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1.1 LHC &t
b ORRICER A 2 HEOER & B—kfl 202 ?

BROHFPBAEREL X5 & LT3 o bIRENRSEEOMINCE, HL < £ L TEENRERBSLE &
EhTwb, LHCEHEoR b BEEZHWE, ¢ oFHEMERC B0 5 B EYEH C o BRI o
BIFEZIERT 5 LiIcH b, LHC & REG 1@ (Large Hadron Collider) olg<T, 24
2y Vag—7CHhBHINEFHEERE CERN(Conseil Européen pour la Recherche Nucléaire) i
FnT, TeV 3 A ¥ UK CORK THHEDTIEZ BiE L 2005 SE05EME FE L TERSED b TS,
LHC cl HENSFEOBN %51 S T e DICBAI R b v 7 2p T 0B R, LEP-TIHcofEHR LR
TH 5 90GeV 2o 1TeV ETCORTOMFEES 7 "—F % ¢ L BHRS T2 EFRIERF. B O
NTARWELEH L HEVER 2 L oRE D WIFFE b, & oI LHC CRBEEONIHRS & B L T, #i&\»
CKEL Dby T e 74— 7RK bbb 75— ODEEPERDNEDT, by 7« 75— 7 OHBOREENE
. B Ay vk 3 CP IHREAR EBHIEHSES ¢ L 330> T 5,

LHC mE2IOPyE LHC g0z A T A -2 L LTH,
o EDRERIAALF—L 14TeV OB+ « BTERANEZETH %,

o U—A 1/ vy g — (HE) BRIV v T —EERTE 10%m s T Th pat, v
7 4 —@EFcE el 103%em 2357 ¢H 5,

e NI LT 4 — %l kDY —Le vy vy L— 1 TA40MHz ¢H 5%,

DX S ICEEEN TS, MEHREEAE LEP -3 /EE27Tkm @ b v A A NBCEB IS, Ik
X 8XFET, 87— /BB IUVERICH S 4R L, ABRCE L X vy TODD AZTEN DL L, £D
B EO— 7 FRCHRDOFER 7 A — 7 HBBF 25 ATLAS HIESRARB I, 205 1 5 FH D WHIOHEES
b5 1 Oo0EREETH L CMS JlEsmsi ks, X HIchlo 25-BicENEFNEA 4 v & B EOERS S
bbb, BYDAr P —LBEETLEREREL A\ LIChE R, BAE2 DO T THEEERCT
H5 ATLAS & CMS. EA A HEES ALICE. B 7+ — 7B EIR% 35/ LHCB % & 05EE 231
ME e« FlEh s b wihd  ERERFECED b Tn b,

LHC omAr 7 v 74— (10%*em 23571 Ksw<ld, cRECOEIAIAF—ERARB LA &0
R, BRAENy 7799y FCETT S Ch%, LHC EROBEFRIEZIEIROMBECH D> TnD &
w9 T kiCHk S,

1.2 ATLAS =
1.2.1 ATLAS =RCHZEIN3RHTME

CCCREBCERERRe v V2B E, by 7 7 x— 27 0, @ik v 7 2 oliE, SUSY ki
FoigE, %1 < CP IFHRGFOHEIC DOV TEHIAT 5,

BEXABRE Y SADYE b v 7 2T OERIEATLAS cHifF i n 3 pBo—FoHETH b, by 7 =X
PfofikECK 1(a)o X 5 & gluon-gluon @B ICE 2 b DTH 5, by 7 2R T HEEfHEK
(mpg > 800GeV) KHwTikK 1(b)n k5% W-W & A%, ekt hll LoEaick>Tl
5, by F2ARTORERCENTHE, By VAR TOEEDORKE I > TERT HREE— FPEA
%, BERICECE LD L,

LCERN CHEH O KBIE T - Bpa - EsERNL#EES LEP(Large Electron Positron collider) €+ IRAEE/ LR
R ANLF —% 170GeV FHECHELL T3




(a) gluon-gluon e e (b) W-W e e

Bl 1: vy ZZBT0hf, &y ZARTOEEREL A>T 5 W-WREOEIG B2 TL %,

vy 7 AT OBEEHP (GeV/c?) | Higd 2 EakigE—
(a) 90~150 H— v~y
(b) 130~2myz H—ZZ* —4t
(c) mg > mgz H—ZZ—4(*
(d) mpg >400 H—Z77Z—2(*2y
(e) mg > 600 H—-WW-— {v2jets
H—7ZZ— 2¢*2jets

b, CCTLREL TP yDSBTh pu b etk dd,

(a) H— vy =—F
CDF % vV A NGDREBPNE DT, Ny 2 75TV PR nhiCEE b 0RBNEEICA->TL %,
FODERR LNy 7 T v FOLCRAVEEY — 27 28l 50, 22 AF-—0h LA
DS DIREEREDR I N B,
(b) H_Z7* —4f* =— ¢
COF % VAL ERDF 2V FIANTEN AR — 7 BYHFCES3E— FTH 5, by V2R FDYE
BIRZEEE &N 30T, COFERTCRIEVEAY— 2 Ch b, Thy —FHO Z FRIE
P THE0hb—HOLT by« RTOREEECTRIRE v D7D = AL F—
MBRENTER XN 20 BHRNY 27T FELTRIE, Zbb 3B B, Ny 0759 v FOhy b
LT | <25DFENEFRDOLT L+ v o ATICHL
¢ 200U 7+ YBEENENPE>20GeV T, HORLEESA MZ(91.2GeV)16GeV TH 3
ct (ZE&ER) « chick b tt 2% LBk,
¢ 20DV 7 RENEN Pt>T7GeV €, 1 OREEEDN 20GeV I h K&dwc s (27 &
) o CHICEY Zbb %3 ¢ & 25HIBkE %o
(c) H_ZZ -4/t =— ¢
CDE—FEANy 2779y FADBRIBRIE-E D L LAHEE R TCELE—FTH 5, HE
BLERBCONEEBAKREL BALDT, CCTRBHEBONFREL VI BEALI )74 —TH B
CEREREING, BASNy 27TV Y Ve LTR LL O TR %o



(d)

H—-ZZ—-2(*2y =—F

COEENB TR CDE—FOLRZZ — 4 (2Tl = p,e) T—FXDD6ERENL T F
NERBCEBHRE, v 7 Fre LT v »0HK5 missing E; IR HCICA S, Ny 7 7
Ty FELTRER ZZ — Uy DM GRED 5.

H—-WW-— (v2jets T— F & H-ZZ— 2{*2jets =—

COfEE TR TN 4 =— P LT WW EH9 150 1%, Z7 (2% 20 1% o L Bmfgiss 5
5. H-WW— (v2jets £— FOBE A~y 7 759 FE LTt Wjets €z bR 5,
H-77— 2li2jets E— FOEHGEE Ztjets BEZ b B, & T AT OEERECHEHCGRR
ek o, M1(b)ick sy 7 RRTOHBHEAMCIR>TL 555, CORICKRIEEL LTD 2D
DI x—2 + Vxzy P LD EICKY, Ny s 7TV FEQBICELT T EpHES,

by T e 24— DHE by 7 7 x— HBEOEEANECEWTE, 2HHEOF v v AABEZLZ LN T

%o

(a)

+ :
[IETEEN » High-Pt
5 Y
» 3jets
q
ax
(a) hadronic top decay 5 ¥ ¥ F b (b) multi lepton F % ¥ F

2:2FHD Vv T e 7 — 7 DFEE— T,

hadronic top decay ¥+ v &1
2(a)n & 5 7z Feynman 4 777 L CHEHE 5 E— F T,

tf — (Lvb)(j5b)

THb, —HDIHRI POV =z y VCHET 5, COF v v A EERT 554, £9 High-Pt
DU b YD ZELTEDLT Py bHHAOPRICI DDV = v P RFET H T L TH bo
Tl Vv ME1D0 Y=y P impact parameter 1y F b b 7 x— 7 EFETH S C L,
BOD20o0YV =y OREEES My TH5C &, PEREIN S,

multi lepton 5 v > % v

2(b)» X 5 7% Feynman ¥4 7 77 £ ¢ 5 E— F T,

t— (0 + X)) p+ X)

THbd, COE—FDBERILLE 74— 2bD2V 7 WHELET 2, b7 +— 7 RlE» LS
p it High-Pt TH 2 C b BEHTH b0 £ v 0 77V v FREZETLDCECH Dt 7 +— 27 5
LOLT il DEREIN S,



B Ey S 208 BSHEERCEWTE22o0e v F X 2BEEOGESER X L. BREMNICE D
Dey S ARTFRBATEC EIChD, ZNEFN HY (EAHS—) . h (hEE225—) . H
(FPEEZAT—) « A (T2 79 —) &I 5, ATLAS cHlEc¥ 3 e liffchdE—Fo
HTh A=y b L— DAL DI,

(a) A/JH — 77 =—F
COE— FORIRIEE LT, ZRFRO T HBLT P CHET 2 2L 7 v ol e, —hHHL
FrrviCbs—HB A FaviclETs1v 7 vy +~Fay e« 2— FOBEHED 5, HgEo
BHHRA Ry b e b— " RGN BRI LT B,

(b) Hi — TV E—F
EEPENICFE N B, t — bHT offiits— it t — bW ofifie— L FAREOHHIC
BYV5%, 20t % HY — v 3ANAREE— Fo—>2cA ), High-Pt oL 2HEL 7
P (b7 x—2&R) &N T BRIBOBINC X > TEIRT 5 ¢ L asHk %,

BHb, thoe—1 (c)h/H — vy~ (A)H — ZZ — U 5 EBH 5, ) GEEERYE O v 7
ZHREDO L — FCHRTESHI NI WeDEL I ) o7 4 BREDRE N B,

SUSY KT @ Ftbhr 7 FFcEfge LTy (Fraa—7) § (R7x—7) GHESETREARE

Fed, R « FEB TSI N2, R-parity OffA7HI2 5 SUSY K F R 6357 CHEKR X 5,
%Z L C¥% % R-parity ofRf£RI2» b, SUSY kF-o g k—F - SUSY ki (LSP) Cik¥ 3, o
HELSP LTl X? (BEE==2—170—7) B’EZ b b, CONFRIHBEEIAR O Tmiss-
ing Bt b L<BIndceicnd, BalEE—FE3 2555,
(a) multi-jets + missing Et =—

i— i

i— a0

©Hh3 % High-Pt @Y = v + & missing Et ORI AAE 20N %,

(b) AHE2L 7 Fy e 2—F

§— qd'xf — qdW
@lﬁKLT%&LkW*#b%%%mﬂjtkvffyﬁﬁéiéoC@lﬁ&%%ﬁg<7
TECBDLEZEOLV T My « RT7%2HO2 2 EBHHSE, Thor— 0 0bRET LV
Fy LSP #5549 % missing Et oF# e Sbe 2 c ik b, RN ARKIREER 1SS C & 28
Hisk 2,

(c) >~<1i,>~<3 O3 LTy e E—F
§*—V_/(ﬁ5‘:1—}59_/t@)ﬁLSPKﬁ%?£t%mv7}y§m$?50
G-+ RS
X5 =+ 38
Lo 2 XoMEECE Y 3 L7 T v+ missing Et o4 ~v %2,

CP REOHE ATLAS CRIREH® B » v vHlloflErnEhbisd, ZORTHIRECB 2 Y vo CP
HRFEDOHEE . LLTD I 20F v v 2 A THERS CEHBBFFENT VS,



(a) By — J/YK]
(b) Bg —xtr~
(c) By — J/¢¢

222y 54 ZHARBOBER, ThEROB A Y v HEICE T 2H i OHET % © & 93 HK 5,
Lo 3ookEE— Fltid, ZREN1DFD2 =41 54 —ZFROMERHIEL T b, %% B?
L BY Lot e, &y BY & BY oGk 2% B AV ARBSLHET 5 L ICE Y, 224
T A= ZHBROIACONTHES C L BHKk S,

BEERIC T 55— FOBRSH B L Tid, #ic 2.3.1CHitEd %3, ¢ oA HICODwTD
T, F e RO EVERBER & L ICO TS [1][2] #8E e Lo

1.2.2 ATLAS HAlEzs

ATLAS #lEgs oAzt BiE e Lk LHC og5a 3 7 v 7 4 — (103 em™ %7 ) ks nTd e, v, 1,
jet, missing E;, b-tagging A 0L 7 FARHEECHEL LS LF5 I DTH %,
ATLAS flgdsofii i v J — 42— 2, NERBRES. (= —F v REGH» LR ) ZhEhoRE 2
£ RN

ARY—X—F ey DIXAF—, WE, FAEE T v IR CHET 5 D, NI igttcs <
NREHD X KT A T B n ) — A= 2%, Mllicd Ve« el —A—2%EEL T
%o

MERREMREZE NHICITEDREEOMIEHE LT, v U ay s Evviig, vV av s 2 1Y v 7R
B ELTHY YV LAURR MYy TR OB E NS ¥ ) o VR ERIE L. MU ik difper
BRRESS & LTy /ME (4mm) O X e — R 2B L <VE b i T 7 TRT(Transition Radiation
Tracker) #FLET 50 ZiLb OGS CRIRR  HER T-ORMRH L ET#MNEE RS TR
Mgk LR L/ A F e =7 %y MCX > TEEEOHE S #7450

$a—F B NLABE OOV F R ey THRBICELOBEE e Fe=Z%y VR2EBL. HE
BT OZEHGLY /DI Z 2 —F4, B ARSEEEEDL, 58EAR I «—F voEElllE S5k
5T tBH®kS,

B 31z ATLAS A2 202k TH %, HE 22m, EX 44m. BEET000 b v 2 wsEREHEETH
Bo CORTHRIC I 2 —F v RIE IR

o LHC s w»T, £ oHW T 2PN EZOREE—FEIa—F v (L7 vhiT%) B4
T EnS Tl 20D I a—F v EEREECHIET 5 C &85, B - PEEROFHICE T
HbHENnH5T L,

e MELF L vDdb, BIRE A FR=v 7« P2y VCEENE 70 20Dy BAv 2799 v FEARD
By I a—F Y BREBEENBCHREILTRECLicE Y, A0V En §/N T X AaESH
WHEBENnS T L,

BEPOBERARESDTH 5o
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ATLAS Detector

Muon chambers

Barrel toroid

End-cap
toroid \ L calorimeter
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5: ATLAS HiE#io R-ZBiAM, FeAf F <73y bE I a—F v RHBHORBBLES 2 5,

1.3 Ia—F2 ARZMAXA—F « OXT 4L

T I 2PERDO R-¢. R-ZETHPIE ZNENX4, MED XS5k, baf F <3y FORER
oRIC SV ABLE Y Py y TRICOPIN D, NUAEE 8 ML EO#IRE = 4 A CHE X L, AE
20m R X 26m OERABED TH S, =V F e« vy 7TETCAABEHENENSHO a A A BANVAEON
fIcCEEBE S5,

R g EB EASEHIE % &% 5 MDT(Monitored Drift Tube) & CSC(Cathode Strip Chamber) &
oY, Z2LT Y H—RUEHEENEHD RPC(Resistive Plate Chamber) & TGC(Thin Gap
Chamber) L OMAETIa—F v « VI H—%EA S, BFICThboRHEEROR % ~3 [1][2][3]

MDT $—/@sA (r-z) OEBHERMENEHADO FY 7 b« Fa—7Th%, NLAE (In] < 1.05) &+
vYyravE (105 < |p < 14)CBFBIEF4 7 4 0@PACECRMEDEC af F <
7% v F Ol NE. MMilo 35 PICERE L T sagitta fll@ic & W EFE* RO %, chicxfl Tty
F¥ey 78 (14 < |9 < 3.0 )Tl F¥ry T e brfF ety PORNBREST = v~ —
FBOAR DT, MOKIC< 7% v b OFIK & ER+A— L OBRICEES 5. T D6 saggita i
HR A B NDOT2 fr bEAAE ROEHELIET 5. MDT dAE % 34 KULEOESE ROl 5 %
30mm OFEBETAI =V LAY T b o Fa—TTHDE, MEDNEEE 1 D20 rHh) 60um 25E
HEN T3,

CSC 3o BHERERERD A Y —F « 2V » 7HAH LA MWPC tH %, #V—F X }+) v 7
LoOBEROEDLFEAH L EEAWMBEDMHAEL LTH0um 380N b, v Py v 7ETHRICN Y

PRAERTONHERTIFECELIAF —ONERCREEENCRUT ET 4 71 LE5 b0RHbh
b0 L n=—In(tan(9/2)) DX S5 1CHh %, TTTORAKE— LT 2HE
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7T FL— FOBEAEH (2.0 < 7| < 3.0) CEBEX#. =¥ P&+ v 780 MDT oFEIcZs
0 b EBEONER T 5o

CNOLD I a—F VRHEORIICE 2R ) OWEER D 255, KRELTHAVDEWEE TNy 7 7 I T v
FHBGET b0 ZDHDEL DA XY OIS LYBWICERELZA v TR MT 3 C LB EICA ST
(%, 2T ATLAS <k + UV #—HEHo 2 DORHBEBHFEMALico BT 5 I = —F v OffiF & E#E Pt
FHET B LICE D, ARV 1 OBREZERL, 21T Bunch ID3%%%5 b 0CcHh %, £/ MDT <
B LA THRVWOT, BEHEE (r-¢) HAOGRAM LBBEC KD, 2L TEA MDT Tk, taA
FREHC LY P 7 VEFBSBELZTTCL T v, F—EEONBEIRESEL A b, ZOMIEDDIC
b (1-9) OHAHAH U BEECASTL B Z2LTE%y A F e =P %y FORE—MERD I 2 —
F v o2 % A (1-2) HFEZETThwicdH, EoFEE Ny 7 779 v FREREETDIC Y 71—
B LTCAFIHE NSt iIch B,

RPC ~v B (In] < 1.05) #75—3 3 b Y 7 —SEAOFEFEHR # ARIECT A PRGBS
&L 1Insec BE OB DERES FiDo TAAEWIKHEET X M v 7KK > TE2HEEOFAHL b E
o EBHES,

TGC SR fHECHRS Ny 7779 FOZ Ty FE ey 78 (1.06 < |n| < 2.4) 2 A~"—F 3, +
H—EHAOT 4 YREZRTHY, VTAVYCEETEIH Y-V« 2V » 7 CE2EEDOREAHL 25
5 LI EAEE dnsec BRETH %,

TGC < RPC 3 M5 HB L5 I»FiCa—FrolduELHING 0T, ZHAZHIS C & biEm
FEHEOMEYEL 9. TGC 0BANRTE IRORHEEOBICHL TV b old, EBEEAM 1 #d 38
BiE, MI2BRERLEN 2BEECA > TV, TEORBRCEWTEVwOaf v Ty AR LI
Y0, BNy 2 5T Yy FORBLREREARY VEGEPROVBEI AL TEALD A V. TRHBE T H— 0 v
A7 LOBREACEZDLTTHY, CORILOTETHH 5,
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2 ATLAS £ERIZ&1F5 Y FH— /DAQ

LTHC o&EL I ) v 54 —EWT (103 em—2s71) B —2a 7 my o v 70 & ICFH 20 B0 4 <
VIBRRET L, 5FTCOHEIAIAF—FERICHRTEICEAINOLDA XY FOHFhb, WhKEEA A
Ry MVEOEIRESROVB T r2PZEEAREHCA DT TH B, Tk ATLAS Eseicit@i + v

#—& DAQ DEHIC D WTih< 3 [1][4]o

2.1 ATLAS2&FDFYH—+« RF—L

L atency Rate[HZ]
[ CALO MUON TRACKING
: | 40 x 106
LVL1 pipeline memories
~2us
(fixed) 10106
% derandomizing buffers
[ Mux | [ mux | [Mux | multiplex data
% digital buffer memories
LVL2 v T
102-108
~1-10ms ¥
(variable) [ Readout/Event Building | ~1-10 GB/s
I I I
| | | | | | Switch-farm interface
LvL3 | H | H | H
pr ocessor HI - H
farm
I o B
Y \ A 10-102
Data Storage
~10-100 MB/s
6: ATLAS o SERSHSEDO P Y T —« v X T A4

ATLAS vy #—»
5 3EERED Y H— .

VAT LTEERS B4 R VETENERSPET 5720, HIY LR ORR
AT LT B, M6 LVLL,LVL2,LVL3* 5 0% % KO MY #i—« L

~NATHRYIL->Tnd, RENLARZEE LT

LVL1 LVL1 €5 CRAMORIE (7w Y —« =%, $a—sF vl (TGC,RPC)) cHfcH
Bl b Y H—EEEE DI, RIEFROT— 2 I N 5. OB CETERABERRER > Th
(s ARV OB 5 kR RET 5 TICE EE 5T,

LVL I level DB T ATLAS ) A —NTOMEFTH 3,
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LVL2 c cCcl%ERA. A v FOREL NEBRER 27 — 2 8lbit s, LVLL 0BRBECEE R A <
¥ M EED LR & i Rol(Region Of Interest) o7 — 220 %# 5,

LVL3 LVL2 CEHETH % L¥HE el <y VLT, WA ZER2 S A W20 ES*ARL LD O
s 7« 4 vOFiodiiEHFI N5,

RCENFNOL=ATDTF — XD T HTnL &,

LVL1 %4, LVLl oEAMNARE L TE3250, LVL1 oV #—G LHCOE¥—L s 2 ay v v
e L—1+THB40MHz CF— 2 %% 05, w5k, LVLIDO M) HF—%PELT, ETORMESHBIC LY
H—EERIEZ 5 ¥ CORER22.5usec®THB L wd b, 2L CLVLL bHiEhs Y H—DL—1 &
LTHwRA100kHz #RELTwdtnwayc e, TH5, LVLIDO ) H—JEDEKRETE, 1) —A—%
I a—F VRHIBRILOERAE TR EbILE, B 74 —REETA v M REMECA Y TE LT,
NERMRHE > b OfEHIE c c clfiba v, NERHEILOEHRSB AL T, coeTckToCEND
YH—e L=+ ETCHELELINLOLTHE, LVLL 0O, &CoREgErbo7—21E LVLL Ny 77 &
M T I AR CIRFFEN D, DEDV AL T T4 v e AV DOKRKEX I, 2.5usec DET — X Bk
T 27000 HET S e CAhD, 2LT, LVL1 MY H—CERINTVEDE, EEEH
Mg A~ +oBunch ID #fEICEHES L s eTHb, M6IKH b X 5iIc LVLL oBFECIIEHIHIIC
40MHz %7 A <y b s b= 2BEANI00kHZ D F I H— e L—FCETHELINT VL B30 5,

LVL2 LVL2 Ccld% g ->ERI1I00kHzo vV H—« Lb— 1+ %, ER1kHz BEF e L3, LVL2 ©
EECELVLL VY H—2b5 2 b kEHE, High-Pt 0B+, 2 Y=v b, I2a—Fralxd0
HEAA v o Rol(Region of Interest) #4532 b0 LTFIAEh, RgGo—EBSZTC
Trexdhobick), KVFLKERAERYT5H AL, LVL20 VY #A—HE% T 50CHEHT 51
BIERAT 10msec ic A%, 2L TLVL2 P A—HE* BB LD DOTLAET — 2B, A XV b+ EK
(EB) #5L T LVL3 ICi b1 5o

LVL3 LVL3 cldszesimf v r oF#ERARET, £ 7 vt A CEI 5HEEH1sec TH 5, LVL3
DERET DT — 2 OFLERIE 10~100MByte/sec # HEEIC LT %, [HHRDOEZ A v TGS HlE LT
I, By 72« RYVvOARVIAEE) |, 1204V IDF—Z2OREXHBIMBREEICL A S, COBS
AT, 100Hz BEOHE Cicsxd 5 C Ltk b,

INL3D2DLADT ey Hd, VIH—DRT A2 EZNENAEICHNKS X5 IEbLE DT,
LHC ofHio#ir b5 I/ 7 4 —ETRIASHISTE 2 L5 iICh>Twnd,

2.2 LVL1 PUH—+XF L

TR LVL1 VI H—KACHPHYREL TikR%, M TiEhw)—2—% (T, JtF Y= b,
missing Et ) #—), P HF-EHAI a—F vREEPOASZILVLL P FH— v XFLDT 0y 7
FAT 77 LTHb5, FREBCEY AT ONTwE 7 oy 3L, 2L THSICA <Xy PO &
5, WofEHE LTl

o DD LENEICKH L TGERE N, BT < T oEH.
o W DOPDLEWHICH L TCERI LA, Y= OEH

o OO LENEICKH L TEREN, I a—FroffH.
e missing Et O,

SEPRIIFEREF A TEE L T 0.5usec ORMH & D, 5 E LT 2.0usec €A B X5 CLTH B,
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Muon Detectors
L/ )

. . Muon
Calorimeter Trigger .
Processor U
Processor
ETmiss Jet 00
Subtrigger
information v ¥ Rol data
Central Trigger Region-of-Interest Unit
Logic (Level-1/Level-2)
Timing, trigger and
control distribution
A y
Front-end Systems Level-2 Trigger

M7:LVLL VI H— e L RTFLDT Ry S « AT T I 4

Chb, HERHBO T vy 3 hbo Y H—« 7— 2 kX Tokkic CTP(Central Trigger logic Proces-
sor) IKikbNn b, CTP ¢k LVL1 + VY #—o YES/NO o¥lE% &\, ZofE#Rik TTC(Timing,trigger,and
control distribution) KExh b, TTCIE MY HF—¥E ETHTrY b+ TV FOI L FICHHEIL,
LVL1 ¢ b Y =237z ¢ &% L1A(LVL1 Accept) & LTIER 50 ZOBHIC X 5> TT — X OFEHRH L2545
bhdciichbd,s

LVL1 Cil %7, BHROD B4 < b3S T - RHZROHE O % Rol(Region of Interest) & LT7 Z
%I TTLVL2 Kk, Chick > TILVL2 CREDA Xy bOfED, BREINHFEHATDOE HICFFL
W= 220, METHER-C &R S,

Cofkic LVL]1 CBE S e A0 E 5 C L BN ALD, hAZ Lt Liczv s b =2 2O
RBEREN D, TNODOMETAAL T4 vibEh, ZNENOLBIERFILEIh LB Db, 2ok
OLVLl coRBo 7T vty 3k, BEIEEILENEH, RFA—ZDOU_ATRVZETH S C L BERE
hWde ¥k, M T I74 vbboTF—205I L, Taty 3 TCORBMEILETLHCOE—L -« 72y v v
7 ev—1+TH3%40MHz THEDbIvb, LVLIO I H— e Tre o P dr—T AR ECL5EERIZ 57
DIC, BRERLSBHEBOE CBLBEED S, I a—F vBRIBBHD 7 vt v 313% 0O EERTE CHE
briichb, Ll —A—2fo7aty 3 & CTP 2, LHC o#EHdHEILCT 7 X TE 2
ok, HifpzL s tr=/Z e L—LCHBENL L ICA>TWVS,

2.2.1 CTP(Central Trigger logic Processor) {ZD\T

CTP X LVL1 oftigsdo (hmY—A—%, Ia—Fv) EbhT&A ) HF—EHrha L ek
#E VLl co Y #—o YES/NO ##ko b, CTP o7 vy 7 « XA T 75 LkK8DHICAR S, ¢ T
BREPRT — 2 OWNKET EHIT 5,

BERHZRO S HbEONT & o + Y 77— 1E#HIE PA(Phase Adjust circuit) © VLP(Variable Length
Pipeline) #& LT, ¥5¥bTH RS OAERF LML, FLANYF « 7ay v v 70bORLCRES
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[SUBTRIGGER DATA PATTERNs |

VLP LR

ALIGNMENT REGISTER

: L[ »L | rEaDOUT
— LUT

BC% TRIGGER WORD |
I—-—> READOUT

-> MON.

GEN_VETO

BC DEADTIME

FINAL DECISION

8 CTP 7wy s « AT T T4
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Nbo INOLOTF—ZBRARI2ANECORY y 7 EFWMB LB TE, 2/ vy Ty 2EHbid. RO
JRink PL(Pipeline) ¢HtAaH & e Y SCA(Scaler) TE= 2 —Iheh LT3, AL~ vFRELHZ L
W7 — 21, LUT(Lookup Table) CHlAafbdw Yy s 2#EEINS, ZOMERPMOFHOKER &
D OR #WoN T, BRINAE Y ) H—0REL B b, CTP CRHRALLOF — ZHMKAEN*EEL T, T
H— P2 IR LT 2 FRH O veto® Z B LT 3,

¢ LVLL VY H—DAf v Z— A3 F/NC Thnsec TH B, DFN—F I H—2H2 L, KD 2@
YFIBELTCEMI -G AVwE WS CliChb, CNICEBT Yy Fe 2L LEHRAD MY H—»
L—1+T»% 100kHz 5~ 0.5% Kk %,

o LVL1 +V #—ix 16pusec »Eic 16 [Eld + U #— (L1A) FTLaHEAL W, ZhidDerandomizer
LS EEAR LAYy 77 (BB5.1.2) BZEEECX VBN 07D TH b,

¥/, CTPcld vV AF—¥lE®, LHCOEY -4« 70y vy« L— 1 TH 54 25nsec THNWZ DfER
%TTC K%ﬁfméo

2.2.2 TTC(Timing,trigger and control distirbution)

TTCE CTP b + U #—1E#H & LHC » 40MHz 7 v v 7 (IEfEiE 40.08MHz) , % ofthoila
FEEARLERIBEEED 7yt e 2y F ez b u =7 ACHETEHDTH S [ble Wb BESEA
B35 e 2D Y,

LHC zavZIicASLEDD 40.08MHz 7 = v 7, LVL1 @ + U 7 —¥IEEE, ~vr7&4 v + 05l
HAro vz, 72 ES 2LCHilfoa~<y FARERD B,

FERHIDAO—+ a2 FA—IES FEHCT FL2E2HEIRL, 20F ¥ v A2 AOFR) « T2 feET 285
BRHEZBOBIFHOES R ERD b,

D2 FEOES ZFFEINICHNT L e SEEEE AL ick by, FT—2IEDREPTha<wy FEiEs C
EPHKD IS CEST VD, 120F v it LIA OFES*REBSRCOET 2200 b D, 35 1
DIRRHEARER, FAGMENOT FLARIRELCa~y FRiEL DD DTH b,

ZNHOERR TTC K\ »TE L h Trigger-DAQ VA — 7 RHEI L kT 7 4 "= — T LTibR
o COMRBECEZ AT LEBCHRBEEINDDOH D, » 4 « X7 —0 1310nm v —F— % THTH
LEBRHBRCOBEENSG CLICh D, RAMBLY TOESOSEUIRHZFIC X > TE S 25, BB A Y EER
BCAEBTFETH B, 2OKIBICRBERIEBCLCTTCHESHOL v —~"EHEEInTw3 (TTCrx &I
s [5]) o K77 AN—TELNTEIKESIE TTCrx CHLELEFRE N, 2BEHO /7 2y 7 (B
FTINHOBRER ZENLDID) LAFvr v, BFrraxrlRENE, AFv ik LIA (+Y
H—1EH) . BFrviaridavitoe—arfloavy FEZATw5%, ¢ TTCrx &5 AR
WCEE, R ZzoficHEBEEn b,

23 Ia—Fr e pPUH—XFTL
ccTiLVLL Py H—ofTd Ia—dy -« b H— T 3EIICOWTBRR S,

2.3.1 LVL1 :a—=F> - FIH—DEDLIHME

LVL1 S a—F « U #H—23%% 5 Ok Low-Pt(6GeV) & High-Pt(20GeV) IC X3 MY #i—« Iy
FCH B, FUH—DEEEE LT

1po0 Pt > 20GeV DI o —F v 3 1 DfFET %,
bveto RS DHTWABEIE IV A—HJTEHAWC LKA S
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2ue Pt > 6GeV DI o —F v 32 DfifET 5,

BHbe EleBEETCICHIRY —A—2TO ) H—FHL LT,
lemgy Et>30GeV WAL L 2B 27 7 A 205 1 DFFAET %o
2emyo Et>20GeV DML L B S 7 A X552 DIHAET o
Ljiso Pt>150GeV &2z v 128 1 DfHEF 5o

Et™** K& 7% missng Bt 25755 5,

BHb, HAI) Ty —HERCETIPEBERE, TR E2IRBCHRT 220D VY 5L T
VL1 Sa—Fv e VI H—RERINTVwEEH LY ECT L, $hBEETTCCHI) —XA—ZTDL Y
H—LEb#id 3 &,

BT VL1 s =—Fv+ U H— |LVLL A0 —A—%+« MU H—
(W—4v)+X 190 lemsg
(Z— £H47)+X 246, 120 2emyg, lemag
H— vy — 2emyg
H-77" — 44 216, Lo 2emyq, lemsg
tt — (Lvb)(jjb) 1pao lemgg
tt— (T + X)L p+ X) 26,1 a0 2emsq, lemsg
‘ A — 7t ‘ 1pso ‘ lemsg ‘
SUSY —leptons 1p90 lemsg
SUSY —jets — 1j150, Et™s
‘ B-physics ‘ 216, Lo ‘ — ‘

th L, TNPACIVI2OEB TR INOD I a—F BT L T2 Ah 50L& REENS, &
Ja—FvetyH—trn)—A—%« VI H-EFREL 7 by ESUYHEBERO P ) AL LTHAE
WTHY, ZODEERELTO NI F—ERIRLC AL, [ICHEDLTFT—2ITETED & \n5 g
T, LT H SRR DR - TWS,

23.2 $a—Fr-tVHi—-FAEyY

CCTEHETOIa—Fve VI FH—« Tuty FOFBRLEREACOVWTHTW, Ta—Fve 1
H—e 7m0ty FERINLT2O00ESHOLRDIT>Tn3S,

SRUILMEE 9D K S K VA || < L1OBIET 4 T4 % h"—F 5, NLAERG MY A
#HiZE RPC(Resistive Plate Chamber) TEbI T3, MIOKICALBO + U H—HF = v ¥—
By NLABOIRA Fe=7 3y VCEETBXS5CLT2E, 2B —FCAVEBELTW
5 (MTR2ADHETENTHS) o 22007 A4— 73 40cm OFHETHEN TS, T b 2
Brx7rr—7C L7cbo%k doublet LML LB B, Ty BELCHD2BHBIN—TWC -7 d DR
Z ONBICT 3m RN CEIE & 11 5 [6]o

IUF-Fpy 7 MI0DX5CTy FXyy 7HlE (PP ravBEdE&L) | < 22%CE7
N—F b, CTCCRERF—ADEX LR LHHOANVAEL Y b 22— 23X BRI
EEZ ko CREST 2 46EWRH B, 2T, Tl + U #—ARHZTGC(Thin Gap Chamber)

THELWEREEAL I V7 4 BIERETO ) H O WTRSZESRR [1] @ Trigger, DAQ,and Comput-
ing DFEZZHL TEKL
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high p;
IowpT

9: NULAFHHTO NI H— o« VAT A

barré troid

10: =¥ FeF vy 7HCOINIH— e L 2T 4
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AT 5, M0 H 2 TGC EH3IER 74— 7KLk 3 ERE triplet ZRHIICEIE X L%,
Z 0¥ 1.5m #in M, BEAFEE 50cm Hiivk 2 50 2 EHE doublet AEIE XN S C &
Chb,

Low-Pto Y =% F4&4E LT, 2200 2EEOETa, vy F v 2AB8H LN, 58D window
NIk F23@ila3 5 C EBEREINE FELVWEAWAZFIESE.1%ZBH) o ¢ THBEO window & &
Pta6GeV D 3 a—Fd v 7290% OSRCHI b2 5 C & OHEZIEDC % =5, ABoOED a4 vy =
DML LT 3-out-of-4(4 D5 bAAC L3 3@ARE v b5 &) BEREN, CoLMESHOLIC R,¢
W H A Cliife SN B BERD o

High-Pt ® + Y #—% 3452 Lk, Low-Pt + UV #F— D&M CEIC 3EET2-out-of-3(3 D5 B
Prdtd2BREy bTECE)BHALEIN AL TR VWT RV, COBEaf vy Ty ADMEE L TR
Pt=20GeV D I = —F 22 90% 0% b 2 b s window B4 ET B kb, COTBIED
High-Pt +J #—4&#E, SEEEECE TNy 777 Feb— Mok 2% e v V22 5 C & BB EHE
BRI CEHEIC R >TL %o

INbDaf vy Ty ACEBEMBEAVAUE, v Py vy TECHEBEAIOTH 5,

1MMZLVLI €8G5y Fxy vy TEHTCOAL vy ar b« 1—7CH%, Low-Pt,High-Pt znZtho
b Y H 5T 6GeV,20GeV IKE VT 90% ORIRBHETVE C EBNP 5, TROLDALy vyat e
H—7 @ LVL2 €W TR ECHERGTH-Pt 7y FOHES b DICE S,

Efficiency

Trigger Efficiency vs Pt

10 [

08

06 - | |

0 5 10 15 20 25 30 35 40
Pt(GeV/c)

11: =Y Fedvy 7BCOALy var e« -7, ik GEANTS.21[7] /v ATLAS HiEss
Yialt—vavickoTHbh, REBOMEKC X 2REHRIFDO T IR T3 [8],
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25— Ia—FvetrIH—-

AT LELCRBREREOSFEEY v 2 2 — LIRTHh B RSICSE|IL T,

s A—ClcxzoHmo Y HEREEH L v - A RBEKREED, N e =T Ry P eIV PRy
T =T 2y bCREBHE~OFERRE ST 5D, NLAFELIY Py vy 7TETCEE 7 2 —~D0EID

HHbZED->TK %,

WNULIER w7 2 — L LTl ¢ HTic 24 53%) R GAIC 2 53813 50 %7 Rol(Region of Interest) & LT
¢ HIEC 24 535, R HIAIC 20 HELT 1 287 hFHLT An x A ~ 0.1 x 0.25 (CHEE i
T tice— AR I H—D vy 70¥EEER S 2 v TV RAGAE R VT VR
Matrix #f5 c 2 iIc X > ThHADI, b af vy 7 v A Matrix IRHEFICERZ IC, % 723

LTHEEBEX NS,

IVFFryTE v 2 - LT ¢ HHIC 3253E R GHIC 2533 %, [FERICLT Rol k1 2&47%& Y

FHLT AR X Np = 0.1 x 0.2k 5,

C CTONEDMEEEENA b OTH Y (1], BUEORIERTRHEETH 5o D% DRILESIKE LTIk 2 X 24+

2x32 =1120v s 2—CHEENb LR b, =V FHxy TETO,

1o 2—CBF5L+Y

#— |DAQ OFFRM 120k S5 Ich %, MOLEACH B EfFND e —a1 DAQ 7 a v 730 triplet(=

EB CTP
P 5 ---------- octant crate - ------F--------mmno--,
| H-Pt L-Pt
ROB : :
sector logic sector logic
(Voctant) (Loctant) (Loctant)

i M

i

I

TGC trigger/DAQ electronics scheme

local DAQ master

o TTCrx, ROD
2
g °
s -
g 3
% RS X-BUS >
2 5| i
gr slave board
2/3TRG
L1B-DRND

o S

AR (H-Pt)

Ad (L-PY)

H-Pt Rp coin.MX

AR (L-PY)

3/4 TRG MX
L1B-DRND

X-BUS

40MHz CLK, L1A

OO b ASRERAY bbb

[
L-Pt Rp coin.MX

|

local DAQ master

TTCrx, ROD

L1ID, BCID

12: =¥ Fdv v 7BICETE 15—/ DAQO L5

HE)HAO b 0BM130 X 51K, findoublet (“EHE) AodonNldnkschsd,. X— 2L niR
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Local DAQ Block(triplet)

TTCrx
Local
Detector
Local DAQ Monitor
Slow ROD Master Board

(NetWork) Board

X-Bus
A A
\ 4 v
Slave Slave Slave
Board Board 000000000 Board
1 2 20
2 out-of 3 2 out-of 3
] ] To highPt I
96ch 96ch trigger 96ch
ASD ASD logic ASD

13: e—hA DAQ 7 v v 7, triplet A

Sect
Local DAQ Block(2-doublet) soeer
CTP
TTCrx
ROB Local .
R
Slow ROD Local DAQ 3::?.2;?: coincidence
Control Master Board
(NetWork) Board
A
trigger
1t ¥ (XXX ]
X-Bus
A 7Y
h 4 )
Slave Slave Slave
Board Board 000000000 Board
1 2 18
128ch 128ch 128ch
ASD ASD ASD

B 14: v—Hhr DAQ 7 v v 2, doublet A
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HEDF — 2 « RZLDEBR>TREHEL DAL —T « B— R, VI H—BILTRaA v Frvaes
ey DAQBELTRT -2y 77 ) v 7 %ERS5 b5DLHLIAS &,

b YU H— triplet ® 5Tl 2-out-of-3 =4 v 7 v 2% & D doublet HlICFR#£5, doublet © T 3-
out-of-d d=af v FvAk e Y Low-Pt o+ IV Z—%HT, ZOHHRE triplet b OBEF LD =4
vy 7 v 2% e D High-Pt o vV #i—% 3, High-Pt,Low-Pt ZhZhoERE R ¢ =4 v T
YR =Y 7 RCEBN, R EJQpDIL LT U RBRELNE, TCTIR L §P DEFEIIH 15D
XoWChd, U—LBHEECREL P TIE. Ia—F vRIBOFMCHE baf Fe<wT %y biC
X o THBF ST b b MOFDHLKXC, layerl CoBilbf & ¥ — LAERESE L & ESERR SRR O
HEMC 72 5 23, ARSI E 2R OB EERD & 5 Zilhicz b, LAd -7 layer2 K050
DOYPEFOBEE AR S ik Y, #HEEAYHE TS LKL, cok % layer2 ETo, R
FHrDZEER dR ¢ HADOEER ¢ LEFET 5. M 15T IR, g ¥ ZhEThiEiEs: LTELTWS
2y EBICE R AR lems ¢ FAICEHI 3ecm DIBTT P2 bl d 0% P Y H—ES L LT
Ho5. LA&H->Ts RepafveTFvR <t 7 23HNI60%5 ARBERLTEN, <+ 7R

I nteraction Point

15: 6R, 6¢ o™

FO’D O0BICELDIDICIZ VI AT, "o TECES X5 1T %, THICX>Twin-
dow DREZX*FAK L Pt DL EEZPIET S, COXIABRBREENEN 7 2 —HICHEEE NS
(12l s 2 — s 0Py 7 EFERTWEEL. )

DAQ xv—7 + £— Fcit L1B(LVL1 v 7 7) & DRND(Derandomizer) 23& ¥# %, LVL1 ~v
77 TR LIA BZH2ETD 2.5 usec DEF— 2% lFdTEL, Thy £20OF7—Z %%} % Deran-
domizer FFRAH LA e — I DAQ ~RX 2~ X >THEADNEECOMT— 2 %irHTEHL De-
randomizer 7 bEAH ENL T -2k r -2 DAQ =2 2 KB b, ROD(Read Out Driver)
Z@ELTEs 2—+ry 70 ROB(Read Out Buffer) icié¢oii 2, ROBIZLVL2 ¥y 77
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R-p coincidence

5(]) 17

-8 0 +8

-8
o|o|o|ojo|O|0OjO[O|O|0O[O|O|O[0O[0O|O
o[ o[ o[o]o[o[0[ o[ o]0 o] o[ofo[o[ o]0
0/0|0|/0Oj0O|0OjOJO|O|OJO|OJOJO|0O|O]O
o o[ o[ o] o[o[0[ o] o]0 o] o[o]o[o[ o]0
0/0|0|/0j0O|0O|OJO|1|0j/0O|0O|OjO|0O|OJO
o[ o[o[ofo[o[o[1]1]1]0]o[o]o[o[ o]0
OUOOOOlllllOOOOOOT. o

sR —12 o[ o[olofo[o[a[1]1]1]1]0[0]o]olo]o| | TF1GYer Out

0 0/0|0|OjO|Of1|1]|2]1]1|0/0j/0|0|0OJO
o[ o[ o[ofofo[1[1]1]1[1]0[0[o[o[0[0
0/0|0|0OjO|Of1]1]|2]1]1|0/0j/0|0|0OJO
o[ o[ o[ofo[o[o[1]1]1]0[o[o]o[o[ o]0
0/0|0|/0OjO|0OjOJO|1|0j/0O|0OJOJO|O|O]O
o[ o[ o[ o] o[o[0[ 0] o]0 o] o[o]o[o[o]0
0/0|0|/0Oj0O|0O|OJO|O|OjO|0O|OJO|0O|O|O
o[ o[ o[ o] o[o[0[0[0]o[0[o[ofo[o[ o]0

+8 0/ojojojojojojojojojOjOjOjO|0O|OjO

B 16: R+ ¢paf v FrvR=<1y 720

LT LVL2 0¥ ERBE L ETCOBT — 2 REFHTEH L FELWHAK 5.1.388, FAFEAREOE
70 & STt [4] % B

ENENDOE I 2 —TRL DD Z—H VRR2DODIa—F v« A XY ' ORFEEST 5 C AW
Ky €7 2 —ETOHMRIE I = —4 > CTP(Muon Central Trigger Processor) iCikbi %, £ T/
Z—HbELNTI = —F v CTP tlbh 318 & LT,

o /7 Z—HTD I 2—F U EFROH.
o &7 % —NTd Rol »EHT.
o % Rol KIHwTer v + Lk S b ADOREM % EEiE Pto

BHY, ITNOLDERPOELEWHES LICY o —F v EgoH*»EAZL CTP Kit5,

INETBRRTEAL LS K, ATLAS 8o + U #— /DAQ BREREE XL TH Y KRB & ChHA
DOBPY b MARDODBRBYVES EL o THDTL AT L E LTOMRERRIHT 5T Lick 5,

CORLDEHETCH B A —F 7 2TORFKE, LVL1 Sa—F v« VY H—ohTchzy F¥r v 7B
TEHPNE NI H—r Py s e af v T Vv ARFEREEDD3DTH b,
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3 [FEH-FEHICEB P YFH— - BY Y IERETDLILR

SEVER L VY H—a Yy 7« K=k (5188 v FA—HEho¥ECETEaf vy FvR%
LHCovr—s ey vy« say 7 CAMEETOUELTCVS, TRV FFry 7ETCEHNEIN
Tw B ARG & YUV ABECHEHAI N W AIRAIFAGEFCOwTy T a b —v a VHERE R 5 %o

3.1 R EFAMRB &

EIHEAAEGT & IEFHIAEET o B B 17,180 AR cE E N b, COTDOOMFHIE~REc Lick >
CTOOHHOAENABEADE L A ETERT 2 LS,

FAENE 2L v L7 v 28 Bunch ID® ot b s s (AMA3EH) . £ & b Bunch IDogic
bbb GERHR) ¢d 5,

RHRBT 7v 7 Fa 22V 2p0o0FEZR 2002 vy 7] (40MHz) €5 % & %, ZDOHFESIC Bunch
ID #E)h248C, ROz vy 70 H ERAVTlL 7oy JIEOASAAZRHT LD, 2y 7 CFAHLALT
CEANBEEZCERT B, CCTEEADZ., CoFEHEA T Bunch ID B2 COBEBE I AT L s ny s
KEHLTWw3E EE9C,THE, D2FEDZOHOaA v T Vv RARERETY AT L 7y 7 A&
EROEEZIETRWE WS LA S,

FREHREET ccTRT V7« T4 27 U 20 OEF OB ARG C I & S N ARE O Z 2> T =
A v T v AR S, AJESFELOMNHAREZEL, 57— MELX VNI wrESprTaftryy Ty
o550 TH5, BunchID Zcpaf v o7 v Z2ofERICEH L THA W, ZOHBYZAT L 72y 7 C[H
WFscticksd,

F—IME 7 MEOEEDL 2 DA TRR 5,

FEIRERET ATES R & oMkt X > CBunch ID ¥ 33K~ 23, B190# 7% Bunch ID =%
WL itk b, ¥— iE% 25nsec~50nsec DETCHEBEOREIKIAT 5 L3k s, cn ks
CZZTOY = MEDERET v 7« T4 A7 Y pLOWESET VZMMET BEC, BRERE O Y
FIAL DR IDZHEROC L TH L, MOKRIC—FDray 7 « V—ZRBEEIET, ZhLETIhOD
F—RAMCEEE TV EMEL, BECED OR 2tbcticky, BREXEAHEEAT Y — ViERIA
T35 LBHESE bBAHA, F— MERIRT G E ROy F L ER LD, 2 D0 L S
ZABHBCEChD, B L Bunch ID #5442 NEFHD Bunch ¢h o sd5, 77 74
2 7Y b O OEFERE

25nsec x N < t < 2b5nsec x N + (gate width)

DRRICEZ NS,

FERHIR ST HHOLDEBRDAATTORDIC2AND AL v F v RTEZL L, TV 7« FT4ZX2 Y o
L OB DR EREER b, ty KT 5 &,

|t1 —t2] < (gate width)

af vy F Vv RADEHELCT S, 2%V, CCTCESY VMRS Z A v Ty AR E LN SEREIED
TEich b,
SEHAR R OGBS, Tv 7« T4 X2 ) BbOBEBRZ LHCONVF « 70y o v FCEbeTCT Y2k
FTLCEEERTS
FERIMARHOEE, I H—HHE LHCOAN VT « 70y v v P ICEbETCTIEMET 3 L%
i3
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Amp/Dis Bunch ID

cable
ri—— D
I Adj.
Delay
Amp/Dis Bunch ID
cable
r2=— —D Q
4%* Adj. \ .
Delay 3-out-of-4 Trigger
Amp/Dis Bunch ID / Coincidence;
ro— —D Q cable __/
I Adj.
Delay
Amp/Dis Bunch ID
ro— D 0 cable
I Adj. 40MHz CLK
Delay

17: FHEEt oS ORKN. HHEO D Low-Pt vV #A—Ho 4 AT1Z T %#ivwTH 3%, High-Pt + U
H—HcZ3EIC3I ATIBRETH 3, Bunch ID & 3-out-of-4 UFrraxrndb3Frrralllory
FEBB) Oaf v FrRRELNLEICE RIS,

Amp/Dis
— Adj.
rl
cable

Amp/Dis

rr
cable | Delay Bunch ID

3-out-of-4 Q
Amp/Dis Coincidence

—
cable [ Delay
Amp/Dis

p— Adj.
ra
cable

18: FERIWEET 0% ORI, fH oD% Low-Pt + U #—Ho 4 ANET%2H#iwTH %, High-Pt b+
YA —MCEEIC 3 AJIBETH %, Bunch ID i 3-out-of-4d o= f viF v 2% b skcticEabh b,

trigger

40MHz CLK
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TS5y — VgL S i FEEYR CREEREL > TL B, ZDRH, By — MBI
DHREEZ HB L CIERAE AN E WS C L CEBE L AL TEET AV, 0¥ — MEDEZRBZIEEEN 200 &
S5Ihb. CTTHEHAANDORD D CHEMKC 2 ANNTOEER* RLTW5,

Signalgﬂ—‘ J
D L
Q Q D Q Hit Out
[ 1Qb- { Q
7 ( IQp-

40MHz—=e * ®

Delay |
0-25ns D QJ Q-
{ 1Qp- ( Q

ore

ore

B 19: F#AFEr<® Bunch ID AEEo#l, 22y 27 « V=R L LTEDEIDIDLELEI-2DHDD
QA AET B ick Y, AEAY — Mg (25nsec< #'— Ml <b0nsec) #VE5 ¢ & #EHL T3,
T2207—20fhicETENEN, HIIOAAVRIER 1 72y 71T 342DIC200D 7 v 5wkl
Tilf_CTw 3,

32 vialb—var

YIialb—vavoxRELT, TV FFry TECHBINTWS I a—F v« MU -k TGC
EZ Do

3.2.1 HAL--TvI—5%

TGC AL L+ Py 200105 7y o v 7 (25nsec) ARCIIET B ZA Lo Ty X —
ORFIFEEC Tarfield[10) EE5 v I at—vay s 77 I8kl CRESEFHAT 5 C L BHEES. ©
» Tarfield  TGCHEMAD L I 2L — 2 CEGEIAC L >TTGC D24 &« ¥y 2 —, RHEENIE, S5
BS54 2B TORAERRDZCLBHERE DD TH 2, CCTOY I ab—vavid Tarfield cREXE
DRETLICELZ>Twb, Tarfield # L 2 DICEEOHPO TGCOF L —vay « XT A—Z#FHE
L ThAabEV, TGC oBERN21%BZFZE L TR LY. TGCHE T/ —F YA ¥ eAnY—FHE
OfEESR MWPC Ic R CIFRICR WG R LTH D, HINRSBKE W, BSOS L) 2B3IFF IR wi
EORER DB, C Tl BN ATGC DT A—2%{F5, BARCK v v 7 LERERELHER LD
DT BEZAL e Py 2—RFEL AL LR >TVER (HHAH 25 CO,y + n-pentane DHE)
CCTRDHLETREED T A2 R llioke (T A—2DFHLVERK « Bl OZAIECO T [11] 25
) o

¢ T/ —F+UA¥ LAY~ FHEROF+»7 = 1.6mm
¢ 7/ —F 7 A YFRLOMRE = 2.0mm
o 7 —F 74 ¥ ~OYLEE = 3100V

Z OfICERI 28T A —2 L LT
Yo —F v SRR EER L Tr LIS S T CoORFOI b0 ¥
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12

100 g= - = _I 100
75k - — | 75
I I
50 iy I 50 :
I
25 — | I 25 :
0 i 1 1 1 t1 0 i t1l
0 25 50 75 100 0 25 50 75 100
(a) Synchronous 20ns (b) Asynchronous 20ns
10(;tg 10(}:2
75p= 75
50p= 50
25 25
0 1 | 1tlo tl
0 25 50 75 100 0 25 50 75 100
(c) Synchronous 25ns (d) Asynchronous 25ns
12 12
100 g= - — _| 100 = — — — — — —
75 - l 75
I I
50p= m T 50 |
I
25 — I 25 :
I
0 i L L ) t1 0 i 11

0 25 50 75 100 0 25 50 75 100
(e) Synchronous 30ns (f) Asynchronous 30ns

20: - MEERALE E R0 RE  ERPAKICco M v T v R, 7 vy 7 (40MHz) B
MTEINTVDE, ZLTCaf v i 7 v AFHICRFR PP o> Tn 5, 2EEZZENLEN 2 ATOFERE]
ti,ts EELTw5, (a) FAMARE 20nsec 7' — Mo (b) FEFEMHIAZFT 20nsec 7' — biEo (c) R
gl 25nsec 7' — Mo (d) FEFMAFEN 25nsec 7' — FiE. (e) FHAEE 30nsec 7 — tiE, (f) FEFML
it 30nsec 7' — MiEo
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50um wire
G10 (200u m)

wire readout

copper clad

G10 G10

—

1.5mm

carbon

readout strips
copper pads

6.8mm

21: TGC ot

o T/ —F A YO¥E = 25um
o fifi# 2 = COy + n-pentane (55:45)
o TGCFHEIC I a2 —F v BASHT EHROASA=10 30 & ESAEL S LOEE b HTHARS)

INODRTA—E % T al L2 THRONADHZN20 L5 Ch b, EBEMBEE LT, Ia—Fv

:g4000 =
83500 Lot g 000 F
= a0 | SBBO0 e
3000  Fro
2500 % 7777777777777777777777777777777777777777777777777777777777777777 2500 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2000y 2000 [
1500 | e 1800 b M
0 S 1000 b
B0 [ e e 500 [ e e
0 :\ I ‘ I I | ‘ [ ‘ I I | 1 ‘ I I | ‘ I I
0 10 20 30 40 20 30 40
(ns) (ns)

convolution Onsincidence 10 degree

convolution Onsincidence 30 degree

22: Tarfield D\
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FTGC FH*RECEMET 5D 0EPL%EL, HDLAL0ERLL30EL b VDb DBLn, M220 65303
DHEBRRES AL LEEZA L Vo Z—0B/NEL R b,

3.2.2 U4 ORI

LHECHRHEBCENTEBSBERET LI TOEA L Py A—%EFBLZTELH, HEDOTGC R A
Y HACRKL.6TMmOESRBH 5, TGCoEC) GAMLOaA s 4 0bHAT) Ia—Fva@EL
TePIC X o> Ty Bl AL ETOT A ¥ OESGEBERBRAR > THh D V1 Y OERGIRWGHRE X
1/3.6[m/sec] TH % [1l]o Z2D7BH T Tk O0~Tnsec O—HRELEE RE & ¢, M 22ICEMAD T EICk >
T 2308k L VHENAD G 2o £AY—F« 2+ Uy 7HAKELTE, Ay Iatb—vav¥k
BhS>TnAWE, BEESOERM#HEIX1/6.5/m/nsec] TH Y, X Y v 7HARKRALISmM » 5D TH
FiAIHE LT 13nsec #ERE L AL T T A v,

g0 T T 2500 oo e P
2000 ol oo oo 3 C : : :
A=) E ; 3 ; R - ; 3 3
1750 g P P 2000 [k P P
1500 f P B A - : } }
1250 b S — 1500~ fo M e R
1000 /S
g 1 1 1 1000 [ e e
TO0 C 3 3 3
S0 A 00 N
250 G LS P K | i |
0 I ‘ I I | ‘ I I N 0 I I | ‘ I | L1 ‘ I I
0 10 20 30 40 0 10 20 30 40
: o (ns) . . (ns)
convolution 7nsincidence 10 degree convolution 7nsincidence 30 degree

23: YA Y OESCIEERE*EE L7 H & © Tarfield Do LD L VIBRIEL & b,

3.3 PFUFH—%EE I X Bunch ID

Wy 2859 FREE OoFFHEROMERG Y — VMBIIKGET 5 305, LHALADLETCHEAL
ko, ZooFEHRCET 37— MBOERITES 2, FLY— MECHET 2RCITwd i v, %
CTES, FvFL e AARBEAT L EICRET 2Ty V27— MiEOBKE LTRDE, £ LTH
CSb ol cffife y FBRET 57— MEOHIGY BEWCOTRERWC L Ch b, =V F¥y v T
DK TNy 2799 v FREATIkHz/em? K b wRET L LEZ bR TS (ThIBEET 77 2%
I BOHETH D) o
ZLTCLCTREABOEINENER VIIGLTEED O 1 RS S OFAH L. 3-out-of-4d D= f v
FYARWL L EEL D, COBE 1EES L FER 2mm T AT i 74 ¥ bA ¥ L HTHAM LT
30T lem DEREH S, 2T TLHESHUALY 100kHz D7 v X Lo 2% E ) 4T3 (lem iE X 1m F
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Synchronous conv 7ns: 10 deg

trigger rate(Hz)

1
10

25 30 35 40

15
random pulse 100 kHz gatewidth(ns)

3 out-of 4 coincidence

efficiency(%)
°
&

R L
10 15 20 25 30 35 40
BUNCH(n-1) gatewidth(ns)

efficiency(%)
8

9 |
977\\\\ TR - \/\\

P L P
10 15 20 25 30 35 40
BUNCH(n) gatewidth(ns)

08

efficiency(%)

06

04

02

10 15 20 25 30 35 40
BUNCH(n+1) gatewidth(ns)

(a) FIIAXFF 77— FIE25 25nsec & § K& <
Y200 LN vFCey YD GBS
B, BAroNrFZGYIFA—%HT L o5KCT
%,

efficiency(%) efficiency(%) trigger rate(Hz)

efficiency(%)

Asynchronous conv 7ns: 10 deg
10 E ; 3 i e

1
10

25 30 35 40

15
random pulse 100 kHz gatewidth(ns)

3 out-of 4 coincidence

08

06 [

04

02

R L
10 15 20 25 30 35 40
BUNCH(n-1) gate width(ns)

100

%

o Lo v v v 1w v 1w b b Ly
10 15 20 25 30 35 40

BUNCH(n) gate width(ns)

08

06

04

02

10 15 20 25 30 35 40
BUNCH(n+1) gate width(ns)

(b) FEFIIAZ e Bunch ID #JET 544 I v~
Tk a4 v F v AR AN EREBCAS
TEREZDOZAL I v I Thdbbn b,

24: Tnsec DIEWFE & 10 EOAHARINETNEEINT VD, TV E L« XAZATIC X BEFEA~N Y
2759y FEEE (F), —2FoNvyFTo ) HF—xEEiEE (28%E8), EBICey rOIoskNv T
To LY H-RRAER (3FH) , 12BNV FTO LY F IR (F) o Bl — Mg,
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DEX x1kHz/cm?)o ZNENOFFHARCEH T 55— MEOBHE LcoflFe v M AR, #lz XX
4l bbe, COZDODOMOMIRE v VREKZGE & YA LT, BENSEICT O LERL D 02M 25TH
5o MPOLBHCHDD XS5, FHREED 30nsec & IEEWHRET D 20nsec BEER UHEFEe v M4

Comparing two schemes

77777777 asynchronous gate width(nsec)

0 5 10 15 20 > 30 35 40
N
T
T
o
910j R 10
o} e
D
R= |
= AT
e
| |
j\
1 1
-1 -1
ol 10
10 15 20 25 30 35 40 45 50

synchronous gate width(nsec)

25: ZooEE R TofREe v FRERFYELESbE b 0, BEENE T ARPREE D b 0o L3FER]
HAHHODIDOTH 2, B x5 L l0nsecTHLARCERS T LBS25,

LTHEHT LB D5,

FUFH—FEE T X Bunch ID  {#%e v MR LFEREC, & 4Bl 3 4 3ES LTy v 2 —45
RS> T AN RAEFEE X J-out-of-d D= f v o F v Z2%W 5, H224BFEOHLDONyFICETFE L) H—
MEHEFELTnd, CCCTO NI H—FEIHBC VI HF—e Py 7 BT %% TcH-T, TGC HHOH
Wil R a T oF, BEMIC100% & LTcifk>Tw»b, I X BunchID 3 <csn5 X5t
ENONYFHRITICRINT VS, N AV FEREBAWCE 100% KA 3 FoRYCE y bOBH oV F
THb, N-1F—2fio~"rF, N+l GE—2%0"NryFTHsE, 2Dk I X Bunch ID lZ N-1 ~NvF &
N+1 v Fof, Y HF—REEIN Ny FEAhs, N-25vF, NE2 v FR7ERIC0TH S C & BHER
ENTwE, FNFRDOZ T 7T, F— MEIC LR > TH24DKEIC + U #—RhE 25+ 2RI 230
Ty A —03i E 205 b VT B C L BHBE S

IRt [ 20(e) 20534 5 HEIC, FMABEO5EY — MiB2 25nsec # BiZ 5 & HifE L7 5 v 5 A4
ORICER Y BELDE51ChR B, LY b H—ORMEREHEL 7y 7 CHIE X RAEAE ([ 20(e) T
ENBALBER > TRBEHCE Y M BB  BHDOAYFLORE Y V3B ofebDEF 5o B

UL —Lh e FR—+OHELEAEDLDIC 9% FRELCA S
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240FHIRFEFTH O 7 7 7 C R EEEREL TH 5, 230 Z A Lo ¥y X — |k Onsec~10nsec ICEH
LTWwbe 207k, dLIMHEDONYFICE v 3B o7 s T3 LETIONyFICET S I X Bunch ID 254
BICHz 2 Chd, MADNVYFICEy Do & T 2HERES &M 26DFRMXFE O X 5 1Kk %,
5 — Mg 25nsec FHEZ B LD v F RAEICHEINLTWE C 253505,

FERBREET [20(b)(d)(f) 2032 B X511, aA v T v ARk L okBRICHRD 7 v v 7 TR Y FCEY
JoNnd, 20LEELLONYFICALPEEPLRABZOZA I v ThEE, 2E 02 ATTOEET
b1 <ty OFf ly DEA IV I TCANYFRRET b0 4 AJNOBERE S DD 4 AJDOESOEERE
Pt <ty < tzg < tg THolclTb:, bl tg —t; <2bnsec DTS, Z2A I v I, RDOLDOE 3 TH
5. ¥/, b Lty —t; >2bnsec Tty — ty <2bnsec DFEEA I v I hRDODEDE ty THB, Lo T
24256 b 5308 X 510, 24 3V 7B THRADAYFICE y FRRETEC 28D 5, L b, —KE
WEA IV ITORDLYIC—FERNZA I v TRl LAELK20L 51Ch S, COHEEKRADNyFICI
Z Bunch ID LA Ao d535 5%,
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Synchronous Overlaps conv 7ns: 10 deg Asynchronous 1st timing conv 7ns: 10 deg

£l ol e
© ©
5 i T o g
1l
a 1
L E— 10 ——— L
10 15 25 30 35 40 10 15 25 30 35 40
random pulse 100 kHz gatewidth(ns) random pulse 100 kHz gate width(ns)
3 out-of 4 coincidence 3 out-of 4 coincidence
~ 10 ~ 1
5 L
g s / g 08 I
B F B F
§ ©®f § 06 F
4 f 04
i 4// o |
o b 1 i L L o b 1 L
10 15 20 25 30 35 40 10 15 20 25 30 35 40
BUNCH(n-1) gatewidth(ns) BUNCH(n-1) gatewidth(ns)
< 100 ~ 100
g g
5 / 5 /
5] r 5]
s 9 s 9
5 / 5
9 | / %
g7 Lo v v L I S L L L 97 . . L L
10 15 20 25 30 35 40 10 15 20 25 30 35 40
BUNCH(n) gatewidth(ns) BUNCH(n) gatewidth(ns)
~ 1 ~ 1
gt gt
g 08 I g 08 I
° E g £
= 06 F = 06 F
04 [ 04 F
02 [ 02 f
0oL e o b~ . e
10 15 20 25 30 35 40 10 15 20 25 30 35 40
BUNCH(n+1) gatewidth(ns) BUNCH(n+1) gatewidth(ns)
= L2 — R N ® = L N & NS
(a) MBIk, — DO LSy FICE » |28 (b) JEFEE e Bunch ID #PUET 544 3 v
B > IeFFICH T 2 R L ey 7e—EEEEL RSO 24 L v I OO
e
=o

26: Tnsec DEMEEE & 10 EOAHARENETNEEBEIN TV DL, TV FL « A ZANC X BHEFEAN Y
275y Yy FEER (L), —2fio"vFoo ) F—xEEliE (288, EBcey rodbosk v
To Y F-FRAEE (3FH) , 12BNV FTO MY F-FREEE (F) o #lhid~ — ME, Tnsec ®
EWEE E 10 EOAFHARENENEEIN TN S,

ASAaEkEE DRETICR<2 X5, TGCYR~D I = —F v O AHAIZ 30 EOHD L2 10 EOR X b
bRAA L Py Z—DRHHRRL BB 205 2 Bunch ID B3 A LK AVEANYFCTD Y H—hpi <
BB CLHAMGOFHLCTEIN S, HBREM2TOL 51k 3, 30 EQHEE. ¥— MiEd LRI
ik 25nsec Bl L% F ZIEFMIEFHC I 15nsec DI L BT 4T 2 20 HEHARXOBICKE A& Wi
AoniaAnsd,

34 E—L - O—h8E
3.4.1 E—4L - A—BTRIZOWT

N OREWNEBCEAT, EEEOBEL AP e voOlEVEACE > TREL LI a—F v Frviiv—
L EAFHERICRHBESBIC AR LT 3, bR FE TE—4 « nu— ] LTI T, AYO ¥ — L EEHTH
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trigger rate(Hz)

1
10

efficiency(%)
°
&

efficiency(%)

98

97

efficiency(%)

02

08
06

04 [

Synchronous conv 7ns: 30 deg

15
random pulse 100 kHz
3 out-of 4 coincidence

35 40
gate width(ns)

30

L
35 40
BUNCH(n-1) gatewidth(ns)

P T
30

. P
35 40
BUNCH(n) gatewidth(ns)

10

20

25

30

35 40
BUNCH(n+1) gatewidth(ns)

(a) AR AHA0ETD b D, Hifil &
NUFEHLTERBACDR T H—%HT,

Asynchronous conv 7ns: 30 deg
10 E ; 3 i e

trigger rate(Hz)

1
10

25 30 35 40

15
random pulse 100 kHz gatewidth(ns)

3 out-of 4 coincidence

08

efficiency(%)

06 [

04

02

C L
10 15 20 25 30 35 40
BUNCH(n-1) gatewidth(ns)

100

efficiency(%)

%

o Lo v v v 1w v 1w b b L w0
10 15 20 25 30 35 40

BUNCH(n) gatewidth(ns)

08

efficiency(%)

06

04 [

02

10 15 20 25 30 35 40
BUNCH(n+1) gatewidth(ns)

(b) FERAREE. AHAIETODID, + U
H—%WF2AI 73, a4 v FrAkiEk
TIE DDA > TH A

27: AHA I BOL R TV F b« "AZRANC L BNy 2 77 v FREE (L), —D2FioN v
FCo MY HF-xhERMER (2FH) , FBCey bOS ok v FTo MY H-RhERMR (3FH) , 1%
DRy FTO Y H g (F) o BEhE Y — Mg,
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Tnsec DIEMEHERENFNEE I LTV S,



HEL7Ia—F v ERiBEOhh v, M—OFn0 Y B TARbsoBrE#ET 204 I v 7C
Hb, ALY —LHESL Y EMCBET 2REBICE > T, AP oRiT-LE—L « nu—Dh T Ie
CHMOHANCERT 200 TH 5, FHOBHERC & > TRELSKFIRED AV,

3.4.2 E—a4 s AA—Z R PORT ERIEX DHEE

T TGC oEIEX 38 ofkiciiATtnd, CoRELowPt + I #—fHo 240 2 #HE (doublet) #
P23 1E0 L 7R OB OB W X IEE S T WD /A b O TH B, LicdhB->TLowPt Ho ) -4
Hrolke—b s ~no—% 5 <L BRT 2L 3Kk A V. £, ccTidHighPt V) #—Ho 3ERE
(triplet) & 200 2 EHE & OROFZEAFIAT 2 c KT 5, o TREHD2® TGC F-LoOMHEEE%
BN AECEE L. n OECEKFEL AL S ICL o

o 27%H® doublet & v — A & OFEHE, (=14.536[m))
o 20 doublet Ft0BE#E (=0.47[m])
o triplet & 2% H® doublet & OFFRE, (=1.486[m))

ZFLCHEETaE T (Ao Ia—Frivv—nernv—) o TGC ¥ FMET 2E0HEE Y BHO 2 DI03H
EIC U7 (0.30[m/nsec])o BHAZHOE, v—b s nm—Df v EZRETROTGCTOE v O
Bl (v Iab—va vy OREXLE) K. LTORE ELAbDTH L &350 5,

o triplet %o + 13.0[nsec]
¢ 1 %FH® doublet ®f. + 6.23[nsec]
¢ 27%H® doublet ®. + 3.09[nsec]

E—b e ne—0HERFIETGCIFMCBECAKNT S LELZLONEZOC, AFHAROIELLTEZA 4
Py BT BERD B, ¥, TGC oo cEET 2BERALCAZETTHEHLLTA Y
CTOESOERIERZRILCA B ETTH b, FNOORMEX ANTEONAERIEN 280 L 51Ck B,

3.4.3 E—bL-nO—IZfFBHax2 b

PlETicit~7 & 5 i ATLAS BB O LHEO DD LHE—4 « ~u—%PRd 5 c L dHkA V. 207
DYHIEE LT H0% BEE>T I H—2HLTLESHERCALZDLITH B00, ¥l 50% 2»00h0% -
Twd, ATENENOFHFHACE T 27— VeSS0 2 X 5 €, AT %5 — Mz R3Sk
30nsec ICIEREHAGF Ik 20nsec Z L IRET %0 AR OEEE— L « ~e—C MY F—#EEZ TH
LTCLESHERZY — MECKESIKGET 5 LB 2800555, L LAY bFEIAREHEY— ME
30nsec AT TH S C L BB 5TREDT, E—h e na—FRICE s TELLOBREELBNBNLCWE LF
5 kAN ES S IERICA S,

3.5 AT FMHE
3.5.1 f#EEER

ATLAS Z5Cld 4A0MHz D2 X574« 7 vy 7 BLETORPEBCFRBICHOE I NS C EHRERINT AN
5 ELTHHEIENE 70y DAL I v FEE—LD I vaL vy « 24 LCHRARIN D LERD L, T
NECHEONAEY Ial—vavoffREeccnrsay 2 b¥—nbe s yas vy « 24 050 (BiHH)
BRVIDLEL TEE>TE ke LOLABDL A —FY 2 TOHKRINCEHNTIEHHRAK bnsec BEDOAHZEL
DOAEEER B B 20D, B LD COMNMHBILCE >T LY H—RRBERKELEBILT L5 TH-L b, &
AR HEE AL TR AL AV,
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Beam halo Synchronous conv 7ns:0deg Beam halo Asynchronous conv 7ns.0deg

~ ~
T T
T w0 T 10 et
hd hd S
5 e 5 T
=} I o =}
=] }M 2 LA
= bt 5 ot
Pt
1 | 1
&
|
}
TS Y S T S S AR TS Y S T S S BRI
10 15 20 25 30 35 40 10 15 20 25 30 35 40
random pulse 100 kHz i random pulse 100 kHz i
3 out-of 4 coincidence gatewidth(ns) 3 out-of 4 coincidence gatewidth(ns)
~ 100 F ~ 100 F
S S E
T 9% S o5 Asynchronous
< Synchronous =
< 920 < 90 E
5 85 5 85
-} -}
5 80 E 5 80 E
@ @ E
g g st
2 70 F 2 70 E
=) E =) E
gt gt
60 60
55 55
50 E v L1 T T R T T R 50 E v T T T R T T R
10 15 20 25 30 35 40 10 15 20 25 30 35 40
2fold AND of gatewidth(ns) 2fold AND of gatewidth(ns)
3out-of 4and 2 out-of 3 3out-of 4and 2 out-of 3
(a) [FIHIAET (b) FEFRIHIAGGT

28: F—Lh e np—CEE->THFY HF—2HLTLE S MR, MiEhid” — ME, Tnsec OEHEEEEE 0 &
DAFHABRENENEEINT NS,

3.5.2 MY H—EROMAEE KT

B 29134~ vF o b Y A—EEONMHEUEfFECH 2, cnbn 77 7EIZABunch ID®v 32—
vaviFLESANETT ey FENTVE, Mb3d5 X5 2 00 HERICH T £2nsec DFFEE;
TRHHEBHEEL TS T LS5, M30EN29EFLIDTHEZRERYPDOANyFO L) H-—ZROE N
BHROERIER L b DTH Do MHEILOIEEDOHPH (0% Y +(nsec)) . 40MHz DY X7 4« 7 my
SDOFBRF e s yar v 7 XD RRAGE LI IRRTH 5, MichHE{LOADE (0% ) -
(nsec)) & 4AOMHz D 2T L e sy 7 DOHBNVF « 7yas vy 7 XD bBIRAGE LS SEHTH
50 COCLERIONY FRADNHEZLOFH CIMICIEZI T B T b, Tl v FRIEDOMHZIL
DS THEZ T B T & bEEET 5 T L3k S,

3.5.3 AMHEE tIcHIBHaxb

ENFROETFERCEATH — VBREZE L CHELTH 5, FARFE<E 30nsec, FERWIH R
BWTIE 20nsec E\d X5 ICHF— MBEREE LTS,

R#AREEET MU AR RO CREBNLE L T\ 54, A TRABICED LT b,
99% o Y F—shE#1G 5 e oIk, —2(nsec)~+5(nsec) DEFACHMHZL BTSN B,

FRBIRZET b U A —RREHEIL S LT 2R o Tvndo 9% @ ) H -3 %155 0 1C
X —3(nsec)~+2(nsec) O #EPACHMHEILB3FFE N 2. K302 0525 Hic40MHz 7 v v 7 53 FL%
2(nsec) EOELRFIC b Y F—EEARRICT 5 C L3k Do
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Synchronous gate 30ns: conv 7ns: 10 deg Asynchronous gate 20ns: conv 7ns: 10 deg

g g
< 60 < 60
g g
2 2
2 2
5 5
40 40
20 20
0\\\\\\\\\\\\\\\\\\\\\\\\\ 0\\\\\\\\\L\\\\\\\\\\\\\
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
BUNCH(n-1) phase(ns) BUNCH(n-1) phase(ns)
~ 100 ~ 100
g g
3 3
g g
2 2
5 8 5 8
60 60
40 40
T T S T T S ) I RO T S T T S S I R
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
BUNCH(n) phase(ns) BUNCH(n) phase(ns)
~ 30 ~ 30
g g
) )
g g
s S L
T 20 T 20
10 10
OHHHHHHHM/HH OHHHHH‘)’/HHHH
-15 -10 -5 [¢] 5 10 15 -15 -10 -5 0 5 10 15
BUNCH(n+1) phase(ns) BUNCH(n+1) phase(ns)

(a) [FIHIAET (b) FEFRIHIAGGT
29: Y H—ZhRONMHE KA. 7 — MR FEIAEENC & 30nsec, FEFRIMIAEGTC W 20nsec ([

TBLTWw3, T4 YRS & L < Tnsec AlA L LTI ERREINTWS, LoFioNrs (k) o
Ko svF () o 128D~ vF (F) o
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efficiency(%)

efficiency(%)

efficiency(%)

95

98

o7 |

Synchronous gate 30ns: conv 7ns: 10 deg

15\ L \_10\ L L L : L L L 10\ L -
BUNCH(n-1) phase(ns)
15 -10 -5 0 5 10 15
BUNCH(n) phase(ns)
715‘ - ‘710‘ M L P . . i L P 10‘ M 5

BUNCH(n+1) phase(ns)

(a) FIHIAERGT

efficiency(%)

efficiency(%)

efficiency(%)

100

98

o7 |

o L

Asynchronous gate 20ns: conv 7ns: 10 deg

Lo L P N L L L
15 -10 5 10 15
BUNCH(n-1) phase(ns)
L L L L \ L L
15 -10 5 0 5 10 15
BUNCH(n) phase(ns)
E. . M M . M
15 -10 5 [¢] 5 10 15

(b) FEFIARGT

30: M29LF Lo KYDOA~NVF D+ ) H—ROENBRLZTHIRL T3,
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3.6 TR Ial—yarefFlioxdddaxsh

BEICHCE L 510, ENEFNOFBCENT2 0ORIHERD AT +—~ v ZAOBIC 3N a2 L
A, TNOLDOMPNAEZEDLLELLOFIHBRXBBNT VI LEE L AVE VIO RERCA S, £/, C
oo TGC AT A — 2 JEEMEH R DD THER LA L« Py A—AREDTETHEVEL ANIOTH
Lo T A—ZEEARFYECTIE, SEHTOMRIEECKEIN 2 DOHFRAOMREOZEIT X b/
A BB LEZbNE, 2FED, B LEOART7 5y —~< v XOWETRELLOFEHERTIED Y B AW LY
ok LLAEBLEZOBROEROAN—FY 2 THRICIFATREAERD 5 LERFGCTRODL T L
THb. M17,185 05322 & 5 WCERMARE 0GB EE T OWGIRFE LD r — T VBT % [Fl—c 3 % 37%
VEERBETH B Zhicst L<RIBIAZHE I’ Bunch ID H®iIC52 % 2 v v 7 ONE R T &S LIER
Vo AR CR £, ROLTVEIMELTHEDTaAL v o7 v 2R BRA EESHI 5
AREAPIICETICHE PR A O AR D 5, 2O L5 RARIZHT, rIH—ady 7 « K- %
AR WE L 7o

40



4 FREREHCH T BB b Y A —REROFE

CCECIPIH—DL AT LLHEEHERCOWTHRRTELD, af VI FrALL-aTECETA Yy 7
FIU Yy FREDRETIZEB VI T—2MEIANEBPEECASTL b, CCTREZY F¥yr v 7BHTD
TGC K HEF BBV A—RAELKY L Iat—ay LN TEEE AT 2, Ny 279V Fo
REFLEDOL— PCOWTEXRR [12] CELDONT b, CCCRIBBN ANy 7 77V FeL—1t %
JCICEHEI L T < o HRAEHI AT H < £ THofHi A DO TRPDRE I E T, BENARIEFREL T
w3,

41 < $al—varTOIRE

FMARH ZTCONTEA>TVE, v Iab—vavid Y H—o%#e LT Low-Pt A (3-out-of-
4) sz, High-Pt o d oBEHESEL 2D P Y #—RBMEHE L = v— ¥ a v CREFHl
LTELnhbTHb, T, RN 2O CRITIC M) HF—Re#HHT 2 &b KD, BHNTECS
TR High-Pt HOZFHCOWTHEIH L T3,

4.1.1 HfIFHRE

31X 5 AR HMiK 150cm. ¢ HAIC 120cm oEHEO TGC YA & 2 5. EED TGC &8
THBHR, CCTREENCEAFCLTw 5,

120cm

-~ - — -z - — — >

3l: TGCAEDDLAT Y +

¢ T/ —F s TA¥E ¢ HAKMETWT I = —F v EHED REDEHIET S, 7/ —F -« VA ¥[HEL
DGR 2.0mm T, 5 ARSOE LD THALINEDTTIAY « ZA— 7T OFI LIERE lemTH %
LIRET %o

o #Y—F XYy 7Rk RAAMECTATS 2 —F vEHED ¢ B 2illEd 5. XY v 70,
WU 3em & RET %o
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CDX5CTAYEXINY v TOBEVRIELXTR2Z2E XL, BltoBEvwdc oo EcldEEL Tk
o M310X 51 TGC Ffi% 4 ¥HE L 250 2 /8 (doublet) %%, 2L T o 2250 2 HEBEE
T Low-Pt "V H—HH 3-out-of-4d =2 v F v A% WEbiFTHh 5,

A4 o FrAwindowDKEE LI H - RFLADOECATHECGRRAL XS5 1Ic (2.3.28K) . win-
dow DRE XX ING DO P A—FNECTIa—F v E e b2t REL5AKEXRFET 4 T4 HIC
TEL TS, CCTCREOLDLITO X 5 aMBINAEYRET 50

o ¢ KMo window ¥4 XL 9em
¢ R /5o window 44 X3 20cm

LaLladbcnksic LcHicwindow #5H< & TGC olloBE Sl window 31X TTLE %, Lk
BoTHRDICAT LI o —F v PHOBEDRB->7EE 2 OHD doublet ¢ AV TGC 2B ELTL %
WY H—RERR TR EHENREC B COMBERENT 5D 2BEHOFHBEL O TWBEE, T
BB 32% I 245EH]  M33% IEEEN] RS,

[0}
R
120cm
300cm .o
D e s Tt s >
A
7777777777 ~~- - -"-"-"--°T"TYr--"-~"—"7F"¥7-"~"""=7"=>""="=7"=7”"°=”" = '
7 7
7 I 7 I .
1 1 "'T’
oy Sem
[y T T "
' I I
' [ I
o I
| ! |
_ |
‘ e | s
120cm: P I 3129cm
| ! ! |
| ! ! |
| | | 1
—————— ---—-—------}-H4-F--F--"-F—---=--=-=---11
| v
et lcm et
' A - z
\
R L G e L L >
150cm

B 32: 2fEENRDOLAT T +e 3. 4HHO TGC & R HACESFNCEEBE IR, 2HoREXTaf v
vF v X window 2B X9 L Tw5,

2fEER 320X 5k 22HD doublet # R HHEICHEDFHLCHET 5. 2L TR IAECEL TREEH
Hc (BKWC) 2200fM%E S C ick > T window % & 32 H"—LTWw3, ¢ HHICBIL T
B IcEED TGC AL%2 D LS 0BERTHAN—L TS, ¢ HADEAY F4.5cm L KET 5 (window ¥
A RDN5Y) o

RTGC OEEBINLZEHICX > THWD T LN S
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R
20cm
170cm i
D e e T T >
A
T - - -"-"-"=-=-=-= B 1T~ ,
7/ 7/
7 ! 7 !
/| | / |
7/ | 7 | 1
A “ T 1 1 7 | i
! # it 9cm
. -t
[ I |
[ |
* |
- | '
' Lo 3cm | :129
120cm I I E cm
' | | !
| | !
| | !
— _/ ________ — — | - - -y - - — - = 1
v
s g 1cm s g
2 >R - - - - e
v Kk /
D e >
150cm

33: BEELOLAT Y o 3. 4HHOTGCE L, 2HEOTGC KK LTEAS LS CAEE LS,

EEFRD MN330HE2oED doublet BFHL X A v, ZORbIHICHY—F« 2+ » 7KL T
BoTnd TGC »oItBICHEAE B ZVES. LA >TCOHE ¢ HHOARHNAEL ) ZHEH
LAV, COEBEWIAIC 10cmiBOd D% &5, ¢ HAOEADIF 4.5cm TH 5,

4.1.2 BNy 25> FEIFRMEEN 2SS UK
COEBCR2EHEONN 2 7Y v FRELTHE,

o JEHBI ANy 7 75U v YOS, ABCRET BNy 2 790 v FEETHTOb D LE L, 4T
TICA Ry P EREEXES,

o HBE NNy 2 757 v FOEEA XY % doublet BffC#E 2 5, THEANv 72 779 v FOILICA BHL
F25 doublet * BT 23 ctick-Ty 2B TGCOFEILATE v F2RFET B EWIHETH B,
L7 > T DEE 2 2d doublet T A Xy M 2FEX T L v,

vialb—va VORREBECHITHEN R ORR & —HiIcRT

4.2 MBHROFERIZLBETR

LSEZTWEORAMAHRITHE00, vIalb—avidIBLAEE T2 ¢ B8ETH B, %
Tos TOBKY I al—va v EFEHEO2BYOFECHHiidsc iV 7T 2y 7 ICh D,

4.2.1 HENvsF5STLFDEE
MBSy 2 799 v FOBETAFTTREMCH 5, REFTCRIOTAFT 2B AL ST %,
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F—lheZvuas vy «b—belRTTGC LNy 7 799y FRERERIIEFICE N, 20D,
FFHOCRET S LIETGC Lo~y 7 750y FRAEERRY Y VTS LSS L ThH 5, &
E,hb, e OXRY Y vIHEICENT 0 OEEY 1 2RI,

TH Y. oG OWIFHER

Tif(cm?) X Xv 2 799 v F e v—(Hz/em?)
r =
E—LesymivZev—1(Hz)

Thbd, HEANy 7777 v FoOEE, 3-out-of-4 kT ZENEND doublet AL D 1D
D v FERETHE I e FDOLDEFE T Y H—FRERKZ

Rypg = (1oHoOdoubleto—piTAdin < & d12544) X
(22 Hodoublet cowindowNIC Ak & b 1o5k) x
40X 150 X (E—=&L 2 vy« L—1)

Lhb, FoXT40%x150 1k 1 DH® doublet ECHOLTHHEDOELEHLERERL T3,
2fEERDHE NM32Xbh, EXoryald ToksKcki b,

(1o Hodoubletd>— Tk < & H10%4k)
— — frack _ _ Foack _ foack
B <1 _ 20 3)X-fbeaxm.> <1 _ (0 1)X3beeam> . <1 . 3beeam>

(22 Hodoublet cowindowNIC b A < & d1oF4E)
— — 'be«Ck _ _ -fba,ck _ -fba,ck
= {<1 — e (129 3)X.fbeaxm.> <]_ — e (300 1)X3X.fbeaxm.> —I— <]_ — e 3X .fbea,m)} X 3 X 20

CTTC foaek BXy 2779V Feb—1%, fream BE—L 7 vas vy e L= 2ET EEHED
3x201X 2 2H® doublet o4 v F v 2 window NETOAZRELEDLT T EHERL TV 3,

LEERDEE 33% b L ICFEBRDEHEZT 5 &\

(1o Hodoubletd>— Tk < & H10%4k)
-f ac -f ac -f ac
— <1 _ e_(12°_3)xf:ea:1> <1 _ e_(15°_1)X3f:eafL> + <1 _ 3 f:em’i>

(22 Hodoublet cowindowNIC b A < & d1oF4E)
_ _ -fba—Ck _ _ foack _ foack
_ {(1 _ 2o 3)beeam> <1 _an 1)X3X—fbeam> N <1 . 3beeam>} 3 90

Py Y

4.2.2 BNV LT FDFE

R~y 2 759 v FOBEEARNETA T TEMHEN Ny 2 770 v FERUTH 5. L LIEHBTY v
27T FCEWTE, 4BEMTEEZLZDT 3-out-of-4d Do f v Fr A%l dciiey tOi
WERDSTH I 20D BETEIFBELRERLZERICAN S, N340 XK 5 KR HFAL ¢ Hnh
iCE v PORERFFH L, AfEL 256 XX — v OHBRICOWTETELEDE 2 LERD 5, Thd LA
DIeDdIC, Y H—FERERFIZIEHD R2 & ¢3 DG EDORRCIE tyy EFLT X 51T 5,
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R1 R2 R R4 R5
12 34 12 34 12 34 12 34 12 34
12 34 12 34 12 34 12 34 12 34

o1 2 4

X 34: FEHBI Ny 2 779 v FOBEOMEY. TNt 4B TGC # R HHE ¢ HE»xbLAETWS, B
CBIBLTVEI0RDAELL LD —2EEy FODHSEBT, AndDiE—dby VAo kBTHS

2IEBRDHE T OSHIOWR L EET %o

—(150—1)><3><—fb‘“k —(120-3)x Fhack _3y Jback

a = e€ Ffream as = € Ffream as = € Ffream
Toack Toack Toack

—(300—-1)x3x z2ack —(129-3) x FReck —3x FReck

b]. = € ( ) Ffream b2 = € ( ) Ffream b3 = € Ffream

Gcommon = ((]— - CL1) (1 - CL2) + (1 — (13))
bcommon = ((]— - bl) (1 - b2) + (1 — b3))
INHLOBMEH > TEEEEETT L,

t1 = Gommonbeommon * 3+ 20

tiy = ti3=((1—a1)-as - a3) - Geommon - Bomamon - 3 - 20

ty = ta1 = ((1—az) a1 a3) Geommon * Dlommon * 3 - 20

tis = tis = @ommon - (1= 01) - b2 - b3) - beommon - 3 - 20

ta = ts1 = @ommon - (1 = 02) - b1-83) - beommon - 3 - 20

tas = tsz = (a1-as-as)- Geommon * beommon * 3 - 20

tas = tsa=((1—a1)-az-as)((1—as) a1-as) blpmmon 320

taa = tas =13a =35 = ((1 — a1) - a2 - a3) - deommon * (1 — b2) - b1 - b3) - beommeon + 3 - 20
tar = sz =ta3 = ts3 = ((1 — a2) - a1 - a3) - Gcommon * ((1 — 1) - b2 - b3) - beommon - 3 - 20
tss = tsa = Qommon - (1= 01) - by -b3) (1 = by) - b1 - b3) - 3-20

tas = tss = Qommon - (b1 b2 - 83) - beommon - 3 - 20

Lo LkB-o>T28 "2 —vETRLEbYES L,

Byppy = (t11 + 2812 + 2891 + 2t14 + 2t41 + 2822 + 2t93 + 4tog +
A4 + 2845 + 2t44) X 40 x 150 X (E\‘—A cuay VT e L— }‘)

Lhb, TNOLORERIKRETCY I ar—va v i ns,
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EEEROHE oS 2 2HO doublet IKB] L TEIESHLET,

—(170—1)x3x Jback —(129-3)x Jback —3x Jback
c1 = € fream Cy = € fream cy = € fream

@*%K%%Lft C1,C2,C3 * Zﬁ%iﬁ@ﬁﬁh@ b1,b2,b3 K%é’%iﬂﬁl '8

4.3 R
4.3.1 @~V 25> FDOBE

EREHIBDLSChD, TT—« N—HEOHEBY Iab—vavickddoT, HERBHITNERIC
30 THsb, TT7— « N—OBMERDEHECA XV MDPORIMFIHLTI—TH B, ZooFEEBILT
fTv—&K%*HeTwn5,

correlated background(twice size) correlated background(same size)
5 10° 5 108
O O
= =
2 2
p 10°F 4 p 10°F
g0 4 g A
[ / i [ S
1041 2 1041 /
10° /,/ 103 /
A A
e
102 102
10 £ 10 £
£ s £ s
% d
v r
1 1
10 10° 10° 10 10° 10
background rate (Hz/cm®) background rate (Hz/cm®)
(a) 2f5EnOEE (b) HEEELOLS

B 35: HEH Ny 2 79V vy FCBT 5L I a2l — = v NN EORR,

4.3.2 RNV LSSV FDEE

FERENI6D LS ICh b, FHBHELS AZOTHENYy 2 759 v FICHART Y H—FERE T A
b0 Ny 2T IV VE e L= bOHNFET2 DOOFEOR—BBAON B, T EIFENTNETR O ClEfE
FHEADT, 1O —L e 7yuas vy 7 CFIELA V) F—BRELAVEVWSIZHEANTAVED
THbdo, VIal—avOHCRTOEERAS>TWEDTLIMHz CH#IEL T 5%, MBS IEH
oGBS T 2EEREEFEFEREOEVRHEIC T 7 7 200 D ADTEETE A V.
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uncorrelated background(twice size) uncorrelated background(same size)

7 7
o 0F o 0F
o £ o £
= =
z [ + z [
T 108% T 10°L -
- -

A+

5 5
8 8 T

10°L / 10°L
104 104 i

103 / 103 /

10 10° 10° 0° 10 10° °

m;lo

background rate (Hz/cm®) background rate (Hz/cm®)

(a) 2IEEROBE (b) ST OB

36: FEHBEN v 2 VSV FICET %Y $ a2 L—v a v LEITWETE O R,

4.3.3 High-Pt b UH—R4x

CCEFCRONMERD O, LG T CAEATH 2 C L BRI N LB >Ty Ialb—va
VCEA Y MRS e R High-Pt b U #—SfcofRe v b Sk IR T & IS
T3 EBAEETH 5, High-Pt +V F—ofHcikEC 380 TGC(triplet) #EBML, 2o 3BT 2-
out-of-3 i ENB C L BBEC A ->TL B, €€ Low-Pt I HF—fo 4f@cotkitic Xk ><iko 2
BY ST Lk

418 (4N v 25592 F) & 3B (2-out-of-3) FHREM37(a)D X5 A S,

478 (MY 25592 F) & 3B (2-out-of-3)  EREH3T(b)D X5 kB,
Low-Pt CO&HEL DV bEIC, +53-y 77992 FrbREETE y FRIMA LTS T & 5535
%o

4.3.4 @BREMYH-BEICHT B

INECEONABREI LK TGC B T2 F ) F—RERLsEoT, v Fdyy 7BEE%
B3 2 7 I ik, #9200 REICH 2 R D B,

ZLT, EBO ATLAS RIBBCEG Sy 7 799 v F e L— FCHBRIEF4 74 CLICFED X
51k % [13]o

n n (Hz/cm?) | v (Hz/cm?)
1.0~1.5 1.02 5.18
1.5~1.9 2.42 6.87
1.9~2.3 2.81 8.88
2.3~2.7 4.02 11.3
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correlated high pt trigger uncorrelated high pt trigger

trigger rate(Hz/TGC)
trigger rate(Hz/TGC)

10

0L 0L

10 10k

10 10k

10 107k

10 > 3 4 1 2 3 4
10 10 210 10 10 210
background rate (Hz/cm®) background rate (Hz/cm®)

(a) doublet ISy 72 750 v FOBE (b) doublet DIEHEI Ny 7 750 v Folgs

37: High-Pt + ) #—FfECcofFe vy P REK, 2O00MFEEZRL T 2EER (B) ¢%EER
(F) &L Tw 5,

T DTl neutron & photon (X3 2RI OBEZMEREE I LT B, FCCiRRTETHB L5
LVLl1 cogAR ) H—+ b—bdZL 7 br=7 20EFE2 b 100kHz TH 5, WaRe LTI a—F v »
FYH—wbkHz, vl —2—2 33kHz TH 5, chCH L TNy 2799 FOLrYIH—«b—L+ i
Ia—Frv e I HF-DZVvFFxr v 7RBICENT IkHz BEKC RNz 2 2 ATH B, KIC 1kHz % {3
FIH—KEETEE, 1O TGC 70 bHzBECMIZ AL CTlhA LA V. ZOHEN36Hr I35 X
51Ny 7 7Fy v Feb—1&LTl300Hz/cm? ~500Hz/cm? i g CRAFAHK S, Koffi & T 3
ET D CEBBED DBy, Lo TIY Fdr vy 7BTOIa—F v e PIH—e 0 2AFLELT
FREWEFI>TEB T Y A — By PEHINTVE T L3050

Br ool MDT OBSZHCHEI N T WS, TGC DEZEHARE I N T wAWASFE UEE AT
Y AN EEZ bILDds HAKIC neutron IC{E 0.001, photon (& 0.01 DEEZHERFEE TN T WS [12]
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RPC MDT

e

12m —

-----------J high Pt
—

barrel triod ; =
magnetic field = I

_— Low Pt

_;;/£Mﬂmmﬂ/ —
magnetic field

0 14m ya
I nteraction Point

A

beam

38: ATLAS detector o ¥

5 MUH—BAYYIKR—FDEE

COBECEINTTOFELXECHLAED, ERO— F 7 = T7OHHCOWCHIAT 5, SEEVEL A D
DRIVLL VI H—Dz v FeFxr v 78, Ia—F AL IF—af v Ty 2oBY*EHLAT A
Fa—ATHY, COR—FxFoTCaly s 25— LAY EL S OREAENTH B,

5.1 SRS N—F T T7ETDELDFEN
5.1.1 ATLAS detectordlL A7+

4 381% ATLAS BRHIZGOMITINCH 5o Ia—F v « X7 bat—L « AT L ELTE, SRR
BHAH & L < MDT(Monitored Drift Tube) %, + Y #—fH& LTvrEIC RPC(Resistive Plate
Chamber) = F¥ v v 7B IC TGC(Thin Gap Chamber) #, MO L5 CHEL T35, v —LEHERM
oI a—F Y ETGC ORIT el <%y bCXoTlIFb 35, T, High-Ptod ol
230 555307, Low-Pt o 0B RESHIT o5, > THETGC O v L AKMED bl ER
FOAHFRIH Y Pt 2BIET 5 C & 231K D,

High-Pt %8 M38D TGC it T, MID2E L5 AMBICH L TAMO I FICHD X 5«
window %3 ). %@ window O %@ 5 fiEk ICxf L <l High-Pt o L 2 Wiid#kz cdo e L
THrIH—%HT,

Low-Pt OHE MMllo 2 [BCYk - rBIcef LB 2 [Bic window #2100, 20/ %l 2 HiERH FIC
HL T Low-Pt o L& wiid#iz b0t LTI H—%Hd,

Eeii~7% Twindow o 25| LF5C L¥IEeERS DB I H—af v iFr2oRlickhs, %
Mo TGCTE% 322X 571 —7 LT wEDE, » Fa vEEANLHESCEE O EHEED N v
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L

rGC

—H

————— L ow Pt trigger (3-out-of-4 satisfied)

3-out-of-4
Reaﬂom_ ———— High Pt trigger (L ow Pt x 2-out-of-3) Muon
Outer Section L{H ] I
] rGC ’l I

MDT
(Monitored DriftTube)

ReadOut l’
<«——  2-out-of-3 E(Thin Gap Chamber) / I
]

Inner Section
39: TGC & MDT oirBEE%

275Uy PhbEECY 5 AEREe v FEHRT BB, af v Fy RAEER DG CEp oL S FAR

OJ%EVDTDLLDTH S,
ATLAS EZB{l» oA nTc3EE L L, A0MHz oY F « 72 vy a s vy ZICH LT

o RAMAICOWT lem OMBMERER . ¢ HIAICH LT Jem O ESMERER HIT T Lo

o {fE5EIC Bunch ID #4545 ¢ &,
o INLOMEE 2.0us LINICE R 5. (2hickk CTP(Central Trigger Prossesor) ¥ ¢or—7u
IC & IS B )
THbo /ey CTTHETHPtOLEWHELE LTRBfED LTS

o Low-Pt fHic 6Gev

o High-Pt Hic 20GeV
LREL TS (AECT BT LIZEREINTRE) o

5.1.2 TGCOLA7Y BT
B39 TGC &t MDT #BEBIN T —EY AL ERATH 5. Mo T2 e — o 0ERS

MC/z Y, Bl ONMIIC R 5,0
B innner section XAl 3 B2 b D signal ML, 2-out-of-3 (3D S b &3 2Ty

FPRECE L) OE&ERET VDR DODWTEEAH L EE A v, 2-out-of-3 DiER%* MDT oI
& —F A% LT outer section IKE %,
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Inner Section
40MHz L1 accept

Read-out
request
40MHz Beam Crossing N
ID Counter o
24 inputs from each layer
» Level 1 pipdine »| Derandomizer
Serial or BUS
o [T~ rial o B
Read-out will be done only
if 2 out-of 3issatisfied
2 out-of 3
> IOQIC 2 out-of 3
results

Oneinput from each layer
(adjacent wire-group)

40: inner section ® Data flow

Ko outer section [X/MI4 J@2> b @ signal ZALE L. 3-out-of-4 (405 bAnl L3 ETr
PR B) &R T OO WTEFA L EE AW, Low-Pto U A—%2H 1T % ¥ %,
Low-Pt Y #—%HULAbDD 5 B, inner section 2»6 2-out-of-3 @ signal #ZJ T3 3 DICHL T
I High-Pt o + J #—%H3%

5.1.3 Inner Section & Outer Section

40, 41233 39D HICH T % /- inner section, outer section #3#LAL7zd DTH %, inner section,
outer sectioin W LLE - HEE LT 5,

HFE FAHLOBESOBEBECHELTEHRAELTV2, ETGC OEH b X AR, Bz
3" LVL1 pipeline L3 FIFO &Ny 7 7 Ko bt 2o LVLL Ny 7 7 1359 2.5us
DOEF— 2 %I CE B TOBERD 5. ¥— £k Bunch ID »/E# & 3 Derandomizer & \» 5
Ny 77 REGNDL, COlpipeline bk ¥—L e 7 yav vy e L— toA0MHz &R
75y Derandomizer ® 5Tk L1 accept(L1A) RS %2 Z T icbiic 20 LVLL o~y 7 7 %0 &
%, %/ inner section TX 2-out-of-3, outer section @5 Cix 3-out-of-4 ®Zx#:H Derandom-
izer K5 (40,41%88) o &7 > 3 » & LT, inner section Tl 2-out-of-3. outer section ®
Tl 3-out-of-4 OFEHA D LI N T A WGEEHEI L EEAbAVE VWS T L HHES

(Zero Suppression) o % L T Derandomizer iCff7% b it 7 — # 14 Read-out request #5200
FHHEN 5. Read-out request FIFEWHICHE 2 bt DT (HEEEDHEET) Derandomizer
DIA RFZENCHE S T OEE kFio T TRWT A\,

inner section ICEFHEHD 3B TGC 226D 7 F AT 2-out-of- 3wy 7% 0, AL LDSE
P 5 3 & LT pipeline ICRrdH 5 b D L, outer section Cik->T L) H—Daf vy Frvx
Py sl dbotiching,
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Outer Section

40MHz L1 accept
Read-out
request
40MHz Beam Crossing >
8 inputsfrom ID Counter
e TTTTTTTTIT]
Level 1 pipeline >
T
TTTTTTTTTT] Deranciomizer
Level 1 pipeline >
EEEEEENEE
[ [ [T [T [ [[ | [TTTTTTTT] Serial or BUS
dataline
Read-out will be done only
if 3 out-of 4 issatisfied
oR
Lflvg? R- ¢ Low Pt
> 40MHz 3¢ ———f coin results
Adjacent
wire-group 3out-of 4
p dR .
HnghiCPt R- 0 High Pt
2 50 — ] cain results
2 out-of 3 40MHz

41: outer section ® Data flow

outer section IZEARDHD 480 TGC 2oL 7Fat (2@ . 2/8C &K< doublet k3 3%)
J-out-of 4 daf v Frvx avy s b, BRI LOFHEICH S b oL LTpipeline IKfiyd %
ok, Low-Pt P H—2LTHNT 3L, High-PtoafviFrxedy 7CE230L0
3 &Y CHIIE, High-Pto=fve7ryx. vy 7k Low-Pt 225 ® 3-out-of-4 AJj & inner
section 22HEHLNTL 5 2-out-of-3 &b kA% 2-foldDaf veFrvReuayy 7% 0, kT
ot LTk High-Pt o + ) #—% 13

LSEDO ) H—aPy 7« K= FORIFETIE. D outer section o Low-Pt & High-Pt o= A v v 7 v
ZeuaYy s OBYER—FIbLke S R DEZS 2 — L DR EVER LA, §¢DEV2—A1 b4 [H
UHEER LT3,
CDOAF—LOHTHE, P H—DREEEHAS A v Ty A
HWTH %o

nYy 2 R EBT 505, <O

5.1.4 MUVH—ATvIZOHE

INTRERNICED X5 LT, @EMEN FoARMAY (RENICE Y —sR|EHAESGEPL ) #
ETHENLIToIc bl MREZOEKARLABMENCAR 2, 4 TGC 0ErboESCalf vy
TYARLEDLOTHEE, ETEHFD 2@ErLOESE T2 by MO 2 B2 00ES2ELL AT LTH
420 X 5 1K 4 Channel 2~ 6 05T Coincidence Matrix #VE3%. T K& \» Pt OE&E MM ER T
PR C & > THIF b A wo T, liAA D bLOESIE Matrix O ECRET s LIk, Pt
PNEL D EHEAAD lem 233 & 1 >FR T, 2cm s e 2o -

CDX5CRHEETE/HTAATIO (ENFROHEDLDL 2 AJ1FD) 3-out-of-4 % & 0, L%k
ot LTt AR OR 2#8iE Pt 232 C L83k S, cofER% Low-Pt ol it 5, (C
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High Pt trigger

L[I_[ 1 %
2-out-of-3 2-out-of-3 of H
logic inside planes H .
H H 2fold
. coincidenc
matrix
L ow Pt trigger confirmed
outside plan
\
/ i | ‘ ‘ ‘
— +
i outside E H H
o i) p|a|"|es EE:I (I
— f o H 3-out-of-4
m — TH coincidenc
matrix
|
middle |
planes

B 42: + ) H—mvy 7 OBEER

o RAMEE ¢ HED A v T v ZER>TLow-Pt o VY H—ickh %)

FiERiC LTHMlD 2 /826 ES D 5 b 3-out-of-4 i3 30 L, A3 B 2-out-of-3 %5
Den2 folldoaf v FvAE b, FHEERHLT SO L THAKRAIAIIC OR #Bhd Pt # e
T LR E, cofER% High-Pt ol 13 %, (oBR AL ¢ HAOaA v F v A%E-T
High-Pt o+ Y ##—ic /4 %)

5.1.5 Coincidence Matrix OH A X

42 % Coincidence Matrix (X425, & IR U4 A4 X% o T 5 W EER IS BT O HE % 7
N—FpEiE, (BP0 TGC o 2 @i window ¥ o, BEfo TGC2E»boEFSKxfLT) 1
D& b o Matrix & —BOEEICLLERD 5,

Z0k® 1 >0 Coincidence Matrix D K& &%, M430 X5 8x24floe vy sz 2 v + OEL
LS XS5k, 431 Low-Pt Ao Matrix ©# %23 High-Pt HHIKBIL Td 94 XIZFRITTH Y,
A4DKRIC K %, [ 451% 8x24 o 4 X® Coincidence Matrix 4%, 2¥y 7L AV + 8 D325FH
LT, 32x48 »4 14 X Coincidence Matrix % Low-Pt,High-Pt i 5 ic 2 w»TVEs e T4 /R 1L T
Vwho FOLTUNS C LICX Y, MEREDOHEAT 2 "—F 5 X5 LTnb,

X A5 CREIC ARG ORBREE E N T 553, FRICY 45k —D2DEV 2 — AT 5T TH %, L
75> T 431 H % 8x24 ¥4 X0 Coincidence Matrix # 1 2 FPGA (Field Programmable Gate
Array) CHEEL, th% 811D MY H—u Py 7 K— FICHEET 5 L5 o, £tkofElLofihtd
%, FPGA i Xilinx ##» XC4000 > V — X% HT %,
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8x2(doublet) Row I nputs

8 Row Inputsfrom Low Pt Matrix

8x24 3-out-of-4 Coincidence M atrix for Low Pt

24x2(doublet) Column Inputs

HoHH HHHHHHRHHH]
CH H H H H H H H H H_H_H_]
WimINmANEiNN NNz
R
.":E:::‘._':‘.!:‘.! .!‘ .!‘ .!‘ .!‘=:=‘.'=£=
me SEcms _H
[T HHH
WINENE IV
T T NN\
876 5-4-3-2-1012345%6 78
ORed dR or &¢
Outputs

| Logic of Matrix Element
» Out

Confirmed Outputsfor

\ & = A&B& C+A& B& D+A& C& D+B& C&D
8 Out = A& B& C+A& B& D+A& C& D+B& C& D

43: Coincidence Matrixl 244 bW O K& X, XX Low-Pt fod o

8x24 2-fold Coincidence Matrix for High Pt

24 Column Inputsfrom 2-out-of-3 logic

N ehte et
N ahtatatts
N O S S
OEnnaas

ainininin\n :E..:'l

T
D A AT
shiitetata

A

High-Pt Matrix

8-76 5-4-3 -2-1012 3 456 7 8

ORed 6R or 60

B Outputs

Logic of Matrix Element

& =A&B
)

44: Coincidence Matrixl 2247 h D K& &, XX High-Pt flo b o
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from adjacent module from adjacent module

from adjacent module from adjacent module 8inputsfrom 8inputsfrom
8x2 inputs LOWS1  sx2inputs 2-out-of-3 logic 2-out-of-3 logic
LOWS2 HIGH
2nd doublet 32inputsfrom
32x2 inputs 2-out-of-3 logic
x
- k =
—_—p fU S—
— \! s ) \I
B
N L3
Www|=23 )
o Q =
==|3=< 25
OO0|°y sY
R £%
23
™ v

32x48 3-out-of-4 \m\ - 32x48 2 fold

Coincidence Matrix Coincidence Matrix
15bit R 15 bit R
for Low Pt for High Pt

B 45: P H—uPy s R—F 1Sk DRE X

5.2 Xilinx 48 FPGA

Xilinx ### FPGA (L# Xilinx FPGA (WEFTHE) BA MY H—w Yy 7 K— FOEREO R
#RTLOT, CORTEMMICVEH S L 5 RHESMOFHRETC—FOELEREICA>TL b, Tl Xil-
inx FPGA o— M ABREHRH, ZL<FFAy (FrrI3v7) RO OWTiERE, FPGA ZZH
DF % v ANFRRHBHHECIR VDO I, ENbra—F—BHIICEERTE I Yy 7 7514 2T 3
#HTH 5, LCA(Logic Cell Array) ik Xilinx FPGA icxf3 2 £%c, Xilinx OB EEMEEEIC A > T
w325, FPGA tFZEEClib b,

#ic Xilinxk FPGA &\ F—oue Py 7 « 7 ay 7 p oI N Tw 5 Matrix #Ff->T¥H ). Matrix
FBEFEIELE TRy r— VLTI A XBEE b5, Sk x 0FEHTCIRM460 & 5 %, 24x24 © Ma-
trix 2234 XC4013 » Y — X2 5. chbor Yy 7 « T ay 7O, BEH « KFEOETAICE « &
DAZARBE>T VD, TNLDAZA T 2—F—BEBRNWICHER L, v Yy 7 - Taey /[, v¥y 7«7
my s E1/0 T ry sEEAHBHCO RS C EBHK S, EEADE Y Yy 7 « Toy sNOY - YT 0 s F
V75 SRAM LiIcEBLE 6 O CIHIRRICH T v 7 F L8 TREA FTH b0

CLB(Configurable Logic Block) =y 7« 7wy 73 CLB MEh, [4T7(a)0 X 5 IC 13 KD

AN AERKOB N EHE D, TNENWHNBO 7 vy 7 vay e Pz —2¢7 ) v 7 e Tuy JICERENT

w3 ([48%M) . CLB #PALENREY ¥ — A X 3EED b

SN LR SAY ZCLBEKCEYDSLENTHE Y, CLBoWZCEE X T \w5 Switch
Matrix %, fiiggo 24 %EH (PIP £ vw5) 250wl THoH W3 CLB KEEfHmagETcHh %, LHLTD
DAEFHIZ SRAM CHIHIL T3 DT, @D EOTESOEREEREC 3, LkR->TTD)
Y= ZAGHE NN CLB &5 L2 CREWEREO LI W, #itvik CLB kidffbirvwX sicd b,

TN LUEFReSA4Y CHEZLVYIA LY TR e T4 vD2BEOEEXHED Y CLB2ES % TR T3,
chEv v Zrerv vy Zz2ed4vkary « 54 vofEofiy i3,

Ar554 2 tEFPGAoeREKEhE->TED, PIP 2@ bR O THLENEIETCY 7V FARIEL D
CERHKS. COY Y —2ERAT()D X 5 1 CLB ofrfillic 4 K55 LHHATR 5,
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5 [D0000oooooooooy 2&sea An0| g
5 |D000000cooooog] > 0oo| 2
B |00000000000000; 0oo| 2
5 |D00000000000Ca00000N0000| 2
5 |DLO00N000000000000 0oo| 2
Eim(s 000000000l poog 8
5 |Og #toesee sde I000O00000Y ,BO00| B
5 |0g aerseerice jO00O00000G EQ000| 3
5 |00 10000000004 zp000| 8
E o . o =
5/0000000000000000004 p00d| 2
B |000000000000000000g §poog| 2
5 |0000000000000000004 sp00d| 2
B |000000000000000000g spood| 8
B |0000000000000000001 poog| 8
H DDD% Data Path Long Line 3%5 oot -
B |D000MOOUOUoooooMo000000d| 2
5 |00000000000000000000000d| 2
B |000000000000000000000000| 8
B |00000000000000 I o =
5 |D0000000000000000p———=—= gl
B |00000000000000000 |
5 [00000000000000000] Seaof Net Resources |

DD DDDIODOOOOOODO O s

46: XC4013 + ¥V — X oNEOERSX

oI vk CLB & oBERENMATCEN TN RENTWE LD TH 5, EE CLB oNEREERX
48D CHE >THY, 1o CLBAALY 3flilorrrvrvayv e Pzt —2E20xy Y FYFHEAL
TODHRZY v 7T e Ty TEEFESTRVS,

2OTZr v rvay s VxR —RZENENML L 4 KO AN RS, ERICERE N 7 — LB
DWFNOHETHEBET 5HPIHE KL, ZLC3lEHO V77 vav e Yox b — 2 EHIO 2 HOFER L
EHICdh H—RKOANIG LA BEEOMBEYFEHT 2HEHKSE, x0LHAOHELLT, 12077V 7
vav VA b—Z%{fn J-out-of-4 BEHCENE, 100 CLB #R43cETs 1000y 7«1
LAY FNORERRATIDOCARBZFRTH S, £ CLB oo I LTEDREIZ ) v 7 e 7y 7HEL
Thy, ENE DR AYy 77 RBLARTOIHEFAYIO D Dok 2 —F—BHARICERTE 5, C T TRERY
Kz—F—ruy 7 CLXLEWEH>TwEDT, 7Y v 77wy 7%FHT 25T kS,

CLB &3 49otkic Matrix SRiCEFI L, ZDIEAEO Matrix # WL L 5 I/0 7 v v 7 55—Flo
CLB icxf LTilfillic 2 B+ OMBEL T3, 1/0 7w v 7k Xilinx FPGA o AR E v L OfEE L% T %
Tay s, 1/0 7ay 7ORCDET Y » 7 e 7ay FRBH D, AHIE b icz—F— BRI HIERLY 2
ZERINCTE 5,

5.2.1 FPGA®DFHA>

BEOw Yy 7 EEg#EToEE 7% & Orcad ¥ ViewLogic, Mentor Graphics @ & 5 % CAE
YAERFIHALT, =204 T T Y ilio ll#ESGET 2T S TRODY — AR E, MBI FE
FLEARISAE 2 R L C FPGA LORT-OEE. 7 3ESHE) Y — XA OMFCHERE N 225, SEOBK
D &5 ICEBOGRMEEDO 2 ¥ — LBHEHT, Lard v Yy 7 OEEAR CRIEYHES 202 < g,
RFOFHRNE R LT AL ThwT R woT, CoHBEBEAWREIELEZ 2. 2dh b FPGA NOAL
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[ [ [
EE*J} T T
Q11 1111111 o — X—F
= switch Switch F=
= Matrix Matrix — CLB CLB
imn 10— [
F4 G4 CAYQ s T o
G1 Y 5 ol L 1 [ L
Cl
«x CLB ¢3
F1 c3 CLB CLB
*xoF2 c2 G2 R 7S r 7 r 7 r
771]] L o L o
= switch switeh = X X X
=] Matrix Matrix F= | | |
(T (T 01 Switch Matrix
(a) VTNV TR T4 (b)Y KT LV TR Ty
v & CLB & O & CLB & o
F4 G4 C4 YQ
Gl Y
c1
k CLB s
F1 C3|
X F3
XQ F2 C2 G2

l Global |

Long Lines
(c) mvZ7 74 &CLB &
oF: 75

47: Figg ) ¥ — =2 & CLB & o8kt
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LOGIC
G4— FuncTION :FT
- G'ly ;| 0 of—VYQ
o
Gl1—
Ty
LOGIC
H1 FUNCTION a Y
x H
H b
LOGIC )
F4— FuncTiON [ 2\| b ol—x0Q
F3— e L ﬂJ
F2— !
Fi] Ty —
B X
CLOCK

X 48: CLB oNE ORI

Uy —ZBRONTVELDTH 5, K, DhiEHER<c FPGA NoxE g s e v 754 vkl
o> CLB olfllic ENF N A RSO ULBEADT, EDV Y — R BBELCH S A& & ¥k, [mgHRHo
KID « BHCBED > TL 200 TH b, KX COB\E, VY —2BREIV AL AL, BiRFEROB-y v 7
Ne LU TR TFAVRETN LY TR eG4 B EDLa— I vuEHTEHICK Y, FWEEE L
TOBRER R X BT &I,

% 7 Xilinx FPGA ok & Coincidence Matrix ¥l 53 (CLB o tra3% o % ¥ Matrix I
e ) FHARRC L 2RFTOHBEE L W DH DT v, £ LTEATFHEROFESHFEL T Wil
FlEit s & M A 3t Ol E1E 3 fFHMICHE S Lo T 2 b B B,

DEosgXY, #itoy—r e Lk XACT design editor 5.2.0 L5 7I7 40« 254
e THFYUTr—vavkffistbtiClk,. MAOBCOT 7Y 7—va vyoliEo—E<T, CLB%I1/0 7
2y 7 REDY VRALDOBIEERICHERL T BT B 0E, COT 7V r—ravoffivnhidl 99564
5 Aictbir Xiling 7w 77 3 v 7 EELNERICEEL = [14]. c OBBICRTEICA % TRAT ¥ 2 FHE
MOTFIERS 0 BLFRRENT VB, BEAWCRIFEK Lo o<y F 74 v <=9 2 %L L CFEERE* -
T3, LLARIO X S KUABERROB VIR L #ZEBCE AT ZTRE TR, 2L CGEH» boFEE
DEFERRHCEHE A, ThT¥[ vy OHBEERAEL TRAL AR ER T 2 0CE, £T2THRiET
HES503RVCHIFHNBrPYTE S, £ CEBIABRMR (2 cClREEMN» L oBREYERT 20Tl
A, MKORSCE Vv EE v EBELCEMO Y Y — A% HBINWC T 7Y ¥ —vavicERx 230 k) LF
BEARME ORI G2 FIHT 5. 2% VEERE O LAy 7« T4 v B EREFREVRY v 7« Tay
I OEHRECHRELY 2 — 1 ADOREELICT 5, CoBPEMICRE > T, HEERICX > T v Eof
WEES, ThACOLO DR a<r FREN LA~ 20 77 AARESETEZHC K > THEHFNICEZ S
DTERIC~ Y ACFHERR 55 0k, CVvHEL T TCREIIL Ao kERROBIEAR E0—BS KT TFK
5o
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5.2.2 Low-Pt +UH—H Xilinx FPGA OFH¥4A >
43% 1 5o Xilinx FPGA o ic EH T X v,

o TTHHICEBANTIA vizZ2 %o CLB £7Tic 25ns OFFENICEEL AL CRAL A V. 2D
B, ATESS A VK, thdica vy 7« 54 v #FRLTEL,

o #loiHiceE 5 ORBHEEMO ey 7« SA v RFZAVOTLa— L+ F4 v EFIS5CEiCh S
By Eod4BetTods4E0 ORBHCH 2T v F R nd, Ebkczcn 2250 OR B OR 285 C
Lo 8D OR ki 5%,

o 1o CLB it 4channel D A1 H b, £ b D J-out-of-4 % & D F v F %0 COREIIET
%o HiC high-Pt » Matrix ~% 2 #i4m o CLB » OR Hi ik, 4 CLB CfIELTw3 F 54 =
F—beNyTrEALTHE A AORY 7« T4 vicgEEE L, Wired OR # & 2, ¢ ® Wired OR &
B 1524 CLB LTl oTwa R, ERBE Ny 777y FoRE R SR L CEH%
BAEST 50 M43TRIBWT vy 7 0FAKE TR E>Tws B~ AL WRALR) o #ihHD OR &
High-Pt IKi( 27200 b DEDT, BELEHE U THICHAREOMNECS 3 LIREINE b TH b,

¢ [/O 7y 73 AHIIEICT v FohTR— FEIKDFRE% & 5,

o vy s« ikl fllo Xilink FPGA Y4720 4 KPR TR 1IAREGTEHNSE, a7 s
TAVEDVECERTC VI TRIDSH LTI =Y s FTa—Nreray s« 74 2HATETD
CLB. I/O 7wy 7 ic{itfad %o

5.2.3 High-Pt + V#i—H Xilinx FPGA OFH#4 >
HEAN T FA ik low-Pt o b0 LRILTH 5, M44%—>? Xilinx FPGA o IcEBHFTHER v,

¢ CLB~o AR 2ACce Yy 73 2fold 24 v T vATHb, 74 vizlow-Pt ®d o %IFHT
BFECH -5, BRECERCHFDLDAVWE vICTFHFA v ECHET 2019 —DTLIC Kk 3 DT,
HAOT VA4 v RVEVETLERED b,

o )M Wired OR # & 2 BH (I A\,

INHLOTHA v IkK E KFFERMEHIC H» 2 Workstationelcad3.kek. jp ¢, XACT design ed-
itor 5.2.0 77V r—vavElfioTlhbhk,e 74 vDTIF— - F v, ZLTERICVME ~x2
XY v u— P oICLE R RawBits BAOAKEET T 7Y r—va v ETHR S,

5.3 9U VME Y a2—JL

FYH—ePy 7 RK— VX Xilinx FPGAOF¥Ff voF vy vra—FPeEh->TREDTR-FE ELT
BRELM®O 5, £V v a—Fik VME ~2BHCEA 9. fllicd PROM 7% &2 bEihA b ke, EHo v
YTA—TNCEBEY va— FOLEAERIERCCTCREALAV, 20HAL LR, T cox
Va—naB VME €2k B> TndLLE PROM % 5 FRIGEERCHE L, 74 vORNRET L R T 4
TERTELPHEL RO THSE, ZLTHMED D, VME C Xk 3EFELALOHELTCCRBIRD 500
TH5 [14]c € Tk VME % ¥ 5 — L OFEHRER IHHT 5 o

5.3.1 EEtO#IE

o] 4% 3% 311k KEK BiEBrdkfiiiic 27— 2 « 2 57—+ 3 velcad3.kek.jp £, ZUKEN #8
CAD 77V r—2 2 CR3000 %fifi -~ THA - %o
EEgEEIC 3 >0BMcyrnTwT VME 7w b 2 Bk, AHJIBER, 7 vy 7HEBIRO X S k> T
5,
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208 channel inputs
32 channel outputs

9U VME board

34pin x 2
34pin x 2
50pin x 2
50pin x 2
f =
— -
— /I
1 -
— I

TGC two-doublet for low Pt /

]
]
]
' 2-out-of-3
/ Logic
] f/
]

[

[

[ ]
TGC triplet for high Pt /

50: £ a—ADa s X —EEH

VME protocol section 7FLv 224y b, =274 16 €y b2 FF—+FTEAL—TK-FL
LCHBEL BV AR R DAV, Fv 7 EL 7 bOBOT FLADFTa—FRE T4y FOR®H
50

Input / output section *— FAE & OEfCE L CREEREO Yy — T AR (KET 5 LIRS OHY - HE
PERINDEOT, AJT- Wi bcEFor~n e LTiZEH ECL 25#H3 %,
A7 Low-Pt filic 160channel, High-Pt Jli< 48channel #EHT» 3,
HH Low-Pt A 16channel, High-Pt FiC 16channel 2% %,
£ 9 Unit ® VME K-~ FOREECH cnETOARIIDO 22 7 2 —%FET 503 EHETDH

50 2 CVME D247 22— Pl oih%Fn, Nov s 7 v—viCbats Z%HBL, $hvay
Fotp BRI, EERREAR Y o WA= % 7 2 % EE L 7co

FICR2TOax/ 2% 2 BKERAOb O 5, ThODRERM 50 X5k 5,

Clock section 7 =y 7 « Y — X & LCR3EHEARET 5. AE»L NIMHKBES L Y — 2%
LEMO =% 7 2¢Ot d b0 e, KEBECLXZNE, vy 2 (80MHz) &, 2o 25EH
(PP EETHE- 2D 40MHz) Db DD 2, cRbLD s ay s« V=X I v vi—E v TER
WRETH B, Ll AENKE Bunch ID A &ty o —a LEME 208 RZD 50T, E
BcsodNEs7 vy 7 ChHb. REBEZ vy 73Ry T « TR VA EDHRCOAH %,

5.3.2 MUH—OT v oK— FOBRITER
PR i@ BAR 2 3i bk 2 1833 5o
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VME protocol section 7 FL 2E— Fix A24D16 %4 x—t+ L. VME XX 54 v BFET%#5,

BS54 ok

A23-A05 SN74ALS520 ic X b DIP SWITCH & gL T7F =2 — Fo

A04-A01 PEEL22CV10 CF=a—FLF v 7 » kL 7 F %3,

AM5-AMO TrFa—F (- FOPE)

AS* VME 7 FLARNZX LCEN AT — 2B GET 5L %
RT AL I v TR,

DS0* VME 5— % 5 4 v A% — 2 53442 (D00-DOT) 3 5
CEERTTEA LIS (D16 &— FE)

DS1* VME 7— % 9 4 v Lk 7 — % 537645 (D08-D15) 45
CEERTTEA LIS (D16 &— FE)

IACK* SR LOW olkfto RK— Fic Xk 28 b ABSLBE
k20T HIGH ¢ 3588081k %,

SYSCLK B 16MHz o2 vy 7o SEIPAL®7 v 5 « 7m0y s
fii>Twnb,

SYSRESET* coEERLOW oy 27 4837 vy &N b,

WRITE* F— RO N R ED S, LOW 0oFEE & ALC,
HIGH oFid A ic i 5

DTACK* F— 2O B 2L — Tl b= R Z — I

7 Fuv A5k A23-A05 % DIP SWITCH & i3 5, 4 & AS, DSO. DS1, TACK., SYS-
RESET otE##* PEEL22CVI0 ¢7=2—FLIA b2 ba—F, J—F« R tr—7, COK—
FAZEREIN TS & n S HEIRS, EXAL « AL OK AR 555, 21 < DTACK %54
X¢ 5,

% 7z A04-A01 % PEEL22CV10¢7 =2— F L Xilinx chip o5 v 7« v 7 V5, % & Xilinx
chip DALY v ¢% 5 PROGRAM pin, DONE pin, INIT pin, HDC/LDC pin, RDY/BUSY
pin DEEAH AL LHAOA v 2—T7 24 2% 35 TTLICOF » 7+ vL 7 VESRRET 5,
Xilinx chip & 8 fll® 5 D TEAEY v ~DFE XA « THHIANET — 2 2% D00-D07 & D08-D15
D 8ATODHMTH 5o FL > VME v 2 7 L DIFEHICD T IE ST [16] % S,

Xilinx section #3423 -%y #— ik XC4013PG223-5 tNE I 24x24 » CLB 545 % &% 223 € v
DY+ 7Y v FRIOFPGATH5E, R¥—FEEZ L H 5, EHEY v oFARIEEE4 5,

NEBIEB AN - A section WE L ol To 4 7 2 OHEBRELITO & 5 AtikkicT 5, VME ~xHo
2% 7 ZEZVME 9 Unit ¥4 XOXR—-FICP1OAEEBEL, NEZ v v 7 ZEIHEH A5 6 NIM #
WEE% LEMO =427 2k 0 5 0 QFIGET-CH 0%, I H—HESE low-Pt AJJHK3 4 ¥
~y Fax 2 2% 4ff5 0~y Faxs 2% 4, highPt AJJHCBE Oy ~y Fax s 2% 2
B 5o low-Pt Jhigh-Pt HHJJHIK 3 4 v~y Fax s 2% 1EFOH S, ZhETh 2EKELRD =%
7 2% Hwb, A= F~DOATHIECL v~ac5%iF, Xilinx FPGA &b+ TMC10125¢ TTL
LRAKERERT 3, H X PEEL 226 TTL v ~<ac2ir, MC10124 ¢ ECL L _ACZRE L A%
%7 AICKD,

OR HPEEL section low-Pt,high-Pt Z#1 £ o Xilinx FPGA #5® OR HJFA+LC¢& bic OR %
L%, 8o PEEL22CV10 % %5,

clock section NIM v~ap sz vy 7« v—2% MCIOELT25 ¢ TTL v =ACERKL 72y 7« F
54 ~NSNT7T4ABT320 ¢ 12 A 2—%+« r 2y 7T %, 84 Xilinx FPGA i, 4 AR Ao
PEEL icffid, $ARNBray 7 eMB I/ ny 73 v v — o« EVCERT 3,
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LED section EfeRIIFErRAO LED 3K Lic 12 @& <,

LED &% bk

HDCoO Xilinx FPGA 0 ¥y v ua— F5E 7T
HDC1 Xilinx FPGA 1 ¥y v ua— F5E7T
HDC2 Xilinx FPGA 2 ¥y v ua— F5E7T
HDC3 Xilinx FPGA 3 ¥y v ua— F5E7T
HDC4 Xilinx FPGA 4 ¥y v a— F5E7T
HDC5 Xilinx FPGA b ¥y v ua— F5E7T
HDCé6 Xilinx FPGA 6 ¥y v ua— F5E 7T
HDC7 Xilinx FPGA 7 ¥y vua— F5E7T1

VME VME 7 7 &= (RfH)
INT VME 4 v 4 57 +$sk
CLOCK VME v zx54 27 yuz
VCC +5V EFIREE

VEE —5.2V Bk

HDCO~HDC7 & Xilinx o v o HDC ofRE#FERLTwE, HDC ¥ v i L v~z
LAk Xy va— FRTOERICLTwS, VME 77t 2EGWHOHI L EE LA ADHEHALT
W \ng

5.3.3 tUH—AYvIHR—FOHE

B 51 BEBICEHR LAV H—ady 7 —K— FONBTH 5,

AL VME Pl =%7 4264 VMEAf v 4 —7 24 Z0BHEO IC 228 % > T\ b, i 8 @il
ATwBIENEO AL Xilink FPGA ©¢H 5, o 423 low-Pt FICA® 4 i35 high-Pt Ho 3 oTdh
5, TOECHRCNBTLZDOHE 70y 7+ FIANT, F—FEk~D 7 0y 705 EERL THR—
FORLCHBEINT WS, AF2fEE4floax7 ZE2EENRT, ZOHIC2H]TIHATHWEIC 2
ECLrightarrowTTL < TTL—ECL 0Z#EOKEH %23 %, NE 7 vy 7 0% T AN LEEBTCEHE->Tw»
%o

5.4 Xilinx FPGA ~"DE XAH

Xilinx FPGADEEZARDE—FICE<ZAZ—+ E—F, Y TA«E—F, 2L TRXY 72T+
E— FAEDOSKEEZED Y, R AW, <ZZ « AL—TAREORFI*T 2 L 6 FEEED b, LI BRN
e BEE AN VME A2 2B LTHEAS S5 T, CCTRIFRPHORI 720« E—FEnd E—
F#5, CHIZEERAIDZA I v FBbd% XA br—T%2 RDY/BZAEDA Y F e vx A 7§FESRH-
THEIDIOT, 1 N P FOHERLAROEEAATHE—-FTH 5,

5.4.1 Xilinx FPGA O >

5213 XC4000 + J —X0EFBXARCHLERKIEY v 02RO TURLLDDTH S5, EnEhOY YD
Bed & b Ti i,

MO,M1,M2 6/ffiH2E—-FOALOLEZALDE-F 2B RTLLECD3 Yy FOEVICATIT S
F— 2 TPET Bo SHOIEFPLY 72 I« T— FOEE MO, M2 = Vee (+5V)ic, Ml =
GND (0V) i3,

DO~D7 tnbDANE v BFEEARDT— 2 %F 0 5. SEIDOE— FOBE 1L +FOEEALTA
L OTDOI~ADTICARTF LA T —Z *iET,
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5l: +rYH—w Yy K- FOMHEE
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CS0",CS1 znths v 7« L7 rEVYTHY, CSO* REmHETH S, 200V RTH—rahikd
EF v TERI NG

RS* ¥ v 78 7 P ENIRETCRS BLOW KA Z DT b AT7—2 A %5tAHTC EBHKS
(RDY/BZ ¥ v ¢ ALNE) o AllOFZCid c olfEd b A ot RS* i HIGH I icffo,

WS* 5o 78t 7 b ENRET WS BLOW iz 5 & DO~DT 24 v LOESRSF v THREDO T —
gy 7 FICHLYAEN S,

RDY/BUSY ZZALMOKRZ bCKT 2 Y FoaAf 7S L THEIET S, 1N+ T2 %%
o7 LOW ez Y, WENy 7 7 BIRO T — 2 &2 AlRéic 2 %5 & HIGH R,

INIT* Xilinx FPGA o@lii{tRio A€y « 7 ¥ 7 o] LOW R4, FHHES# 73 % & HIGH 1R
b0 ¥ BENAMESE Yy THY, LOW 2EE AL Lick Y, A€ « 7 ) TIRETHE
IHHCLHRTEDL NADLDNETANT v 7B E DT 5 LB D 6o

DONE EXABMHEK T L &% RTEYTHS, DONE Ev B HIGH KA % 44 3 v/ Ca—¥
2D 1/0 ¥ v BRIk %,

PROGRAM* coEv#% LOW k¥ 3 &ick - Xilinkx FPGA (E L AHNIEOBRZ M b 5,0
CNICE VWL SIEE Y A€ « 7 Y THBERE R Db S,

CCLK(Configuration CLK) EXAHMUHEHFCNEN Yy 77 B30 Lo TLA e FT—2% LT
AT — R CERET HRECFS 7vy 7 (WIMHz) o 220 cox 4 3 vy (BEE) CTEXAHRDLL
HpiEhbilg, EXARDOA 7L a v LT Xilingk FPGA#FA4 YV—« F = vic#klL 1 2H®
Xilinx FPGA CEE L AT — 2 %> U TAEEL TCHEFOATCEZ AL LI DD B, T T
TOERITZZEDRDD D D, S0 0EE Xilinx FPGA OF ¥4 v BET—HTRARDTID
F 7y a v FEAL AW,

DOUT 74 Y —+ F2f v CEETADRLCLV I TAER L AT — 2B 0¥ v 2L X Ko Xilinx
FPGA citbhd, SlcorryBffibiTwnhwni, ¥~y 7 OB cE S ALONM R EAbILT
B DFERICE B,

HDC - LDC HDC(LDC) & & & Ax o 0mhia# < HIGH(LOW) CAEAZE T LTwA W & %R
To ETBE2—FHENI/O ¥ vtk 3, 2% ) Xilinx FPGA o7 ¥4 v & LT, BEAMK T
LOW(HIGH) c 22 X 5 C L CHETEEEAH BRI T LT L OERCE 5,

P EOFARAHOHHTOHACEL LAdbDTH 5, SEE Y Y HICHBED 5 OB v &2 —9

I/0 ¥ v 2L THA LT w3, 202 2 DORER D5 H 5D AV, Lo LASKEREY v oK

PREEZAIK TR —FRED /O ¥ v iCh b, ThLOF T v a volfifle, FLWEVERCOWTIE

SCHR [15] # BB L TR L Vo

5.4.2 BXAZRDY—Fr R

FBEABFIEO 7 a—« Fo— PENIORLTH %, L TREEALMBOF N K E 2 CHRAT
Bo LR [15][14] . TR 77 2% BRELTK L . FIHE LCTEKE AT T THHHALY . TE
EAHr] [RZ—1 Ty 7] OIERCHDPNT NS,

#wH#t Xilinx FPGACEEZ#HB LA L ¥, €721 PROGRAM™ ¥ v % LOW i U 7R #I#1E 23

¥ 5. CoRINIT*, DONE v #LOW k% %5, PROGRAM™ ¥ ¥ 22 LOW €3 % #ifu+ Xilinx
FPGA A€y « 7 ) THREICHY A€) « 7L —20WHHEAE AR DI S, 300ns DL ET & TH b PROGRAM™
v HIGHCR LD D S5—ELXTAEY 7L —4« 7Y THEA W, Xilinx FPGA filc INIT* %
HIGH CRLYHUESRE T LT L 2R b2 b,
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Asynchronous Peripheral Mode

+5V
MO M1 M2
VME i »] DoD7 CCLK
DATA BUS g
DOUT
CS0
HDC
CSsl
XC4013PG223
N
RS LDC
WS
other ®
RDY/BUSY i
1/0O pins °
INIT [ J
DONE
REPROGRAM PROGRAM
52: XC4013 n&pEL
Min 100ns
WS [mmmmmmmmsems e g
Cs0
RS
Csl J )
Min Ons
....... > P R
...Mingons
DO~-D7
2~6 CCLK
Max 60ns | [®=====mmmmmmmemnees
....... > mmmmas
RDY/BZ

53: JEREISY 7= 908 omERLLL Ly



EXxA&H LR T L T2 5 2CCLK # Xilink FPGA ZE=—FE v 2HACEEEXAALE—T %
PoE Lt EUARBREY v I ARICA S, ZFLTCERALT —ZDTY « Trvirkuo— i3,
CCTT— 2 OMEA BT B0 7 2R T— A ROBEE BAL~y OB E A VDT — 4 « TL— 4
DEDDOR D,

o ~y ZOENYERIRE'L Do AhEFI—« ¥y FTCRIEN, TV« Tv7Ar (RIC24Ey +O
T2 RFE CEHRRT) 00010’ &, FT—2EERT 24y rOLY TR AT R DR DB

o F—Z 7L -0 DE Y FTHREY, 261y toF—4 (XC4013 » V —XDHE) L2k
DET— e Fzy 7ADA Yy Y Bbhbd, TOF—F « 7L—45 1000 HFEEFEOT, 120 Xil-
inx FPGA €& % A5 7 — 2 0B1:# 30kB BE %,

TY e Ty ITAREIAAVEE, 7V — LT T—DAEWVWEIZLTAET ) —BI7AlAhE>ThAWRD F—
ReZb—h%ETyeua—FLETS, o 77—z —2HEN 2 ¢ Xilink FPGA EF—Z%0u—
FEELINIT* ¥ v % LOW K LTI —DH B EhHbES, A -7k h) INIT* #5H L
TH o CCLK ofipv v 72 avy rofie—8T5E (XC4000 2V —X &+ 3 CLK 5 &
ARG TL, DONE vy B HIGHKAD R 2 —1 « T v 7B b,

RY—b Ty T RZ—1 Ty 7LEFBEADOEEIL2—FOEHL TS [/0 ¥ v odilp~Bl
TELEOBBAECDH B, REA—1 Ty 7B TCREZAROF— 2 L a—FEROP T & BEEL
AnX S LALTRALA VY, SO CREHRY v i=2—5 /0 v toEBEYHTITwioTC
ODEE Wb ARV, £ CCLK 220 2—%+« 70y 7 ~OBED CoOERETEAbLNE, XC4000 > VU —
ZDBERZ— L« T v 7DEA I v 7@ fio v ) —XK_CHBEZ D Y, DONE v v 3 HIGH K2
5, I/O vy BERMCABZAREDEZAI Vv TR EBLLD Iy 7 ICEDELD Tl D2DD7 ay 7 ICH
bebhAhEFERTE L, SHOEEEBCHEINT VLA, I v Ta—F s say s *ffiokz 2 —
FeT v 7R EARS UED XS CEXARERER W, 8o Xilinx FPGA #E X ALK 4 HDREE 52
5o BUECX Y 2—9EEDI/0 € v a3Fshicka b, HDC v LOW ik, LDC ¥ v HIGH 4 %,
HDC 1k LED & 228> Tnd 0 TEEARBIEFCT 7 hiE LED TRk %,
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Start-up Sequence

Vee>3.5V >

Yes
Yes
Keep Clearing
Configuration Memory

INIT*=high?

No | _ oL oLl

Data Structure
Header : 1

Yes
Data Frame ~30 kB : 1000
Sample Mode Lines Data size ~30 kB
Frame™ ves Pull INIT*=L ow
Error and Stop

No

High
Low

No

HDC
LDC

memory full

CCLK equals
Length Cou

Start-Up sequence ) pone->High - - - - - - - - -

/O Active

54: Xilinx FPGA 0oE&AHLDL -/ v X
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PG CLOCK
CONTROLLER

VME BUS
: PPG : CL'K:I'N
L L CLKOUT
, L
+—>
o / 16
... 7
S S asoaioD
VME BUS
PP CLKIN
jos L CLCLKOUT
CoosBiT ]
CINTERAPT Co /16
REGISTER - i -1 ECL 16th 7

VMEBUS |

B4 55: 24 Iv 7« TAOHDEY VT v 7

6 FUAH—OYvZE—FDOHER

COECHFETEVEL LR —FOXVF « 72 FOFSRICOWTHET 5,

6.1 H#A4IUFDFXP

1DOHDRvF « 7XbELT, EF VI F—e v Py 7 o K= FREFPERR->TEVEL TS5, LT
FTRAVVEBREANLFRCaA YTy AR ENT VLD, ZLTHIDIBINTVED0AE EOIFEYE
SICTF 2 Mt B,

6.1.1 Evr7v7
M55 Bty VT oy TDEAT T ILTH 5,

0S-9 SYSTEM AH»7 % Mt KEK OFERMEMBICE A >/ce AT L% 05-9 v, IR
I VMEDARFHHL %o
O0S-9 DR & LTlE,

¢ FAVREAWKIEBETFLR T/ v AREEEARZDDTT 0T I v rBnh i v,

o UNIX tEwn Y a2 VR CRIFIHBE S, ¥ AXBICEEOY) « AHES,
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o Xy N —r~DERbIBHICTE 5,
REBRD L, PKRELE LT,

o IAF « FRIEHYR—FLThW, HE FRBIEE->TwE, T 0S-9 Lco7uer T LR
NMECH 5,

¢ AE—FHEV - V7 FBERAELTAN, LAY Ty 75,

BEBRDL, LrLAEDOLS ANV T « 7227530 >FE8 AL X T LTH b,
AL VME ©% Y2 —A %37 %, Interapt Register ZfiAAHMAREwE ., 2niNa LT
ARt Y — « =X« 74 —BOREE - A K EKEBECH2b b DTH b,

PPG Pulse Pattern Generator O CT AN « SN ZDRE— v R Fd v 4 v L biVeT 280D
DTH5, 16bit IECHEX 4096 & h 8kB o K& & DATA RAM %#HibH, TBEAENAT %%
16channel ® Sz « REx—vic LTHHNT B B3HHESE, ZF2—F, Zbov 7, Uy by XT v
778 E oBVEEEIT O 2 v kA bFET b K5 25, < CSR(Control Status Register) ~
DEEARCE>TT a7 6 bholiliicE s, 7y 7 dNE7 vy 7 (200MHz) ENE2 =y 7
PREREK L, 70y 7 AJNENIM v~xacLEMO =% 7 2 0% %, ¥k 7 vy 7 AJJE=AK
THRL, FRBCHBECEBEB L b0k LR « A2 —v EFEHLTHNT S, HITBECLL
RACTLO Ev~y X—eat 72 CHb, COT R MOEBETEERCRI B 7D T 2HDHREMH
1L %o

PPG CLOCK CONTROLLER PPG 7 vy 7 AT SN s vy 7 « 2 v b r—9T, £
Zo RS ( 0.4MHz 225 0.4MHz X7 » 7CheA 250MHz ¢ & 2o 10,100, --,100000 43
EIRFEND, ) BEAKETD (28 (=65536) MECOEEORAIHIBAL) 7 vy 2 21T 5%
Ca—nT¥, ChBfHEETH Yy 74 v ETHAZ 5. B NIM 5L ~1Th 5,

CLOCK FANOUT /vy 2z eaviu—9hbnrsay 7 kA>3 % PPG YT 51D
DESa—N, 1 ANE 16 HIixH>,

8 BIT INTERRUPT REGISTER Co®Va— A v 277 LYVRZEREL T/0OL YR 2
BREr o, AHOEAE AL 8bit D4 v 7 v b s LY 2 Z E LTHIAT 2. AJE NIM ZEEL~<L
< LEMO =242 2C%05, v FDE—FR7V v 7 eTuy TV -NELLOT— 5%
FEFFAICEL D A b,

6.1.2 FXIDfh

DT X MOEETE PPG 2B LrAEL-ED, B bBb ORICT7 T v b« =A% 2XICT 3B
LILXY 1B PPG »0 2 ZoES L V2L (REOFRAIZEHET ) &4 Ao 16 channel
FIAEVED VI H—caPy s e R—FDANET S, 260 PPG 7 vy 7 AJJEZEECEPX &5,
FCDARDT—TAEFRILRIDOIOERMFES C LIk > THEFRETFEHL Tw 5,

D4 ERDOATI%

e Low Pt flZE1 —HE» 1 /8H
LOWF1(1st layer of First doublet for Low-Pt).

o Low Pt flZE1 —HE» 2 J8H
LOWEF2(2nd layer of First doublet for Low-Pt).

o Low Pt fIZ52 —&HfF» 1 [HH
LOWS1(1st layer of Second doublet for Low-Pt),
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( ﬁnalgzer]{ Waveform MACHIME 1 ] (ﬁcq, Enntrn]] (Eancel] ( Fun ]

Accumulate Current Sample Period = 4,000 ns
off Mext Sample Period = 4.000 ns
il - “
sec/Div Delay Markers
50 ns 0 s off
ELK IT A P LA Ea A o RPN F A1 DR S Rt e I T T T T T
LOWF 1 S S é: e
LOKWF 2 L&
LOWS : é:
HIGH i
LOW_D g
HIGH_O IS
.......................................................... _.1'__

56: AN HHDOZA IV T o F 49—}

o High Pt H3EE
HIGH(from triplet for High-Pt)

KANIT 3 (M 452M) o cofkic Low Pt w3 AJi3 % ¢ & T 3-out-of-4 o&H%iikd. Low Pt H
@ Coincidence Matrix TO7 v+ 2 C3 7wy 7 3OEEHRET 5. « Low-Pt 2» High-Pt K520
TS L HIGH A1t oaf o7y xvlskdcd HIGH A1E3 7 vy 7 BELE 0B R 5,
oo VY FH—m Ty s R-FONE s vy 2 AJI~NE PPG 02 ey s NIRRT R T v F 200544
LV T EREG L SAQUELEIRIEICT 5 DTS DOATNCH LT bns R EEILE 4T b,

NI H—aYy 7 K- Foii% Interrupt Register TG TrY H— -+ by F OFEOHECH 5o

6.1.3 5425 -Fv+—+

56 T rUH— 2Py s s R—FDANEHITOZA I v 7« Fo—+TH 5, EiHEE Hewlett
Packard w2y 7 « 7F 549 1663AS b DTH L, MOAMBZ VI F—uwP v « K—FOMNE 7
2y 7 AJIQERcnray 2ChH 5, Mokkic LOWF1L, LOWF2, LOWS1 R Bunch ®oF#L &>
7rrx A, HIGH iZ3 7 vy 7 Bunch 2FN T TRELTWwE L 7 Ik ALd,
7ay 7k FAK LT bns BIEL T 5,

HiE Low-Pt, High-Pt ZRENiCEWTATIO 470y 7BICHTETHE, Thidd &3 & o Xilinx
FPGA oF ¥4 vigh ofiRcd 5,

CDEAI VT « 7 XN RBVERABRY L CHA>Twnoktch, b8MHz $CRIEFCENELT -

%228 60MHz 2206 EiZ 5 2 <EWEL AL A D T L PMERTE %o
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6.1.4 BUNCH ID

RICHEE LTt vy Ty AREM TR ErOT A 2485, ERC P I H—a Py 7 « K— FiK AT
J 585 Bunch ID %@ E 1L &/, B XA T4« 7oy 7CFAHILTCWwE 30 CTH 35 (Appendix
A M) . ¢l Bunch ID EEOH A SUNCEES G VY H—m Yy 7 « K= FICANT 5. £F
v ¥a— 2 LCRENCREE Lo REI T ENE T V24 XL PPG 02— 2 LT PPG @ 4
ETIJICEZAL, FLUDAAZ e REZ— b L THIER S, TNE VI H—aPy 7 « R—FICANLTZ
OfER% Interrupt Register 2 bEiHIALITTORIRI DS & LT 5.

6.1.5 44325 -FXIOER

57T BT A POFERTH %, ¥'— ME%R 2bnsec « 40MHz 7 vy 7EEICT — 2 %Moo D LD
fElEh Losyfi (t1, 62 & PPGl, PPG2 () KL Taf v e 7 v 2ol b kX 57(a) Ad -
b DI 57(b) DX S ICh-Tco HEICTF — 2 CRERT 5 & 10% £~ bf 100% OEETIELL 2 v
VFVARENT WS C ERDD o ko
%72 58 (%7 — +E% 30nsec CHFRELTCHEIL LS5 40MHz ® 2 vy 7 CHll->AdDTH L, T TH,
20 OFAE 30nsec LRIL LS A7 I 7 LN TWE, CCTh 10 £ <> b 100% oZigT
ELL aAf v Ty ZBPNT S T &R - ko

6.2 FK—F2{kmn CLB OFX b

2o0HD~vF « 721+ ELT8-O® Xilinx FPGANE®» CLB BLTERCEHVEL T3 r2BET
50 Ch@%%/\—— F?l7mmmﬁﬁ§&mﬁ)@@ﬁfiﬁfﬂt<\ ‘7___&4 \‘/J:\ I//r7‘y }\J:\ ﬁjﬁ%m?
FA VICRER R DLOBREBETH H 5,

6.2.1 v btTvF

593ty v Ty T OEAT I I7LTHbE, FHLTCwE DL, HHOLFRERNCEAS I VT
TAIDLDELFEILTH B, CCTRETOANF v v AL ZICHETCE 2 X 5T 5HIC, 13ED
PPG #8A+5%, (2% Y AJ) 208channel = PPG 1% 16channel x 13& ¢ %A%, ) ¥4, Inter-
rupt Register (& 16channel #—FiICGHEIHE S5 L 5IC 2HEAT 2, bIH—mPy 7« K—FDAT=
% 7 %% 16channel ® 3 @ & 24channel D3 DREH %, PPG L bDF v v IABDEEL a4 2 L
oEFCELTiZ, X60% B,

6.2.2 FTRIDFNEHER

CCTRETOANIBMITCHECcE 20T, 12120 CLBZORHEE > TR RA%%S C &RAH
K¥sbdhs, 2 TEFT1OOEEBEOCLB #E2 /2t $5, CoCLBAXOKCES 2ENE LS5 LT
D PPGICANR « RE—vHEBE AR, ZDRAAR e X2 —v % PPGrb I H—uady 7« K— FiCiE
50 MY H—H% Interrupt Register ICAN, H[F ¥ v ATy VRB oL eZT L5, LT, A
Tl R e RE—U b TFHREINGMEREE by FOMEL KL T, #BAK CLB #EFHCEEL T3
DEHERT Bo
co—@oFnE T CLB it L Thhz i X\

Low-Pt U H—H CLB 2AZ% CLB T 3-out-of-4 it i X v, FHINWLZHIEREZD
CLB #= Xilinx FPGA o ¢ m& n¥lo s & (nm+l)Frvaxreinsd (L. 1<n-m+1<16 ®
L&, Enbibclkey MEALET S, M61BH) HEIIEROHIIFERS, FRIHEJISGR L Eac—% 1
iR (DFEbey beFrrviallNg 0T°H20ERHS, ) Low-Pt L <t 40MHz D 7 = »
7« L—t+T2To CLB BREFICEVEL T3 & L AHERRT & 7o
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coincidence block HIT at AOMHz

¥ b
N
o
I
4
L
L
A

TEUTE PSS SIS R P S

t1(clk)

T2 VS T1
ey tOdbokdo
coincidence block NoHIT at 4A0MHz

t1(clk)
T2 VS T1

by By rDEPSEDD

X 57: 7'— ME 2bnsec TO2ANCEBaAf vy T v R, 7y 7k 40MH,. 57(a)idey todbo/cd
Do 57(b) ke vy tOhbokdD
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HIT at 40MHz gate width 30ns

t2(clk)

6 7 8
t1(clk)

T2 VS T1

(a) AA VLTV ADD 5 b D

No HIT at 40MHz gate width 30ns

t2(clk)

t1(clk)

T2 VS T1

(b) AA VTV ADEDPSIDD

X 58: 7'— Mg 30nsec TO2ANCEBaAf v T v R, 7y 7k 40MH,, 58(a)ide vy tddb-7cd
Do 58(b) ke vy tOAEDoID
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PPG CLOCK
CONTROLLER

CLOCK
FANOUT

VME BUS|
]
0S9
system
A
VME BUS
L~
b’ ~
> 3 !.
—
ECL 16¢ch
8BIT =
INTERAPT kR
REGISTER Suen
—/
(. ) EX CLK )
Trigger Logic ]
1 board LOWF1| [«
N | |
ECL->NIM B
convert LOWF2 | [«
A 4 16 trigger =
7 output P
LOWSL| [«
0S9 B
system) e Bus LOWS?| | <o
HIGH | |
\ 1_

59: F— Fethko CLBoF 2 r &0ty VT v 7

PPGO 1! | [| 160 LOWFL0)
PPGL 1o, | || 1600 LOWFLD)
PPG2 1o | {| 160 LOWF2(0)
PPG3 1o, | {| 1600 LOWF2(D)
PPGA 1o | . 24 LOWSL(0)
PPGS 1o | I
T - 24ch LOWSL(1)
PPGS 1o |
16cH| |
PPGT 1504 ; - 24ch LOWS2(0)
PPGS 1| | I
PPGY 15crl i 24ch LOWS2(1)
PPG10 4, |
=l : 24eh HIGH(0)
PPGLL 1o, | :
I—_— 24ch HIGH(2)
PPG12 e | |

B4 60: 2 f¥HD 2 % 7 # BOZERK
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61: Xilinx FPGAdFom&En%lo CLB e v 235 - 8o,

High-Pt + Y#—FA CLB High-Pt ®# it Low-Pt /il CLB 2D ANBBETH B by EBAK
High-Pt + ¥ #— i CLB o<k (M 452#) . Low-Pt + ¥ #—/ CLB ® 3-out-of-4 %’z L T¥
CBERD 5o

% 7z High-Pt ic5\»Tld 2-fold TH 210, EAK CLB OSliIc 1 ANFHE X \ve FHEXN SRR
Low-Pt F ) #—flo b D LFUTH%, High-PticBiL<Td 40MHzD» 2wy 7 « L— btexTo CLB
BIEFCEWEL T3 C & RHERTE o

6.3 TRXIEDF LD
RA—FOTZXTVDOER2E DD L,

1. 2437 e F¥— 1
Xilinx FPGA 0E X AH»OMRE, 7F A vOREEL ZLTH-FOE A4 I v 7R HER 520 1C,
AN AR AT LTEL I v T s Fo— 1R Eoke bB8MHz $Cn 7 vy 7 BEEC, IEHICEH)
VELTWw3B &R iko

20 ZAI VT « TR}
Bunch ID &% — g% 25nsec, 30nsec CHEL T 2-foldo=af v Fraxntoke TNEN
10%* £ <> b LT 100% OEETIELL 24 v L F v 2% %A >Tn5 T L3 o ko

3. &t CLBo»7 %+
High-Pt, Low-Pt &b+4# T 1536(8x24x8) » CLB ic, ZhZhMnric<rx% AN L, &£To CLB
DIEBECEWELTWwB C &R o
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7T FEHESEDERE
1. B8 - EEEIREETDY § 2 L—> a VR

FYH—FEE $ X Bunch ID $FH®DIC, TV XL« SAZANCE BHEFE LY H—FEEFTH
ZfER, Bunch ID o4 — MBZEIHRFE BT % 30nsec, & IEFWRZE K 1 5 20nsec
BIELTVWE T By hoke £DOY — MBICEFT S VU H—x=E L, R 100%. FEF
XTI I8% Th v, TR ti3ndhrok (TGC OBEMOI L —va v« RFA—X
PHWEEE) o

E—L4 - ~»A—fR 77— MEZ RS FEFBAEE T2 €4 30nsec, 20nsec CHRET 5 L. %
NEN 5% 98% DMERTE— L « mna—ICH LTER->T MY H—HEE T T B0 5 o
Lo TELLOFFHRACEATDH, EHICE—L e ~na—% Y FH— vy 7 CHRT
5 EBHER N LRSS,

HEETEEKEE Eb oo, L X747 2y 7 ONHEZEES + (2~3nsec) Dl
PACIE b Y 7 —shK2 99% LI ED D, TDICRECEWELTn5 T 2835355,

PlEoctickheviar—vavoratid, 200HKBERCRKREAATr—< Vv ZDEVWIA
ONHEDoTe LBLEBDL, »—FV 2T OHRBCBNTEHKIFDOESE A LEOFE*ERB LT, H
WA OB E AL %o

2. Ny 25T FIZEBBRM Y H—RAEEDS $ 2 L— a VEHE
TR e Fry TECOMB I A-—REEP L Ial—varviCloTCitil ke Ny 2 799 v F
DY —RELTHENy 2779 FE, FFHBEANY 27579 v FREEL B, EBCL— M85
PoTWEIEHEANYy 7777 v FRBWTIE, 4O TGC KX 2 Low-Pt o Y ¥ —&Mic X »
Ty THCfEFEe v FEIIZ LN TS T &35 5 Feo

3. K— FDa&Et - B
U4 7O VME 2Tt H—m ¥y 7« K= FOFE - MRS A 57 o & % Xilinx
FPGA #Hw< Low-Pt, High-Pt + ¥ #—%#:T5 3% 3-out-of-4, 2-foldo=f v Fr=x.nm
Yy 7 RFEHL TR,

4, K—FDRUF« FX |
PPG #HHnTHRK—FDEA I v 7, af v e Fvxeudy 7ofEE, © CLB 0@l h & 58
Bhbike WIFNOT X FAHREEY CIFFKENEL TV C L BHERTE o

5. SRDFE

SHDTFAF A%, EBC I H—« ZF—vavo—FBLLT, F—AL TA LBV TAT 3 —
VAETAMNTETFETH S, TDLOXVF - TR MOERBCR, BICEHVELTWwE 2w BT
THL, F—FLEeTo Xilink FPGA N® CLB AIEHECENEL T3 ¢S5 T e REREI K
bOTH b,

FUH—- ATy 2DEE BYELAYIH—a Py 7 « F—FREHLALVI F— 2y 7 ZYHO
TAFTRERCLTWE, L LAEED ATLAS EBCRERAT v 3A FI50 HF v+ >~
Fxn) Eax FEEEBCAN, SEEHALZ Xilinx FPGA 0 X 5 A Ay 0Tl A S EHH
CHRZLELZ®) Yoy 2 IC AT 2 B TEEINT VS, ZORBTYUR MY H—n
Vo 2 0FFDHEINSE DT TH L, Fo VAN BEEET 57cDCTAYRCA LY v T OFHH
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HUBZIAT LA bRl BEmo Lan s bNBEDBRERHERT 2 L s o ithcd 5,
2L < & Appendix BZZ&M L TEL o
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Appendix A Bunch ID ;K— FDE%:

199741 ABEOFEL LTITERCEBICTEDO TGC b oEEZ% -~ T I HA—X7—va vk
EY E—L7 X P CEMBEREZEARS LS b00d 5, APRHFTICEATRN1ITOXSKaf vy Ty
ZoF7C¢ Bunch ID #5425 BERD B, 20OLDINETOLYIH—nPo 7 « KF—FoFELRLETCD
Bunch ID H#oHEERRE L PPG 2@ o7 XA VA ERER > THETWSE, £ CBunch ID [HE»
EFALR BRI AD DL B BRTH B, CCCEBEAEVER M) H—a Yy 7 « F— FH Bunch ID *—Fo
BES « B AR LI WCEiAT %,

A.1 Bunch ID [Oi & EREERENEIRE OB

Bunch ID Circuit

Variable gate width

25ns<«—— 50ns

From ASD I iv
D Q J D ol
D
Ql_Hit out
1Q = Q
QR
Delay
0-25ns
a PA 'y
40M Hz\—l
-
0-25ns Q QL
1Q |~ Q

62: Bunch ID [H[# o

Bunch ID *— Fiz =2 o%ZE%H > T\ %,

Bunch IDER cccldiF7v 7 T4 22V 0boES* LHC O A7 4« 7oy JCRPFILET Y
R e LK VC%J@?%O

SERESREEEE £ Bunch ID BEZEO b O R — FICO N EBRHERCEREIN 2D TR, £ OEREN
BCIEoTr—T7T0ERERTEEEHTH S, ZDEWERMS DD Bunch ID ® 7 v v 7 [ nsec 2
ToBECHETS N, S CETOEBR L AT L 7y JCAMILADDCR S, LTAHBTD
FHL S HERICEC Bunch ID @ 305855 2F 9 DRIREEE N T WAV, £ CTERKE L
TEEARLS ¥r/ey 70, 170y 708, 1F7ey 7 OBEXERSLLS5CL, ERCT
At A REF S TCHIATEFHRSE L5 T B,
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¥ % 3 EME (triplet) 2» o3k 2 EF Ik LTl Bunch ID %#%7% - . High-Pt FiC 2-out-of-3 =4 v
VTV AREELRELTERT B,

o X622 Bunch 1D H#TH %, FSEEY 2BEHE L. —2 & F— F2foEEHIK, $5—>
BREDZay 7 « VX% BOEL7ODBECHEI 2NCHToNAET VT T4 A7 U B0LD
BEE, FNFN22900D 7y F % E-oT1 70y 7BOT VAL« XALRCHE D, 7 vy 7 DOMH
BESCD2DODFNAZDHAER L DL ELESTT YT T4 R ) pLOBEE2Z%T L5 — ViER
25nsec~50nsec IC[RKIF 5 T & 3K SE. ZDHAHACOWTEHHE63IEZMLTEL V-, Mo LEO X
ST VT« TART YV DPODESHELE vy 708 THrOES vy 7 DFICEALEEE. Bunch
IDOHNE1 70y 7IBOF T EA s "2 CHh D, CORMBBEDY — VMEZIAT A VES L H
LTH2b, LCHB MOTBOLOIKT v+ FTAX7 I bDOESEEI vy 7 DB THOEL Y
a2y 7 OFNCKAESE, MhoDr3Xk5027ay JIBOF AL « SARKCED, HWIIOZXA 3

lsignalrise
or —
——— L
[P:j__ddawﬁcm
main clk
1signalrise
B
OR
C

L____ddawﬂcm

main clk

} D 0 c
=2/ La
40|\/|HZ_______|

63: Bunch ID o#fico 24 I v 7 « Fo— b
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Delay Adjust Circuit

—
After Bunch ID A&B OTC
/A& B+A& IB+/A& B
A A&/B 1w
B b 0
IA& B+/A& /B
A IA&B 2T
B
D Q
A | B | deay 3n
111 on
1| 0| 1z b QI
01 21
o|lo| 3n
40MHz ® ®

64: EEIEFREIElE OBEEE

VIR PEEHBL T2 X5, b ERYRFRILTH 5. 2% D EERIICE TE O EIE
L7 vy 7 ORI ET T — VIBBIEZ D X DIRG e RRIESICA > TELEZCH LTS W
DRYFEANZEP LT VB LB 5E. T 20(e) D X 5 iIC” — MiED 25nsec B 745
BNy FRILBER BBEICH L TCRTHICH T 5L nwsd0TH 5,

° 643 LRI TH 5, KMo X 5 i Bunch ID #08ESE I EOFE N 2T T, HEINTNVS
vy INHESEOBE®Z 0%, N7 4A—2LLTA, BOo220757%HE1L. NhoE£okkx
HEeoREERD S, A B2 ZnEN0,1 &b L 0ECERETNERTO 0T, 17,217,371 D5 bO
ENDPRFENEINDL LR E, RIENCHS—ELRT L 72y 7 TTyFePpITHIT S,

A.2 Bunch ID [B]p & BREZRENRIFRDERE

A— FOFHEFE Lk ARNTOHDBEHE > b Low-Pt Ho b @ & High-Pt Ho 3 o & 2 #%EE 5.
Bunch ID [0l & EEFREIRIEE OB IS b OFWETEAEC, TtV A—nPy 7 « K— FCRES K
WEAFIHT 2 £ 295 3K AHTXilinx FPGA #{# 5, 4EEHT % Xilinx FPGA oy 7y —2 ik
XC4005PG156 £ w5 o, NEBIKK 16x16 ® CLB &5 %#F2 156 €D Y « 7Y v F « TLARITH
%, TR 16 Ko AN% 1 2o Xilinx FPGA %L CA. 16 KFEFHC Bunch ID & BEERET% &
%%, Low-Pt Yt High-Pt HOoR— FOEANA Ry 7T TORDI S Ch 5,
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Low-Pt /il | High-Pt i
AT 16x4 16x6
HI8 16x4 16x2
Xilinx FPGA % | 4 6
VERCEH 2 1
Z Df 2-out-of-3 il PEEL 2305

et HEAMAREMERE NV 2Py 7« K- FEEELUL WS, VMEIU ok ##H L. ECL
A1« ECLHE1%3 %, VME 72 taire A« HITBRELAEEERANDO T CCREZCEAL
BORGCER L CEHAT %,

Xilinx FPGA AR 72334y s ~y Fap s 2 ThH bbb, 1EDr—7154k0 16 £
FEEvZHETCclChb, 20D 1207 —7 211250 Xilinxk FPGA #3333 c tickh 3,
1 2o Xilinx FPGA ¢ 16 KOoESAN#Zd 30 ¢, 15116 o CLB # Hw<T 12085 AT
ixf LT Bunch ID &BESEET% 3 5. Bunch ID ol 5, 2H0 7 vy 7 « V=22
Xilinx FPGA AECRIZSEIEE ¥ » — A% > THEL Xilinx FPGA kKiZEs7ev 7, Blrmy s
WS ETANT b, BRSO T 5. AB 2007 2 -2k 1 2o Xilinx FPGA ¢t
BOdDICT %,

AIZEE Bunch ID ¢ 7 vy 7 0EED DI (M 62&8) SElE#FXSHIPC o ECL v~ n[Z5E
e a2a—nATHEEPD LV —X%F|H Lo CCTCREE2T2%2DC ECLUL<A%#EALTH
50 2T S Y 2 — L OHBER FOED X S CH B,

Y Y—X | A[ZExT v 7 (nsec) | mAELE (nsec) | 317 (nsec)
EPD15N 1 15 0.2
EPD30N 2 30 0.2
Main CLK
EPD15N ——mMm
40MHz
CLK SRC

EPD30N

Delayed CLK

EPD30N

65: EPD v J —XofE

65DEICE Y 2 — A ZEHBLs £ EPD30N T2 vy 7 £Kkoffiz§ %, 2L T2 20CHBEIL
s B2 ey 705 EPDLISN %, Hl7 vy 70K iz EPD30N #EB< T ¢ i X » THYMWIC
A 30nsec ®FE# Insec A7 v 7 CHEHT 5 ¢ L K S, BEREORERICE4LFr A LrDT F
L AIEEPBECHEDOTENENAE Y PLYZZFHAWTGRERL T %,

F—SHHE=Y F7vavThii, F—EARHNT ST L 2R Lo LED CHET 2 ko, 7%
OHTTE HIRCHERTE L ODVDORNALRBIRERKT 2, vay bF— B AT T« < LF NS
7 —% Am26S02 % {#F L T 25nsec ®-v ZiE% 0.1sec DN RCERKT 5, MR TE L7 — 41
% L BHAH LT Xilink FPGA 1 2o LED #EET 3 X5 LT3,
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LED #iVeikinFrHo LED GER ECHEST 2, =4 —330BEEANC I H—aPy 7 « K- F
EIEJI./VC‘% 50 é@%ﬁftﬁgﬂbfc%@ t LT\

LDC VvV #H—uwPy 7« ¥— Pt Xiing FPGAoEXAAMCH L ~<ATH 5 HDC i E
=21l Twkp, cctcir LDC 34 Xilinxk FPGA KowTE=443X5KCL, ¥vvua—F
D THERDIEE L L U o

F—sHH % Xilinx FPGA K193 2# ) 4 <Chbivd, F— 20U X L5 H I 0.1sec B D A
PRERE N EFTH 5,

UED X5 AHLWEEZEAL CREHIED b7,

A3 K—FRIEDHER

Bunch ID #— FOBWEG AR NOESH A EEDT, VI H—aPy 7 « K— FIcgbeTiEDLIT
wio HEtE P Y H—r Yy 7« K— FAjkk KEK mEB# Mo —2 27— 2 v elcad3.kek. jp k
T CAD 77U —v =3 v CR3000 #{fi->» THAbiLk. BE BEROLATY M TU v BEAbRT
WEEHTH B, 58, BB T LBV HF—2xF—va VEWEAID TRy F «=— 2 T2 V038 A D
N ¥ETH5,
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Appendix B RO NI AH—AOY YO

B.1 2 ZE/E (doublet) TO Y H—OT v o

M66%HTBRLVe TAYOZELDEIML (FREA M) v 7OEIHEL) BE T CORD 2151k

8x24 3 out-of 4 Concidence Matrix for Low Pt

12x2(doublet) inputs

56 6600 G
SJSISISIelS

4x2(doublet) inputs
]
)
)

8 outputsto highPt matrix

H 8 -7 6 -5-4-3-2-1 0 +1 +2+3 +4 +5 +6 +7 +8
[ O — : High Pt SPt

Pt=A& C+A&D+B&D
3Pt

66: doublet T» = f v 7 v x Matrix

REN, ENEN® doublet THODESFOFHLLTH b LeB>TEA->TWEESIA T TLFUREKC
hb. 2cCaf vy FrvAMatrixouyy 7 « L AV VAT IESE LT, ENREFho doublet 2»
>N

R 2fE b ey FLAES. OFEEL LCRVAY (XYY v ) EDETH B,
SR LA T ey P LASS. DL LTRYAY (XY v ) IBTH B,

D2IKSO%ESL, LAB->TH6DLETFTORrRY y 70X 5 ICHBEI LD 2L v F v 2PN% & T 3-
out-of-4 DLW X, AEIODEREGLETEFILCH 5,
FAPBOICOR B LBV v 7 e LAY FEUNEH A Z MMEL BB CRBER WOTERLTA V.

B.2 3 EE (triplet) TO MYV A —OT v 2

BI67TH RCTHRL V. CTOEHEIVAYDE LDHEAHNL (FAEZAVY » 705HI ML) BE5ETOED 3
BicEREh, Mo ks1c1/3F>FbLTilfirbh, EAZBIESETLRIUEICK %, 2-out-of-3
A Ty AGHOTOETCH S X5, BEAVEDN 1/3 DO LTEEDOEEHEALE L, EAD
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8x24 2fold Coincidence Matrix for High Pt

n

H
(5

o
min'm

in 'm 'm (m

g e il
A

i

I
]

il

n'mn
(o A g
P H R HH
i
Ly Ly Ly Ly
n'n'mfn

(-
A o

T

Sl
[

i g e e e e
R
Ry
o

A

8x3(triplet) inputs

e
gl s s s e g
e
i g
ik

[ ]
4L
sy ayay

Lt

i

I
]

il

| H ]
e
i il il il

G
L/

X117eW 1dMmo| woJjsindui g

Pt

S Pt

8 -7 -6 -5 -4 3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +8

B
3Pt =A&B

A2 ]

B2

]

[A1

[B1

out=A1& B2+
Cl& Al1& /B1+
Cl& B2& /A2

67: triplet T =24 v+ 7 v X Matrix
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BEHH2/3 Db DICDTEFA L Wil (Mo ffE) Dbse s FLThRWC EREHFICL T
b0 CoORTYy 7K > THAREBLIFT L RICICTE 5,
B3 1XL—7«K—FTOIYH—OT Y2

Plaio#itcikM4bo ks 4fioaf vy F vz« Tay 7 %#H Kl T, Low-Pt,High-Pt 41
N 32x48 w4 v o7 v 2 Matrix #{F->Twihkoe TZOHITDIHAZLELAEBTCRE LICERTE S

from adjacent triplet from adjacent triplet
from adjacent doublet 5 from adjacent doublet , 5 8 inputs from 8 inputs from
4x2 inputs from TGC 4x2 inputs from TGC 2 out-of-3 logic 2 out-of-3 logic

2nd 2 layersof doublet
32x2 inputs from TGC

64 inputs from 2 out-of 3 logic

|
%
>E§
/
)
%_I

— A \| MNERN|
N ® |
o =

23 £3B

SE o

St 27

50 23

sE 0

~ A %«5

78 3

— Nt

64x80 2fold
Coincidence Matrix

64x80 3-out-of-4
Coincidence Matrix

15 bltSR 15bit 3R
for LowPt for HighPt
data frame for LowPt(19 hits) data frame for HighPt(19 bits)
R R
IMHMMMMMMMMMNHMHMMMM IMHMMMMMMMNHMMMMMMMM
+2 +3 +4 +5 + +2 +3 +4 +5 +6 +7

B 68: AL—7 « K—F 1ALV DI H—mPy 7

EEZ, MOBD LS 8D AL vy FTvRe Tuy 7 ®iERT64x80 D 24 v v 7 v X Matrix #VE5 X
515, cOBE 8Ty 70 OR %2 & 5 LIEVEHAD TGC#B-CLES5CcEtich Y, Do v
F AL C - e O BIERASEE 2, 2 el AB,C, - TRENTVE L S5iIC, 20T my 7
TECEy FREYVMTE, ZLTHDOTIORLET—2BAD X 5 1K OR ofE#ficiindsctick->T,
TGC o EDRDICE v Y RBoleh®IBZ 56X 5T 5,
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B B B s B 0 W W W W WL NN NN NN DN NN R R REE e
B W NP O © 0 1 & Ok W F O © 0o 1 O Ok Wik kFHEHF O © W ~1 & Ok whkhh —= o

L S A L Y = = 2 5
by 7 e 2= FDRET—F . .. e e e e e e e e 6
ATLAS BRHZROEIRED . . . . o o e e e e e e e e e e e e e e e e e e 9
ATLAS e R- MR . . . . o o e e e e e e e e e e e e e e e e e e 10
ATLAS JEZRO R-ZHETR . . . . v o v e e e e e e e e e e e e e et e et e e 11
ATLAS D 3EBBERERD Y H— « U 2T A L0 i it e e e e e e e e e e it 13
LVLI1 VI H = o X7 LDT7 a9 7 s BATTTL L 0 it e e i i i e e e e e i i e e 15
(O N e b= I A 16
NUAETOD P Y H— ¢« U RT I o s e e i e e e e e e e e e e e e e e e e e 19
IR e oy 7HBTO NI H— s 2T A Lo e e e e e e e e e 19
N R M A A T N R A 20
TV RF Yy v 7REBCBOZ I H— /"DAQOX5F . . . . . . e . 21
a—AADAQTwy s, triplet H . . . L 22
2—HADAQTwy s, doublet H . . . .. Lo oL 22
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RegpaAfveFrRe<b Y 720/ . .. . o0 0 o e e e 24
FIRETOEAOEIEEL . . L o o e e e e e e e 26
FEEBRETOGEOEIEE] . . . . . e e e e e e 26
Al N ] |1 P 27
F - FERFIAREcCoaf v Ty R0 . . . . . 28
TGC OREE . . . o e e e e e e e e e e e e e e e e e e 29
Tarfield oHIT . . . o o e e e e e e e 29
Tarfield DH 1 (BIHARE) o o o i o e e e e e e e e e e e e e e e 30
FUAF—FEEIZBunchID . . . . . . . e e e e e e 31
TOOFEHERTENRSDELDD L e e e e e e 32
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E—be o —C[EE->THPIA—FHLTLEER . .. ... ... oo oL 37
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