt ZFAEL, 2Ot DA NF—HRERICK D = ZRENICER T2 LI bDTH D, F
oo mt DREHICIES T 2L —2 3>V 7 b Geantd DFFRZSEICL TV 3, KL TR, ot Off
THDE—LZINF—EEL, nm/at DE— LT FNVX —REFENE2ZRET 5,
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Au+Au reaction
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2 1% Introduction

1.1 REAERXENWNHTIRILF—

Tz ld, R OIS N WE (WE & W) OBIEIIMEE 2 # b3, JRE A (Equation
of State : EOS) Ziff%e 57—~ & L CTIY fLA TV %, EOS &3, Wi ¥ —, ), HE, %
JE, ZLTT7A VY AEVIERNR AT X —% 0 FTidik 3 2 FTWEONEIREZ FLib 3 2 AT
HH, TDEOS DHTHRIZ, WED I3 )L¥ — E((p,6) ICIHEHLTE D, FEEHIE LT,

E(p,6) = E(p,6 = 0) + Egym(p)6” (1.1)

ERIND 3], ZIT, p 3BWHDOEKETH Y, Bt - TR (5% pp0) DFIE LT, p = pp+pn
THY, 6 IETA VYV AEVIERNMEE RO TLEET, 6= (0n—pp)/(on+pp) EEBRINLTVS, F7e,
HI11DE@P,6=0)1F, AV AEYIENFEO, 2F YT - PHETEDIFEUCEWE TOVFE I+
NEX—=2ZEDLTED, Eym(p) IFXFRIT L ¥ — (symmetry energy) EFHENTE D, BKWED 7 A
VY AE VIERTREEICHR S 5T AHE B> T 5,

Z LT, Eym(p) 13BHOFHERBICE T, BEPO 2RO E L TEMTE,

L{p-po\ Kym[p=-po)’
Egym = Egym 5 Ri 1.2
) = Eomo) + 5 (£222) 4 S (2210) (12
22T Lk Ky i
OE ym(p) 8 Eqym(p)
L =3pg ap |p=po» Ksym = 9p(2)a—p2 |p=po (1.3)

EWVLIERZERF> T3 [5], LITEVWRERFZOFPETFA X VIEICHHIT 28 TH 5 [6],
F 7o, R EEIRIEIE po 0.16 fm™3 12EB VT, 6 = 0 (T TOIEFRE T84 D isobaric 7 FEEAEHR
3. WL EOIETFHER K &, 6 D2/ TEMTE [7].

K(8) = Ko + Kasy6” (14)

LT, Kuy & L ORI
Kasy ~ Ksym — 6L (1.5)

&) BIRHIR D 320 [8],

12 ZhFETOEOS DIFE

K 1.1 D E(p,6 =0) IZ2WTIE, JAWEEHBIC THEISEATE Y. BRI%E po ~0.16 fm™ T
. A Y A7 — BRI < BRI O R AR OWIE 9] £ V. FEEMEHE Ko=231+5MeV &
WESINTD, T/, EEEHEE2 po < p <5 py Tl, BT FZEZED> 5 D collective flow
DFNE [1] RHELLT T K FiE AR & D [10]. Ko 25210~300 MeV TH % & > 9 il R % il Z
ZHFITEIIL T 5,



BRI Z RTAa Db &, T4 VA VIENHE IS 2 EOS DBERIIIIZE L 1960
IZ Brueckner et al. IZ X > TR E D [11]. ZNLAERRL 2 G812 O THERRMEEZFEC 2 LT
PR P e SN TE LD, WP —E AR O 7 A4 Y A AR RNT 2 BEDMEA T
WARWEE, SERRMERGORES 225 74 VY 2 ¥V IENTHEYE OB EOS PRIZ, £F
VD —3 % ATn o,

—J. ERREICEB W T, BA AV RIBDT A Y A E VIENHEYE O EOS D%t % nfdg & 3
%, ZOWZEILEE 10 FFEHT, FEFICHEE L TE D, KT S O A VIR NSCL T Sn+Sn FEhf
Tl EREEHE p < pg ICBWT, WFFZ 2L F =13 Egm(p) ~ 3.16 X (0/p9)' .05 £FE 25, Z L
TLIZHL T, 85+25MeV &I ilfRZ A 2 HICHIIL TV %, Z L T, RCNP Tl. 400 AMeV
D a B DIFFPERGELZ > T, Sn D7 AV b= 71T BT 5 F R - HIE o RS e % 179
T\ Kasym=-550 = 100 MeV & W ) HlBRZ I Z 7 [12], F72. p=po Ti¥. FEERAIIZ liquid-drop mass
formula 2> 5 W Z L F—13 30MeV { 5 W% 5 EPFE-TWV3 [13],

LL, 3L X—Z2RET 2121E, SEEHEK p > po TOIWB T2 TR UL % 6 7%
WEHEPFD S TWEDY(1.3), DL A, EEFEEIE GSI D FOPL 7V —7D b D ([14]) DAL D>
FEAEE T, WFZEDNERE L Tz [15] [16].

13 ™IRIXI/ILF—mHEDORIR

CNFTHTERL) I, 74V A VIENTRAIED EOS, Z DT b TR f L ¥ —
DEIELMAEZIIET 28123, TETFOS e B A Y RIGHHENTH 2, ZDRIGD A
AZRLZBRET 27012, TAVAEVKFRZBEDICEALTRE T APLETH ), #HE 20
AR ISR EA, hT b Pl iR € 7N DSK E L FEE 2 BT e,

Z LT, Bl k)i, EEEHE p < pg DRFFL VX =1/ L TR, KIS A VLR
NSCL T® Sn+Sn FB&IC X b, HlRZ A 2 I L TV 328 [2]. EEEHEE p > po T, B
W FE S 7ED D TH %,

INET, RARAME. iRz e RN T HLES CfTb e 505, BUEIZE TIVK
FEDSR ¢ WAL 2L ¥ — ORI IZ TR T — % OFE L 2R BRI TR D Wb FF T
BTV,

1l 2 1% Relativistic Mean Field %> Brueckner-Hartree-Fock approach Tl Egym(p) (& HFHMNZ R D
IR L [17]. Variational Many-Body theory %> Skyrme-Hartree-Fock approach Tld Egym(p) (ZHAID D
HICHRZ WA, WA 5 (181K 1.1 Z),
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Skyrme-Hartree-Fock W
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1.1: Eqym(p) DEFEEMAFE, (£2)Skyrm-Hartree-Fock (21 i Skyrm Interaction Z29)[17] (41)Rel-
ativistic Mean Field[18]

ZAUTX L, Bao-An Li i3 Fa VilipAfR! IBUUO4 (isospin-dependent Boltzmann-Uehling-Uhlenbeck)
IZ, isospin and momentum-dependent mean field potential Z i3 2H T, 741 V A E VIENTEY
BHhCcoEEiEpETA VALY 1 2RI T2 1R T vy v v 28w 3],

R P O Jol ° B p‘f_l 2C,; , Si(r, ﬁ’)
wganﬂzmubgﬂumg+3&ﬂ(km%%ma+1;§@ﬂ&nfﬂ)jﬁ3a+@_ﬁﬂM
(1.6)

CIT, pold, =12 13EA 12 BT DEEE, 6 = 4/3, fi(r, p) (ZOHZERI MBI Z KT, 613
TAVAEVIENTRETH 5, Ay (x), Ai(x), B, Cry AlE. Gogny Hartree-Fock & Brueckner-Hartree-Fock
2k % Ulp,6, p,v) DEBEIRIEIAT T2 7 4y T 5HETHRLNS,

Bao-AnLi 5k, EF v v LD 1.6 DFIC—2DLER x 2L 2t 2 LT, B4 BT
SNTV D Egym(p) DEBUCEII L7 (M 12(2) ), 72, TORT v i x ZEHELTH,
WFREIE & po FHETD Egym(p) DMWEDZED & 5 0ERIZE > T 5,

¥ 1.2(b) I3, Sn+Sn DA L)L ¥ — 400AMeV DHLEIRP ST T % a1t DEHER Egyn(p)
HHZ (x N7 A= — 1R FR LT3, ZOFEMBRIZ, B4V HED2SD a2t OIE (INE
) ZWET 2 HD Egm(p) DIWEICKELFIREZ S 726 THEZRL TS,

L L, HB2—2DRGDOATHRETESL HDTIZAR L, 1.2)d) DREIZ, AT LY —, 2D
N/Z K EZRET 2 HIC K 2T, EDXxNT A= —pFEhZ ~FRFHLTL 200 %HEmT
2D B,



T T T T
100 T T T T T T T T 77 16 1329412480 A -
- MDI interaction 2 : E(a,=400A MeV
- . 7/ - b=1fm
80 _— /' —_ 15+ .
< B /./'1 ] = L
60 . -~ 5 L < A
= r 7 -7 A - g
~ o P - - = o
Sl L -0 1 2 »
£ — . 7 ] o ] T
W[ v 1| ®pe
L ks ] Lk
20 - ,:.'/- x=1 7 0.6 o L’ A
e N e P ..~ A
Vo ]
0 L | 1 | 1 | 1 | 1 | 1 05 1 1 1 1
00 05 10 15 20 25 30 2 g 2 !
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(@) Eym(p) D x 787 X — 8 —{ff7 (b) =t DL EE
2
I 18 _ mAqumAu
4 I
_ 3 1ef M
I o FOPI [ afas] bood 967,96,
A A MDI x=1 L b ozy
. © MDI x=0 L F "Ru"Ru04 AGeV
3 ¢ IQMD + T S S A
L E‘ I b/b ’ §T E.u(200)
= B 2r * o,
=
e L
2_
I LI
- 1_
PP PR I B I B —
1 02 04 06 08 1 12 14 0.9
E, . m(AGeV)
() nt/n~ D AH = 2L ¥ —ikE (d) 7" /x~ Hed N/Z ARAFHE

1.2: (a) 1F Eqym(p) D x 787 X — % —fKF- (b)~(DIBUU04 GH5LIC X 5, EHA F V%D 5D nt/n”
zznzn X N7 A= — AWIZZLX—, NZEFEEIZOWT7Tmy b L% [3],

ZD X )N Egymlp) DIREITIE, FEBRT — 8 DA FEAT R RDUS 25 > T 203, BIfEHH 7L
X—EAF VB 6D njnt WDFEERRT— ¥ 246 L T2 DIk GSI @ FOPL 7V —7 DA TH
%, BEFFEBRIZITONTLARWL),

ZOHBZ 2V X —EA A VEHED S D o /nt LLOPEICEI L T, ek D 7 v — 7B LAZE T
@ RIBF TOEERZ T IERICEHE L Tw 3,



1.4 fireball =%

1.2(a)~(c) ® IBBUO4 IZ &k 2 H A & #Z2IEF.OEETOFREICE > TE D, MRG0
—EI IR TAE 2212 & D ASHE & BEAL DS 72 o 7o fEIR TR, BREEAY IS S IR BE (fireball)

7b“1"|56erTb)Z> L) HiRERI- T 3, u@ﬁmﬁJﬁﬁEﬁ‘ﬁ)0)?5"2@“%5‘5%2’7’????/L
Egym(p) DEEEICB T 2HRZ2HITENTE2LLEALNTRS

A — A mHRIC L 2 n DEROBEIC, B N S ot DIHETOEHRZ ENZ T BRL T3
eRTAE LT,

n  5N*+NZ _ (N)2 wn

x  522+NzZ \z
fﬁz@% [19]0 Z 2T, Nzci@i%@l@%b:ﬁ&b%of:%ﬂﬁz\“@@qﬂ@% b1#ch s, Bi—T
Jirs AR 13T SIS E LB D8, fireball IR L TV B, fireball N TES 1

+ i?‘( fireball M S N2 F13 7 <. FHRINDSEE Z ). HIEHIC fireball /M T % #*
O)J:[: 3. N/Z £ (Z/N)? D %,
Pk X Hic, EA A HEPS D a/nt AR MIET % & RISICBIS L 7 Z/N oz 56 < %
LTED. Egymp) 12X D firaball NO N/Z DL S o B2 BIITE 2 L EZ 6TV 5

15 BEVALAC TO=EER

1970 EAR#%1 1 Lawrence Berkeley Laboratory(LBL) @ BEVALAC I Cfrh itz il = 3 L ¥ — &
A VG 6 DR 7L X — ot WIEFEEBRDTh sz [201,21], Z DFEHEZK 1.3 18T, Ko
DY FIZ2W»Tid, AppendixA £,
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T - T
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1.3: Hiil rapidity:y. il OB EHEEE Py O 71y b R 2t v —L v AREWER E SRR
L 7z, (a)p+p 730MeV, (b)’0Ne+NaF 400AMeV, (c)>*0Ne+NaF 800AMeV, (d)p+Pb 730MeV, (¢)>°0Ne+Pb
400AMeV, (f)*0Ne+Pb 800AMeV., 77 7 LD F A ¥ DAl mb/st/GeV? AL TH D | yryc.yp EZ 1
Z1., Target Mid Projectile rapidity Dfii% 7~ L T\ % [21],

1309 5., (a) 1 p+p 730MeV, (b) 1 20Ne+NaF 400A MeV, (c) i *Ne+NaF 800A MeV, (d) (%
p+Pb 730 MeV, (e) /& 2’Ne+Pb 400A MeV, (f) % 2°Ne+Pb 800A MeV DFEERIC X W57 a7t D1 —
LY ANEBIEEZ . (y vs Pr/my) BICEESHR 70y FLAbDTH S,

@, (), (©) IFE—LE T =7y MEDNIZIIFAERTOEBRTH D, (d), (), () 1FE — LD,
F =7y MEEG, EWIIRDDH LR TOEREZ->TWS,



Mt — M52 CTdH % (a)p+p, 730A MeV & JH 1% — R FIZfE 24 CTdH % (b)*°Ne+NaF, 400A MeV %
FHRZ & BIAP, BBV =050 nt 5k £ i BH o, BTk
2 (p+p = p+A = prrtn D 7B R) 2L ZIF T3, () Ne+NaF, 800A MeV TH, %< D
BT () EFU &9 2an i otz 23, mid rapidity FIK (KD yeo) ICE =27 2385 L v
@b) ITFRsNEVE#ERDOL T3, ZOE—72 mid rapidity fHIRICEN 2 FEE2EZ 5 &
RLMEEZ L 2 9 2 & T, mid rapidity % 5§ 7z Fire ball IROWEMES 41, Z DN T single ACA
W & BN DS —FE D N-N {22 % L. fES 472 A) 226 DREEIC X 3 ot D72 T2 KBS
XD AR E N ESEEIRIEDRE DO NEB CEMIC AR E 17z A DHIEIC X %+ OIS Z > T v
2DREEEZLND,

ZLT, @),@), ) DIRIZ, E—LEEY =7y MEDEBRIRD DH LR TOERTHRL L H %
AR s 5,

DI FNF—FHBOEA X VIG5 D n FERX DAL EZDOMHIZO W TUIE oI BED
BRENTWLEDLITTIREV, 20D, K TR, ot OWIRRED T 2L X —KFr:, ARG
Zikm T HMEH Y, FLHLEROABZHINT 5 2 L 2R, ZOBRIC r OB ED K ) I
LT 20%2ERT 2,

1.6 AIFFRDERY

INFTIKBRTEL LY I, 7 /ot LOWEDOBRITIE, PRI F VX —EA A4 v @ROPTHH
DMERED SFET R FLE — 21 (Z 2L F —~100MeV) IZOWTOHEBLIEE IND, T,
151IHDLHI, EAAVERICBT 2 aRBEADZALRZER, B<{TFh>Twxk\w», LrL,
BAEP R = 2L X —E A & V2R FEERDMT Z DM DIR S LT 5720 AR L Toukn,

NREZFNVX—DIERERZITIEN/Z DD DBRECRTOERVPARTHL LINTED, i
DTN —TIREFERIZ, RIBF THRIF )V —OREEME 2179 F25HH L T 5,

TSI, S F L YA vy — MR EIRTE SNSRI L 4435 . HIMAC
WCTCEA LT VEHREP D a2 ET S, 2 LT, nt OWIHITED T 7V X —REEME, A IR AR % i
RBILHET, n DDAV ED X I ICBT 2052w T 5, TN EFKIC, o /at hZE RS, EOS D
Rz HRE I 2,

1.7 SREIRDT

Ba DN — 7%, WEFEE £ TIZ HIMAC I2T, ASTZ 3L X — 400A MeV D 'Xe % In I
LT, 226 HEN S n* DMEERITHTELD, M1212H 3 k)i, AEED NZ REE, A
BT 2V X — R A E T 2 800, SHFEIE, AFKELHE L 2ERZ2iT-o7%, BNz, 5
FEEIIAF =2V X —KEEICOVLTOHIEERZEATE D, HIMAC TORENIHEI 2L —ThH S
800A MeV F THLHHK H 2 h 70347 . PBOOKFTIEH 525, 2Si #HH T 2HIC L 7%,



B2E REHE

ZoE TR, EEfER TH 5 HIMAC ZHEN L 725, FEERRDL, @IS L 7-sigs oA 4~
Ly Pho vy =), ZLTTF—FINERICOVLTHHT 3,

2.1 EERMEER

ARFEERIL, BURFREE AR A WEZEAT O TR A A TR REEEE (Heavy Ton Medical Accelerator in Chiba:
HIMAC) ZfEH L TfT o7z, X 2.1 IO 2EX 2R L TWw 5, RIS OREK L, £ 4 V5,
AN, EMFEBRTH D, A A VEL SBHI NI A A V1 2 BORANAEE RQF 74 F v
7 2R T3m. TANLIAF 7 2R 24m) ZHHAL. 17 MeVN B TH7H DI R ¥—)
FTOMEING, 2Dk, BEEMCTHL> v r7ubuy (Vv 7EE: 92m, ALK 130m) 12X D,
A F V3R AKKT 800 MeV/N ¥ THIEAIRETH %5, HIMAC T TE 2 HF FOMBIZ, ~VY 7 4
RFE, BHR, BE, AV, vVay, TAIUVEESIEICHEoTE ), AFEBETIZS ) av a2l
ML 7,

PELLH B U2k € — ARG

X 2.1: HIMAC D#EHEIX

X 22 FFEREOMIKKTH D, X PH2 BAERTHEALLE—L 74 v THD, £, AFE
BECld, 20 PH2 O IC, BADOEZM LB 2HREL TWw3,



WA Z V2R E — LB FEREX

[t

[ SRl ,

2.2 HIMAC TOZEERIR

2.2: FHRE OB

iffE /A A v DIEHEIINEREL L DT> Te h, EERWZRE21ICE LD D,

# 2.1 R

| ERIEH [ A, SRV E— MeVi) | =7y Mk S (mg/en?) | WIEFIE (5) ]
2008 4E 11 H 132Xe : 400 In: 3285 30,45,60,75
2009 £ 7 H 28Si : 400 In: 3285 30,45,60,90,120
2009 £ 10 H 28Si : 600 In: 3285 30,45,60,75,90,120
2009 4 11 H 28Si : 800 In: 3285 30,45,60,75,90,120

F2112H2 &) IR L SEETIR, INCHIPITAS 2L X — K2 HET 581, AFK
BEEL, TOEFEICKD, K12(d)1cdH D LHIc, KSIKBEET 28D Z/N OGN Z RS
L2 ENTES, ZLT, SEEREK 120 ICH D LH Iz, 22V —IREWLZHER T % 72912 400,
600, 800 AMeV D 3 iD= 2V ¥ —CHEEEZIT-o 7, £2.1 DUEMEIL, FRERZTOE — L
THRAPSDMEEZRLTED, ¥—=7 >y D In XEX 36.5 mg/cm? D% 9 ER TIER L 72

bDTH 5,



23 MHER XM AYLVYIVHDVES—
231 RIFERIEIER & S

BFIEAFREOZ XN X —DBFUZE LTS, MEmICYEPTHAT 2 2 %)L ¥ — (dE/dx) 235
oT\5%, ZORRE, dE/dx & TREE (range) & DREICICEBE OMHBEEZ R T, L P h 7 v ¥ — (Range
Counter) &%, ZOMHBEZFAMAL TR FOi#A 21T Bt ch s, Fxlx, 77 RAFv 7> v F
L— ¥ %% BICET 2H T, BEA L VG D at hll - L2830 T 20034 F L v
ChHY U —ERER LT, GELOEBUCEIL Tk 232 25H)

B2, ZOMHEBICIED ) DR H Y, ot Lo NI 2EEZHABELLTCWS, YU F
L—F W THEL 72 7+ 13 99.99 % DHERT put ICHIES % (77 - ut +v,. P73 26 nsec), 20D
B 2B TH 2 EID, fHkL 7zt 5B NS ut OEET 2L X — 135 4.1 MeV &Ik
¥2%, CORFETL ur D>V FL—FHNORERIEFHN 1 mm THELDT, FLEALED T ARV b
KBWT, at byt bFA—D v FL—FNTHLET2HICR 5, ZORDIRLF—HEORT X
K23D&HIcKIN, nt DFETEE, =DV FL—FNT, 2EDEST BATY 7L 00 R
EMER) BFRAETAHEICES, (1 stV Rt 2 nd 28V AF pt), TDX T, ot ITBL T,
FTNINNVADFERZESRZLICLD, HBEOEOHENITREE 72 5,

Counter
name A B C D E

@)
@)

7

Y

> B35 R]

X23:>vFL—FNTDY TN N ZADOFEFM, M TNEHMOmERD. A7y —C TEIEL 7 nt
Eut DRV —EBERERDT,

—Ji. r WCRFAFEERZEH T 2HETER Y, 1t b bAEINE D D EROKN T TH S
O, PEPTOZRFLXF—HRIZIELSDEU TH 20, WEHPTHILE, 7t 13yt ICHET 201

10



WU, a i u ICHET 2 X0 b, HDICHET 21IEDEM 2 RO % (KF., BRIET%) D
WIS, A HPETFERIEEZERT 52, Z20%, A—Y 2B FOHR & XFERomHiic kb
EROWHEABHE L T, 2L Tr OBEEREIEFEOY A ZL D /NS B b e, o BET
MEBOHAFHAZEZ L, ZOEEI LY —H 140MeV 22T 2L ¥ —& L TRTKICE X
3, ZHUZFEIHOEHRMIZ L X — L) HIIA0ICKREL, FIKIZZ0BIRZHM TR LD,
BIALX—DOR 2T 5, ZOBRIZIEFIZHEL, 220002 L THiT A2 LIZTE
W, T, ZOWRPURIBIC X DFRET IR, PV FL—FNTRIZFLT = ETIERL,
at DX RAEIHRETH S,

232 RESSDEA

WEEE, H 12KRDT I AF v 7o vFL—F =203 TL ALy Phyry—%2EL
720 WEAEFEDREIRD £ £ Tl OR T MBE I3+ Tld e o 7oA, SRR Z2fT- 7, WEEED
MR EZ R L7eDb, ZORER LR N 2R, WRZDOHBIROBNZ R T,

VEAEE DM ORBRIZE 22D LI THB, LyIPhT v I—D 1 KE~12KBDY v F1L —
Y —RZNFN, Rg~Ry EMERZ L ET 5,

£22: K53 vFL—F—DEI ERES (WEHEERR)

]yy%v—y—%%

M (mm x mm) ‘ JE£ X (mm) ‘

Ro 50 x 50 2
R, 50 x 50 2
R, 100 x 100 15
R; 100 x 110 30
Ry 120 x 120 30
Rs 120 x 120 30
R¢ 120 x 120 30
R, 120 x 120 30
R 120 x 120 30
Ro 120 x 120 30
Rio 120 x 120 30
Ry 150 x 150 5

CZT Ry RIWEMNUD =Dy =L L Thitdb /%L OfFWRZEEICHEHE T, oy
VL= — L HARMRRICHEC LTH B, £, —~FEERAD S ldveto A7 v F—E LTHWTY
%, ZOBHEEEIZ, (T - hHR 20121 THHALEZL AT v ¥ —%25E 1CHIEL 2
bDTH DD, O TIX, FRICHTIH DA V% — Ry, R3) IZEBWT w DFEARESI 2353 Twe
HOMERSI Nz, UL, BHESRORES LRRIGEICHE L 72D TH D, T ER (4] 12k D
EL n DB DI, B L7eAY v Y —DRIGICA EEEEME T vy =04k L
bAKBERZ L) iz HTwS, FICRy ICHIET 24~y MZBIL TR, R, DJEE 15mm

11



&L RoR| DIEE 2 mm DEIRY & KA EEIC > T b, ZHE, JES 1I5Smm AT v ¥ —
THIET 2 77 IZZ 2 VX =D 12MeV DA D ZFfo T3 | B 2K TFHES 2 mm DAY
VI—NTHLETIZRNX —DEIVNIWHEZAEDY S L, Ry THIET % ot ZhD K10 6 58212
DEET 2 HIINEETH B,

INSDEEZRIRT 272012, Ry E R, DIEIIC, EE5mmDAT7 Y —%2/K, 10mm DA
I Y =% 1A, 30mm DAY VY =Y R, TOEFIBE LT, B FROE X
Jie, 2mmDAT VI —NTHEETZANX—DEIWNSI VDL SIE, FET A7y —Dx
FIUX —DIRH T IUE, B OMBAPTHETH S, L\VIZEZIHTE, Geant > T2l —>a v
DT BED  SRIOREEICZEE L7, WRBOMHEOREL WHERIZER 23 <G L Th 5, WRE
DLYIPAI VI —DI~IABREDY v FL—F—%ZNZFN, So~S;5s LR L LT D, T,
Sis 1FL YT AT —ORICIE L, YA F2 o AH L TL 20 1% veto 7% HAYTRLE L 72,
ARIEHT OB I, KM 2%z B2 HIV T — % ZBED 7-BR I, 2 D veto MHH#R % AT I
LTHLALTH, ZOHBIRES VLD AW L, SHOBHTICIIMEH L Z2d o7,

23K/ VFL—F—DEI LRE I (SLEERN)

’ PrFL—F—H4FF || JEZ (mm) ‘ [ (mm x mm) ‘

S 2 50 x 50
S 2 50 x 50
S, 5 60 x 60
S; 5 60 x 60
S4 10 70 x 70
Ss 15 100 x 100
Se 30 100 x 110
S, 30 120 x 120
Ss 30 120 x 120
S 30 120 x 120
Sio 30 120 x 120
Si 30 120 x 120
Si 30 120 x 120
Si3 5 150 x 150
Si4 5 150 x 500
Sis 5 150 x 500

BHER OSBRI, REEEIZ Ry~R)0 ETOL v F L —F DEZHI259mm 72 -7 H DA, So~
S FTTEIN249mm %> TED, Ly IAYryy—LLTiE, &FT10mm, 7 DT FNLF—
Ly P THEZDER2 MeVHEL B2T0ED, AT —2KkD DL v Y (K 90MeV) 7254 2
&, RERICERREEZE 20,

233 RESORE

=2y PR OBHEEIZK 24, 25D TH S, 2413, E—LlhzE Lo BT 28
HbLTVS, EWEY =7y b7 —IC ANIRET, BEEBHNICE—-—LDEZICEDETENTH

12



0. KOV EChETRETH 5, GEMICELE TREEZ Y 5, )BT CFRICIZEZICE D
BRI N BN T DO EEZ HWE T 2 M4 Multiplicity Aray) ZFLE L, & FRICIZE — LR T
HEeE=9—DkDIIAAVF 2 N—2EL T3,
ZLT, ALy hyryy—id, BERHRLE S ORI OHEESY 500 mm 1272 % X 9 ICHLE
LChHb, ZOMEZEAZEHBZ D TIZET,
NRAZF VL vPhT I —D bYA=k Sy, S: DA hit L ARFICERIND EHICLTHDE, %
LT, S0, 1iEEBSH—50mm THLDT, VFAZFIRLTWsDIX, S, TH5B, £z, (T
% hIESERR [201,21]) LKA E 2, FREOVAAZE) 2L 2E A2, LEHoOREE L,
ZDORLETONAEAIZ 10 msr TH 5,

Multiplicity
Aray Beam Tube
Beam Target
> 1
> - l
X /A lon Chamber
A///Angle

50cm
Air

Pion Range
Counter

B 24: =77y b EMINEROALERIR, 4 —77 v FIZEZ2NIZ, Range Counter, Multiplicity Array,
Ton Chamber (225 ICALE S LTV 5

13



T

‘Range Counter

X 25: %= b Lo 6 W ORCE, Multiplicity Array (2D B By — 21T
b5,

2.4 Multiplicity Array

Multiplicity Array (&, ffZ2IC & D 2B S N FOS EEZHE T 2R Th 5, Z D Multiplicity
Array 1, JEE 45mm, WIHIE5 mm, ZMHAE 5.5mm, BE 78mm D7 I AF v 7o v FL—F %K
2.6 DX HICE— L%z E 5 NEE98mm O FIFIRIC 60 ARLE L 2MECch b, v FL—FIicik
B 15mm D7 7 A N—PHEEINTED, PV FL—Fr6DLvFL—yarvkzeLFT
J—=FPMT IZEWT W5, =7y LD 6 27~57T EZ2E ) MEICKE L Th 5, HEICKD
T R DL EEDORERIL, FEHEDA V87 PRI X—=y—LH%ZE (BERN) . LEE
PRETUSHFDLEZE, PRTUEDLTOEREZZ LRI TES, 2 LT, REETIE, F0fHE
EhoD a2 MET DI COMBEREZFNL T2, PIA—RGLY AT I —D LY
A—eEHL T3,

14



26: 2T 4 VLT 4 —DEMEKK

25 AAVFTVIN—

H24DkIHiC, E=alii b, RTIMOLERPIA AV F 2o NN—2EEL T3,
NEBIZ A A% B AL TEDH., AIINEE-800V Z 00 THIfEX ¥ 5, Mk 123F = v N —N %Y
BRI, ZRAF =B THEOT A ZEBREL, EE LRV F I L - E2ERMEE L
THNT 3,

DA FvF o= lF, EigERicy—Fy M AR INEBAERONED-DIZFHHLTED.,
Fhgr T — & WEDGHENATEE D>, BIfED &R FEANDBIEZIT> T\ 5, BIEDOBRICIE, hsEsl
THIE L 72 1 spil 7D E— L58EE (spil FEORIFE0) &, FEBRICA & v F = v o3—TllE L - Bl %
gL Tw3,

L2 L, EBIIIINEESRMD 6 0 v — L OWE &, 4 D lon Chmber DFIE I IZ~E I D AL
BHD, E—LMEDZLSOIHIML LFHICIZ, ZOBREMEOBRAIREL LS,

24 ICEBDOA AV F 2 v NN—DIEHZEHE TH 2, RICFEFROAMICH 7244V F =
VN—DIGIFEO I & . 7 OIEEHER A 2R L7z, AST 2L ¥ — 600AMeV DIEHER =AMl 2
DEDHRELZ-TED, 1HEOMEAEZRL TS, JHUIFEBROBRIZ, E—LBENTDOA4 —
F—TEHLTEEVIRNTH-FE KL T3,

%% 2.4: Ton Chamber D IEfH

E—axiax— || E— LR T8107°C | Bk |
400A MeV 8.2x 10* 9.7 x 103
600A MeV 10x 10* 1.6 x 10*
800A MeV 12.1x 10* 9 x 10°

15



26 MEEET—YINEIRT LA

K vFL—=2I1iE, 74 PAA FEAH L OGEFHGEE PMT) 2500 117 TH D, PMT IIHE
JEZHIIML., PMT 225 DB I NEFE2HA TS, XA AL PhD vy —idat B EEHEam
26nsec T ut ICHIET 2 EE2IBA 20N H 5720, MHEISRIHEAL 2> v FL—%—1%, H0EH
WM DMV (~1.8nsec) bDTH %,

Ooe 300ps 60.6my
[e]b] 28.1ns 11.0mv
A27.8ns Ad49.6my

+

[ & oo @ momvg)[ ][ Jﬁ) ]
B 2.7: PMT DA > 22— 7l St IR BREZBIHIL T2,

X 2.71% Sy DY v F L =21 OSr#iiED 5 D B#E Y THBEOETTH S, PMT oD%
Bz, g 50 Qoisgiz i, IR AEA e R a—7ClER L7z, 2 TD 50 QDO%HE]
X, PMT O HEFFCOESOREZ o TH 2, LrL, 2D F X TIHMES DRI 30
nsec ® D, 30 nsec ARGIC, 7t D26 put ICHIEL 72 A RV P 2R 2FHNTE RV, 207D, 7
Dy ErZLu)Efiz T, F50IE2H T 50883H 5,

261 7YvEVTICKBESDORE

23 THBRZE), 77 26wt ITHBET 24 XV 2L ZFELAREHESD n BHFEHEOETH S,
ZOEIE, TNV RADOBENEZED, a7 0 ut ICHIET 24 RV M2 TE L7214 B
TEIHERHD, 7V vy EVTICLDEFSDIE%E 10nsec ¥ THED 2 HZ HBEE L7,

7Yy EYZEIF, K28 Dk IESHROMICEIiZERT 2 H T, AROEFICHLTHURG
R RIS L2 b DR ERADY, AKD OV ZE5ORMIEEHE T 30D 2
ETH B (%29),

16



in out
=
%ﬁ\\\

X28: 7y BV IOKT. 57— 7Nk

TR L, F— 7 VDRSS LIkt Y v vy K29 BEISATIES . RIS RIRZ M - BRI

2 DT LT, SRWAIC L2 b o, FRISERRERT, H
MEmeis

O 4.80ns € 58.0mv
O 65.5ns () -35.2mv
A60.7ns A93.2mV
§
10nsec
(o]
[ ] 20.0mvVQ 100my ){ ]{ 5 J ]

X 2.10: PMT HHEFIC 7 ) v €V 7% L 72425, OSr D S RtZ2BHIL Tnw 3,

X1 2.10 i, PMT HHEBIZZ Vv BV /2L 725 TH %, EE5DMEIZHED 10 nsec 12725
TWVE, 7V EVTZMMLZBEDOEFICIE, K210 DX I ICARDEZTDHRICH ) —25HD
FBEVPEHNTVwE, ZOFEFOELZY VXU 7 EF 0, PMT 20 DEFIITGAGEFN TR T
HHD, 7V EVTICEINHEZRESE TARRDEFERLAEOE R, MiisnTL -
2o COFEFETIEH, /A RDFEREE R 2720, XD K HITNUL 72,

VXU IEEDOESIZ, PMT 6NN AE50ESIHHIL TE D, K 2.7 Tl 2Sr #ii
PoDLHEQRASMeV) ZHTWB D, 20 VXU E50EIRIBMEICR S R uREDO RS
ITHDLH, EFOBRITIE I OEG~10 f5REDFES2MET 52 LItk b, Rt AvL vy
AT I —DEHIT, Ist 7V A E 2nd 23V A DIRFEIRIFEE WBIR Z 3 2 BRI 1: 2 0% R %
BT 2HIFTE R\,

INZRRT 5701, PMT 15> 5 NIM Rl (divider) DA E TIZA Y E—=F VR 50Q D
RGSS Al — 7% 15 mfHiinAz, E5%2#io¢25H T, VX 7oRRSHIU( Lk, 2
Dr—7 VDRI, FBESZ2RAR6REL 72,

17



o o : : ]
. . (mf=] 700ps 60.6mv
lolh) 16.1ns 11.0mv
A15.4ns Ad9.6mV
<
<>
“10nsec
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S T S U S
B
( 9 10.0mve €9 momvszJ{ 3 “ J ]

2.11: PMT i, 15m il — 7V 2@@ L 2504 > 1 2 a— 7, 0Sr 0 B it % &l
HIL T3,

2111, W7 —7 0 15 mZzHE-BEDESFTH S, K210 TRAZTWELY) X 7OR%
&, [\l — 7V CESEMO K211 TERAZS BTV I HEMMHERTES, ZVvyEYS
7 — 700 15 mOERICED M Th D, K212 1ICHEEZ L2, M, So & S U=
DUy —LLTHEHLTED, TN6DA 7YY —NTaflbA Xy F2BEHEL kv, E50
IEZ 4 < T 3083 woT, Wiir—7115moEicz7 )y €I L Twuiy, FEIC, S~
S5 ICH 7Yy EVTIFL TRV, B5DF¥ A v 7% 2 HWTRHUEZ DR — 711

EHL T3,

HV

] 15m I divider

50Q

cIipT)ing

2.12: PMT 7» & NIM [A]#% $ T

¥ 72, PMT OBIFEDENIC L D | Divider ~ND ANEZTDERE TH 0 22038472, Sp~So.
Si3~S5 1Z. H1949-51 TH D . S;o~Si2 i* H2431-50 TH %, H2431-50 DJ5H3, H1949-51 IR T
15nsec (I ERD o %7280, S1o~S)2 (Z1Z Divider ~ND AN DOFHGHCFEH7 — 7 V% 3mBEfL 7%,

2,62 [EEE
RYER T L 7[R . (250 L7 NIM [All. 54 3 v 7 F58 [ L 72 FPGA.

F—ZINEHD CAMAC, VME [RI#TH %, X 2.13 I L B %25R7,
PMT 7> 5 D435 1%, Divider i2 k> T, 52D L. FHIZEMEES DI, Discriminator
WE L REE S A~EHT 5, IR HIE, REES LD A S v 72 AbE TOITELLRE I D

18



IEZMZ 5, 2L T, AEBTIREY 2 —VOEND DI, FILKEDHTFE L 72 FPGA F v 7D
BELZTULEY 2 — V2 EHLTw 5, (Tidzsli)

NAZT VLY Ay vy =R L TIE, ADC IZ & % %)L X —{5%5, TDC(multi hit type) IZ & %
RS 5. Scaler IC X %47 v Mz GiEk L, Multiplicity Array (2B L Ti%, TDC(multi hit type) 1<
X BIEEfES. Scaler Ik 2 A7 v FEEFRL, A 4 F = v N—Tl%, 107°CHIC 1 [\ X
N5EF5DH T~ b E% Scaler i2 X D E&HL 72,

FPGA [CDWT

HALKR2ED3BHFE L 72 FPGA F v 7 % i+ 72 M € ¥ 2 — L TUL (Tohoku Universal Logic) % {# /] L
7
7Y FSFIUIZ, 16ch D NIM A > 7°v  (NIMin0~15), 32chx 2 ch ® ECL 4 > 7°v I (ECLin0
~31), 8 ch® NIM 77  7°v kb (NIMout0~7), 16¢chx 2 ch @ ECL 77 I 7°v bk (ECLout0~31)
2R, WSO FPGA v 7ICht L, FEBC G bR 2 RpgEaEt 217) 3 TE5EY 2 — )L
THb,

AREETIZ, FPGAWNT, I —DAERR, LyPh T vy —D 16 KOHBESOHRHE, 7 v F
MDA 2 IT> T3, ZHUT Lk D% D NIM [ % fify 3 2 Fo3c&E 7z,

2.14 12 FPGA Wi o AKX % 773, NIMin0~NIMinl5 1 Z 1L Z 4 So~S ;5 7> 5 D5 % A
J1L T 3%, NIMinO 2% L T NIMinl DfE5% H 3 (~F nsec) 5 ¥ 7%, iM%z & 25T,
NIMinl D¥ A4 S v 7 Thr U —B5 2R LT3, FYF—%2—D%ZIFHL% & . FPGA WD RS
v FREKIZE D, ZNDEIX, T INEROETOEEIHE) F T —%2ZITIH TR wLH
IZLTw3, HEigEE2I->7 MY A —I%, Gate Delay Generator (GDG) IZ & D, {5 DIE% 25 nsec
ICFHFE L. NIMout0, 2, 4,6 ICHH L TWw3, 2D 9 5, FPGAout0 13/HBD GDG 12 TS %
fiotts, T—FIWEFRDY A I v J#E% 1> T % Interrupt registor M35 23, 2 D Interrupt
registor (3 1 A XY F DT —=FWEDLE T L7z LW IFEEFPCHIRLERLNTL 5L, B5%2 1M
NI BEH7077 5L THDH, ECLIn0 ~FPGA P D 7 v F 2N T ADEF %1% %, NIMout 2
X, ADC ® Gate 5 HTdHh %, FPGA Hi/1t%12, GDG 12T, KRftli# % 47> T\ %, NIMout 4, 6
FZznZFih, LY Aa vy —, Multplicity Array Ff TDC D A% — M35 TH D, # LT, NIMin0
~NIMinl5 OFHfET1E, ¥4 v 7HFED 72D D delay (25 nsec) #2412 I V) A —[AIHHD 125 nsec Gate
B9 L w2 > 7%, ECLIZ25: LTTDC DA+ v ZEE5HIcksN S,

19



NIMinO

| So [ Divider T Discri Fln/FoutE [FPGA]
Scale

2

NIMin15

S1s— Divider

’ Discri %’ Fin/Foutr’i

FPGA

2.13: RIS D EEL

[Delay—— ADC |

(RPv-i30}— (G0

””””””””””””””””””””””””””””””” i delay

60psec

Scaler

GDG
25nsec

NIMout1

|
INIINA AT 40 |

GDG
125nsec

delay L

NIMout0

NIMoutZ GDG

137nsec

\NIMout4 F—{ AMT |

start

" |25nsec

delay

ECLgutO

25nsec

ECLbut! F—

start

AMT

NiNing|— 4¢3y

25nsec

[ECLou2}

:

[ECLout15}—

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2.14: FPGA N A1

20
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— R
| .0
s
(10)
0.1)
et

el L k=l E=)

2.15: 7Y v 778y ZHEO MK 2.16: RS [Al% IR AE RS 32

HYV {E & Discriminator O Bl{&

% PMT ~OHIMEEIZ, MR 2 EEOEFRREICAGbYE 2 LT, FHMEZIET L, 47
v —® ADC {EDNFIE—FIC 2 5 X H IR E L7, % 7-. Discriminator DX, BHIF °Sr #
EHI L. Sp~Sis £TIE. PSr 26 DRAZFILE —D BHE (K225 MeV) (L THEEL . A7
Discriminator DRRfElZ, £ — 24 ONRDUC B W T, 5523 pedestal 225 7L T a3 E, HIEL T
2He DEAT VI —TOIF LT —HEBADC DL v PHICNE > T2 HEMER L., Wik
Bifie L7z, 2L T, Sou S1 1. MUB=AD ¥ —HDT, TELLEIEL DESE2EST L
Yi03d 5729, i L 7z Discriminator O R % ] L 7z, Discriminator 7> & D IG5 %, #*
Do ut NOHEA RV N 2R T 2h 75— (S,~82) 1B L TiE, 10nsec & L. Sy & 40nsec,
S1,513~Si5 X 30nsec & L7z, (So ICNL TS, DEFZESET L7720, Sy l3DLEDITHREL
7o )

ADC

ARIFBRTIX, CAMAC €3 2 —)b : LeCroy 2249W @ ADC Zflifl L T, K FD T R ¥ —{Hk%
ROBE L 72, 2249W D ARy ZIZLLF 0D TH B,

72 2.5: LeCroy 2249W D ARy 7

Full Scale Range || 0~256 pC
Number of Bits 11 bit
High Sensitivity 0.25 pC
Resistance 50 Q
minimum Gate 30 nsec
maximum Gate 10 ¢ sec

ADC O Gate &, FPGA D1 /1{5%5 NIM22 % 45D GDG (< TR %2 137 nsec ICFH#EL 72 H 0
ZEM L7, ot OV 26 nsec DY SHE2EH) L) ITREL 72D TH S, £72, ADC D% ch
@ pedestal(ch IZ ATMET Do T2 GEIC AN EINER—ZA T4 ) IEKL B+ ch IZFH#EL TH 5,
F 72, FEEh (Y — L M4 H) 1225525 pedestal 2> S HEFICTHEL T2 ELHEZRL Tw 5, (X2.17)
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20 40 60 80 100 120 140 160 180 200

2.17: K&y ADC(ch), #itlhn 7 v b %&T, 5205 pedestal £ D 7L T2 HDHMERTE S, &
AR T LD 40 ch {HEIZ72 5T % ¥ — 7 23 pedestal TH 5,

REFEHIE 121X, VME €2 2 —)L : AMT (ATLAS Muon TDC)-VME % L 7z, (AXTIEZDE
Pa—)LDE%Z TDC LA TS, )
2D AMT-VME /' — Fld, &I 3L —NEEGEEAE (KEK) 2% LHC 8D I 2 — 4 2k I
¥L7eFy 7T28BEL, EX2—NThHDH, ZOFRHIE, HchzikzblLe, ¥4 FIv LY
YDA Multi Hit TDC TH %, £ 2.6 ICARy 7 ZRT,

#£2.6: AMT-VME D A Xy 7

AIF v v 28 64
ANINE 7 DR ECL or LVDS
IR o fiA A 0.78 ns/bit
Y4 F 2y 7L || 17 bit (full scale : 100usec)

AKIEEE Tl common start & — F T L. FPGA @ NIM20. 21 1% start {55 & L. full scale %
400nsec & LT, ZDMICANIENS stop5HZ2HET 5,
2D AMT-VME OEAIZ X D, Multi Hit £ XY F2HIET 2 RN ETHI v IR bD L ko7,

263 T—IYNEIVRT L

T = INEEICIE . FHCRA D HE RIS RDSEIFE L 72 Linux PC 1 CAE % nagidaq ZfEHI L 7z,
CDYATLDRKIZ, CAMAC €Y 2—)L 't VME 2 2 — )L 2[ERICHD 515 TH 5,
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BIFE RN

ZOETIE, ERTHONLT— 5 DR ET).
KIEHTCIE, BA A VHRTHRE Lt OBEERD 25 %2 HEICDL T OFIA T2tk 72,

. &> v FL—F—THL LA RV L 2RKD B,

2. HELVFL—F—TDTDC DY 7Nty b4 XV 26 at ZEET 5,

3.t ZIAE L e A XV MZOWT, fkT 2D A Y v ¥ —D ADC(AE) [§#H 2 #5372,
4.t O AE M2 > T, ot Z2HiH T %,

PLEIZ DT, HZE> THHT 5,

3.1 RHFOBIE

$9. EBRoBoNLASL ALy A T I —D ADC. TDC HDIKIEIZ DWW TR 5,

3.1.1 pedestal

ADC(2249W) 13 Common Gate €E— FTEIELTE D, UL =003 EI22TOD ch DFgHiL
ZiToTWw5, ZOE, ANDBFELEWVch b H D, % ADC DL )L X — 0 IXHIET % ch IZfEiDS
HEIAFNE, DA RV FDFE% pedestal £ XV P EFWV, TRALFX— 0BT % ch DHEEZ
ZTlE. pedestal i &£ "W Z L 12T % (X 2.17), 2D pedestal % 5] { FFT, ADC D0 ch & T %)L
¥F—D0RHzZAEDbE 5,

717'7?/&‘—52"’815 Ci\ %%—%@?—76C5fibfpedestal 0)&155%3*&)6%%)?“(? Z)i)§\ So\ Sl C:Bg
LCld, BB MY A —%2F>Twa 1, 77— HIEFIC pedestal IZfE5 255D 6415 Fid 7o,
ZDFy. Sov S ITBHIL T, T Pulser I K DEERI LV A —Z 4K L. pedestal ZIRE L 7z,

X3.1 DX 912, pedestal IZXF LT, A7 ABSETFit L. Z OHuiMH (mean) & 538K (o) %K%, ADC
? ch ET. mean+30 (ch) Z 0 mi & L7z,
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35 40 45 50 55 60

o

3.1: 6¢h @ pedestal I[Z®f LT, A7 ABYHET Fit L 7z,

Difs,. 2 2 THIIER A 72 ADC @ ch fllz 2T, ADCO~ADCI5 EERE LT 5,

312 FEHRICLZ2IXILF—RIE
RIZ ADC D ch # TR VX — BT 2 - O DWEIEEIT I,
FEBETHRIC, LyohT vy —% FEicey L, Z20MoRILITERT & Rk L. 8IEH

DFHMMEZ T o7, K32 L7k, MEBZEHE LA XY P [ @FDOOD DA Ry
b DA ZEIERICHEA L 72,

X O O
3.2: FEHMEDBIA Y ¥ —% LI EICHIE L., side veto HD A Y v ¥ —13—%F LICERE L 7,
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FH{ft %2 MIP(Minimum Ionizing Particle) & R L, ZD%E L TRV ¥ —% 2 MeV/(g/em?) & L
oo PVFL—=Y—DMETHZ R AF LV DEEIX 1,06 g/em® DT, HlZIE, JEZ 2mm D>
YFV—= S —ICFHRAVE L T I AL X — 13

2 MeV/(g/cm?) x 1.06 g/cm® x 2 mm = 0.424 MeV

ERMETE S, Zoftiic, FHMOEA N7 LE TV IBEETT7 4y T3 2 L THES L MPV
(Most Probable Value) Z X Ih €7, &> v FL—F—DfEREZE 31 ITTRT,

£ 3.1 FEHAHEICLES, HL v FL—F—D ADC D ch & T 2N X — DX

| Ay s — || MeV | 71988 | 10 95 | 11 198 |

So 0.424 44 .51 51.19 50.38
Si 0.424 35.05 40.42 54.33
Sy 1.06 24.18 22.89 22.81
S3 1.06 24.66 22.12 21.77
Sy 2.12 31.88 30.98 30.20
Ss 3.18 36.45 33.61 32.74
Se 6.36 63.89 61.76 59.92
Sy 6.36 64.10 61.82 65.45
Sg 6.36 5541 53.86 5349
So 6.36 53.92 52.85 52.46
Sio 6.36 69.66 66.54 67.32
NIt 6.36 7248 70.40 84.82
Si2 6.36 82.17 81.38 81.52

313 E—LAICLKDIXRILF—EKIE

FEErhDF—¥ %2 flio T 2L X —BIERIT),

& v F —D Gain EIZEB VT, BT (P). EGT (D). ZHEBET (T). ~Y 743 (CHe), ~V 7
54 (*He) 28 range WICINE 2 T2, TNSDRIFD, KAV VY —THRETRRDIXLX —%
PloT, T3 NVF¥—IEZ{T),

2 TlE. S¢ RN T, BIEHEEZBHT 5,
IFLXF—IFOBRICIZN 33 D X 912, ADC @ 2 ZIeHEIIK (AE:E) 2 fIH T %,

33(/0) 13 A Ny MY 2 RGBT H D, K 3.3(F) 13 Se THfIL L 7c A X MTHd %
ZXRICHBAN T H O KL I A OB D 2 DHE Tl S,
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proton

ADC G {ch)
4

max energy

I

thrﬁug
proton

o B )
0 100 200 300 400 500 600 700 800
ADC 5 (ch) ADC5 (ch)

X 3.3: (/£)ADCS5:ADC6 DB, (45)ADCS : ADC6 DEfIEA X M zk$ 2 HBIX

B 3.3(4) DARICOWTHT 5, KhOMHEE LI NOFKAL 1 ~FH4 05 hodNz2T 5,
FHR1)S ICFVFVIEGEL ARV P THDE, 200D, SsITEETIZRLF—ITREL, Sl
BETIZRZLX—IZ/NE 0
(FA2)Sg DFEXSVETERELALARY P THD, 1LDDH S5 IHEETZRAT IS, S
WCHEETIZRALX—IIREL RS
(FRM3)Ss DEADHETEIEL ARV FTH DB, S WEETZRILX—DIRKER D,
(FHI4)Se ZHETHA RV P TH S, Ss. S lTEETZRAF—I3HITEA LT L,

M EoBIfR%E, fliHamAKE LT 341277,

Ss  Se S
D+
@) >
©) >
@ >

34: 1 ~4B3AKXONELE -, A7 v Y —DEDIY TRAFDILE > 7D 2 BERIITR LT
Vw5,

ORI, B IGRHI 1~ 3) 1F Sg Tiftlh T4 XY PO TH D, FIH MR 4) 1 Se
ZEHBLEARVITH S,
ATV —DIZNF—WIEICIE, BB —2oD AT v ¥ —NTHLE TR X —DREKEZ
HAT 20T, I, DFD S¢ TEIET 24 XV F2ZDfti 4 X b (GEl 0 &) 2508 L 7«
FuL % 5 7\,
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S¢ THrIEL 74 RV P EWI DI, RDOZODEMEZNiLbDEtEZ6NS,
e ADCO~ADCG6 IZfESWHET 3,
e ADC7~ADCI3 IZfE5DFE L 72\,
BIfE, ADC Ofitild pedestal # 3 o TUERE TV B DT, L2 ROMICESETHNTE S,
e ADCO~ADC6 > 0
e ADC7T~ADCI3<0
DIts, ZO%&MDH%, ADC6 k4t S, (IX13.5 Sif)

S13
S S S7 Ss S9 S10S11S12 ]

So S S28s S4

~
ADC >0 ADC<=0

X 3.5: S¢ THHEL 724 XV FoliaX, MhoOQlkMEsd ) %2, XIXMEFARLE2EDT, ADCO~
ADC6 >0 ThH. ADCT~ADCI13<0 L7 %,

ADCS6 F LS % 5> 1) 72 ADC5:ADC6 O —XItMBIXI %, X 3.3(4) [T, T DRRICErIEA X
FOAREYH T E KRS AEE OMENH 2 0% BTl g, 2 oM % SR I
HEL. ADC6 DIz KMEDfEZ sk 5, KTDoHicid, K33 DHIRT L), ERRICTEEZ
Tz,

X 3312, BTa0T 27-00EMEHCTED, ZODBEBTHRENLA XY FDAEE, S T
L7t &4, Z DD ADC6 DD 3.6 TH S, KDKRICH Y~ FEDLEHTD ch Bt
ZRRZFNVF—HERZET ch & L7,

B2 0 T BICIERICTh y FEMEZIL 7228, M33(H) Z /A0, &ki+D AE:E tHEH
FIEFRETIE Y, ZORIKBL T, BFONEZRD 2 L) FrE 2 ZBRICIZEYTlE R\,
BEDE AT VI —NIZBFIVEE T ZRINF —DRKEZ KD 2 L I GEICIE, K36%H
THD 580, 2D ch L EOSAMIZIEH O HEL2# 2 0E, BIFER2 V2 HCREZ W,
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counts

300
250

200

150

100f-
\
soll
0 \H\‘\\H‘HH‘HH‘HH‘H\‘\ L"‘“‘“”‘“wln.\‘u
0 100 200 300 400 500 600 700 800 900 1000

ADC (ch)

3.6: X33 D (F) TP TBTORRKI AV —HILEZRT ch 2D 3,

FEDOFIET, B\ T (D). ZEET (T, ~V 753, NV TLA4DBRRIF LV —HRERT
ch ZIRET 5, F 3212, 2009 4 7 HDEERTD ADC6 DFERZ R T,

# 32: ADC6 TOHKK T DIRA L 2V ¥ —#HK (ch)

(herofs ] p [ d | « [PHe | o |
| e [[533] 670 | 755 | 1240 | 1330 |

3.14 Range 5t& (SRIM) & D&

313 TROAfiz 2N X —ITHR T 2 72912, LSS BgmicHED\ 72 A 4 > @ stopping range G145
Y7 F SRIM Z W THER Y v FL—F —NTHEETZRFLX—Z25HE L7, SRIM IZH D
FUFXF =R L TZDrange ZiH T2 32— a3y VY7 FTHEIDT, ZDFERTE»S HIN
EL7zrange(H 7 v ¥ —DEZ) MHEICT 2 XU THIFL (X 3.7). SR FD¥%EE TRV —
BPRE LT, £3312ADC6 D ch & ZR2LX—DXIEERERT,
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| proton range around 30mm | X"/ ndf 0.01218/4

po 0.00671+ 2.596e-06

p1 0.09257 + 0.0001572
L

50

40

30

20

‘lllllllll‘\\llllllll\\

10

oo®®
\1_9'?.\..71\||\|||\||\\|\|||\\|\\\\\\\\\\\\\\\

10 20 30

oo

3.7: SRIM T & % range aI 5T 6 N7z kiR 2 v, HYOD range (30mm) FHEITR L T XKEIL
TFit L%

#3.3: ADC6 D ch & T 2L ¥ —DRIGEEGR

(krroms [ Fiim] p [ d | « [ He [ o |
ch 63.89 533 670 755 1240 1330
MeV 6.06 | 6032 | 82.19 | 98.50 | 212.13 | 240.72

7 3.3 ofE S %2 Kl : ADC(ch), M= =L ¥ — MeV) D777 L, REIETFit 3%, Fit®
BRIZIZ ADC(ch) D 0 siE . ZFILX—D 0 KM I BRICH (00) Zi@ 2 F2 L 72, X 3.8 12Z Dff
RERT,

adc ch6 -ch vs energy X2/ ndf 4.049/4
. pO 8.3586-05 + 2.97¢-06
250/ p1 0.06829 £ 0.003025
22801
I3} L
Q L
<200~
150
100/~
50/
C e
I _—
071’:‘\/7\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\
0 200 400 600 800 1000 1200 1400

ADC (ch)

3.8: ADC6 @ ADC(ch) & T3 )L ¥ — (MeV) DB & - XBI%I X 2 Fit

PUF 78 Fit I L 7<Bi%cT & %,

E[MeV] = A; x (ADC[ch])* + Ay X (ADC[ch])
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Fit 5513, A;=8.36x1075 MeV/ch?, A,=6.83x10"2MeV/ch TH 1), ADC6 DL 3L ¥ —HLIEDTE [
L7z, D F ¥ v 2L (ADC2~ADCI2) I L Td L L AR = 2V F—IE2 T\, Z DfEHR
BF34~36 12T,

7% 3.4: ADC2~ADCI12 @ calibration f& 4% (7 H FZE#)

| Ay =% || A (MeV/eh®) | Ay (MeV/ch) |

S 6.06x107° 2.12x1072
S3 5.14x107° 2.26x1072
Sy 10.1x107* 2.97x1072
Ss 9.51x107° 5.04x1072
Se 8.36x107° 6.83x1072
S7 8.76x107> 5.28x1072
Sg 13.0x107° 6.96x1072
So 8.18x107° 8.99x1072
Sio 5.80x107° 6.69x1072
Sii 5.92x107° 6.56x1072
Si2 4.75x107 591x1072

% 3.5: ADC2~ADCI12 @ calibration f5 (10 H5ZEr)

| Ay =% || A (MeV/eh®) | Ay (MeV/ch) |

S, 5.80x107° 2.20x1072
Ss 4.87x107 2.38x1072
S, 10.2x107° 2.85%1072
Ss 10.1x105 5.33x1072
Se 8.62x1075 6.82x1072
S, 7.90x1075 5.73x1072
Ss 13.8x107° 6.67x1072
So 9.06x1075 8.75x1072
Sio 6.43x1075 6.34x1072
S 7.25%107 5.66x1072
Si 5.84x107 4.99x1072
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%% 3.6: ADC2~ADCI12 @ calibration f& 4% (11 H525%)

| Ay 5 =% || AL MeV/eh) | A, (MeVeh) |

S 5.65x107° 2.12x1072
S3 4.98x107 1.96x1072
S4 10.7x1073 2.59x1072
Ss 10.1x1073 5.16x1072
Se 8.54x1073 6.51x1072
S7 7.89x107° 5.87x1072
Sg 13.1x107° 7.01x1072
So 8.88x107° 8.65x1072
Sio 7.29%1073 5.60x1072
St 7.13x107° 5.99x1072
Si2 5.85x107° 4.99x1072

PLEICX D, ADC (ch) 2*5 Z %)L ¥ — MeV) ICEHT 2HBTE 72, PR, SH~Si, TORTD
I*}l/:\f"—fﬁ%% EZNE]Z k?@“ﬁ‘%k?‘%o

3.1.5 [FfE Gate:Slewing Correction

. TICTFYINGEANY N REIGT 701K Gate 22217 2 083 H 5, ZDEITIE,
%3 ADC fii & TDC fHOMHEIZ W 423D b, Z DFH % Slewing Correction & M3, Z D ADC fii
Lt TDC fHDOMHE L. PMT %> 5 D{575 23 Discriminator DEEHZ#E Z 5 F TIZ0 2 REDOZEIC X -
TELZHDTHD, K39DLHIZ, REVEFEZOHVFRBIEEZEZ 5,

[ E

B39 B5DRESICLD, BlEZBA254 v s,

ADC & TDC DB T IR D & 9 ZBH% 23D 5 [22].

_ A
1. TDC = A, + \/[ADé‘—A3]

2. TDC = A, + A~A; BTEHTH B,

A
exp(A3xADC)
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FUA—=HY v Z—L VETO A7 v ¥ —I2 o Tlid, RIS £ O HEETIEZ L, hitDdH 3/
BRLUDBEETH LD, INSHLUMND, S;~S), IZDW\T Slewing Correction #1727z, ZDEE, > v
FL—F—DEX, PMT OFEIC X D, Fit BI%3 1. 2 %4313 7, 1X3.10 (T Slewing Correction
D% RT,

timing raw ch6
130
700 110
120
600
105
110

100

-
© o
=] =]
RN RARAN AR AR RRAR
1
a
4
B o
o o
=] =]
3]
(‘7 TTTT[T1T

300 s w-«W‘W M‘M» it
! |W MM‘?
80 200 90
701 100 85
Gob— v L ] N S R E R
(] 200 200 600 800 1000 0 200 200 600 800 1000
(a) Slewing Correction i (b) Fit
1301
B 700
120
F 600
110
F 500
1o0E 400
- it ST ] "
90; 300
80— 200
70— 100
69: P AT (S S S ST S SR S S| )
() 200 400 600 800 1000

(c) Slewing Correction %

3.10: (a) I Slewing Correction HidD & & + 7°F A, (b) I& profile % L 7535 @ Fit, (c)Slewing Cor-
rection 8O A+ 7T A

% L <. Slewing Correction #%(Z, 7% ch i TDC DOfii% A7 ABSEC Fit L (IX13.11 ), mean+30
DoNNTA RV FIZOWTIE, 727V FYZNLERERE ) FHT, BHTOBICID Rk,

DIt Df#HTIE Slewing Correction Z{To 72 ff 2 H\» %, Z LT, TDC @ Ist Hit Time(ch) %, TDCI-
0~TDC1-12. TDC @ 2nd Hit Time(ch) Z. TDC2-2~TDC2-12 & W&, (So. S; 2B L Tl 2nd Hit
DI Lo, )

T, BT DOEIESEICOWTE LD B, (Se i A X F2HNITZET 3)

1. ADCO~ADC6 > 0. ADC7~ADC13<0

2. TDC1-0~TDCI1-6 i%, % ch ® mean+30 N, TDC1-7~TDCI1-13 I%, # ch ® mean+30 %}
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M1,

2 %57 LeA RV b % Sg il A Ny b EMES, (GfE 1, 2% E80E TS il 5M)

L
96

98
TDC(ch)

X 3.11: 7 HEERD Sg @ TDC 1stHit IZR L TH 7 2B T Fit % L 7=,

32 RIFHA : PID

231 THlRZ LB, FFICIHER T LY — E EWEY Z L B R(Range) DICE A D
BfR23H D, ReEY ERB3HEBAON TS, ZZTaldEHTHY, W1TI5THB, ZnzHH
THHT, AV I —NTHEIEL7A XY P 2RI 2 2 ENTETH L, BT VP —S6 T
B L7724 XY P ITDo W T PID Bz LR ICR T,

(E5 + Eﬁ)a - E(g

Z O PID IR FREAEDEZRTOT, K3.12D k12, FFrZLIC® 23 PID IS LT3

DTH5 o

. PID DFEAMIZD Tl Appendix THIIT 3,
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140— 100
120
- 80
100[—
80 :_ 60
60— 40
40
- [ 20
20— f«
0 [ 1 ‘ 1 e | ! 1 | I L Il | 1 1 1 o
0 200 400 600 800 1000 1200 1400
PID
(a) PID vs Energy
7)) -
c N
3
° —
(8]
10° =
102 =
10 e
1
o 1 1 1 1 1 1 I 1 1 1

1 I 1 1 1
1200 1400
PID

I 1 1 I 1 1 I 1 1 I 1
200 400 600 800 1000

o

(b) PID

3.12: 400AMeV FEif, 45 F, S TOHERIEA R RT3 PID, (a) (3 MHiHIC PID, #tdihic B %
R, (b) 1& (a) DEY%E x Bl L 72 (PID), #tfilil% log R, KhoRTROLILEA NS
5 M3 Se it A RV FTH B,
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33 7t DORE

NRAF VLA vy —id, ot ZHET 2 HWTHITES N BRBERTH 225, ot L 7~ O
BRI RERECDFET B, 7t 1d ut ~NOFE & W) Rt & Z D% e TE 2 DTk
L. 7~ 12 7* DIEHSHSIZ L 22 Z DINEZRET D HIZTTE 2\,

22T, t DWW DA % 3K O B EHTIC O W THIBT %,

331 " AEDFRME

231 THBRZZE T, 7139999 B DWERT, ot - pt+v, L) FERZE T, WLk, Z
DOVEH &R FEH D range & DBIREFIAL < 2t 28T 5,

FENTOFIZA T OMY) TH 5, (T I ThH Se 2HIITZHT2)

1. fiftikA XY R 2RO B, (Se HitESEM)

2. ¥ 7k bAXRY FEMET S, (TDC2-6 > 0)

3. 2. TROLGFMD N I 750V FEIRET S,

4. 1.~3. DEM T TD TDC2-6 - TDC1-6 DIEH X V. decay time:0~coDEIZE T,

EREFNE 1~4 23K 3.13 D (a)~(b) IZFK L XW)IET 5,
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ADC6(ch)

ADCS(ch)
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=]
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=3

AN RARNRRRRRRRN]

PR R, i ST RPN U SR PRI EVRTITEN PSP B
200 400 600 800 1000 1200 1400 1600 1800 2000 °
ADC5(ch)

2

700
ADC5(ch)

(a) B IEStE 2 DT 72 (b) TEES:) - (B) & T#ik+ 2nd Hit > 05 @

ADC6(ch)
T
Counts
T

I3

=}

=}
ARRREARE;

IS
=}
=}

T T

N
=3
=]
AARRERRRRRRRRR RIS

oo R
& % I

-

| N L L | IR L
300 400 500 600 700 60 80 100 120 140
ADC5(ch) time2[6]-time1[6](ch)

ST
ol

o

S

o

P B N
100 200

=

) RDEFETHY FL, Ny 7779V FEEE (d) TDC2-6 - TDC1-6

3.13: 7t DRED = DDIENFIcOWT, HIZCE R 27T M TRT,

3.13 D (b) IZBWT, TDC2-6 > 0 DEMZMAT-A Ry F2FTTay b LEdS, ot DA s5Ah
DHER S 117z, ADC6 D 500ch FHEICAB R S 555, Z3d 2.6.1 fiicib 7V v ¥ v 7 DshH
ZHLYNTO AR REEZRLTVS, ZYv EV 2B T2HTCID) U F U IR E2 5 %
) ERARLD, MTERTEL ok, L, VX AT X 301613 7t DAid o 3T 3
DT, DHEICREFEDOFEL IFTHIEI RV EEZ OGNS, BHTOBICZIE, X 3.13 D () DERIC
3EMCHA ZHEIPH L VI FE2MMT 2H UL 7z, KT, DLEDOZEMEZIMATA XY PO 1st
2V A S 2nd 2OV A F TORZE (TDC2-6 - TDC1-6). D % Dt OFERFEIC>WTEZ 5, B
EFNZBT TR BT —F1F, 200047 HOED S¢ DHDTHBH, TDF—FDATIZ a+ DI
FmrRL T2 %idEm s 2 I3l @& 2T E 579, 2009 47 HO2ME (30,45,60,90,120
BYDF =22 R LEDLET, S¢lCOWTHRNTHS,

Fitna r £ 95 &, REItHPERORITEUZ exp(C—1t/7) £ 72 2 FH%#E L T, (TDC2-6 - TDC1-6)
DEANT T LT LT, exp(C+ax) TFit L7, (X3.14 &) Z 2 CFit @IC>WTE LS4
b b, K314%2 W15, ERANT 7 L0DEMPTER>TED, OIS 7N VAL Ry
X4 3 efficiency 23 E W) FHERL T b, Z 2 THIC efficiency IRV EEZ 65N 5 X
& LT, 25¢ch <TDC2-6 - TDC1-6 < 120ch % Fit &l & L 7z, Fit DFERZRITTRT,
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e C=5517+0.04148

e @=-2995x 1072 +7.266 x 10~

CIXEET, a X Slope TH %, HEIMHHL T2 TDC DR;EEREIX 0.78 nsec/ch TH % D
T, aZ 078 THED, Wik Lo bRV hEmEiks,

e 7=0.78/a =26.0 + 0.6 nsec

U, nt DFM 1=26.033+0.005 nsec & FREHIFANTEH L TE D, ot ODFEA XV F2IEL
CAZEL TV B EDMERTE T,

Counts
T T \\HH‘ T

E P! ANV RN I NS SR AU S S NS ST PR I PR
0 20 40 60 80 100 120 140
TDC2-TDC1(ch)

3.14: 2009 4E 7 HEEER D TDC2-6 - TDC1-6 1Z%f L. 25~120ch D #HipH CTHEEEIE Fit 2175 7=,
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2, VXU IERR RERDY A ST ERDIEBRPOTED, K3.16(b) DA T T
LD, Eh@ﬁﬁdﬂnuﬂﬁ%ﬁf'HEZﬂXHﬁﬁ%ﬁT&%&\KQMhumﬁ#ﬁﬂéu
EDMERTE 7, (K3.18(a)) 2 LT, K3.18(b) ici, D/ DIZ at £ XV F DAD TDC2-TDC1
RN LT,

NS _OFRMKT S E, 7t 4 XY P D TDC2-TDC1 D 20ch fHEIFARICZR>TE D, Yr¥ 7
Ik BE R ZIT TS LIIHERTE %\, decay curve 2> 5 DIffEIC A LT 5 (15¢ch & 25¢h
MEDE—7) JRRDMUICHIET 5 &) AREEZ R LT 2 FMERTE 72,

Fh, SITRERM 762 TI0RVD, S DY TV AAL Ry kD ADC RIuHHE
MEFATARLE, st ARV EFEV VXV TICEL DT TNV AAL Ry M3 a0 cE T3 L
W) HD 5, TDC2-TDC1 %3 decay curve ICHES R WHITRT LT, ) ¥ ¥ ¥ 7 DA O AJRENE 2 R
LTWw3,

40



h5 [ 10 stop double_hit - first_hit time

S — e e
F Mean 21.79 100~ Entries 2803
1000j RMS 8.037 r Mean 45.19
L L RMS 25.63
L 80—
800— L
600— 60—
400— -
200 20
oL T T T R P T L | Ll |
80 100 120 140 160 180 200

PR PRI ISR SRR SR
100 120 140 160 180 200

o
n
=]
of
(=)
-]
t=]
pC)
n
(=]
of
or
-]
[=]
@
o

(a) ADC10 vs ADC11 DY) ¥ X v 7 DOl (b) ADC10 vs ADCI11 @ n* D

3.18: (a) IZ ADC9 vs ADC10 % (b) IZ ADC10 vs ADC11 {2739,

KIZ, 1lch 1l at 4 R+ OFRFEIEER (K 3.18(b)) 12X D 2 DM % 2217, ADC O 2 XKIGHH
B LIca o) RN 20 %GR L 72,
« TDC2 — TDC1 < 20ch
+ 20ch < TDC2-TDC1 < 30ch
Z DfEF %X 3.19(a)(b) IR T,

z z lean x 2
3 3 s 13
0600~ RMSy  70.92 0600~ RMSy  66.52 0600~ RMSy  71.03
500— 500(— 500(—
AHO; Anaf— aonf—
300— 300(— 300
znof— 2nof— 200;
100— 100~ 100(—
L T (I
'ADC10(ch) 'ADC10(ch) ADC10(ch)
(a) n* 2R DA (b) TDC2-TDC1 < 20 D nt D (c) 20 < TDC2-TDCI1 < 30 D
A at D53

3.19: (a) ICHIRD 729012 7t 2R DA%, (b) 121& TDC2-TDC1 < 20 @ 7t (¢) I21% 20 < TDC2-
TDC1 < 30 D 7+ DA% AT,
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F/. HEADC D Gate ITL D EDL S0DAy b #I{THoTWwEDHZ E LT, Fit %% AE Gate
NTRES LD L, 2K (0,1000] TRA) B L 2T 3,

#3.7: AE Gate 12 X % 7t D47

| ADC (ch) || AE Gate TORHE | [0,1000] TORGHA | x* DAEFH (%) |

0 944 467 986.667 95.72
1 918.873 972.823 94 .45
2 9717.54 1027 95.18
3 972.901 1004.68 96.84
4 966.142 995.168 97.08
5 937.337 1052.54 89.05

F3TRBHZE L THRNLEZDATH D, EEROMTICHHIZ L TWLwnds, K hiEE e
W EWV)FEOMERBTER, (1 DIHiIZE ADC THEZBH 20T, Ay Fickh 90 %EAHL
76 EE-2T, 2T %D 65T L TwA LI HITIEFES R, )

RIZ, % ADC IZ AE Gate & 21} 7% 1 ZyotHBX % X 3.28, 2 KooK Z X 3.29 127”7,
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6ch stop event CHO for pi 6ch stop event CH1 for pi
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Thsb, Ik, XI328D TADC4 vs ADC5,) (FBEE) DNy 7 7577 FOgAifiE % R 2%
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ADCI1 Xyt 2 ZICHBAXKI DM /52> & HWi L, TADC2 vs ADC3 23nt &Ny 7 757 v RD4y
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MO LOFERIZIZEAEDNY 7759 FEbTDW e nt DMABREEN TSI EERS, Z
DS, Ny 72757 FORERT 2HENTEIUIR G, ZOTHEDRIZ, 7t ENXv 775
YFDHHBRESEDLDLEZAH, DENZXINF—HEPRE(LDLLIATHS, "ADC4 vs
ADCS5 | DHAiE T ARS, K3RICRT LI, at EXv I T TV RghnTih, B Y
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6ch stop event CHO for pi 6ch stop event CH1 for pi
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6ch stop event CHO for pi : 6ch stop event CH1 for pi

Counts
Counts

120

=
L L B LI R LR LR R

P | PR PR PN IT R A A
50 100 150 200 250 2 40

B
ADCO(ch) ADC1(ch)
6ch stop event CH2 for pi |‘]|| 6ch stop event CH3 for pi ||
2 30 2
5 C S s
0 r 9
0 o 0 r
20— L
o 0
20 [
E 150 -
150 |— L
u 100 -
10— r
s up
oL 1 A T B ) PR B M R
20 100 0 T 2 0 40
ADC2(ch) ADC3(ch)
6ch stop event CH4 for pi 6ch stop event CH for pi
o F 'I ] =
T E T -
2 MW FR] =
0 E 3§ L
160 - L
1605— 0=
= L
F 80—
e r
10~ 60—
0 N
)= wp
wf L
E 20—
b = r
ok ok

20 L] £ £l 700 120 40 T60 T80 00 750 20 750 0
ADCA(ch) ADCS(ch)
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FLZERTH 2, ZOBRC 2t OYIDIBE | p* OFEEREDAET 2 E-lb 503, KEFTicE
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#38: 1 /nt Lk 20 (7 HHEE

’ h v Y =% H ratio ‘ Aratio ‘

S3 380 | 0.62
S4 252 | 027
Ss 202 | 0.16
Se 1.63 | 0.11
S7 1.14 | 0.09
Sg 129 | 0.11
So 120 | 0.12
Sio 104 | 0.12
St 0.83 | 0.12
Si2 105 | 0.15

3.9 n/nt & 2 DFFE (10 HIEER)

’ Ay —4 H ratio ‘ Aratio ‘

Ss 347 | 040
S, 261 | 0.19
Ss 167 | 0.12
Se 154 | 007
S, 125 | 007
Ss 105 | 007
So 099 | 008
Sio 1.00 | 0.09
S 1.15 | 0.10
Siy 121 | 0.12

2 3.10: 7 /nt M 2 O (11 HERY

’ h VY =% H ratio ‘ Aratio ‘

S3 270 | 040
Sy 244 | 025
Ss 1.75 | 0.16
Se 1.68 | 0.11
Sy 125 | 0.10
Sg 1.35 | 0.11
So 123 | 0.11
Sio 1.12 | 0.12
Sii 1.06 | 0.13
Si2 133 | 0.16
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3.4.3 Multiplicity T&EMHEZ ANz 7~ O MTEE
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100 -
o T T T T |
s} 20 40 60 80 100
m+ energy (MeV)

3.41: Multiplicity cut(Z]\) % 2>1F 7 857 Wi Rs, &gl @ m OEE) = 2L ¥ — MeV). ekl Wi
& (ub/str/MeV)

340,341 1220 TOHRITEETITI,
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41 ntEOMEEOE —AIXRILF—EKEEICDOWT

9.t IR DMEHEIC D W T DR Z T\, Z D%, Trapidity vs E — A HiHEE 5 7] O
& VM _EIC Lorentz-invariant cross section % i ¢ #C. ASf T 3L F —0Z1U L 72 RF D085 Wil
D rapidity 734 L TOELEFHERT 2,

CITOEEE L, TEML 72 X 912, Ton Chamber 2> 5 R~ DELIEMEIZIZ 10 % DL E
HEREENTVEIEVNIZETH S, I oiEmT DFRITIE 10 %I1E EDRFEHEEEZEA TL
BBHERH 2 LI FHEEEL 2T NI 6 &\,

Wb

O)H/\
%

s 0

411 r# MOKEEDESHE

333 DX 324, ALTHB L, 600MeV & 800MeV DWHERDENIZIFRABEE CTH B, 22T, %
DR EEIC R 205, SAEBEOMOMEEOFEEEE2 L -7 DE2FRATISRT, o, K
DB, (T - PR FEET D Ne+NaF, 2 Ne+Pb Dy Wik & % 4.2,4.3 1217,

2Ne+NaF,2’Ne+Pb 2> 5 D nt O Wi 1L, AS T %L ¥ —23400A MeV 2> 5 800A MeV O 2
fFIcEb B L, 3~ EREICRSTWS T E XD, AERD SHE L N MaWHiEIcowT, AS
I 2L X —7%5 600A MeV & 800A MeV THIFEE £ 29 DI, Al &b EL 5Dk EAE -
TwatEZLNS,

Z 2T, AL X — 400AMeV % HHEIMD 2 TR L F —IZDVTHEZ S,
< AT 2OV ¥ =210, 400 — 600 : 1.5 %, 400 — 800 : 25 TH 5,
coWHEEOZIZ, EH 5 28~32 5 RETH B,
¥ 72, AERIZ 600, 800AMeV D7 — % % RILARTATHHEIZZ1UZ E R\,

(FEE - PGSO DT =2 £ 0. WML AS = 2L X =2k 2 Flc il 2 L& 2
%L, RIEEET—41E, 600AMeV DT —F DEZFL 22 L &k, 2B FIHHITLLEEZD L
800AMeV DfHAE L T\ 5,

COHBIZELESHEID I ZEMB Y TH Y, BUEE TOMITICEVLTIE, £5 S DOfftHEANIE
L, £7, BEROMEICOWTHORETETE ST, SHBROMEL Lz,

F7o. AB T 2L X — 400AMeV DGR O Z . TRE o AS % vs RO, Fd Tk
L CTAS, 2Si+In DFDS, P Ne+Pb ICHAR, 1.7~25 fFRAREWEE L>TW05,

ZHIZOWTIE, EIDOTIZED 5 & AR THIICRE W, In & Pb DELDFE
BNEWELT, ABRZICORKRTET 2 525 &, AEIOBERETHN 1415 Th 20T, AFEER
D 400AMeV TOMIWIHREDOME I, °Ne+Pb DR L KL Twb EEL 6N 3,

71



4.1 ot WO W O 1 FE O FYE (RALIE ub/st/MeV)

| Atz 21 % — | 30deg | 45deg | 60deg | 75deg | 90deg | 120deg |

400 AMeV 253 239 229 None 215 191
600 AMeV 726 686 722 696 624 551
800 AMeV 755 693 719 573 603 484

7% 4.2: Ne+NaF [Jt0> & O ot oy WL O /A B O V¥ (A7 pub/sr/MeV)

’ AT V¥ — H 30deg ‘ 45deg ‘ 60deg ‘ 75deg ‘ 90deg ‘ 120deg ‘
400 AMeV 57 50 49 47 43 33
800 AMeV 169 173 134 None 117 135

7% 4.3: ONe+Pb K2 6 D nt #5y Wilki i o £ BE 43 0 i (071 ub/sr/MeV)

’ N e H 30deg ‘ 45deg ‘ 60deg ‘ 75deg ‘ 90deg ‘ 120deg ‘
400 AMeV 152 128 90 103 111 100
800 AMeV 548 526 None 438 383 510

4.1.2 Lorentz-invariant cross section

RIT, ABZ 2L X =02 L R DM WIaRE O MmO L bz HEim T 2., FHRERFR Tl
D HIE L S0, 0 — L Y AN o Wi RIS 2 L 782 (1K 4.1), Trapidity vs Pr/my P
ICEERRT (X43) 2w 5,

K 431280 T, FEEENZRHCBIC, ZoRTIFEEZEE L THEEREZIHICTZ LR WL AICHE
BLTLHWVAG, 7, HEBoOHEISEYICTE TRV E W) T 8, SRRz eifss
HSGIc RO TLE> TR EHELEENS D5, 5%, CNODREZAN—TE 255 MZHi < F
DI L 73 B3, A CIE, MR A SR 2R S DS R B A TCIRAR A B EICT B,

HEZOEHEEMICOVTHMT 2, KT KL, 3, KT HFREETHS 150
1.3(a)(b) Z Bl TH 5, yr 27 target rapidity, yc 7% mid rapidity, MIZIZERR I TR WD, yp 23
projectile rapidity T& D | p+p D & ) IZAEEF LD EDE;E . mid rapidity 2 HU0MI, target rapidity
& projectile rapidity DANIINIR & %2 5720, yr fHEICH OGN E—7 LR X ) RE—7 Dy %
e/ TRONID yp DHT-DICHE—TDBEET D Z LIS, p+p KICDFHEIZ, ye & yp fHEIC
E— 27T, mid rapidity DEEHEBIEIHIRICIIANH E L WIFETH S, ZL T, M RLX—
T, rapidity ICBIRZA S —BRADME R > TV S, (d) DL I I F-ETFEIED & 9 12w D 23K
%% & target rapidity SEHITOE L B 2T 205, 2 OAREWN 2RI T — T IRIGD %
NEFLCTH5,

(b)(e) D & I I AT )L ¥ — 400A MeV DJFEFH — B FIZSIG Tl Bt — B RI6 & R0
ZLTEY, at Z2ERT 2 XA =0 LT, A OHEBBEBTICHEVAERS NS A DFIEICKD
BRI NG o D —FRELFEZRIZTL 0B EEZLNS,
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) ZRTARZ L, ypdhbDE—=7 L B2 UX—HORE X p+p KB EFRIL TH 225, mid
rapidity SISICRIIN 2 € — 7 DMEFEFE L T %, 2 ORI 7% € — 2 % mid rapidity FHI8IC 046 L C
W3 2, PLEEDBRICIZS O T OMERICSOSICBD D . —RINSREE O E % )R
LTw3EEZONS, ZDEEEBS TS — T OmRIC X 2 EHERITICE W TERI
5 ADHRE ST, BWERI NS RN A DS DR S & 4, mid rapidity K2k E 2 Wi
BERLTVS LBIRTE 2,

M Eo#lE» 6, REHTOu —L v Y AZEHIWRREZ BTH 5, [X4.3(a) D 400AMeV Tt I
FLOERMIC R M TIEE D, target rapidity I TOD E— 2 & mid rapidity DR L ¥ —13%, Z L
THIILX —HHBO A HE> T2, L L, ERNEO B AL D KE V02, target
rapidity FlIAD ¥ — 7 I3PHF IR > Tw b L EZ 6N S,

Z LT, (b) D 600AMeV Ti%. mid rapidity FI TOBRDMHERTE LS R D, X, yr fiLICH -
7eE—=713, E—7HLDRA I rapidity DEW I TW 2 L) Il o s, T, pp G
DSND ot EBERED S D 2 HEPRKEL B> TETVLILEZRLTVEESZ 5,

BIZIZ, (c) D 800AMeV Tl, BIMNICHEEZL L Twd k) ICRZ %, (TE - F) OfERD
& 9 7 mid rapidty T E— 7 [ZBIHEIC IZHEZR T E T 722023, rapidity 0.3~0.8 {135 D 30 EED% T
~45 DB STI~60 EOBEATAY DA v I —IZBVWTUAWE—=7 5 LELONRZ, 205D
EPM@ ¥ mid rapidity fHETH %, (TH - FIF) 0),%*%0); I IS E O DSHER S LTI A v

SRR A BRBITONAERE KL TW 3 EFEZ 6N 5, £/, target rapidity TIHIC b £
Eva%ﬁméfm%m @ 25 (b) NDEALEEZET 2 &, prp KIGTIHLZ 5720 X 9 7 A ERDMT
bNIFERE XML TwiEEILNS,
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20094E7 A SEB& n+ invariant crosssection
(#ESi+In> 1+ + X, E,__,,=400MeV/nucleon)

T+ energy (MeV)

—+—30deg
3000 -+
—B-45deg
g ——60deg
& 2500 —m—90deg
=
5
= 120deg
_E— 2000
[}
=
d
=
B 1500 -
-
o.
a
i
1000 -
500 - -
0 T T T T 1
0] 20 40 50 g0 100
+ energy (MeV)
20094FE10 A SEE& n+ invariant cross section
(ZSi+In> 1+ + X, E, . ,=600MeV/nucleon)
E 8000 —e—30deg
= —m-45deg
& 7000 |
‘E ——60deg
&
-g 6000 —<—75deg
- —+#=90deg
g 5000 - =o—120deg
=
S
T ao00 |
=9
-3
-
3000 -
2000 -
1000 -
0 T T T T T T T T T 1
o] 10 20 30 40 50 50 Fo 80 20 100
i+ energy (MeV)
20094E11 A SEBER n+ invariant cross section
(22Si+In=>n+ + X, Ep..,,=800MeV/nucleon)
—_ 9000 - —+—30deg
g —m—-45deg
= 8000 -
2 —a—60deg
5 7000 ——75deg
'E —#—90deg
o 6000 - —o—120deg
=
B 5000
=
=
a 4000 -
e
~—
3000 -
2000
1000 -
0 : : : : : . : . : .
8] 10 20 30 40 50 518 J0 80 0 100

4.1: 1l 7 OB T 2L ¥ — (MeV), il o Wit (ub/st/MeV)
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2800

2600 ——

2400 ——
14 2200 —

2000 ——

: +// : 17 1600 ——
+ + 1400 ———
- ) 11 1200 ——

1000 ——

600 ——

0.2
06 -0.4 0.2 0 0z 04 06 08 1

(a) ASf T %)L ¥ — 400AMeV

7000
6500
6000
14 5500

ot 5000

* / T . 112 4500
4000

| /J\\ 11 3500

3000
1 98 2500
2000

0z
06 0.4 02 0 0z 0.4 06 0a 1

(b) A= %)L ¥ — 600AMeV

7000

6500 —

6000 ——
14 5500 ——

5000 ——
112 4500 ——
4000 ——
11 3500 ——
3000 ——
108 2500
2000 —

02
0.6 0.4 0.2 1] 0z 0.4 06 08 1

(c) ASt = %)L ¥ — 800AMeV

42: Trapidity vs Pr/my Vi LI EBHERO L E v —L > Y REOMSTWIHRE (mb/st/GeV?) %
LERRTHIO 72, Qb)) IZZFNFN, AT 2L X — 400, 600, 800A MeV DFfiSTH 3, Xhod
JKEZ mid rapidity 237,
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42 ntAERBOEREDOZEEKREFE

SEIEEMZ 2 ot OOWHBEICOW T, w5, ZNUCO0TH 343 TROLDD%E
0 —L Y AEOMIWIHRICE Z 2 Trapidity vs Pr/my i EICESHRER T 5 (X4.3),

el P L e s U
+ i * o 06 r +{/_—§> v ++ Il 1 o8
K N = +++K\+ " 04 r + - ﬁ B N 1 04
\+ R
0.2 0.2
0.8 0.4 0.2 1] 02 04 0.8 08 1 <06 0.4 0.2 o 0.2 04 06 08 1
(a) A= # )L ¥ — 400AMeV, ZHEE @ K (b) A = %)L ¥ — 400AMeV, ZHEHE : /]\
14 4500
14 2400 s . 4000 ——
. - N 12 3500 ——
SR | o
1800 —— m 1 2500 ——
T 1600 —— < e+ 53 2000 ——
1400 —— - - =+ - s 1500 ——
o8 1200 —— - e i
1000 —— - s = o8
05 800 —— S Es -
+ + + 04
04 RN
= 0.2
02 06 0.4 0.2 o 0.2 0.4 0g 08 1
06 0.4 0.2 o 02 04 o0& [ak:) 1
(c) At %)L ¥ — 600AMeV. %ESE : K (d) A= %)L ¥ — 600AMeV., ZESE : /N
™ 14 4400
14 3400 12 2388 I
3200 —— 3800 ——
1z 3000 —— 3600 ——
2800 —— ' 3400 —
1 2600 s 3200 [
2400 —— 3000 ——
1oe 2200 —— s 3800 ——
2000 2600 ——
106 1800 —— 04 2400 ——
1600 ——
404 1400 — 02
1200 06 1
o2 1000
06 -0.4 0.2 o 0.2 04 06 08 1
(e) At F )L ¥ — 800AMeV, ZHEHE : K () At %)L ¥ — 800AMeV., ZEE : /]

43: Trapidity vs Pr/my Vi BIC &I O fL &0 — L v Y R OB WA 2 S it Thi o
77o AHFT 2L F —53 ()(b)400, (c)(d)600, (e)(H800AMeV DFEHRTH 3, FEINILEE 1 K. HFlF
EZ V)

340341 ZRTHOD 580, LEE Gate 20372 LICkD, —DDAT VI —TDat D
INEDSR D . FFITEZ 2L X — nt Ot END R, i 6 139 L T2 Ao fEig I W T
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EZ2D,

(@)(b) TlX, ZHREDOK/NTZDEOLIFEAER N RV, U ERdThiintkic, 2oz
FUX =Tl nt ZERT BB — T KICDEEN -FBRELS k> TE), LEHEDKELZ
FTwiwtkEzohs,

(c)(d) Tlx, ZHEEATIZ, BHAD S mid rapidity 12227 T, INAE—7 R 6N 2, L EE/
TlE, ©# DZZAX—HRE DRI S IR >oTWwE, ZO OB L, VL EEDHE
ZZTC, DAICERPE L EEZ6ND, L L, ZEEKRIIE W T, mid rapidity 4 9 2> 6%
FETHADIED S TR ED, ZHUIARRITCOLEES — s BT BGICldhdroc v H
ZRLTW3EEZLNS, ZOIZ LIFRIC, ZEEKINIC, HERBORERA RV FBEENT
WHWVLIREERBL TV, (e)f) TlE, HHEKRD (e) LLHEE/AND (f) Tk, LLE-> T30
Hb, BT () TD 60 EMEDE—27 L, (f) D60 EZPLE LERAGE—2ZIZFR U o+ Lk
WWhET b EEZoN5, 2L C, $EEDY b 220 ICbBbs T, LEEKRTHL/NTHHEUMHE
BRICE—=7 DFAET S &) BEEOERZ2E 5 N7,

Dbz 22 L, AHZ R LY =L 2512200, BT~ FRIBD & 9 RN K
JED & 5T, R~ R RIGD 5ES 12 fireball D X 9 7 S#ELIRENES v, 2 DWNEET
ZXNAEo N A DS DFELGEZBL Tw b EEZ o503, BIERE T Murtiplicity Array TS5
NTLBEEL A V87 P57 2= —OBRPIHEIC 2> TE 5T, S5 TIEE RN 2 HliosHE &
2o T %,

43 1 /nt DIRILF—KEFEICDWT

90 EED T — @i 2T\, I NS 7 /nt LD T 3V ¥ — DRI FER L 72 (3.37).
K 33712H2 & HIC, 7 DEFHEMEL A3 & o /nt MBI KEL BB L) FEREE (X 44),

10°E
=10°E iy

: = f

4- 'g__ :
350 % } 210}

3 S f
255 s

2; )} J [ [ _@ 101 - T
155 } ! | i b, <0.15 :

1; E 1 1 | 1 1 | 1 -

: %% 01 02 03 04 05
05 GeV/

40 60 80 100 120 140 160 p, (GeV/c)

(a) AT %)L ¥ — 400AMeV., L HEE : K (b) ASt T 2L ¥ — 400AMeV, %HEJE : /)

X 4.4: 7 /ot P o HEBIEMKAANE, () EHTFETROREE ((16]) TH D, (b) iX FOPLFERTH % ([14]).
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LH L, E—AZZAX—KEEICOWTIE, AT R LE =2 Ta5UL, o /at SR EL 5 B
V) HEREIEDVRIN TV 2D, AERTIIARZEVIIR N ARD >,

ZOMBBNTETO a/at ik, KISTHRAEL 7+ OHFEZ TOMERICOLTHRZ LTV 3
DT, RENFOFEREIZZDEFHTE S HDTIE R,

S DIRNTT 90 FE2EBALEHIZ, Ny 72777 FOLRAED S EITZIRD T, o™ D4y
AL T, Ny 7757y FOREFEBTTFLEOMW LZHIEL C07dTH S,
KA THFAL 72BN, u DRFIZOVTORMEIZIFFEL T0 23 b DD, MR W% 1T
At EEZ oD, 5B, KSCTHN L BT FE2 e, BiAAO 7T —F BITICE R Iz E
B9,

¥, ZOT—IDSHEICHBI RV —2RET S EIFTE R, BAPHEL T2 /nt
MR E RV =2 RETIAEDEN T =7 L TELLNTWEH, FOREICIZE L DFER
DIRDE (AEIHE L BE%, 2 L CARZ 2L X —) L &b CoMEGEIEEZTHIDENDH Y, %
DEIZE I W) RN LFN X —28INT 2 L RA DEBFERZHITE 20, 0 HETL2RE
T2IEIETER,

ZHUCHEH LT, SBOMEEL> T35,
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BSE fE

3

T AV AE VIENHRAEYE D EOS. Z DHTH ML 2L X — DB ERFE L, FEERIVHIIR A
mzZenTwuizuAic, ZOMBIIELETSEATIIVRRY, ORI 2ILE —DOEEEHEHRT
DIRFEVZIET 21213, PR 2V X —TOEA A v HEFEEOHTH, hlfi%Ez LT, —k
IS E D 7R ADERNTH S, L) HPBEEEE 22 S REBI N T3, ik,
Z DEEIENYIE (fireball) 2> & DIEHRZ KL T 2 70— 7 %2 RET 2 06505H %55, Bao — AnLi %
k. N Fu ViEE TV IBBUM 2R E, NIFZ V¥ —D7u—7L L Ca/at iz Tw5,

Z 2 THL I ot o ZRFRHC, L22H~100MeV £ THO I )L X —fEg 28 ) s & LT, I
AL LAy vy —2GWEL, SHFEIRZUEHDOSBEZMAT, FEEIHHL 7,
FEhERIZ, HIMAC I Tfrb i, A% 28Si % B9 In 12 A8 %L ¥ — 400,600,800AMeV T HA4T
L. 2255 nt, = ONENEZITo 7%,

. DY) B, MOHEIIEZIT>T0 3 at 1B L T, BA A VIBEEP S FREINDE At DA H =X
LARIZNF— - AN ELRCHBEINTO R, BOoWimEz2 L 2%, = 2)Lx —Kk
M, ASD#EREITo7,  Fh, A ALy P Ay vy — L FERHIEZ 1T TV % Multiplicity
Array 12X D, HDLEETH 2 HRZEIRL ., ZOMRZMRL 72, Z4UBIL Tk, Multiplicity
Array £ A V87 b XT A= — L OERBNLEAMD D 217 BEBH 2 L0 ) EITLD, SHBD
FEE L2,

ZL T, n/nt HOBHDDIC, HRERTEDTF—2 2@t L, JUiNy 27570 F
BHlnF—=FThsEnIHLD, ZOAEEZEALHEBITHY, BITTFEICOWTIRAL LKL
7AEH, ADC @ 2 RIttHBIIC S EDOGM 2 P 2 H TNy 7 770 v FEGBICEE THNTE X,
FRFT DRSS, B E N2 7 OB T 2L X —2VNE Rt a/at SR E L %25 &0 ) KR %2 1
Bl oy AT RV X —ITREL T a /ot BT 2 02 WIFF L Ty, BEasHs
DEZRICOWTOFERZIR L TR DICX L, KN TIEROERDOEEZPIT TRV, 20 %
FCRIIKTEZLDTIEZR, £/, 5%, BOAERE ) W IRBIC L > TL R 2MERT i
Wb h, SHOMEET S,
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F #%A longitudinal rapidity:y
rapidity y &,

TERINS, ZIT,

y - rapidity

E:RNTDOIRNLX—

P =Pcosf : RiF DS AHEIE (B — LI & %)
Pr=Psing : K7 DR 1B &

m: ATOHEE

Z D rapidity 13#E/7 11D Lorentz 248120 LT, EE (C) DI TR D I 41,

y=y+C
LB, METADZHADBRI I PATRE 21T 2 IXTFL L I EZFRF>Tw 5, £/, rapidity
KA DREST IR & BT OB R 2 0L CElR T 2 DIE L TR D, KFOEREICED 5T

dP”—d
E y

ThH s,
AL AT TORE KIS LT, Kifilirapidity y. it 0 € — LS8N U C e 280 H5E

BiE Pr % n OFIEER m, THo7b D% LD, ZD (yvs Pr/my) Fii LD 7' vy Mk, @GO
U L TAETH B L) L ER->Tw3,
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E14F
g F 90deg , 75deg
120deg * x
12—
- xS12 * *
Cox x : * 60deg
T oo X 45d
= * * e
N * * * * ** g
0.8? * * % * x*
B X * % x ** o
- *
0.4 *x S3 * x* *)é % eg
B * X
- *X
OzjleTﬁl
-0.4 -0.2 0 0.2 0.4 0.6 0.8
rapidity y

A.1: T8 rapidity:y. il 7 ORI ENE:P; O 702 v b, rapidity Bl EORANE, 05 E—L
T 7L E — 400, 600, 800A MeV T® mid rapidity % &b L. %4, 045,054,061 TH 5.

ZL T, =LY YARELMIWIHEE L, 2 \EMoWmEE » HBE P Tl
1 do
P dEAQ
% (yvs Pr/my) i Bic 70y b L, ZOEEMICEOTHERT S Z & TROBD I L 20k
iz ET 2 ENTE S,
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8B v k7w TR

Bl &RYYVFL—F—IcELT

B3, Ko v FL—F—ZBPNLTIVIH B — b, HLZPMT ICBAT2ETH %,
So~Si» 1213 REPIC-RPH32010 %, S;3~S;s5 IZ1% ORTEC556 D LR 2 V> 7z, fH L 7t —
FMFEZ 008 mm Ot =— Ly —F, 7AIFHRBEZI 15um D=y X7 FA NV TH 5,

PMT O#IFEIZ X ). Divider N\DAHDY 4 2 v 7 %&b 208 p3% ) . H2431-50 12 3 m4T DI

iy — 7B 7z,

E£B.1: & VI L —F —DIEHEE

| Av vy —% || PMT B | s — b | 73 |
So H1949-51 1 %% 2 %%
S, H1949-51 1 &% 25 E
S» H1949-51 1 & 1 &
S; H1949-51 1 &% 15%
S4 H1949-51 1 %% 2 &%
Ss H1949-51 1 5% 2% %
S H1949-51 1 5% 3%
S H1949-51 1 5% 3%
Sg H1949-51 1 &= 3 %%
S H1949-51 1 5% 3 %%
Sio H2431-50 1 &% 3%
S H2431-50 1 &% 3%
Si2 H2431-50 | 1%% 3%
Si3 H1949-51 1 &= 3L E
Si4 H1949-51 1&% 1%
Sis H1949-51 1 & 1 &=
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FB2 KL VFL—F—DHVIH (V)

(v s—% 1A 10811 A ]

So 2050 | 2050 | 2050
Sy 2200 | 2200 | 2030
S 1550 | 1500 | 1500
S3 1490 | 1490 | 1490
S4 1550 | 1550 | 1550
Ss 1600 | 1600 | 1600
Se 1430 | 1430 | 1430
S7 1630 | 1630 | 1630
Sg 1560 | 1560 | 1560
So 1440 | 1440 | 1440
Sio 2040 | 2040 | 2040
Sii 2030 | 2030 | 2030
Siz 2310 | 2310 | 2310
Si3 1800 | 1800 | 1800
Sia 1600 | 1600 | 1600
Sis 1800 | 1800 | 1800

#£B3: 7V vy VTR —7IVE (nsec), I (Q)

EEZEIEERECERYE

So L L L
S 2,503 | &L L
S, 2,50/3 | 2,503 | 2,50/3
S; 2,503 | 1,502 | 1,50/2
S4 2,50/3 | 2,503 | 2,50/3
Ss 2,50/3 | 2,503 | 2,50/3
S 2,50/3 | 2,503 | 2,50/3
S, 2,50/3 | 2,50/3 | 2,50/3
Ss 2,50/3 | 2,503 | 2,50/3
S 2,50/3 | 2,503 | 2,50/3
S 2,50/3 | 2,503 | 2,503
S 2,50/3 | 2,503 | 2,50/3
Si» 2,50/3 | 2,503 | 2,50/3
Si3 L L 7L
Sia L L L
Sis L L L

83



F #C pid

HE m, Bz, BB 2 L¥— E 2RO T0oL v x i,
E(l’
e mZ?

ERIND, o HWHIREIIR T ORI, WWHOMBIZ X D R2 205, aldfI 175 TH 5,

(C.1)

BIZEZHC1I1DE ST, HBRTFHL vy FL—F—S, ZWBETIRICE DZZLX—%2IKL

L. SSICE,DIFNLX—%%E LTl x, EATIEE ST 3,

Si-1 Si
Ei +E E,
Ei-1 Ei
- -
b X

Cl:Siy. S TZRNFX -2V L THT

CDLE, v FL—F—S  DEIZ b ETUL, X (CD) &D.

bt xi o (Eio1 + Ey)
mZ?
iR
Er
i mZ?
DT, mids FE I UL
b (Eict + E)* — Ef
x —_—

mZ?

S (Ei1 + E)™ — E¥ o bmZ* = const

L% 5,

(C2)

(C3)

(C4)

(C.5)

SO T(EL+E)' —E ZE A N7 7 LICE5OIUL, KT EICE) chicE—7 35 2 itk 2,
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e

CoBLmXeHzHILHD, ETHLCDHITBMGRRD) £ L, 2oBZEY T, BiLzH
LJ: j'f"/)&/u\‘/)i?o

N EFWmEhZEICIE, AEDOEI D REBMEEIC R D L, EFROVALE 2 o BTV
tf‘f KX 2t L5182 T, BAENBOWEOZTYHEZ WAL EE L, FFIZZO—Fi

FFHHE VI S VHEICERIINZ GO TOREE, HREITI0E L, haiiestE
f\%%%%%w@utﬁ%#ﬂﬁ(%ofmkﬁ%iLﬁo$@ﬁ@k@ﬁth%h#@&ﬁ%%
LCLESRDTEIIHRZITOWALEE L, MMEDOREZS, ZLTRLIZESENTE, N
FEAICHIE TS Z ERTERYICRE o EHWET, HOE)TZ0FE L, SHEZPzZIC
2. 4EEOE L D EBROMAIZHATHEHE X L, SHIAORBRRIZE THERE NS D%
(L FEANDBOBE I T EE L, $h, MROEBRRZZICLITITIFED, LD
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