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Figure 1.1: JLCOOOOOOO
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Detector Configuration Performances Channels and Data Size
PM 6=11 - 48mrad (r=2-8.5cm) Number of pixels = 8.6M
(3D Active Pixel) 300pum-thick x 2 layers Under Study Readout channel = 156¢h
pixel sze=100um Data size = 12k bytes/sec
LM 6 = 50-150mrad Number of pads = 16.4k
(W/si) 43X 0 x 16samplings Under Study Readout channel = 128ch
Nr =32, Np =16 Datasize = 3.3k bytes/train
AM 6 = 150-200mrad Number of pads=5.1k
(WI/Si) 23X0 x 8samplings Under Study Readout channel = 16
Nr =10, Ngp =32 Datasize = 5.1k bytes/train
FT TBD Unknown
VTX cosf < 0.90 o= 4.0um Number of pixels = 320M
(CCD) pixel size=25pm, thickness=300um 02=72+(20/p)2/sin36 [um] Readout channel = 2.4k
4 layersatr = 2.4, 3.6, 4.8, 6.0cm €p=50% @ purity=93% Datasize = 1.4M bytes/train
IT cos6 < 0.90 0 = 40um Number of strips = 522k
(Si-strip) strip width=100pm, thickness=300um | Tracking Performance Under Study Readout channel = 1.0k
5layersatr =9, 16, 23, 30, 37cm D atasize = under study
CDC common cosB < 0.70 (full sample) 0z = 1mm 200MHz FADC
(Mini-jet) cosf < 0.95 (1/5 samples) 2-track separation = 2mm depth = 1k words
2Teda r =45 - 230cm, L =460cm ox =100um Readout channel = 13k
Nsample = 80 Opt /Pt = 1x10° 4Pt + 0.1% | Datasize=5.2M bytes/train
3Teda r =45 - 155cm, L =310cm Ox =85um Readout channel = 8.1k
Nsample = 50 Opt /Pt = 3x10° 4Pt + 0.1% | Datasize=3.3M bytes/train
Trackers Combined Opt /Pt = 1x10 4Pt + 0.1%
CAL  common EM = 27Xo (3sections) 0/E=15%/VE+1% (EM) Number of cells = 144k
(Pb/Sci) HAD = 6.5\ 0 (4sections) 0/E=40%/VE+2% (Had) Readout channel = 5k
A, = 24mrad (EM), 72mrad (HAD) e/m 1D = 1/1000 Datasize = 3k bytes/train
2Teda cos6 < 0.985 (full thickness)
r =250 - 400 cm, z = +- 290cm
3Teda cos6 < 0.966 (full thickness)
r=160 - 340 cm, z = +- 190cm
SHmax scin.strip (1cm-wide) or o =3mm/VE Readout channel = 5k
Si-pad (1cm x 1cm) Datasize = 40k bytes/train
MU cos6 <0.998 o =0.5mm Readout channel = 10k
(SWDC/RPC/TGC) 6 SuperLayers Muon ID under study
Yoke 2Teda r=55m-75m, Z=5.0m-7.9m
3Teda r=45m-7.0m, Z=3.9m - 6.5m

Table 1.1: JLCOOOOOOO
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Discovery Run
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Discovery Run

Vvs=300GeV, SLdt=30fb™’
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Discovery Run
Vvs=300GeV, SLdt=30fb™"
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Precision Run
Vs=200GeV, SLdt=10fb™"
e'e” —>h'7°
h®—>bb and Z°—> I*I”

o L hOZU

| M,=85GeVQ{ 90 195 £1OO

z°7°

Entries
[0}

| N
I I ’

Y A
ot mL. |

75 80 85 90 100 105 110

M, (GeV)

Figure 1.6: /s =200 GeV 0OOODO HgMﬁbBDDDDD z° - *-0000000000000000
00000000 04%00000000000 10fb*1|:||]|:|[||]DDDDDDDDDmHSM:85D90|:|95D
OO0 100 GeVOODODOete” — HY,Z°0000000000000000000000 efe™ —292°
oooos0D0OO0O00D0O0OOO



CHAPTER 1. OO 14

000D DOOOOO0O0ODODOOOOOO0OODOCOOOOCOOOOOUOUODODODOAM,OODO
giigboboooooboooonod

OM2\ > OM2\ 2
sy = (2 - (2 gy
( h) a‘p£1| ( ‘ 1|) a|pl2| ( | 2‘)
gooad
8M,';f o .00
= -2|FE -2 —
3|5612| ( CcM |, | sin 9
oM} ( oo 29)
i = —-92|F, —2 sin” —
A0 o — 2|P, | 5
oooad

000000000000 6~180° 00 |py,| ~|pe,| 00 0D0OO0DD0OO0O0OD0OOO0OOOODODO
OAM,00O0DO0O0OO00O0O00O00O0Ap,|000000

Ecn — 2|p
AMy, ~ \/570MM 2] - APl (1.2)
h

goooboooogn
0000000000000 0O0O0DAE=AE-y/200002% 00000000000000000
gbooboooooobogbobooboanod

ECM - (|ﬁ51| + |ﬁ£2‘) A
My,

Ecn — 2|pe

~ — _ —— .AF
i, oM

AM;, = Ecn

0000000000 0M,, =100 GeVO Ecpy =250 GeV OODODODOAM, ~0.75 GeV OOOOOOO
00000000000000000000000mM1.2000000000000 1/20000000
O0000000000050GeVOOODO 04% 0000000000000O0O

1.3.2 J0OO0O0O0ODOOOO0OooooboobOoOoo

oboboooooooobooboooooooboooooooooooooooobobOoboOobobon
0000000o0ooooooooooooooooooooooooooooJLeooooooooog
goooooooooooooboboooooobboooobobOoooobobooobooDobooboooog
oobooooooboooobooboooobobooboobooobooboooboooobooooboooobooooon
ocooooooooooooooooooOoooboooogJuLcoooooboooooOooDbOooooo
gobooboobooooooooooboooooboooooooooobooobooobooobooon
goboooooooboooooooooboooooooobooooooooobDoooooboboUoboOoo
000000 100% 00000000000000000000000000000D0oOO0oDOoooOo
obooobOobooooobooooonod

oooowoooo zooooooooooboooooooOooooooboooooooooobooo
000000000000 Z0000 wWDOODOO 10GeVOOOOOODOD 25GeV O 2.0GevV O



CHAPTER 1. OO 15

ooooooooooowD zOooOoOoooOooOoooooOOoOoOooooDOOOOoOOoOooooDOoOoo
gbooobOoobooooboooooon

goooooboooboobooboooboboboooobooboobobbOobDoboooooboooog
obobooboboobobobobobobOooooboOobOobOOoOoobOobOoboboboboboOoon
gbobooboooooooooooooooboobobobobobobobobobobobobon
gbobooooooooooooooooooboooboooobobooboobobobobOoboboboon
gbooboooooooooooooooooobooooooooooobooobDooboOobobOobobobon
obooboooboooboooobooobooooboooboboobooooboooboooOobooboOoooo
oboobobooooooboooboooboooobooobooboooboo0ooboooobooboooooon
goobooooooooooboooobooobobooooooooobboooooooDoooDoobooooo
oob0o0bo0oboo0ooboobbobbbIlemx lem0 00000000000 O0DOOODOODOOOO
gbboooOoooobooboooobooboooobooboooooboooooboobooooOobooon

gbooooboooboooobobooobooboobooboooobooooboOobooooobooonog
gobooooooooooboboooooooboobooooobooooooooobpbooOoooboboOoo
gbobooooboooobooooooooooooooooboobobobobOobobobobobon
goooQoOoOoOo0OO0COOO0OO0U00000DUOODODOOOOODOOODOOCOCOOOOOJLCOOO2mm O
gbobooboboooobooooboboo

goooooobooooboobooboooboboooobooboooooboooooDobooooooboooog
oboooooboooooboon

w oooooo

goooboobooooboobooooboooobobobooobDoo wooo

0 < Py <500GeV

ocoooooooooooooooobooooooooobOoOoobo JLcoooooooboooooooo
gboboboobobooboboboboboboboOoboOoOoob0oboboboboboboboon
170000

01800 17rgboooboooobooooboboooooboooobobooooboooobooooooDooo
OO000D0O0O 4Gev OO

ow ~ 1.8GeV

ooooooboooooooooon
oboooboobooooobobooooboobooooobo 190000
oooooooooooooooowobbOooooooooooooooooooooooDooooo
gboboooooboooobobooobobooooboooooboobooooboooooboOoboooboag
goboooboooooooooooobobooooooooooooooobboboooooooobobOoo
oobooooobooooooooobooOooobOoobOoooobooobO0oobOoobO0ooboooobbooboon
goooo



CHAPTER 1. OO 16

160 L ean 82.26 300 ean 77.20

‘ RMS 6.266 r ‘ RMS 4.232

140 |

- | ) W
)| Ik |
i z |

|

60 | [
I j 100
1

;“

20| | [ J‘IJ
0: _nnJﬂmejh i

fL, a
30 40 50 60 70 80 90 100 110 120 130 0 30 40 50 60 70 80 9 100 110 120 130
1D=215,N=3067 PROY (PWG,AMWR) 1D=215,N=2867

PROY (PWG,AMWR)

Figure 1.7: OO0 0OOODOOO0OOO0OO0O0OO0OO0 wWOOOODOmMmOoOoooOoooOoooooOooomobooo
gbobooboboooobooobooboboooooboooobooboooooboooooboan

160 300

ean 82.00 L Mean 7859

RMS 4.163 r RMS 1412

140 L ?/ndf 4310 i/ 37 [ X/ ndf 17223 | 9

r Constant 119.8 250 [1Constant 2455

[ H ean 82.55 F Mean 78.34

120 Sgma, 4.685 r Sgma 1.820
f I |

L 200

100 HW ] \ r

|l
) 3
Ny N

20 -~
et

0

86 88 90 076 v 78 79 80 81 82
1D=216,N=2691 BLOW PROY (PWG,AMWR) 1D=216,N=1987

70 72 74 76 78 80 82
BLOW PROY (PWG,AMWR)

Figure 1.8: 0 1.700000000O0CO000O0O0O0O0ODOOO0O0ODOOOMOOOO0O0ODOOOODOOOOODO
gbobooboboobooboooobooobooog



CHAPTER 1. OO 17

130 r .Q00E+00 .000E+00 .000E+00 130 r .000E+ 00 .000E+00 .000E+00
3 O00E+00 |  .307E+04 | .O0OE+00 F O00E+00 |  287E+04 | .000E+00
120 - {000E+00 | 1"000E¥00 |~ :000E¥00 | 120 |- {000E¥00" | " "000E+00 | | ~".000E+00
110 110 |
100 | 100 |
9 [ o 9 [
80 | iy = : 80 f
70 L 70 L
60 [
50 L 50 L
40 £ 40 |
30’\\\\HuHHHHHHHHHHHHHHHH 30’\\”””HHHHHHHHHHHHHHHH
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
(PWG,AMWR) 1D=205,N=3067 (PWGAMWR) 1D=205,N=2867
8 ean 259.9 4
r RMS 1428 ¥ ean 2522
. L L RMS 148.6
B 35|
6 3 :

T T
qin T T

‘\
‘ [
s
ﬂ‘i
1

4’7
-+
|

|

4%4‘

2 F 1 ‘
1] 05 |
07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 7””””HHHHHHHHHHHHHH\\\\
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
SGX BLOW CHBN (PWG,AMWR) ID=214N=20 SGX BLOW CHBN (PWG,AMWR) ID=214N=20

%0 b ean 253.0 82 L ean 249.7

L RMS 143.3 r RMS 144.2
88 I H

[ 81
86 | b

A+

8

| f
i NITIE T | e
82 | +1+++ Jr+++
80 [ Ba 797‘ +

ST i +
et S

74 | -
r 77
72 |
70 Do b b b o] g Lo b d oo b
0 50 100 150 200 250 300 350 400 450 500 ° 0 50 100 150 200 250 300 350 400 450 500
ID=213N=20 ID=213N=20
AVX BLOW CHBN (PWG,AMWR) AVX BLOW CHBN (PWG,AMWR)

Figure 1.9: 00 000000O0O0O0O0OO00 WOOOOmMOoOooooOooOoOooooooOOmoooo
goboboooooobooooooboooobooooooooboooboobboobooooooooboooon
oooooooo



CHAPTER 1. OO 18

1.4 OOOOO0oOoOn

141 0O0OO

bobooobooboooooooooooooboooooooooooobobOobobOobOobobon
boboooobooooooooooboooooboooooooooooooobooboboboboboon
gboboooooooboooooooooooooooooooooooboobobobobobobon
ob0O LEPOOOOOOOODOOOOOOOOO0OOO0OOOOOO0OOO0OOO0OOOOOOO0OO0OOn
ooooooooooobooooooooooooooooboooooobOoOo0OooLEP-IOODOOO
00000000 200 GeVOOOODOODODODODODOODODODOOODDODDODOODODODOODOODOODOOOOO
gobooooooooobbooobooobobooooobooboboobooooobooboboooboooooobooon
oobooobobooooboooooboooboooooooooobooooboooooooooooooon
boboooboobooooboooboooooobooboooboooboooboobooobooobobooboobOooonoag
oood

e 0D ODOODLDO I0O0DOODODOODO
e J00JD0UIU0ODDO(DOOUOUODDO)DDOOOODOUDODOODOOOODO
e I00ID0UI0ODDOUDOOOODOOD (240nm x3nm)0000000O0

oooooooooJLcooog iocoggooooooooooooooooooooooobooo
oooon 120000



CHAPTER 1. OO

Bunch compressor-2

Pre-Linac

Pre-damping ring

Bunch —— —
compressor-1 Positron target

Damping ring Linac
Main Lina
0
\ electron gun
Experimental Hall
FEL facility
Polarized electron source
. Linac
\ /
electron \ )
Main Lina s Damping ring

compressor-1 —

Pre-Linac

Bunch compressor-2

Figure 1.10: JLCOOOOOOOO



CHAPTER 1.

g

Table 1.2: Ecpy =500 GeV O O OOOOOOODO

| | A B C | x Y
Beam parameters
Center-of-mass energy Ecum 535 515 500 ‘ 497 501 | GeV
Repetition rate frep 150 Hz
Number of particles per bunch N 0.75 095 1.10 | 055  0.70 | 10"
Number of bunches/RF Pulse np 95 190
Bunch separation ty 2.8 1.4 ns
R.m.s. bunch length o2 90 120 145 80 80 pm
Normalized emittance at DR exit | vyez 300 300 10~ 8m-rad
ey 3.0 2.0 10~ %m-rad
Main Linac
Effective Gradient Gess | 597 56.7 545 | 542 502 | MV/m
Power /Beam Pp 4.58 5.58  6.28 6.24 799 | MW
Average rf phase Ory 10.6 11.7 13.0 deg.
Linac Tolerances Ye 16.1 15.2 14.6 18. 14. pm
Number of DLDS nonets 23 25
Number of structures per linac 2484 2700
Number of klystrons per linac 1656 1800
Active linac length 4.47 4.86 | km
Linac length 5.06 5.50 | km
Total AC power Pac 118 128 | km
IP Parameters
Normalized emittance at IP Yeu 400 450 500 400 400 10~ 8m-rad
ey 6.0 10 14 4.0 4.0 | 10 ®m-rad
Beta function at IP B 10 12 13 7 7 mm
By 0.10 0.12 0.20 0.08 0.08 | mm
R.m.s. beam size at IP Oz 277 330 365 239 239 | nm
Oy 3.39 4.88 7.57 2.57 2.55 | nm
Disruption parameter D, 0.0940 0.117 0.136 | 0.0876 0.112
D, 7.67 7.86 6.53 8.20 10.43
Beamstrahlung param () 0.14 0.11  0.09 | 0.127 0.163
Beamstrahlung energy loss 0B 4.42 4.09 3.82 3.49 522 | %
Number of photons per e~ /e* Ny 1.10 1.20 1.26 0.941 1.19
Nominal luminosity Loo 6.82 6.41 498 | 11.15 18.20 | 1033cm s~ *
Pinch Enhancement? Hp 1444 1.392 1.562 | 1.389 1.483
Luminosity w/ IP dilutions L 9.84 892 7.77 | 1548 27.0 | 10*®¥cm 37!

1) Effective gradient includes rf overhead (8%) and average rf phase (cos ¢, ).

are made separated to each other by about 1o, for higher Hp (~10%)

20

2) Hp includes geometric reduction (hour-glass) and dynamic enhancement. The focal points of the two beams
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CO2 /isobutane (85:15) CO2/isobutane (90:10) CO2 /isobutane (95:05)
E(kV/cm) tan o E(kV/cm) tan « E(kV/cm) tan o
B=03T
0.6 (2.29 £0.02) x 1072 0.6 (2.25 £0.04) x 10~2 0.6 (2.43 £0.04) x 10~2
0.8 (2.39 £0.03) x 102 0.8 (2.30 £0.04) x 10~2 0.8 (2.38 £0.04) x 10~2
1.0 (2.48 £0.03) x 1072 1.0 (2.35+£0.04) x 102 1.0 (2.39 £0.04) x 102
1.2 (2.61 £0.03) x 102 1.2 (2.39+£0.04) x 10~2 1.2 (2.44 £0.04) x 10~2
1.4 (2.65 4 0.03) x 1072 1.4 (2.47 4 0.04) x 102 1.4 (2.49 4 0.04) x 10~2
1.6 (2.73 £0.03) x 102 1.6 (2.53 £0.04) x 10~2 1.6 (2.54 £0.04) x 10~2
1.8 (2.8240.03) x 10~2 1.8 (2.58 +0.04) x 10~2 1.8 (2.60 4 0.04) x 10~2
2.0 (2.96 £0.03) x 1072 2.0 (2.67 £0.04) x 10~2 2.0 (2.66 £ 0.04) x 10~2
B=05T
0.6 (4.05 £ 0.04) x 102 0.6 (3.69 £ 0.06) x 10~2 0.6 (3.89 £0.04) x 102
0.8 (4.0740.04) x 10~2 0.8 (3.74 4+ 0.06) x 10~2 0.8 (3.89 +0.04) x 10~2
1.0 (4.20 £ 0.05) x 1072 1.0 (3.88 £ 0.06) x 10~2 1.0 (3.97 £0.04) x 102
1.2 (4.27 £0.05) x 102 1.2 (3.97 £0.06) x 10~2 1.2 (3.99 £0.04) x 10~2
1.4 (4.36 £ 0.05) x 102 1.4 (4.07 £0.06) x 102 1.4 (4.08 £0.04) x 10~2
1.6 (4.49 £0.05) x 1072 1.6 (4.18 £0.06) x 10~2 1.6 (4.17 £0.04) x 10~2
1.8 (4.61 £ 0.05) x 102 1.8 (4.29 £ 0.06) x 10~2 1.8 (4.26 £0.04) x 10~2
2.0 (4.75 £ 0.05) x 102 2.0 (4.41 £0.06) x 10~2 2.0 (4.31 £0.04) x 102
B=07T
0.6 (5.80 £ 0.06) x 10~2 0.6 (5.56 & 0.06) x 10~2 0.6 (5.73 £ 0.06) x 10~2
0.8 (5.90 £ 0.06) x 102 0.8 (5.67 £0.06) x 10~2 0.8 (5.69 £ 0.06) x 10~2
1.0 (6.14 £ 0.06) x 102 1.0 (5.87 £0.06) x 102 1.0 (5.90 £ 0.06) x 102
1.2 (6.23 £0.06) x 102 1.2 (6.01 £ 0.06) x 10~2 1.2 (5.87 £0.06) x 10~2
1.4 (6.36 4+ 0.06) x 1072 1.4 (6.10 £ 0.07) x 102 1.4 (5.96 £ 0.06) x 102
1.6 (6.53 £ 0.07) x 102 1.6 (6.24 £0.07) x 10~2 1.6 (6.04 £ 0.06) x 10~2
1.8 (6.72+0.07) x 10—2 1.8 (6.45 4 0.07) x 10~2 1.8 (6.19 4+ 0.07) x 10~2
2.0 (7.04 £0.07) x 102 2.0 (6.71 £ 0.08) x 10~ 2 2.0 (6.38 £0.07) x 10~2
B=10T
0.6 (7.72 £0.09) x 102 0.6 (7.40 £0.08) x 10~2 0.6 (7.36 £0.08) x 10~2
0.8 (7.81 £0.10) x 102 0.8 (7.58 £0.08) x 102 0.8 (7.45 £0.08) x 102
1.0 (8.10 £ 0.10) x 10~2 1.0 (7.94 4+ 0.08) x 10~2 1.0 (7.67 4+ 0.08) x 10~2
1.2 (8.34+£0.10) x 10~2 1.2 (8.11 £0.08) x 10~2 1.2 (7.73 £0.08) x 10~2
1.4 (8.49 £0.10) x 102 1.4 (8.25 £ 0.08) x 10~2 1.4 (7.88 £0.09) x 102
1.6 (8.754+0.09) x 10~2 1.6 (8.5740.10) x 10~2 1.6 (8.07 +0.09) x 10~2
1.8 (9.02 £0.09) x 102 1.8 (8.77 £0.10) x 10~2 1.8 (8.14+0.11) x 10~2
2.0 (9.15 £ 0.09) x 102 2.0 (8.99 £0.10) x 10~2 2.0 (8.30 £0.11) x 10~2
B=12T
0.6 (9.41 4 0.09) x 10~2 0.6 (9.18 +£0.10) x 10~2 0.6 (8.76 &+ 0.09) x 10~2
0.8 (9.65 £ 0.10) x 10~2 0.8 (9.38 £ 0.10) x 10~2 0.8 (9.04 £0.09) x 10~2
1.0 (9.95 £ 0.10) x 102 1.0 (9.70 £0.10) x 10~2 1.0 (9.28 £0.09) x 102
1.2 (1.01 £0.01) x 107! 1.2 (9.85 £0.10) x 10~2 1.2 (9.45 £0.09) x 10~2
14 (1.04 £0.01) x 107! 1.4 (9.91 £0.11) x 10~ 2 1.4 (9.61 £0.10) x 10~2
1.6 (1.07 £0.01) x 10~1 1.6 (1.02+0.01) x 10~1 1.6 (9.71 £0.10) x 10~2
1.8 (1.10 £0.01) x 107! 1.8 (1.05+£0.01) x 107! 1.8 (9.91 £0.10) x 10~2
2.0 (1.13£0.01) x 107! 2.0 (1.08 £0.01) x 107! 2.0 (1.01 £0.01) x 1071
B=15T
0.6 (1.18 £0.02) x 10~1 0.6 (1.14 £0.02) x 10~1 0.6 (1.08 £0.01) x 10~1
0.8 (1.20 £0.01) x 107! 0.8 (1.17£0.02) x 1071 0.8 (1.124£0.01) x 10~1
1.0 (1.224£0.02) x 107! 1.0 (1.20 £0.02) x 107! 1.0 (1.14 +£0.01) x 1071
1.2 (1.25 £0.02) x 10~1 1.2 (1.23+£0.02) x 10~1 1.2 (1.174£0.01) x 10~1
1.4 (1.28 £ 0.02) x 10! 1.4 (1.25 4 0.02) x 107! 1.4 (1.1940.01) x 10!
1.6 (1.32£0.02) x 107! 1.6 (1.28 £0.03) x 107! 1.6 (1.21 £0.01) x 1071
1.8 (1.3540.02) x 101 1.8 (1.3140.03) x 101 1.8 (1.2340.01) x 10!
2.0 (1.39£0.03) x 101 2.0 (1.34+£0.04) x 101 2.0 (1.26 £0.02) x 101

Table 3.1: tana 0000
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Figure 3.14: ¢ O COy/isobutane(90:10) 0000 B=15TO0000000000000 (¢)

E (kV/cm) v} (cm/pus)
0.6 0.453 £ 0.002
0.8 0.607 = 0.001
1.0 0.780 + 0.001
1.2 0.950 = 0.001
14 1.132 + 0.001
1.6 1.323 £ 0.001
1.8 1.524 £ 0.004
2.0 1.735 £ 0.004
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//

//* DistanceToIn (p, V) —————=———=——————— e
G4double J4TwistedTubs::DistanceToIn (const G4ThreeVector& p,

" const G4ThreeVector& v ) const

// Check last value. if p is same as last p, return last distance.

//

G4ThreeVector *tmpp;

G4ThreeVector *tmpv;

G4double U0 *tmpdist;

if (fLastDistanceToInWithV.p == p && fLastDistanceToInWithV.vec == v) {
return fLastDistanceToln.value;

} else {
tmpp = const_cast<G4ThreeVector*>(&(fLastDistanceToInWithV.p));
tmpv = const_cast<G4ThreeVector*>(&(fLastDistanceToInWithV.vec));
tmpdist = const_cast<G4doublex*>(&(fLastDistanceToInWithV.value));

tmpp—>set(p.x(0), p.yO, p.z0);
tmpv->set(v.x(), v.yO, v.zO);

}
//
// Calculate DistanceToIn(p,v)
//
EInside currentside = Inside(p);
if (currentside == ::kInside) {
J4cerr << "J4TwistedTubs:DistanceToIn(p,v) is called from inside! abort." << J4endl;
abort();
} else if (currentside == ::kSurface) {
// particle is just on a boundary.
// if the particle is entering to the volume, return O.
G4ThreeVector normal = SurfaceNormal(p);
if (normal*v < 0) {
*tmpdist = O;
return fLastDistanceToInWithV.value;
}
G4double distance = kInfinity;

// find intersections and choose nearest one.
J4VSurface *surfaces[6];

surfaces[0] = fLowerEndcap;
surfaces[1] = fUpperEndcap;
surfaces[2] = fLatterTwisted;
surfaces[3] = fFormerTwisted;
surfaces[4] = fInnerHype;
surfaces[5] = fOuterHype;

GAThreeVector xx;
GAThreeVector bestxx;
G4int i;
G4int besti = -1;
for (i=0; i< 6; i++) {
G4double tmpdistance = surfaces[i]->DistanceToIn(p, v, xx);
if (tmpdistance < distance) {
distance = tmpdistance;

0000 Solid 00000000000 00000000D0000D000DD0000000000000000000000
goooooooooooooo
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bestxx = xX;
besti = i;

}

*tmpdist = distance;
return fLastDistanceToInWithV.value;
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i = 0; best = kInfinity;

nx = DistanceToSurface
D[nx], X[nx], etc.
(nx: number of X)

return best
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pi +p§ = 7’5:0 + pﬁ tan? o (4.11)

DistanceToSurface(p, v)
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gooooooo

(pox + tvm)Q + (poy + tvy)2 = rﬁzo + (poz + UZ)2 tan? o (4.12)

oo0oooO00oooDoOo0o0000000o0ooooooooo XX0ooooooo XX(XX,, XX, XX.)
good

n=(-XX,—-XX, XXO00OO0DOOOOOOOOOOODOOOz00) (4.13)
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= \/r§:0+XX§ tan? o
drho XX, tan? «
dz r
dz
B ]
dz
tangential vector = (XX, tan®a,r) (4.14)

0000o00o0oo0o0o0oo0o0o0o000n,=(r, — XX, tan?0) 0000000 r0000000 XX0O 2z=0
oooo0oo0o0o0o0xyOOOOOOOOOD (XX,,XX,)00OOO0OOOOO0ooOOoo0Oo XXoooo
gooobooogn

n=(-XX,;-XX,, XX, tan?) (4.15)

gboboobOooboooboboooobooooobooboooag

DistanceToSurface(p)

D000 p0O0 Swlface DOOOOOOOO0OOOO0ODOOODODOOODO Surface00O00O0ODOOOOOO
00000000000 OSwface 000000000000 OOOODODODOOOOOOOODOODOOOO
Geant4 00000 000OO0O DistanceToln(p) O DistanceToOut(p) 00000000000 OOOOO
0000000000000 00000000000000O00000D00000DbO0DbO00O00D0OExact
OOO0O0OQ0 Best UODODOODOOOOODOODODOODOODOHyperbolicSurface 00000000 pO
HyperbolicSurface OO OOO0OO0O0O00O0O0O0OOOOOOOOOOOOOOOOOOOOO

p O HyperbolicSurface 00000000003

O p O HyperbolicSurface 00 000000000000 pOd0d Surface0 00000000000 OSurface
00000000 000Dooo0O000ooooo0ooooDoooo000o0oooo0ooooooOooooDoo
oooooobO0OdpOd z>0000000D000C0DO00OOODOODOODOODOODOOO pOO
0z000O00O Swface OO0 XX, OOOODDOODOOODODODDOOOOODOODODOO0O0 XXOz0000p
Oz=0000000000 XX;00000000O0O0O0O0O0D000 XX, 00XX0 2000 XXo0 2
0000000000000 0000000000000000XX; 0 XX, 0O0OOOooooooo
0000000 HyperbolicSurface D000 p=2z tana000000000000XX,02z0000p0
0000000000000 0000000000000000000XX,0 200 200

zg = O0Q cosa (4.16)
0Q = OR cosa

OR = 2z +prho tana

ugboaobouagoaood



CHAPTER 4. O0O0O0OOOOOOOOOOOO 86

p O HyperbolicSurface 0 000000000

p O HyperbolicSurface 00 000000000000 pO000 200000 Surfaced00 XX, 000
O00000000o0oooooooooonD p0d000000000 SwfaceeOOOOOOOOOO0O0OO

41400000 4130 g0
tan 8 = z tan®a/p (4.17)

O0000XX,OOOOOOOOOOoOOoOoO z=00000000000000¢tan pO0000XX,
Oo00oo0oo00000D0O000D Xx30 XX, 000OOO0oOo pOoOooooOOoOoooo

GetAreaCode(p)

DistanceToSurface(p,v) 0000 Surface 0000000000000 Surface 000 00 O TwistedTubs
Solid 0 00000000 O kInside, kSurface, kOutside 000 0000000000000 0O0000O00O
0000000000000 0000O00O00O SsolidOOO0000000O0O0000ooooOO000d
OO0O00OSurface 00000000000 O0O0OOOOOOOODOOOOOOOOODOODOOOODOOOOO
0000000000000000000000000000O0O00O0O000O00O0O000O00O00000
00 Suwface 0000000 3200000000000

J4HyperbolicSurface 0 00 0z00000000kInside 00000000000 phiODOOO0OOO
O00000000000000 20000000 phiD0O0O0O00D0OO GetAreacodeInPhi(p) 0000
00000000 z0000000000000000000000000C0000O

4.2.6 J4TwistedSurface D 0O
TwistedSurface 0 00O

TwistedSurface 00000 phiO 0000000000000 O0ODOOO0ODODOO0OOOOOOOOO0ODO
O0O000D0OOD0OHyperbolicSurface 000000000000 DOOO0OOODODOOOOO ABOOOO
o000 APBO00D0DODOODOOO0000000000O0OOOOg

g414b00000000000D000DOOCOOOOODOOODOOODODOOOOOOOODOOOODOOO
Uz=00000Ox0O0DOOOOOOODODOOOOODOOOODOODOODOD pUx0o0ObyODbOooOooOO
000 ¢ 0ooon

Y — tand’ (4.18)
x
O0000000 tang/' 0 4800002 - tan(32) 000000002 -tan(42)0 x00000p 00
O (xv2z00
r = R,
y = Rctang’
R.kz
z = z (4.19)

oooono



CHAPTER 4. O0O0O0OOOOOOOOOOOO

Figure 4.14: TwistedSurface 000000
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DistanceToSurface(p, v)
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Figure 4.15: TwistedSurface 10000000000
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R LT PP
/1 constants (detector paraneters)
R R T
Full name is made from it
G4String J4CDCDri ft Regi on: : f Name("Dri ftRegion"); D

(ex. ExpName:CDC:Layer01:Cell:DriftRegionl)

IR SRS R R R R R R R R RS R R RS R R R SRR R

I LR e T

/1 O ass Description

LR

/1

[1* Assenble  ----cc-ccmccmmcr i r e

voi d JACDCDxi f t Regi on: : Assenbl e() Assemble() is a private method

if(!1GetLV())
{
/1 define paraneters

G4double len =

((GATubs *) Get Mot her () ->Get LV() - >Get Sol i d()) - >Get ZHal f Lengt h() ;
G4doubl e notherRmin =

((GATubs *) Get Mot her () ->Get LV()->Get Sol i d())->Cet | nnerRadi us();
G4doubl e not her Rmax =

((HATubs *) Get Mot her () ->Get LV() - >Get Sol i d()) - >Get Qut er Radi us();
G4doubl e phi =

((GATubs *) Get Mot her () - >Get LV() - >Get Sol i d()) - >Get Del t aPhi Angl e() ;

G4i nt nbr ot hers
G4i nt nyi d
GAdoubl e t hick
GAdoubl e rmn
G4doubl e rmax

Get NBr ot hers();

Get W1 () ;

(ot her Rmax - notherRmin)/ (nbrothers + 2);
motherRmin + thick * (nyid + 1);
motherRmin + thick * (nyid + 2);

/'l MakeSolid ---------- /1
Order NewTubs (rmin, rmax, len, phi ); < Making GASolid

/1 MakeLogi cal Vol une --//

MakeLVW t h( OpenMat eri al St ore() - >Or der (_CDCDRI FTREG ONVATERI AL ) ) ; < Making G4LogicalVolume

/1l SetVisAttribute ----//

Pai nt LV(_CDCDri ft Regi onVi sAtt_, G4Color(0.,1.,1.)); < Setting VisAttribute
/1 Install daughter PV // N . ;

// Install Sense Wre // r Making a SenseWire object

f SenseWre = new J4CDCSenseWre(this); < Install the SenseWire object °

f SenseWre->Installln(this); @== int0 DriftRegion object

. ‘ Installin(this)
Set Daught er (f Sensewre) D Setting the SenseWire object
} as a daughter of
DriftRegion object

}
/1
T I 1 - L I I ¢ T I
Installin(mother, pRot, tlate) is a public method
voi d JA4CDCDri ft Region::Installln(J4VDetectorConmponent* nother, (4RotationMatrix* pRot,
GAThreeVector& tlate )

Assenbl e(); /1 You MUST call Assenble(); at first.
/1

Set PVPI acerent (0, 0) ; === \\hen a mother component calls this function,
Swi t chon() ; the DriftRegion object is installed in (0,0,0) point
without rotation

Figure 4.23: DetectorComponent 0000000000000
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N N N N N N N N N N N N N N N N N N NN

:'J4VDetectorComponent

J

E (abstract class) PtrArray to Daughter E
i Geometry Name DetectorComponent :
1 Material Assemble() Ptr to Mother ;
i Position*  Installin() DetctorComponent '

4

.,

§J4VCDCDetectorComponent i Abstract base class
: (abstract class) : for individual
i1 Geometry Installin() : sub detector group.
i Material  Switch On or Off § 2\ detector components
: - 1 must inherit from it.
1 Position* :
““fB-e-r- ived from
4 . . N
JACDCDriftRegion
Geometry , :
Material Ex.Drift Region
Position* = null | * |
G 1 y
l Installin(J4CDCCell* cell); Installing....)
4 )
JA4CDCCell : public
J4VCDCDetectorComponent
[ °
J4CDCDriftRegion I 0
Geometry | .
Material , J
Position*
| = positionptr \ )
Geometry 1 Position Ex.Drift Cell
Material
Position* = null
\ J
y Installin().......

Figure 4.24: 000000000 OODOOOOODOOO



CHAPTER 4. O0O0O0OOOOOOOOOOOO 106

JACDCDriftRegion::Assemble(}
JACDCSenseWire*—=Installin(J4CDCDrftRe gion™)
}

JACDCCell::Assemble( )
JACDCDriftRegion™=Installin{ JACDCCell*)

!}
J= {; d
L—-—'-'-"'_———-r
l JACDCLayer::Assemble()}
JACDCCell: nstallin{JACDCL ayer*)

JAaCDC::Assemble(
l JACDCLayer:Installin{ JACDC*)

Figure 4.25: CDCOOOO0OOO



CHAPTER 4. O0O0O0OOOOOOOOOOOO 107

Figure 4.26: 0000 OO O Intermediate Tracker 0 CDC
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Figure 4.27: ete” — ZHOODODOOODO 2 Jet event display.
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+(mk—hk(a',z 1)—Hk(ak—a’,: 1)) G(mk—hk(a’,ﬁ 1)—H;€(ak—a£ 1)) (A.12)

DDDDDDDDDDaZ—a’,ﬁ*lDDDDDDDTaylorDDDDDDDDDDDDDDDDDD

e _ (%) (A13)
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Xﬁ_lDDak,lDDDDDDDDCLZDDDDDDDDDDDDDQDDDDDDDDDD)&DDDDDD
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kOO0O0OO0OO kDOOO00DODOO0ODODOOO0DODO0O0D Track OOOODOOODOODOODDOO Xﬁ_D
a; JO000 OO0O0O0O0O0DOOOO0OOOO

1 1
ay ap '+ {<C£_1> + HszHk} H Gy, (my — hi(a;™"))
= a; '+ K. (my, — hi(ai ")) -

ooooooooon
1 -1
K, = {(Cﬁ_l) + H{Gkﬂk] HTG, (A.15)

oooooooooooogoooooooooboooooooooDoObObOOoOK,OOODODOOODOOO
gooo

K (ch’,g*HQ;F + (Gk)*l) - {(C’,ﬁl) Ty H{Gkﬂk] - (H;;FGkaCZ’lH{ + H;{)
_ {(cgl)l n H,{Gkﬂk] -
X HH{Gkﬂk + (C’,:*l)_l - (Cgl)_l} ct'HT + Hf]
= Oy 'Hy
oo00000A40000000
K, = Ci'HI (Vk + HkCZ‘le)% (A.16)
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Oo0ooooooAs30000
Cr = ([(af™ —an) + Ky {er — (hr(af™) — hi(@) } [-1")
= <[(a§_1 —ai) + Ky, {Gk — Hk(az_l — &k)}] [-- }T>
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2000000000000000000000 Track 0000000000000 D0O0000O000O
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|:|DIZIDI]DDDDaﬁfl—&kDDDDDDDDDA.13DDDDD Taylor OOOO00O00ODOOOOO kKO
DDDDDDDDDDDaZﬁl—ﬁkDDDDDDDDDDDDekDDDDDDDDDDDDDDDDDDD
oooobooog

Cr = (1-KiHy) (@ —ay)(af ' —ay)") (1 - KyHy)" + Ky, (el ) KT
= (1-KiH,)CH' (1- K H,)" + K,V K} (A.17)
— (1- K H)CH! { (1- K H,)C:'HT — Kka} KT
= (1- K H,)CH! [C’“ g7 Kk(HkCQ‘le—&-Vk)} KT
= (1-KiHy)CQ™! (A.18)

000000000 0AMDA40DD0DODAIDOO0OOOOOO CZ‘”:I[IDEIDD[IDDDDD
goooo0o0O0C,000000000000ABIOODO0O0O0O0O000gQ

Cr, = (1-K.Hy)C;!
1 -1
— (1_ [(C’;l) +HZGka} H{Gka> ck?
p—1) ! T - -1\ ! T T k—1
(i) +HIG:H,| {(ci™") +HIG.H, - H[G.H,|C}
1 -1

(Cllzfl) + HgGka:| (Alg)
O0D000000D000D0A.150000

K, = C.HIG; (A.20)
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0000Filtering 0000000000004 000000000 Track000000000000000
00000000000000000000000000000000000000 0000 HitOO
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000 Smoothing 000 00000000Filtering 000000000 00000000 100000
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-1
n k4+1,n\T k+1,n n k+1,n
+(agy — apii) (Ck+1 ) (@fy1 —apy )

go X2Daz+1DDDDD obooboooooobooog

1 —1 -1 —1 —1
n k+1,n k+1,n k+1,n
api1 = {(C]ZH) + (Ckﬁ ) } [(CZH) a’,§+1 + (Ckﬁ ) akﬁ ]
DDDDDDDDDDDDDGZ+1 Ooo0oooooooo
n -1 -1 k+1,n -1
(Cri1) = (Cllg+1> + (Ckﬁ )

obooobOobooooobooooooon

-1
aﬁﬁ’” = ap, +Chyy |:C§+1 - CZ-;—J (@41 — a’1§+1) (A.21)
A1 -1 —1
(C]ZJ-: ) = (Ciy) — (CZH) (A.22)

OO000D0 k0000 Smoothing 0OOOOOODO

{(Ck)‘1 + (C’,j“’")_l}

cn = (Cky4‘F(CZHm)71 (A.24)

-1
aj,

-1
[(Ck)—l ar + (C£+l,n) al;+1,n:| (A.23)

OO0000O0O00000A21000A22000000000k+1,n0000000000 n0 kOO0
obooooOoo0oobOobooooobooooboooooobooooono

cittt = (™t =@ (af - a)”)
gooOoooOooOoOoOoAIDDOOO
cpt = <(fk1<a’;ii’") — fi @ —we)) (£ @) - £ @ - wk>)T>
(P @R~ au +w00)) (FO @ e +w) )

- _ _ T T
= Fk 1 <((a£iian — ak+1) + wk) <(a]]:j:’" — ak+1) + wk> > Fk 1

R

00000000afT" 0 @ —wy D000 £, O0Tayloe 0000000000000000000
0k000k+1000000000000k+1000.00000000 Track000000000
000000000000000000000000A20000000000000
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Cy’ = F,' (Ck;L +Qk> F;! (A.25)
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a, + Cy, (C'],zﬂ’n) - (f;l(aﬁii’n) - f/?l(aﬁﬂ))

—1
n k+1,n -1/ _k+1n k
~ ap+ Ck (Ck ) Fk (ak+1 - ak+1)

l

gooOoOoOoOoOOODOA21000O00O0O00O0O0DDOO

ap = ap+ Ap(aj, —agy,) (A.26)

Ay Cy (C’Z“’")_l F;ZIC’IEH (C’Iz+1 - Z+1>_1 (A.27)

OooopooA,000 CZI:I[IDDA.24D[I[IDEII:II:II:JDCQH’nDDDDA.25I:IEIDA.22[IDDEI[I
obooobOoboooobooooonog

Ay

cp (e Fick, (Cha-or)

= fiew (et )] (or) ek (ct o)
-1

[CZHJL {(Ck)_l + (C];H’n)l}] F'Cia (Cﬁﬂ - Z+1)71
(ciren) o] Fch (Cha - )
Cy (Ck + 02“7")71 F;'ClL, (cﬁ+1 - czﬂ) B (A.28)

gooooAoOODOA200000OO

n - n 1T
Cr+Cy™" = Fit (Cﬁﬂ +Cly > F;!
OO00A22000000
n — n 1T
Cr+Cptt = Ft(Ch i) B

—1
- k k k n n 17T
I kl (Ck+1 +Cria (Ck+l - k+1> k+1> F !

Flzlcllerl (Cllerl - ZJrl)

1
ch, i’ (A.29)
D00D00D000D000000A22000000000000
—1
A, = C.FT (C’g“) (A.30)
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A.2.4 Inverse Kalman FilterO Hit OO OO
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Kj* = CiH (-Vi+ chzH{)_l (A.33)
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