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« Introduction

« Optimizations
> Vertex detector
> Silicon Internal Tracker
> PID Drift Chamber

> Silicon External Tracker
» Some preliminary results of Delphes

« Summary and Plan



CEPC Physics requirements: momenta and impact parameter
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CEPC Physics requirements

* Higgs physics

Physics ctor Performance
Measurands .
process subsystem requirement
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Optimization goal:
Change the layout to achieve the optimal
resolutions of dy & P, (d,, zy, ¢, 0, P;)
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Tracker parameters

Beam Pipe
VTX

VTX-shell

SITs
(HV-CMOS 25x300 um?)

DC inner wall

DC cell
(66 x15x15mm)

DC outer wall
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Geometry in CEPCSW
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VTX study
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Zeng Hao did extensive studies
in the context of MOSTII project

s > Smaller radius of beam pipe
> More disks

» Longer innermost layer
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https://indico.ihep.ac.cn/event/13553/session/0/contribution/8/material/slides/0.pdf

VTX

6=90°, DC:800--1800 15*15

1.6 — VTX uniform design
— = \/TX inward design
rB 6 mm = VTX outward design
--=- rB= 8 mm —— VTX double layers design
1.4 —-— rB =10 mm 101
—— rB =12 mm ]
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Smaller Rin improve dO significantly

Double layers equally spacing favored
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SITs — inner radius

6=90°, DC:800--1800 15*15 6=90°, DC:800--1800 15*15

—— SITs:80.0--780.0 —— SIT5:80.0--780.0

—— SITs:100.0--780.0 —— SITs5:100.0--780.0

—— SITs:200.0--780.0 —— SIT5:200.0--780.0

—— SIT5:400.0--780.0 —— SIT5:400.0--780.0
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* Smaller Rin, better and a little bit worse o(d)

t

*  80.0 mm 1s recommended
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SITs — Outer radius (volume)

6=90°, DC:800--1800 15*15

6=90°, DC:800--1800 15*15
— SITs:80.0--780.0 — SIT5:80.0--780.0
| =— SIT5:80.0--700.0 —— S|T5:80.0--700.0
| =—— SIT5:80.0--600.0 — SIT5:80.0--600.0
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« Smaller Rout, better a(P,)/P; at intermediate Pt, while a little worse at high Pt

« Smaller Rout, slightly effect on o(d,)
« 600.0 mm is recommended, which makes more room for DC

CEPC Day - 2022/01/29



SITs — layout (position of the middle layer)

6=90°, DC:800--1800 15*15

SITs uniform design
SITs inward design
SITs more inward design

6=90°, DC:800--1800 15*15 1.20

= S|Ts uniform design
- S|Ts inward design

| = SITs more inward design 1.15+ SITs outward design
—— SITs outward design . SITs more outward design
= S|Ts more outward design
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« Inward layout, better o(P,)/P, except > 50 GeV

« Inward design is recommended
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SITs — one more SIT layer?

6=90°, DC:800--1800 15*15

6=90°, DC:800--1800 15*15
— S|Ts : 3 layers - SITs : 3 layers
— SITs : 4 layers - S|Ts : 4 layers
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« No improvement to o(P,)/P; & o(dy)
« Introduces more material & multiple-scattering

« 3 layers of SITs recommended
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Drift Chamber — Volume

* Mainly determined by PID

* SR>=1.0m

* Keep 800 — 1800 mm by now

e To be updated according to PID study



DC — cell-size and # of layers

6=90°, DC:800--1800mm

| =—— DC-cellsize: 15*%15
—— DC-cellsize: 10*¥10
—— DC-cellsize: 18*18
—— DC-cellsize: 20*20
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6=90°, DC:800--1800mm

DC-cellsize: 15*15
DC-cellsize: 10*10
DC-cellsize: 18*¥18
DC-cellsize: 20*20
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» Larger cell, less material & less multiple-scattering - better o (P;)/P; at low Pt

» Larger cell, easier engineering

e So larger cell-size favored
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SET — resolution (25x300 um?)

6=90°, DC:800-1800, 15*15

6=90°, DC:800-1800, 15*15
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No much effect on o(P;)/P; when spatial resolution getting worse
No influence on o(dg)

Could take larger pixel size
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oPT/PT

Preliminary results of Delphes

Fast simulation framework

« Track with covariance matrix

« Assuming perfect PFA Good for physics performance study and pheno. study
« Good PID simulation
« Good interfaces to generators, Fastlet, root, etc Mecoi
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Forward region & PID need more work
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Summary

Some preliminary recommendations
* VTX: confirms the results of Zeng Hao
» Smaller Rin achieves better 6(dy) and a(P;)/P;
» double layer and equally spacing
 SIT
» Smaller Rin & Rout, and inward layout
*  Drift chamber
» Volume should be determined by PID
» Tracking favors larger cell: less materials is friendly to low pt tracks
« SET

» The requirement on spatial resolution could be loosed



Summary — Comparison

6=90° 6=90°
- Recommended-Tracker — Recommended-Tracker
i —— Pre-Forth CEPC Tracker —— Pre-Forth CEPC Tracker
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Summary — Recommended parameters

Beam Pipe

VTX

VTX-shell

SITs

DC 1inner shell

DC wires (20*20mm) and gas

DC outer shell

SET
(HV-CMOS 25x300 pm?)

16/18/37/39/58/60

65.0

80/253/600
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800 -- 1800
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7.2/7.2/7.2
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11.5
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Plan

« More studies with full simulation
« Update according to DC study

« Demonstrate the physics significance of this PID tracker

* Cluster counting & ToF
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Introduction—tools and comparison
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 LDT by MatLab

w 0.0025

dp /P

0.002

Simulation and reconstructed with Kalman Filter with linear approximation

O(10 minutes)

as result check

LDT Ref : HEPHY-PUB-863/08. Version 2.0 - 5 June 2008
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Calculation
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Analytic calculation based on least square method

O(1 minutes), more flexible

as main optimization tools
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Ref : Nuclear Inst. and Methods in Physics Research, A 910 (2018) 127-132



Analytic calculation

Least square: x? = (y — Ga)"C;*(y — Ga)

Covariance of 5-parameters : C, = (GTC;;lG)_1

_ 0F(a,xy)
-~ day,

mn

Helix:
x =dycos¢ + R[cos¢p — cos(¢p + ¢)]

y = dysin¢g + R[sin ¢ — sin(¢ + ¢)]
Z=2zp— Rtanl- ¢



. Analytic calculation

6=90°

—— Pre-Forth CEPC Tracker(3.0T)
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