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< Introduction

+» Core software
e Gaudi: the underlying framework
e EDM4hep: the event data model
e k4FWCore: EDM management
e DD4hep: the detector description

<« Simulation framework

<« Hands-on



Introduction (1)

J/

+» New CEPC software (CEPCSW) prototype was proposed at the
Oxford workshop in April 2019.

The consensus among CEPC, CLIC, FCC, ILC and other future
experiments was reached at the Bologna workshop in June, 2019.

e Develop a Common Turnkey Software Stack (Key4hep) for future collider
experiments
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Introduction (2)

As the first application based on
Key4hep, following development
activities had been initiated.

e Development of k4LCIOReader: LCIO to
EDM4hep converter

e Migration of reconstruction algorithms

e Development of simulation framework in
CEPCSW

e Validation between iLCSoft and CEPCSW.

CEPCSW Tutorial and detector study,
IHEP, 17-18 Sept 2020

e https://indico.ihep.ac.cn/event/12341/
CEPCSW Training (27-29 Dec 23)

1. Welcome speech
A Prof. Xinchou LOU
®9/17/20,9:00 AM
General introduction

2. CEPC physics requirements
A LI Gang ( EPC.IHEP )
®9/17/20,9:10 AM

General introduction

3. Software ABC: linux, git, root,

A ¥in Shi
@ 9/17/20,10:30 AM
Software basics

4 Introduction to CEPCSW
A Dr Jiaheng Zou

®9/17/20, 2:00 PM

Detector Simulation

5. DD4HEP: detector description

A Chengdong FU
(®9/17/20, 3:00 PM
Detector Simulation

7. CEPC tracker system
A Dr Hongbo ZHU

® 9/18/20, 9:00 AM

CEPC Detector

8. Tracking reconstruction
A Ms Yao Zhang

®9/18/20, 9-40 AM

CEPC Detector

9. CEPC Calorimeters
& Dr Yong Liu
®0/18/20, 10:40 AM

10. Calorimeter reconstruction
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Tutoria
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6. Simulation of a simple detector in CEPCSW

A DrTao LIN
® 9/17/20, 5:05 PM

e https://docs.qg.com/doc/DWXNkbGZDaW;  peectorsimuaten

XIM


https://indico.ihep.ac.cn/event/12341/
https://docs.qq.com/doc/DWXNkbGZDaWtXQXlM

CEPCSW

+» OS/Compiler/External Libraries

CentOS 7 / AlmaLinux 9
gcc/g++ 11 (C++ 17 standard)
Based on CERN LCG 103 / Key4hep

Additional libraries are deployed at
IHEP

m /cvmfs/cepcsw.ihep.ac.cn/protot
ype/releases/externals/103.0.2

« Core software

Gaudi: underlying framework
EDM4hep: the event data model
k4FWCore: data management

DD4hep: detector description

+» CEPC Applications

Generator Interface

| CEPC

| Simulation Applications

i Reconstruction Analysis

| GeomSvc k4FWCore EDM4hep
i Gaudi framework

e m e mmm e ——— - - -
: LCIO PODIO DD4hep

I

I ROOT Geant4 CLHEP

I

: Boost Python CMake

I

https://github.com/cepc/CEPCSW

https://code.ihep.ac.cn/cepc/CEPCSW



https://github.com/cepc/CEPCSW
https://code.ihep.ac.cn/cepc/CEPCSW

Packages in CEPCSW

+ Detector concepts + Reconstruction

e CDR (baseline design) e Marlin based tracking algorithms

e The 4t concept for silicon detector

e Genfit based tracking algorithms
< MC Generators for drift chamber

e Multiple formats for signals: e Pandora based PFA
HepMC, HepEvt, StdHep, LCIO

e GuineaPig++ for MDI + Analysis tools

e Particle Gun e Arbor based analysis algorithm.

. : e RDataFrame based analysis
<« Simulation framework.

e G4 based simulation framework Examples and docs
e Fast simulation models, such as ML

based dE/dx simulation Usage of EDM4hep, Identifier, etc.

e Digitization algorithms for silicon,
calo, drift chamber



Gaudi framework

«» Key components
e Algorithm: concrete calculation to the event during event loop

e Service: Common functionalities that can be invoked by other components

1
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https://qgitlab.cern.ch/gaudi/Gaudi



https://gitlab.cern.ch/gaudi/Gaudi

EDM4hep: Event Data Model

EDM4hep is the common event data model (EDM) being developed for the future
experiments like CEPC, CLIC, FCC, ILC, etc.

e describing event objects created at different data processing stages and also
reflecting the relationship between them.

The code is generated by toolkit PODIO from a yaml file.

EDM4hep DataModel Overview (v0.10)
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https://github.com/key4hep/EDM4hep 8
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DD4hep: Detector Description

DD4hep was adopted to
provide a full detector
description, which was
generated from a single source

Different detector design
options are managed in the Git
repository and a simulation job
can be easily configured in
runtime

The non-uniform magnetic
field was also implemented
in CEPCSW
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Simulation framework in CEPCSW (1)

+» Complete simulation chain with EDM4hep

e Physics generator
MCParticle

e Detector Simulation based on Geant4

MCParticle (with secondaries), SimTrackerHit, SimCalorimeterHits
e Digitization

TrackerHit, CalorimeterHit

Physics TrackerHit

MCRecoTracker |
Association

Tracker
Generator /[ SimTrackerHit ]—" DigiAlg

ML _ h
Generator |—| GenAlg [—> DetSimAlg (
\ SimCalor'imeTe.r‘Hi’r] Calo /L CalorimeterHit
~ DigiAlg [ MCRecoCalo
EaloHiTCon’rr‘ibuﬂo% \L Association

10



Simulation framework in CEPCSW (2)

+» Geometry management with

DD4hep

e Consists of C++ constructors and

XML based compact files
e https://github.com/cepc/CEPCSW

DetCRD

/tree/master/Detector

— compact

src

Coordinators

—t— CRD_ 02 v1

— tracker

For the CRD detector models, see README by Chengdong:
https://github.com/cepc/CEPCSW/tree/master/Detector/DetCRD/compact

—  CRD_o1_v1

L~ CRD_oX_vYY

— calorimeter

—  driftchamber

CRD_o1_vixml |
ECalBarrel_o2_v01.xml -
<

InnerTracker_o2_v02.xml —{

< ECalBarrel_o1_v01.cpp

ECalBarrel_o2_v01.cpp <+

T InnerTracker_o2_v01.cpp

~

InnerTracker_o2_v02.cpp <

Developers

CRD detector models - Overview

The following CRD detector models are available in CEPCSW

Model
CRD_o1_v01
CRD_o1_v02
CRD_o1_v03

CRD_o1_v04

Description
coil inside simulation model
strip SET
MOSTZ vertex

smaller center beam pipe

MainTracker

SIT+DC+5ET

SIT+DC+SET

SIT+DC+SET

SIT+DC+SET

Ecal
crystal
crystal
crystal

crystal

Hcal

RPC

RPC

RPC

RPC

Status
developing
developing
developing

developing

11


https://github.com/cepc/CEPCSW/tree/master/Detector
https://github.com/cepc/CEPCSW/tree/master/Detector/DetCRD/compact
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Simulation framework in CEPCSW (3)

Non-uniform magnetic fields

e The Br/Bz csv files are provided by magnetic group.

V. Ve Ve 1 . V. 'u'- V.0 V. ' 1 . ' . ' . ' . ' - ' -' . T « 0
.98254375,2.98318937,2.985U47167,2.98899442,2.99374132,2.99961886, 3.004§
.98169899,2.98175883, 2.
.97669588,2.97746238,2.97988968,2.98369431,2.98876474,2.99496965, 3.
.96916965,2.96990752,2.97270U436,2.97692716,2.982U46368,2.98912314, 2.
.95790006,2.95886U479,2.96221313,2.967175U6,2.97349577,2.98087865, 2.

.94243158,2.94347691,2.94786359, 2.

.89064164,2.89309777,2.9030216,2.9 CartesianField —— Obiect
.84359314,2.84976659,2.86839028,2.§ |

.92094761,2.92246038,2.92872698, 2. CartesianField::

NNNNNNNNN

Calculate B-Field according to the data from provider

Base class of the data provider

A data provider which load map from DB

A data provider which load map from file

/

,2.79377195,2.79484734,2.81169347,2.§
.0535586,2.54472074,2.74173407,2.849
.83347429,2.28387737,2.78580819, 2 1
R e e OverlayField GenericBFieldMapBrBz
.69765888,2.58057627,3.02821863, 2
DD4hep
.79899166,-0.47892673,3.13566838,2.91113876,2.8866U4502,2.84969876, 2
.81652656,-0.60812881,2.98139683,
Geant4Field
.96050739,-0.7731603,3.122351601,2
DDG4

.02599445,-60.93592331,2.896U47078,2.82089094,2.76282035,2.75353776, 2

.87968428,-0.83325284,2.86203808,2.75420373,2.70226U83,2.70221165, 2

i

/ FieldMapFileProvider
IFieldMapProvider

v\ FieldMapDBProvider

12



Simulation framework in CEPCSW (4)

+ Physics generator interface

e Physics generators with different formats are integrated, including StdHep,
HepEvt, LCIO, HepMC formats.

e Particle gun is supported.

e Beam background generators, such as Guinea Pig.

GenAlg IGenTool <« {GenReader
StdHepRdr HepevtRdr

GtGunTool SLCIORdr | | HepMCRdr




\/
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Simulation framework in CEPCSW (5)

Integration with Geant4 and Gaudi

e A thin layer is developed to manage corresponding Geant4 objects.

DetElemTool

DetSimAlg

PrimaryCnvTool

G4 Physics List
Factory

DetSimSvc

AnaElemTools

FastSimG4
Tools

configure

Gaudi Components

Detector
Construction

Primary
Generator
Action

Physics List

G4
Run Manager

User Actions
(MCTruth)

G4VFast
Simulation

Model

G4 wrapper layer

14
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G4Fast
Simulation
Manager
Process

Geant4
Simulation
Framework

Integration with Fast Simulation

G4Region

G4Fast
Simulation
Manager

G4VFast
Simulation
Model

IFastSimG4

Tool

Simulation framework in CEPCSW (6)

G4FastStep " FastSim
Model

G4Fast/Param
Simulation
Model

Fast/Param

e Support ML methods via ONNX inference interface.
Example: Fast pulse simulation (MLP) in drift chamber done by Wenxing

Inference Interface
(based on ONNX)

SimG4
Tool

User Defined

<:| ML/DL
Model

e Region based: when a particle enter a region, fast simulation will be triggered
by Geant4.

15
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Hands-on

Use GitLab at IHEP: https://code.ihep.ac.cn/cepc/CEPCSW
e Login with your IHEP SSO account.

e Upload your SSH public key into GitLab.
e Fork the CEPCSW to your account.

e Clone the source code.

Build and test your own CEPCSW

e Setup software environment
e Build with CMake

e Test the job

16


https://code.ihep.ac.cn/cepc/CEPCSW

Login with IHEP SSO account

+ https://code.ihep.ac.cn/users/sign_in

im{E AR RS EEFRGitLab

1, IHEP S50 Account sign in/EEEFE—IAIKS, AILIERES
.

2, Others, apply for IHEP S50 Account [EfitAZESEH—INE
=

https://login.ihep.ac.cn

3, IHEP Gitlab Manual | BF4EES:
http://code.ihep.ac.cn/codeguide.pdf

4 Helps/&EIFA: http://helpdesk.ihep.ac.cn Tel./EBiE:
88236855

SR ERORSFRANNE. BEET, FaUREABERE
R TERES.

EaEREERNREEEANE, EEE: helpdesk@ihep.ac.cn

v

IHEP SSO Account

Username

Password

| @)

() Remember me

17


https://code.ihep.ac.cn/users/sign_in

Upload SSH public key into GitLab.

«» SSH key could be generated using ssh-keygen

“ O + cepe » CEPCSW User settings

lintao@ihep.ac.cn @ Profile
T 8% Account
Set status 6o Applications
Edit profile (J Chat
Preferences @ Access Tokens
Sign out B9 Emails
Q1 Notifications
IP SSH Keys
SSH Keys

S55H keys allow you to establish a secure connection between your computer and GitLab. SSH fingerprints verify
that the client is connecting to the correct host. Check the current instance configuration.

Your SSH keys 2 11 Add new key



Fork the CEPCSW

« Fork the source code to your account.

[0 cepc / <= CEPCSW

CEPCSW @

-0~ 1,094 Commits ¥ 5 Branches

[0 cepc /| «» CEPCSW | Fork project

®

Fork project

A fork is a copy of a project.

£l N~ ¥ Star | O % Fork | 6

H 131 KiB Project Storage

Forking a repository allows you to make changes without affecting the original project.

Project name

CEPCSW

Must start with a lowercase or uppercase letter, digit, emoji, or underscore. Can also contain dots, pluses, dashes,

or spaces.

Project URL

Project slug

https://code.ihep.ac.cn/

lintao

CEPCSW

Want to organize several dependent projects under the same namespace? Create a group 19



Clone the source code

+ After copying the URL, use “git clone” to get the source code.

History Find file Edit ~ |m

Clone with SSH

git@code.ihep.ac.cn:lintao/CEPC | [

[1int@1xs1c7@5]% git clone git@code.ihep.ac.cn:lintao/CEPCSW.git
Cloning into "CEPCSW' . _ .

remote: Enumerating obj : 9948, done.

remote: Counting objects: 180% (43/43), done.

remote: Compressing objects: 100% (24/24), done.

remote: Total 9048 (delta 16), reused 43 (delta 18), pack-reused 99205
100% (0048/9048) 8 46 MiB | @ bytes/s, done.
Resolving deltas: 100% (4950/4950), done.

[1int@lxs1c7e5]$ |

Receiving objects:

20



Build and test CEPCSW

[1int@1xs1c705]$ cd CEPCSW
[11nt@1xs1c705]$ sour up.sh

INFO: Setup CEPCSW externals: /cvmfs/cepcsw.ihep.ac. con/prototype/releases/externals/103 0 2/setup-103.0_2 <ch
[1int@1xs1cT05]$ _/build.sh |}

/run_sh Detector/DetCRD/scripts/CRD_o1_v@1-SimRec _py

[1int@lxs1c705]$ root -1 CRD-ol1-v@1-SimRec®®_ root
root [@]

Attaching file CRD—ol-—vB1-SimRecl® root as _fileld. ..
(TFile %) @x58d422a0

root [1] .1s

TFilex* CRD—ol —vB1-51imRecBd  root

TFiles CRD—o1—vB®1-51imRecBd  root
KEY: TTree events; 1 events data tree
KEY: TTree configuration_metadata;1 configuration_metadata data tree
KEY: TTree metadata 1 metadata data tree
KEY: TTree podio_metadata i metadata tree for podio I1/0 functionality

21



Job option (Gaudi steering file)

+» Example: Detector/DetCRD/scripts/CRD o1 vO1-SimRec.py

+ Seed of random number

from Configurables import RndmGenSvec, HepRndm__Engine_CLHEP__RanluxEngine_

seed = [10]

# rndmenglne o __Engine_CLHEP__RanluxEngine_() # The default pnginp in Gaudi

rndmengine : __Engine_CLHEP__HepJamesRandom_( "RndmGenSve _Engine”) # The default engine in Geant4
rndmengine.

rndmengine.

geometry_option od _wE s Y%
#geometry_option = JRD ol _wve1 /CRD_ Di w1 . xml™

if not os. getenv( "DETC :
pl'il'lt{'.r' n't find the geometry. cgcse setup envvar DETCRDROOT ™

sys _exlt

geometry_path = os_path.join(os . getenv("DETCRDROOT"), "compact”, geometry_option)
if not os.path_exists(geometry_path):

print("Can’'t find the compact geometry file: %s"%geometry_path)

sys.exit({-1)

from Configurables import GeomSvc
g P

geosve = GeomSve( "Gec .

geosve . compact




+ Generators: particle gun, StdHep, HepMC

R R R R R R R R R N R R R R R R S R S R R R R RS
# Physics Generator
AR R R R N R R R R R A A N A R RN N R N R AR AR R R AR R
from Configurables import GenAlgo
from Configurables import GtGunTool
from Configurables import StdHepRdr
from Configurables import SLCIORdr
from Configurables import HepMCRdr
from Configurables import GenPrinter
gun = GtGunTool( GunTool")
gun_Particles = ["mu-"]
gun_EnergyMins [188.] = GeV
gun .EnergyMaxs = [100.] = GeV
gun_ThetaMins = [85] # deg
gun . ThetaMaxs [85] = deg
gun_PhiMins = [@] # deg
gun _PhiMaxs [36@] =« deg
# stdheprdr = StdHepRdr("StdHepRdr")
stdheprdr.Input = "/cefs/data/stdhep/CEPC258/2fermions/E25@ . Pbhabha.e® . pd. whi
leiordr = SLCIORdr("SLCIORAr")

lciordr . Input = "/cefs/data/stdhep/lcio250/signal /Higgs/E250 . Pbbh whizard195/H

hepmerdr = HepMCRdr( "HepMCRdr™)
hepmerdr . Input = “example_Usinglterators.txt”

genprinter = GenPrinter("

genalg = GenAlgo("G

genalg.GenTools = 2

#genalg . GenTools = St

# genalg. GenTools ["StdHepRdr”, "GenPrinter”]
# genalg GenTools ["SLCIORdAr", "GenPrinter”]
# genalg GenTools = ["HepMCRdAr"”, "GenPrinter”]

23



< Detector simulation

e The RunCmds are the Geant4 macros. Useful to debug.

S T I S T T T S T S T SR S T S T S T T S R T S R R T R N S I R S T S
Simulation

A T T I T TR I T S I TR T S T SR T T T T TR T TR TR S S TR S S S I R I S T S I TR S I S

from Configurables import DetSimSwvc

detsimsvc = DetSimSve("DetSimSvc”)

from Configurables import DetSimAlg

detsimalg = DetSimAlg("Dets3

detsimalg.RandomSeeds

# detsimalg.VisMacs = [

detsimalg RunCmds = [
# "/tracking/verbose 1",
|
detsimalg.AnaElems = |
# example_anatool .name( )
# "ExampleAnaElemTool™
"EdmdhepWriterAnaElemTool™

]

detsimalg.RootDetElem = "WorldDetElemTool™
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