EicC Vertex & Tracking Detector
Simulation and Performance Study

Aigiang Guo, Yuming Ma,

Yutie Liang, Yuxiang Zhao

Institute of Modern Physics, CAS

The 3rd EicC CDR Workshop



Review of detector design (det_v0)

* All-Silicon Tracking Detector design
* Based on ITS2
* Pixel size: 10x10 micron (@)Radiation Tength v | Material budget
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Review of detector design (det_v1/2)

* [TS3+ITS2+gaseous hybrid detector design

ITS3 based vertex detector | (a)Radiation length vs n Material budget
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are different for v1/v2.
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Detector design (det_v3)

* [TS3+gaseous hybrid detector design

ITS3 based vertex detector

| (a)Radiation length vs n | Material budget
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The performance comparison
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The latest design

R(cm) Length(cm) Pitch Size(um) Material Bedget (X/X0 %) Tech

3.30 28 10 0.08 ITS3
Barrel pixel 435 28 10 0.08 ITS3
Barrel MPGD P
trackers 3+2 5.40 28 10 0.08 ITS3
trackers 2+2
8.00 28 10 0.08 ITS3
Forward MPGD 15.00 38.70 10 0.08 ITs3
trackers 1

47.72 127.47 150(rp)x150(2) 0.40 MPGD
49.57 127.47 150(rp)x150(2) 0.40 MPGD
75.61 201.98 150(rp)x150(2) 0.40 MPGD
77.46 201.98 150(rp)x150(2) 0.40 MPGD

Forward pixel . ; —

trackers s+s 7 End cap p going:

In R(cm) Out R(cm) Z(cm) Pitch Size(um) Material Bedget (X/X0 %) Tech

3.18 18.62 25 10 0.08 ITS3
3.18 36.50 49 10 0.08 ITS3
3.47 54.66 73 10 0.08 ITS3
5.08 77.46 103.65 10 0.08 ITS3
6.58 77.46 13433 10 0.08 ITS3
8.16 150.00 165.00 50(rp)x250(r) 0.40 MPGD

End cap e going:

TRAC KI N G SYSTE M In R(cm) Out R(cm) Z(cm) Pitch Size(um) Material Bedget (X/X0 %) Tech

3.18 18.62 25 10 0.08 ITS3
3.18 36.50 -49 10 0.08 ITS3
3.18 54.66 73 10 0.08 ITS3
3.95 77.46 -109.0 10 0.08 ITS3
5.26 77.46 145.0 10 0.08 ITS3
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The performance

n€[-0.5,0.5] Det_v3
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Toolkit for physics simulation

* Dedicated version control
* Parameterized performance
* Easy to use for physics simulation

—

Double Par_Res_P[[[...]1]];

N Documentation

DIIAVA

Barrel:
Layerl:
R:3.0cm
L:10 cm

EicC_Mvd_DP::GetResP(p,eta,par)

EicC_Mvd_DP::GetResDCAz(pt,eta,par) If(Tag=="Det_v1")

EicC_Mvd_DP::GetResDCArp(pt,eta,par) {Par_Res_ P=[[[...]1]1];
o)
If(Tag=="Det_v2")

{s}

EicC_Mvd_DP::SetTag(“Det_v1”)

Endcap_p _go:
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Toolkit for physics simulation

https.//gitee.com/aigiang-guo/EicC_Mvd DP

AigiangGuo [ EicC_Mvd_DP & a

o 188 Issues 0 Il Pull Requests © BB Wiki b £Eit i ke o0 DevO

master~ I=7Fx1 DHFEO + Pull Reguest  +Issue  3ff~ Web IDE
§ AigiangGuo update README.md. 976fd43 1] =) 66 JRHE3E
[0 database Improve the SetTag function 37H
O document change the directory of logo 2Rl
Oinclude Finish the primary vertex smearing 4RI
O src Improve the SetTag function 37<HI
.gitignore Change the name of this project BFHI
Eicc_MVD_DP_VO0.png Change the logo 271
LICENSE Initial commit 6 Al
README.md update README.md. 17<A1
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Design of the EicC Detector Performance Class

Det_v1: Det_v3:
Det_vO: s
= Overall description: Overall description:
Overall description; Silicon+MPGD design. The vertex detector is based on ITS3 technology. Tracker cor The optimized version of Hybrid design, all the sillicon part is based on ITS3 technology with pixel size of 10 ym

- -
A'q l a ng G u technology. The structure can be found below:

All silicon design based on ITS2 technology.

The structure can be found below:
The structure can be found below:

&\ RB

PAN

master v s

N}

4 AigiangGuo

(O database
(3 document
(O include
Barrel:
Barrel:
R Length Pitch Si Material Bedget (X/X0 %)  Tech
D Src R(cm) Length(cm) Pitch Size(um)  Material Bedget (X/X0 %) Tech (em) ength(cm) itch Sizelum) aterial Bedgat (X/ ) o
% 1 i IT:
3.30 28 10 005 sz 330 25 0 oue >3
. Barrel: 435 28 10 0.08 ITS3
.gitignore 435 28 10 005 ms3 :
R(cm) Length(cm) Pitch Size(um) Material | 5.40 28 10 005 1S3 5.40 28 10 0.08 ITS3
: 3.30 30 10 8.00 28 10 0.08 ITs3
Eicc_MVD_DF 1334 3434 10 055 ITS2 o e - e —
570 30 10 17.96 4668 10 055 ITS2 i ; ;
LICENSE 21.00 54 10 o o AB0EIIB0G) T T (a2 127.47 150(rp)x150(z) 0.40 MPGD
2268 60 10 o = B0LDH50E) 040 weor 2957 12747 150(rp)x150(2) 0.40 MPGD
README.md 3930 105 10 7561 20198  150(rp)x150(2) 0.40 mpec | 7561 20198 | 150(rp)x150(2) 0.40 MPGD
.m
4323 14 10 77.46 20198 150(rp)x150(2) 040 mpoc /746 20198 | 150(rp)x150(z) 0.40 MPGD
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Design of the EicC Detector Performance Class

https://qgitee.com/aiqgiang-guo/EicC_Mvd_DP

[©] AigiangGuo [ EicC_Mvd_DP & ¢
KRB ) issues 0 I Pull Requests 0 8 Wiki L it U ik 00 DevO
master 49X 1 OHEO + Pull Request  + Issue X~ Web IDE 5bE/TH ~
‘ AigiangGuo update README.md. 976fd43 1%H] =) 66 RIEAR
(O database Improve the SetTag function 3XHI
|
(O document
| //Initialize the parameters according to the detector tag information
CUncige - void Init para(string taq);
O src void SetTag(string tag); Tag includes: Det_v0, Det_v1, Det_v2, Det_v3
string GetTag() {return Det_tag;};
.gitignore
Eicc_MVD_DP_V0.png Change the logo 2K R
LICENSE Initial commit 6 F Bl
README.md update README.md. 1XH)
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AigiangGuo [ EicC_Mvd_DP & ¢

< REB E)Issues 0 3 Pull Requests 0 BB Wiki Lt £33t V) €5 ©0 DevO

master 9% 1 ©4

$ AigiangGuo update R
(O database

O document

O include

O src -
.gitignore

Eicc_MVD_DP_V0.png

master~  EicC_Mvd_DP/ src

4 AigiangGuo Update the efficiency for Det_v0 ea640cd 1477

LICENSE

README.md

2022/10/22

.
3 output Update the efficiency for Det_v0
EicC_Mvd_DP.cxx Update the efficiency for Det_vO
comparison.cxx Add the parameters for Det_v3
validation.cxx Add the Lambda resolution and effic
Initial commit 6 KAl
update README.md. 1XH1 15
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Validation and comparison

natn=0.5
[ [-e-Det_v1
0.012|— |-e Det_v2
|- Det_v3
0.01—
o n
o 0.008_—

229
0.006 2 s0000***"
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The performance parameterization

1D fit at each n bin: P resolution
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The performance parameterization

1D fit at each n bin: DCA resolution
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Tracking efficiency

— H2D_Eff
Entries 160
Realistic Hybrid Geometry Mean x 2.291
* Mean y 1.619
= StdDevx  1.405
Std Devy 0.9870
0.8
g —4— 0.0<|n| <0.5
8 0.6 | + 0.5< lnl <1.0
% —— 1.0<|n|<1.5
.;5"04 —4— 15<|n| <2.0
8 —4— 2.0<|n| <25
3 —4— 2.5<|n|<3.0
a2 4 3.0<|n| <35
—+4— 3.5<|n|<4.0
0.0 T T T e ) NN _
0 1 2 3 4 -

Track Pt (GeV/c)
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Vertex resolution vs multiplicity

Residual of Vx, N trk is 2 Residual of Vy, N trk is 2 Residual of Vz, N trk is 2
7000 : : : :
6000 - 6000 -
6000 A
50001 550012 = s$2=0.0026  $3=0.0082 50001 sigma=0.0012 ! ' ' 50004 Sigma=0.0005
4000 - M=0.0000 M2=/0,0000  M3=0.0000 4000 - Mean=-0.0000 , , , Mean=0.0000
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2000 A 2000 A 2000 -
1000 A 1000 - 1000 A
+ . + . : 0 + . + . : 0 . —M i N'_- .
-0.04 -0.02 0.00 0.02 0.04 -0.04 -0.02 0.00 0.02 0.04 -0.04 -0.02 0.00 0.02 0.04
Residual of Vx, N trk is 3 Residual of Vy, N trk is 3 Residual of Vz, N trk is 3
6000 -
8000 A 8000 A
5000 | t t
$=0.0012 $2=0.0025 $3=0.0074 Sigma=0.0012 Sigma=0.0010
6000 - M=-0.0000  M2=0.0000 M3=-0.0001 6000 Mean=-0.0000 1 ' | 4000 1 Mean=0.0000
A=5236.7157 A2=3§82.2811 A3=484.6057 Amp=5266.6242 — Amp=0.5106
4000 4000 A
2000 A
2000 - 2000 A
1000 A
0 T T T T T 0 T T T T T 0 T T T T T
-0.04 -0.02 0.00 0.02 0.04 -0.04 -0.02 0.00 0.02 0.04 -0.04 -0.02 0.00 0.02 0.04

2022/10/22 The 3rd EicC CDR Workshop



Performance study for A decay (0~15GeV)

5000 50000 1 ] Tru

| —

Rec
4000 40000 1

3000 300001 | |
2000 20000 1 L1

1000 10000 - i

.
0 T T T T 5. T T
0 20 40 60 80 100

X [em] Vi of A [cm]

e Separate the barrel and end-cap region
e Separate the particle type
e Study the momentum as function of Vr (barrel) or Vz(endcap) and Pt
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Parameterization (barrel)
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TC

Parameterization (end-cap)
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Efficiency

& n: € vs Pt(n>-1.1&&n<1.1) Det v3 p: € vs Pt (n>-1.1&&n<1.1) Det v3
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Fit to

Vertex residuals vs n of A
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Parameterization of the performance

//Get the detector resolutions

[0,1,2,3,4]=>[e,u, m, K, vl

double GetResP(doubleﬂ double eta, int par){ // Unit: 1; p& 1'0.’ Lﬁ"t"““*me“‘ e
double GetResDCAz(double double eta, int par);| // Unit: mici

double GetResDCArp(doubleE'{I double eta,int par);| // Unit:: mid §0'9<

double GetEff(double ptl double eta, int par); // pPnit: 1 508

double GetRandomVx(int nTrk); // Unit: mi

dov Performance of track from [P ©: = ] G R

double
double
double
double
double
double

2022/10/22

GetRandomVz(int nTrk); // Unit: mi
GetLambdaRandomVx(double eta); //
GetLambdaRandomVy(double eta); //
GetLambdaRandomVz(double eta); //
GetLambdaResP (double vx, double vy
GetLambdaEff (double vx, double vy,

DCAz um

30

201

101

B = 1.5T; 10um; 0.0<|n|<0.25

A=23.749, B=2.559

., double eta, int par);

double eta, int par);

0

2 4 10 12 14

6 8
Pt [GeV]

40
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Parameterization of the performance

//Get the detector resolutions

double

double GetResDCAz(double pt, double eta, int par); f@4w5

GetResP(double p, double eta,

e

int par);

[0,1,2,3,4]=>[e, u, , K, p]

// Unit:

Primary vertex resolution for inclusive event '~
daoublie GETtEII(aouble pt, Adouble eta, int par); // Uni
double GetRandomVx(int nTrk); // Unit: micron
double GetRandomVy(int nTrk); // Unit: micron
double GetRandomVz(int nTrk); // Unit: micron
double GetLambdaRandomVx(double eta); // Unit: micror
double GetLambdaRandomVy(double eta); // Unit: micron
double GetLambdaRandomVz(double eta); // Unit: micron

double
double

2022/10/22

1:

par:

1 VO (N P -

[el¢

H_vx

400
350
3
3005
E
250
-
3
200 F
L
-
150
C
100

50

-400 -300 -200

Entries 4000
Mean 06478

-100 100 200 300

Std Dev 60.59

400 500
A Vx [um]

GetLambdaResP(double vx, double vy, double vz, double pt, double eta, int par);

GetLambdaEff (double vx, double vy, double vz, double pt, double eta,

The 3rd EicC CDR Workshop

int par);
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Parameterization of the performance

//Get the detector resolutions [0,1,2,3,4]=>[e,u,7r,K,p]

double GetResP(double p, double eta, int par&j' f/f Unit: 1; par: [0,1,2,3,4) for [el«
double GetResDCAz(double pt, double eta, int par); // Unit: micron

double GetResDCArp(double pt, double eta,int par); // Unit:: micron

double GetEff(double pt, double eta, int par); // Unit: 1

double GetRandomVx(int nTrk); // Unit: micron

dou Performance for long life particle decay

double GetRandomVz(int nTrk); // Unit: micron

double GetLambdaRandomVx(double eta); // Unit: micron
double GetLambdaRandomVy(double eta); // Unit: micron
double GetLambdaRandomVz(double eta); // Unit: micron

double GetLambdaResP(double vx, double vy, double vz, double pt, double eta,

int par);

double GetLambdaEff (double vx, double vy, double vzl kouble pt, double eta, int par);

Position of the secondary vertex Kinematic information of daughter particles
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Summary

* Detector design updated to V3, which is ITS3+gaseous hybrid detector. Better
performance duo the reduce of material budget and geometry optimization.

* Provide a toolkit to access to detector performance parameters easily for

physics simulations.

Detector
design

Feedback

Physics
simulation
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Performance

study

Thanks for your attention!
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