Lorentz Angle Measurement and
Development and Application of Simulation Software
for Conceptual Design of JLC-CDC
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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) 300um-thick x 2 layers Under Study Readout channel = 156ch
pixel size=100um Data size = 12k bytes/sec
LM 6 = 50-150mrad Number of pads = 16.4k
(W/Si) 43Xo x 16samplings Under Study Readout channel = 128ch
Nr=32,N¢ =16 Data size = 3.3k bytes/train
AM 6 = 150-200mrad Number of pads = 5.1k
(W/Si) 23Xo x 8samplings Under Study Readout channel = 16
Nr=10,N¢ =32 Data size = 5.1k bytes/train

FT TBD Unknown
VTX cosf < 0.90 o= 4.0um Number of pixels = 320M
(CCD) pixel size=25um, thickness=300um 62=724(20/p)2/sin3 0 [um] Readout channel = 2.4k
4 layers at r=2.4, 3.6, 4.8, 6.0cm £h=50% @ purity=93% Data size = 1.4M bytes/train
IT cosf < 0.90 o= 40um Number of strips = 522k
(Si-strip) strip width=100um, thickness=300um | Tracking Performance Under Study Readout channel = 1.0k
5 layers at r=9, 16, 23, 30, 37cm Data size = under study
CDC common cosf < 0.70 (full sample) o, = 1mm 200MHz FADC
(Mini-jet) cos6 < 0.95 (1/5 samples) 2-track separation = 2mm depth = 1k words
2Tesla r=45-230cm, L =460cm ox =100um Readout channel = 13k
Nsample =80 oOpt /Pt = 1x10"4Pt + 0.1% Data size = 5.2M bytes/train
3Tesla r=45-155cm, L =310cm Ox =85um Readout channel = 8.1k

Nsample =50

opt /Pt = 3x10"4Pt + 0.1%

Data size = 3.3M bytes/train

Trackers Combined

opt /Pt = 1x10"4Pt + 0.1%

CAL common EM = 27Xo (3sections) o/E=15%/NE+1% (EM) Number of cells = 144k
(Pb/Sci) HAD = 6.5\0 (4sections) o/E=40%/VE+2% (Had) Readout channel = 5k
Ag,¢ = 24mrad (EM), 72mrad (HAD) e/r ID = 1/1000 Data size = 3k bytes/train
2Tesla cosf < 0.985 (full thickness)
r =250 - 400 cm, z = +- 290cm
3Tesla cosf < 0.966 (full thickness)
r=160 - 340 cm, z = +- 190cm
SHmax scin.strip (lcm-wide) or o = 3mm/VE Readout channel = 5k
Si-pad (Iem x 1cm) Data size = 40k bytes/train
MU cosf <0.998 o=0.5mm Readout channel = 10k
(SWDC/RPC/TGC) 6 SuperLayers Muon ID under study
Yoke 2Tesla r=55m-75m,Z=50m-79m
3Tesla r=45m-70m,Z=39m - 6.5m

Table 1.1: JLCOOOOOOO
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Discovery Run
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Discovery Run
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Table 1.2: Ecp =500 GeVOOODODOOOODODO

| | A B C | x Y
Beam parameters
Center-of-mass energy FEom 535 515 500 ‘ 497 501 GeV
Repetition rate frep 150 Hz
Number of particles per bunch N 0.75 0.95 1.10 0.55 0.70 | 10%
Number of bunches/RF Pulse np 95 190
Bunch separation tp 2.8 1.4 ns
R.m.s. bunch length 0 90 120 145 80 80 pm
Normalized emittance at DR exit | ve, 300 300 10 3m-rad
ey 3.0 2.0 10"3m-rad
Main Linac
Effective Gradient! Gepsr | 597 567 545 | 542 50.2 | MV/m
Power /Beam Pp 4.58 5.58  6.28 6.24 799 | MW
Average rf phase Orf 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" %m-rad
ey 6.0 10 14 4.0 4.0 | 10 ®m-rad
Beta function at IP Ba 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 (1) 0.14 0.11  0.09 | 0.127 0.163
Beamstrahlung energy loss OB 4.42 4.09 3.82 3.49 522 | %
Number of photons per e~ /e™ N~y 1.10 1.20 1.26 0.941 1.19
Nominal luminosity Loo 6.82 6.41 498 | 11.15 1820 | 10*3cm 257!
Pinch Enhancement? Hp 1.444 1.392 1.562 1.389 1.483
Luminosity w/ TP dilutions L 9.84 892 777 | 1548  27.0 | 10¥cm™%s™!

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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1.8 (2.82 £0.03) x 102 1.8 (2.58 £0.04) x 102 1.8 (2.60 £ 0.04) x 102
2.0 (2.96 £0.03) x 102 2.0 (2.67 £0.04) x 10~2 2.0 (2.66 £ 0.04) x 102
B=05T
0.6 (4.05 4+ 0.04) x 1072 0.6 (3.69 4 0.06) x 102 0.6 (3.89 4 0.04) x 1072
0.8 (4.07 £0.04) x 102 0.8 (3.74 £0.06) x 10~2 0.8 (3.89 £ 0.04) x 102
1.0 (4.20 £0.05) x 102 1.0 (3.88 £0.06) x 10~2 1.0 (3.97 £0.04) x 102
1.2 (4.27 £0.05) x 1072 1.2 (3.97 £0.06) x 10~2 1.2 (3.99 £0.04) x 1072
1.4 (4.36 £ 0.05) x 102 1.4 (4.07 £0.06) x 10~2 1.4 (4.08 £0.04) x 102
1.6 (4.49 £ 0.05) x 102 1.6 (4.18 £0.06) x 10~2 1.6 (4.17£0.04) x 102
1.8 (4.61 £0.05) x 1072 1.8 (4.29 £ 0.06) x 10~2 1.8 (4.26 £ 0.04) x 1072
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 102 0.6 (5.56 £ 0.06) x 102 0.6 (5.73 £0.06) x 102
0.8 (5.90 + 0.06) x 10~2 0.8 (5.67 4+ 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 10~2 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 102
1.4 (6.36 £ 0.06) x 102 1.4 (6.10 £0.07) x 10~2 1.4 (5.96 £ 0.06) x 102
1.6 (6.53 +0.07) x 1072 1.6 (6.24 4+ 0.07) x 102 1.6 (6.04 +0.06) x 1072
1.8 (6.72 £0.07) x 1072 1.8 (6.45 £0.07) x 102 1.8 (6.19 £0.07) x 1072
2.0 (7.04 4+ 0.07) x 10~2 2.0 (6.71 4+ 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 102
0.8 (7.81 £0.10) x 102 0.8 (7.58 £0.08) x 10~2 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 (7.6740.08) x 10~2
1.2 (8.34 £0.10) x 1072 1.2 (8.11 £ 0.08) x 10~ 2 1.2 (7.73 £0.08) x 1072
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 (8.75 £ 0.09) x 102 1.6 (8.57 £0.10) x 10~2 1.6 (8.07 £0.09) x 102
1.8 (9.02 £0.09) x 102 1.8 (8.77 £0.10) x 10~ 2 1.8 (8.14+£0.11) x 1072
2.0 (9.15 £ 0.09) x 102 2.0 (8.99 £0.10) x 10~2 2.0 (8.30£0.11) x 102
B=12T
0.6 (9.41 £0.09) x 102 0.6 (9.18 £0.10) x 10~2 0.6 (8.76 £ 0.09) x 102
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 10~1 1.2 (9.85 £0.10) x 102 1.2 (9.45 £ 0.09) x 102
1.4 (1.04 £0.01) x 107! 1.4 (9.91 £0.11) x 10~2 1.4 (9.61 £0.10) x 102
1.6 (1.074+0.01) x 10! 1.6 (1.0240.01) x 101 1.6 (9.71 4 0.10) x 1072
1.8 (1.10 £0.01) x 10~1 1.8 (1.05+0.01) x 101 1.8 (9.91 £0.10) x 102
2.0 (1.13£0.01) x 107! 2.0 (1.08 £0.01) x 10~* 2.0 (1.01 £0.01) x 10~!
B=15T
0.6 (1.18 £0.02) x 107! 0.6 (1.14 +£0.02) x 1071 0.6 (1.08 £0.01) x 107!
0.8 (1.20 £0.01) x 10~1 0.8 (1.17£0.02) x 10~1 0.8 (1.12£0.01) x 10~1
1.0 (1.22 £0.02) x 107! 1.0 (1.20 £0.02) x 1071 1.0 (1.14£0.01) x 107!
1.2 (1.25 £0.02) x 107! 1.2 (1.23+£0.02) x 1071 1.2 (1.17£0.01) x 107!
1.4 (1.28 £0.02) x 10~1 1.4 (1.25 +£0.02) x 10~1 1.4 (1.19£0.01) x 10~1
1.6 (1.32£0.02) x 107! 1.6 (1.28 £0.03) x 10! 1.6 (1.21 £0.01) x 107!
1.8 (1.35+£0.02) x 10~! 1.8 (1.31 £0.03) x 107! 1.8 (1.23£0.01) x 107!
2.0 (1.39£0.03) x 10~1 2.0 (1.34+£0.04) x 10~ 1 2.0 (1.26 £0.02) x 10~1

Table 3.1: tana 0000
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E (kV/cm) 0% (cm/us)
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 4+ 0.001
1.6 1.323 £ 0.001
1.8 1.524 + 0.004
2.0 1.735 £ 0.004
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DistanceToOut(p)0d SurfaceNormal(p) D00 0000000000000 OOOOOOOOOOOOO
good

//
//* DistanceToIn (p, V) —————————————————— oo

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 fLastDistanceToIn.value;

} else {
tmpp const_cast<G4ThreeVector*>(&(fLastDistanceToInWithV.p));

tmpv = const_cast<G4ThreeVector*>(&(fLastDistanceToInWithV.vec));
tmpdist = const_cast<G4double*>(&(fLastDistanceToInWithV.value));
tmpp->set(p.x0), p.yO, p.z0);

tmpv->set(v.x(), v.yO, v.zQ);

}
//
// 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;

G4ThreeVector xx;
G4ThreeVector bestxx;
G4int 1i;
G4int besti = -1;
for (i=0; i< 6; i++) {
G4double tmpdistance = surfaces[i]->DistanceToIn(p, v, xx);
if (tmpdistance < distance) {
distance = tmpdistance;

0000 Solid 0000000000000 00NDON0N0DDON0NDDN0N0NDDNONONDD00NDON00NDONO00DDOoNoNnooon
g00o0oooooooo0oooo



CHAPTER 4. O0OO0OO0OOOOOOOOOOO 79

bestxx = xx;
besti = i;

3

*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

Figure 4.11: DistanceToln 000 0OOOODOO

j=0;

nsurf = GetNeighborSurfaces()
(nsurf: number of neighbour
surfaces at present boundary
1: boundary, 2: corner)

best = D[i]

k=0;

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

return klnfinity
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(poz + tvz)2 + (poy + tvy)2 = 7"3:0 + (po- + vz)2 tan® a (4.12)

000o0o0oO0O00oDooo0o000oo0o000oooooooo XXoooooooo XX(XX,, XX, XX,)
oood

n=(-XX,,—-XX,, XXO00000OOOOOOOOO0OO0O0Oz00) (4.13)

OO0O00oOXXO0Ooooooooooo??00000 p0OOOO d’JZwDDDDDDDDD
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Z
A
P(xly, z) ¢---r--of--4--
z
° )
>y
P(x,y,z)

Figure 4.12: HyperbolicSurface 0100000

4 rho =z tano.
R =

. .From Qutside

.0
z2 """"""""" 7 ~::"'
XX, i
b . *p
(0] prho =rh0
o
z A drho / dz =z tan?o./ rho

z1

From Inside

p
----------- >4 XXI

XX

xx2i [P

. ‘ : >
O prho: | xxirho rho

Figure 4.13: O p OO HyperbolicSurface 0 0 0 O
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p = \/rzzo—i—XXz2 tan? o
drho XX, tan? a
dz T
dz
@® oy
dz
tangential vector = (XX, tan®a,r) (4.14)

00o0o000000000000dn,=(r, —XX, tano) 00 000000000000 XXO z=0
ooooO0oo0oo0ooxyOoOOooOooOoo0OO0 (XX, XX,)00OO0O0OO0OO0O00OOooO XXoooo
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n=(-XX,;-XX,, XX, tan?) (4.15)
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zg = OQ cosa (4.16)
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OR = 2z +prho tana

goooboooobooog
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= tan ¢’ (4.18)

Y

X
00000000 tang/ 02200002 -tan(32) 000000002 -tan(32)0 x00000p 000
(x,y,2)00

r = R,
y = R.tan¢’
= R.kz
z = z (4.19)

gooan
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Figure 4.14: TwistedSurface 000000
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108

Figure 4.15: TwistedSurface 00000000000
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//************************************************************************

/) ==== - e
// constants (detector parameters)
[/ e
Full name is made from it
1 S 1 .. AL 3 S n . | —
G4String J4CDCDriftRegion: :fName ("DriftRegion"); (ex. ExpName:CDC:Layer01:CeII:DriftRegion1)
//‘k‘k‘k‘k*‘k**‘k‘k‘k‘k‘k*‘k**‘k‘k‘k‘k‘k‘k‘k********~k********~k**‘k‘k‘k‘k‘k*‘k**‘k‘k‘k‘k‘k‘k‘k**‘k‘k‘k‘k‘k‘k‘k***
[/
// Class Description
e
//
//* Assemble —-——= —-——= ——— ——— e
void J4CDCDriftRegion::Assemble () Assemble() is a private method
{
if (!GetLv ())
{
// define parameters
G4double len =
((G4Tubs *)GetMother () ->GetLV()->GetSolid())->GetZHalfLength () ;
G4double motherRmin =
((G4Tubs *)GetMother () ->GetLV()->GetSolid())->GetInnerRadius();
G4double motherRmax =
((G4Tubs *)GetMother () ->GetLV () ->GetSolid())->GetOuterRadius () ;
G4double phi =
((GATubs *)GetMother () ->GetLV () ->GetSolid())->GetDeltaPhiAngle () ;
G4int nbrothers = GetNBrothers();
G4int myid = GetMyID();
G4double thick = (motherRmax - motherRmin)/ (nbrothers + 2);
G4double rmin = motherRmin + thick * (myid + 1);
G4double rmax = motherRmin + thick * (myid + 2);
// MakeSolid ————-—-————— //
OrderNewTubs (rmin, rmax, len, phi ); 4_ Making G4Solid
// MakeLogicalVolume --//
MakeLVWith (OpenMaterialStore () ->Order (_CDCDRIFTREGIONMATERIAL ; . .
(op 0 - —))7 < \1aking G4LogicalVolume
// SetVisAttribute —----//
PaintLV (_CDCDriftRegionVisAtt_, G4Color(0.,1.,1.)); < Setting VisAttribute
// Install daughter BV // Making a SenseWire object
// Install Sense Wire //
fSenseWire = new J4CDCSenseWire (this); « Install the SenseWire object °
fSenseWire->InstallIn(this); = into DriftRegion object .
Installin(this)
SetDaughter (fSenseWire) ; . . .
g A Setting the SenseWire object
} as a daughter of
DriftRegion object
}
//

//* Installln —————————
Installin(mother, pRot, tlate) is a public method
void J4CDCDriftRegion::InstalllIn(J4VDetectorComponent* mother, G4RotationMatrix* pRot,
G4ThreeVectoré& tlate )

{
Assemble () ; // You MUST call Assemble(); at first.
//

SetPVPlacement (0,0); === \\hen a mother component calls this function,
Switchon () ; the DriftRegion object is installed in (0,0,0) point
} without rotation

Figure 4.23: DetectorComponent 0000000000000
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Figure 4.26: 000 0O 0O O Intermediate Tracker 0 CDC
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Figure 4.27: ete” — ZHOODODOOOO 2 Jet event display.
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Sense Wire

X, hit point (extrapolated)
Xw end point of sense wire
Vv  unit direction vector of sense wire
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A negative track

Figure 5.8: 00000000 0OO0OO0DOOOOO
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