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1. Introduction-CEPC Detector

The Forth CEPC detector concept :

Muon + Yoke B PFA HCAL

* Silicon Vertex & Silicon Tracker for impact
parameters and momentum measurement

Drift Chamber for PID

* Transverse crystal bar ECAL for mO/y
reconstruction

* Solenoid magnet between HCAL and ECAL

Si Tracker Si Vertex
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1. Initial tracker parameters

Beam Pipe

VTX 16.0/18.0/37.0/39.0/ 2.8/6/4/4/4/4 2.8/6/4/4/4/4 0.10
58.0/60.0

Support of VTX layers - - - 0.10

VTX-shell 65.0 - - 0.15

SITs 80/340.0/600 7.2/7.2/7.2 86.6/86.6/86.6 0.65

DC inner shell 798.0 - - 0.104

DC wires (15x15mm) 800 — 1800 100 2828 0.0081+0.00413

and gas

DC outer shell 1803.0 - - 1.346

SET 1811.0 11.52 138.56 0.65
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2 DC-Volume & Location

. Mainly determined by PID

. dR>=10m

. Cellsize = 18+18mm

. Changed the volume & location of DC

. To be updated following with PID study



2.1 SIT Rout=600mm, DC & SET are closer together or Only DC closer
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When DC & SET become closer(~200mm), o d0 will slightly worse, but slightly better when SET
fixed and only DC closer

The closer, the worser o Pt /Pt Is, especially at low Pt. And, when we render SET fixed, the o Pt /Pt
become a little better at low Pt

* Smaller Radius, less cost
* The DC closer but SET fixed design should be better.
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2.1The effect comes from multiple scattering(MS) and resolution(Res) when DC & SET closer

0 =85°,Cellsize of DC = 15mm, Resonly
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* Multiple scattering has a bigger impact @ low Pt
Only think about Res’s effect, oPt / Pt should has a positive relation with 1/LA2(L is the full length of detector),

oPt 1
here Pt closer 6Py - 16152/ . ~1.26
Pt init 18112
oPt 1
* Only think about MS'’s effect, oPt / Pt should has a positive relation with 1/L, °t closer oPy T 1615/L'“l.lz
Pt init 1811 6
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2.1The effect comes from multiple scattering(MS) and resolution(Res) when DC & SET closer

6 =85°,Cellsize of DC = 15mm, DC closer, SET fixed

0 =85°,Cellsize of DC = 15mm, DC&SET closer
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When we draw the RS only, MS only, and All on together, it's more easy to find that the curves(in the
yellow ciecles) become more steep than “DC&SET closr” version at low Pt, and the MS has a bigger

Impact than RS.
When SET fixed, the curve of MS only is the most steep, but the MS has a smaller influence to “All on”

compare with the initial version.
.
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2.2 Changed DC'’s volume-DC outer = 1800mm (logx, logy)
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* Here, we use the double layers design VTX, even distribution SIT, and SET=1811

* At low Pt, the Pt resolution becomes better when DC inner is closer. When Pt at ~30-80GeV, the
farther, the better. And, at the very high Pt, DC inner = 800mm is the best.

* Smaller Radius, less cost

* The closer DC inner layer should be better
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2.2 compare with the DC=604-1604mm
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* The difference between these two version is not significant,
* The smaller the size, the less it costs
* DC =60-1600 might be better

2022/4/29 9



3. Summary

* Geometry
VTX double layers design;
SIT 3 layers design, even distribution;
SET = 1811mm;

* Multiple scatter is more important for the sharp lift of the curve at low
momentum when we render the DC & SET closer together

* The closer DC inner layer should be better, but no need a bigger volume



Thanks!
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1. Analytic calculation[1]

If the xVv,,,.4< 1 Used parabolic not helix function to fit ;

x> =0 -6a)'W(y—Ga)

_ -1
W=_c, For RES only : For M.S. only :
PR |
Ca = (GTCy:lG) AP{ APt
— aPt — o b
f(x) = F(a;,x) Pt P
. Ady < a
_ dF(ai,xn) ° Ad, o< —
mn dan, Azp xa : Fi
x = dgycos¢ + R[cos ¢ — cos(¢p + ¢)] Ab e a b
Agp Azg & o
y = dgsin ¢ + R[sin ¢ — sin(¢ + ¢)] ¢ xa Pt
Z=2y—Rtanl- ¢
AO X —
y Pe
XYmeas =T tan™"' =
X
Z'NIEG.S =Z A(p * Ft

[1] Drasal, Z., & Riegler, W. . (2018). An extension of the gluckstern formulae for multiple scattering: analytic
expressions for track parameter resolution using optimum weights. NUCLEAR INSTRUMENTS AND METHODS IN
PHYSICS RESEARCH SECTION A. 13



2.1 Changed DC'’s volume-DC outer = 1800mm (without logx, logy)

6 =85°,Celilsize of DC = 18mm, SET fixed
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2.2 Changed DC’s volume-DC outer = 1800mm (o dO0)
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* No significant effect



2.2 The print
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With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 600-1800mm

Geometry set up according to file: ../geometry/DCVolume600-1800.txt

The tot layers num of tracker is: 80

The support layers numis: 4

Layers = o 1 2 3 4 5 6 7 8 9 10 11 12.. 76 77 78 719

Radius = 145 16.0 180 37.0 39.0 58.0 60.0 650 80.0 338.0 596.0 598.0 609.1 .. 1772.7 1790.9 1803.0 1811.0
RRes = 9999.0 28 60 40 40 40 4099990 72 72 7.29999.0 100.0.. 100.0 100.09999.0 115
ZRes = 99990 28 6.0 40 40 40 409999.0 866 86.6 86.69999.02828.0.. 2828.0 2828.0 9999.0 138.6
Effi = 000 1.00 1.00 1.00 1.00 1.00 1.00 000 1.00 1.00 1.00 0.00 1.00.. 1.00 1.00 0.00 1.00

Thic = 150 150 150 150 150 150 150 150 650 650 650 1.04 013.. 013 0.13 1346 6.50
The result is:

PtGev) = 2 4 6 8 10 15 20 30 40 50 60 70 80 90 100

dp/p(*1e3) = 0.73 087 096 105 112 126 136 151 164 178 193 209 226 243 261
dp/p/N2(xled) = 3.63 219 161 131 112 084 068 050 041 036 032 030 028 027 0.26

ddo = 6.77 458 389 351 325 281 252 220 204 196 190 1.87 185 1.83 182

With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 800-1800mm

Geometry set up according to file: ../geometry/DCVolume800-1800.txt

The tot layers num of tracker is: 69

The support layers numis: 4

Layers = o 1 2 3 4 5 6 7 8 9 10 11 12.. 65 66 67 68

Radius = 145 16.0 180 37.0 39.0 58.0 60.0 650 80.0 438.0 796.0 798.0 809.1 .. 1772.7 1790.9 1803.0 1811.0
RRes = 9999.0 28 60 40 40 40 4099990 72 72 7.29999.0 100.0.. 100.0 100.09999.0 115
ZRes = 99990 28 6.0 40 40 40 409999.0 86.6 86.6 86.69999.02828.0.. 2828.0 2828.0 9999.0 138.6
Effi = 000 1.00 1.00 1.00 1.00 1.00 1.00 000 1.00 1.00 1.00 0.00 1.00.. 1.00 1.00 0.00 1.00

Thic = 150 150 150 150 150 150 150 150 650 650 650 1.04 0.13.. 0.13 0.13 1346 6.50
The result is:

PtGev) = 2 4 6 8 10 15 20 30 40 50 60 70 80 90 100

dp/p(*1e3) = 0.77 096 1.07 116 123 134 141 152 163 175 188 203 218 235 252
dp/p/N2(xled) = 384 240 1.79 145 123 089 070 051 041 035 031 029 027 026 0.25

ddo = 6.77 458 389 352 326 282 253 220 203 194 188 185 182 180 1.79

With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 1000-1800mm

Geometry set up according to file: ../geometry/DCVolume1000-1800.txt

The tot layers num of tracker is: 58

The support layers num is: 4

Layers = o 1 2 3 4 5 6 7 8 9 10 11 12.. 54 55 56 57

Radius = 145 16.0 180 37.0 39.0 58.0 60.0 65.0 80.0 538.0 996.0 998.0 1009.1 ... 1772.7 1790.9 1803.0 1811.0
RRes = 99990 28 60 40 40 40 4099990 72 72 7.29999.0 100.0.. 100.0 100.09999.0 115
ZRes = 99990 28 6.0 40 40 40 409999.0 86.6 86.6 86.69999.02828.0.. 2828.0 2828.0 9999.0 138.6
Effi = 000 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 0.00 1.00.. 1.00 1.00 0.00 1.00

Thic = 150 150 150 150 150 150 150 150 6.50 650 650 1.04 0.13.. 0.13 0.13 1346 6.50
The result is:

PtGev) = 2 4 6 8 10 15 20 30 40 50 60 70 80 90 100

dp/p(*1e3) = 0.83 1.06 117 124 128 135 140 149 160 172 187 202 218 235 253
dp/p/N2(xled) = 413 265 195 155 128 090 070 050 040 034 031 029 027 026 0.25

ddo = 6.77 458 390 353 327 283 254 220 203 193 188 184 181 180 1.78

All compeleted
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