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8 Drift Chamber(DC)

Drift chamber is the key detector in the 4t conceptual detector
design to provide PID

* Good PID ability (2o ©/K separation at P <~ 20 GeV/c)

* Precise momentum measurement (eff. ~100%, 6,<=0.1%)

A PID drift chamber

Motivation of DC software
* A demonstration for the development of CEPC software
* Provide detector layout optimization with full simulation
* Detailed dN/dx study through physics channels

Requirements for DC software

) ) ] Physics Measurands Detector Performance
° CO nflg ura b I e simu Iat ion process subsystem requirement
* Fast iteration for dN/dx study P T
. . .
Adaptlve traCkmg Requirements of The CEPC tracker
* Personpower

e |HEP: Yao Zhang, Tao Lin, Wenxing Fang, Chengdong Fu, Ye Yuan, Weidong Li
e SDU: Mengyao Liu, Xueyao Zhang, Xingtao Huang

2021-11-3 CEPC PhysDet meeting 3



8 DC software status in CEPCSW

* CEPCSW

* Gaudi based framework
e External libraries and tools

DC Simulation dN/dx Simulation

DC Digitization dN/dx Reconstruction

Track Reconstruction Drift chamber
Applications

* DD4hep
* Non-uniform magnetic field: done

Geometry and field map |
i Validation and Analysis

Data model

* EDM4hep and FWCore
* dN/dx event model: in progress

Drift chamber i | FWCore Gaudi framework i
 DC simulation: done i Core Software i

GeomSvc | | FieldMapSvc EDM4hep

* DCdigitization: done
* dN/dx simulation: in progress

* dN/dx reconstruction: in progress Garfield++ | External Libraries & Tools
» Track fitting with measurement: done b e e e
https://github.com/cepc/CEPCSW
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https://github.com/cepc/CEPCSW

= Drift Chamber parameters in CEPCSW

* The base line configuration of DC in CEPCSW

|

Length 2225 mm
Inner and outer radius 800 to 1800 mm
# of Layers 100
Cell size 10 mm x 10 mm
Gas He:C,H,,=90:10
Single cell resolution 0.11 mm CRD tracker 01 v01
Sense to field wire ratio 1:3
Total # of sense wire 81631 % % %
Stereo angle 1.64~3.64 deg
X ) X
Sense wire Gold plated Tungsten ¢=0.02mm
Field wire Silver plated Aluminum ¢=0.04mm X X X

field wire: x, sense wire: o

. Cell structure
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= DC simulation

* Flow of DC simulation

dE/dx 1

Geometry Cell E— dlgltlzatlon simulation
[ DD4hep J segmentation simulation —— e
simulation simulation }
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= DC simulation in the simulation framework

* A new implementation of drift chamber in the CEPCSW

. . . i IDedxSimTool .
DriftChamber GridDriftChamber Drif tChamber OO0 DedxSimTool
SensitiveDetector \
dNdxSimTool
egiﬁiiiion o ISensDetTool
dd4hep: :
DetElement 1G4PrimaryCnvTool |
O ,
dd4hep: : >0 User Actions J
Field dd4hen: - [DetElemTool IAnaElemTool
— b M DetSimAlg
etector G4 Run
G4 Physics List M
O IDetSimSvce anager
Detector } Detector
Segmentation
constructor response
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= Geometry description and simulation

Following the common scheme for detector description

DC constructor (axial and stereo layers available)

» Detector/DetDriftChamber/src/driftchamber/DriftChamber.cpp
* Detector/DetSegmentation/src/GridDriftChamber.cpp

XML based compact files for drift chamber detector description
* DC: Detector/DetDriftChamber/compact/det.xml
* CRD: Detector/DetCRD/compact/CRD_oX_vYY/CRD_oX_vYY.xml

Layer, number and stereo angle of DC are configurable

Solved overlap between detector elements

Hit simulation in Geant4
e Stepping in the gas with a configurable G4Step length
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= Cell partitioning with segmentation

e Large number of cells (>80k)

* Segmentation make a fast way to find the location of the closest wire hit
* Associates a unique celllD to the wires

e Consistent between simulation and reconstruction
* The segmentation information is created while building geometry
* Access same segmentation at the digitization and tracking stage

P wire length
ﬁ-_ﬂ?fﬂd €
T
x |-
R l-——‘_ﬂd___d__d-la|
z

Calculation of stereo wire segmentation
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Simple digitization

2021-11-3

Use segmentation to get celllD
Sum the charge deposition of each cell

Compute the distance of the closest approach in each cell
* Constant drift velocity: V,..=40um/ns
* Fixed spatial resolution: 5,,=110um (c,=1mm for space point)

Make association between truth hits and digis

CEPC PhysDet meeting
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= dE/dx simulation

* The configurable fast sampling tool
 Hit/track level sampling from empirical formula
* Other sampling method is easy to be plugged in

Dri ftChamber .
SensitiveDetector —X IDedxSimTool

[
ISensDetTool DedxSimTool J

O— User Actions ’
I[AnaElemTool H

DetSimAlg -
“ G4 Run
IDetSimSve Manager
dE/dx from Bethe-Bloch equation dE/dx after fast sampling
— 121~ — 12—
s e s G e
> 10/} s = 10 H
= [ - T = Fe .
= | . T 5% smeared T T
=2 glt - K S . K
L i 8—+
L T
[ p ) ¢ G o
6 i =
i
A
4h
-—
f
_\.I\.IIII|\l|\l|\l||||.||.\|. I.\Il\]l\‘
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P (GeV)
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= dN/dx simulation and reconstruction

* Atrack level dN/dx sim. with Garfield++ in CEPCSW is ready

* Development of a novel hit level dN/dx sim. and rec. is on going

U

dN/dx simulation and reconstruction flow in CEPCSW
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lonization simulation

* Integrate Geant4 and Garfield++

* For each G4Step, using Garfield++ to simulate the ionization process

* The kinetic energy will be updated according to the energy loss in the ionization

* The information about primary and total ionizations will be saved in EDM

* Non-uniform magnetic field can be handled easily

* Garfield++ standalone and integrated simulation are consistent

lonization Sim. Tool
(TrackHeed in Garfield++)

— T~

Sim. primary Sim.
lonization cluster lonization

Integrate Garfield++ and Geant4

2021-11-3

$5, .0 =
S E16 2 o
wén. : L'EZE-I'S,
= L . . N =, L
714 te f"_ P §£ s te i p*
ISR TR
= a L
T 120 < 12-
[ G4+TrackHeed : ' '
[ N= F G4+TrackHeed
08" M( primary ) 08/ J(Nprimary )
[ Garfield++ r :
[ L N < r Garfield++
oo MWprimary ™) e oNGRESSTY)
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P (GeV) P (GeV)
Compare between Garfield++ standalone and integrated simulation
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= Fast waveform simulation

* |tis extremely time consuming by using Garfield++ to simulate the waveform

* The simulation result from Garfield++ shows that:
* The waveform shape of each ionized electron is similar
e Main difference is the begin time and amplitude

* Combine induced current of single electron to waveform r —¢
* Using machine learning technic
* Train sample is from Garfield++ simulation WP lnyst e
* Use Deep Neutral Network (DNN) model R

— . .. deep neutral network (DNN) structure
* Generate begin time and amplitude of each ionized electron P (DNN)

 Good agreement between DNN and Garfield++ with ~200 times speed up

. gx1o? o 187519
. T ssen g + Garfield++
Ag 250 —— x=0.40,y=-0.27 cm u s 1G eV T[_ -%—NN
@ E ——— x=0.04,y=-0.38 cm ' 1.4 .
2’ —— x=-0.31,y=0.18 cm / ] 1 1ol ﬁkﬂ
i x=0.42,y=0.02 cm electron1 R S £ + ¢+
C ——— x=-0.50,y=-0.34 cm B
150 e E B
%=0.26,y=0.08 cm L 0.8 *
L X=- =t cm | :—
i 0.02,y=0.24 electron2 —— | 0.6 c 4 +
——— x=0.42,y=-0.14 cm . L\‘\_ui 04 3 -
. Y -
- =+
B SESE—
° : 0.2 j - s
| | P T | gi.-:—hjet. ...... I.\.\..=9=F'—"=........
07900 120 140 160 180 200 0 30 40 50 60
. . time (ns) . . . . n flnd' peaks
Normalized single electron waveforms Fast waveform simulation in CEPCSW Number of find peaks with
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E Waveform reconstruction

* Original waveform from Garfield++

* Add a Gaussian noise

* Filter out high frequency noise through a Fourier filter

* Obtain the waveform after de-convolution based on the average waveform

* Peak finding algorithm to get peak time

wave_0 0_fft_acc_wf 450 Entries 1 9200
Noisy waveform ﬁntries 32%02 f Entrie: 1000 E Mean 0.7527
ean K —
D'Mj Waveform Std Dev  202.2 0‘145 - Wavefrom Std Dav 67.1 4005 StdDev 01513
0.12:_ Waveform after filtering 0,125 Il Rec Wavefrom 350? _ WlthOUt nOise
o1 o) | . - M0 - with noise
= : - Rec. peak time B
0.08{— 0.08| l 250
0.06~ 0.06| ! I‘h 200
0.04]— 0.04| I | W [ M 150
[ .' v \I'\\[‘ IU\J- “\ i :_
0.02f- 0.02/ L.“ ‘\ ‘\\F [ ‘ o l “( \. ) 100E
£ el sl of— I a1l Tk b S0
R P S PO i b [ E
0 100 200 300 400 500 600 700 800 900 1000 o e h‘)d - iéd T T 'és‘d ~-400 of T R T '—#44
Wavefrom analysis with Fourier filter Waveform reconstruction Peak finding efficiency

c=N N .
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= Parallel waveform simulation

* Gaudi Hive: multi-threaded, concurrent extension to Gaudi

e Data Flow driven mechanism
* Algorithms declare their data dependencies
* Scheduler automatically executes Algorithms as data becomes available

* Multiple algorithms and events can be executed simultaneously
e Using Gaudi Hive for waveform simulation of drift chamber

* Works well for standalone simulation

* Next plan is to combine with Geant4 simulation

Al:
Output=[‘EleObject’J#lonized electrons
—
A2: A3:
. Input=[‘EleObject’] Input=[‘EleObject’]
Cell response sim Output=[WFObject a2’] || Output=[WFObject_a3]
partition=[0, 0.5] partition=[0.5, 1]
Ad4:
@ Input=['WFObject_a2’, 'WFObject_a3’]
time —» Output=['MergedWFObject'J#Waveforms
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= Event data model for dN/dx

* Currently, EDM4HEP does not includes data  tomtonsimuiter

model for drift chamber

e Developed the EDM for DC based on PODI

2021-11-3

SimPrimarylonizationCluster
Simlonization

SimPulse

WaveForm
RecPrimarylonizationCluster
TrackDClInfo (dN/dx info for each track)

CEPC PhysDet meeting

SimPrimarylonizationCluster

Wavefrom simulation

Do e

Waveform reconstruction

RecPrimarylonizationCluster

dN/dx reconstruction

TrackDClInfo:
dN/dx info for each track

Data flow of dN/dx sim. and rec.
17




= Non-uniform B-Field

* A generic B-field is developed under the simulation framework
e CSV-like format data from magnetic group
* Field map can be load from the file or database

Calculate B-Field according to the data from provider
Bz

Base class of the data provider

A data provider which load map from DB

A data provider which load map from file /

/
FieldMapFileProvider

r(m)

CartesianField::
-_’ Object
|
fr GenericBFieldMiapBrBz
8 DD4hep

IFieldMapProvider

FieldMapDBProvider

r(m)
0808 11

DDG4 Gaudi

B-field service in CEPCSW

0304050 U.‘:MDHH:IZH(I\T‘;)L!HI 16
Filed map

2021-11-3 CEPC PhysDet meeting 18



E DC reconstruction

* Track finding
1. Truth tracking: A fake track finding from MC truth

Truth tracking or
Silicon tracking

v
Track
candidate
* Track fitting

1. New developed track fitting -- RecGenfitAlg Track fitting

* A combined track fitting of silicon + DC realized
Reconstructed
track

2. A full silicon+DC tracking -- KalTest
* Working for DC space point

: dE/dx or dN/dx

* dE/dx and dN/dx reconstruction reconstruction

* A dummy reconstruction algorithm . —
* Provide track level dE/dx or dN/dx econs -ruc eC
particle

Data flow of DC reconstruction

2. Silicon tracking migrated

3. Traditional and machine learning based tracking
development is needed
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= Track fitting(l)--- RecGenfitAlg

e Based on Genfit https://github.com/GenFit/GenFit/
* An experiment-independent generic track fitting framework
* Open sourced, active development and large user community

» Official track fitting for Bellell, also used by PANDA, COMET, GEM-TPC etc.
* Become the developer of Genfit

* Genfitis in the official external library in CEPCSW

 Main features of Genfit

* Support various detector types:

» pixel, strip, TPC, drift chamber or tube and combinations of above s-l ' ;
* Detector geometry: ROOT(easy to integrate with DD4hep)
* Provide several fitting algorithms "

* Kalman filter, DAF, GBL etc.

 Extrapolation tools |

(a) Measurements with covariance
(vellow), planar detectors and drift
isochrones (cyan), respectively, and
reference track (blue).
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= Track fitting(l)--- RecGenfitAlg

* Implemented a new track fitting algorithm based on Genfit
* Implemented Genfitfield class to get BField from DD4hep
* Implemented GenfitMaterlinterface class to get material and geometry from DD4hep
* A GenfitTrack with the EDM4hep converter to handle track and measurements
* A wrapper class GenfitFitter to the Genfit track fitters

* Features of RecGenfitAlg
* Access and store track and hits followed EDM4hep
* Combination fitting of silicon and drift chamber
* Space point measurement for both silicon and DC with fixed resolution
 pixel/strip silicon and wire measurements

- DC only space point
 DC+silicon space point

GenfitTrack sooal- |
— s L.
GenfitFitter < S -
GenfitField %% S __________________________________
Interface classes to the Genfit in CEPCSW I =
0002 @y g . . . L

2021-11-3 CEPC PhysDet meeting Momentum resolution v.s. p;
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S Track fitting(I1) - KalTest

* Geometry

o
N

Material Budget (X )
2 @

0.05

2021-11-3
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= Paper and talk

* A Conceptual Detector Design for the CEPC (software)

7 2.3.3 Simulation

115 For drift chamber, the simulation of charged particle ionization using Garfield++[] is adopted.
1us  However, it is extremely time-consuming for simulating avalanche of electrons. To overcome this
ur  barrier, a fast simulation method based on machine learning have been developed. Data from
us the Garfield++ simulation is used to train a fully-connected neural network. And the achieved
s neural network model is then used to transform the information of an ionized electron to its

120 corresponding hit pulse on the signal wire. After the conversion completes, the waveform is
i1 created just by piling up the pulses according to their arrival time.

122 2.3.4 Reconstruction

1 2.3.4.2 Drift chamber

132 The drift chamber reconstruction is consist of a Monte Carlo truth-based track finding followed
133 by a track fitting. The track finding combine good hits of the single particle trajectory from
132 all the sub-detectors and make a candidate track, whereas the track fitting provide the track
135 status estimation by doing a Kalman filtering. The track fitting algorithm is integrated to an
136 experiment-independent track fitting toolkit [GENFIT](https://github.com/GenFit/GenFit). A
137 deterministic annealing filter (DAF) with a reference track is adopted to improve the robustness

* “Precise simulation of drift chamber in the CEPC experiment” accepted by
ACAT 2021 as an oral presentation
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= Regular meeting

e CEPC drift chamber group meeting each Friday
e Called by Yao Zhang

~ CEPCEBERH-RINLE (Archive note)

21-10-23

BEA: KE

Z2A: EDIR, BB, 30X, KE, EH, UBE
« EFworkshopiRe

DO ST (K
dN/dx: ERGarfield®ed,, tRiiHl, FHT, ELEiRER

« PESHT
o DCRbz2fEHL

BESHE R SEHRNIEENoverlap
o SSERLLHIEIA 13

* Join regular meeting of cluster counting and detector layout
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= Plan

o dN/dx

 \Waveform simulation and waveform reconstruction

* More realistic sim. and rec.
* Background mixing and tracking with background

* Tracking
* Validation of the track fitting

e Detector design

e Study tracker layout performance with full simulation
e Study dN/dx performance under CEPCSW

2021-11-3 CEPC PhysDet meeting
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= Summary

* The drift chamber software developed from scratch

* The stereo wire version of DC software is released
* The configurable simulation
* Fitting algorithms with wire, pixel/strip measurement
* Status
* The dN/dx simulation and reconstruction in CEPCSW is on going
* Combine Gaudi-Hive with Geant4 simulation is on going

* The performance of tracking is under study

Thank ygu
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