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Introduction ans Reminder

+ ILCSoft <-> Key4hep

« DD4hep detector models and reconstruction
« Standard ILD reconstruction algorithms
« “Transition” to to Key4hep
« Recent (HL)R developments

¢« Conclusion and Outlook
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The common software vision

Event Data Model: LCR
« complete set of tools for
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« generation, simulation, reconstruction, analysis
Recon- Analysis
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Overlay Ver’(emng
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* Dbuild, package, test, deploy

« core ingredients of current Key4hep

 PODIO for EDM4hep (based on LCIO and FCC-edm)

« Gaudi framework, devel/used for (HL-)LHC . Key4hep .

- DD4hep for geometry v"'FCCSW oft‘
» originally developed for LC now adopted by community :T e LCIOMarlm LCFIPIU_S_",:':)

« spack package manager ‘\‘ PCSW ............. ’,"
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The common software vision

Event Data Model: EDM4hep

- complete set of tools for : \ //\\ /Gaudl

« generation, simulation, reconstruction, analysis
Generator

* build, package, test, deploy Whizerd,
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{ Detector Geometry: Icgeo (DD4hep) ’

Vertexing
Jet Clustering
Flavor Tagging

)

« core ingredients of current Key4hep

 PODIO for EDM4hep (based on LCIO and FCC-edm)

...........
< ®e
L

- Gaudi framework, devel/used for (HL-)LHC /,x" KeyZhep .

- DD4hep for geometry "/FCCSWOft‘
» originally developed for LC now adopted by community :T ... ~ ao Lcnmu‘s",::t"

« spack package manager ‘\\ CEF;-C;W ............. ,,"

L)
- o
......
---------

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24 4



DD4hep geometry toolkit

defining the detector geometry and different views on it

« LC community and CERN have developed a generic
detector geometry system - based on best practises by
ILC, CLIC, LHCb (in AIDA, AIDA2020)

« supporting the full life cycle of the experiment
« providing components and interfaces for

« full simulation, reconstruction, conditions, alignment,
visualisation and analysis

« adopted also by CMS and LHCb

ILD

CLICdet
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DD4hep detector models for FCCee

all Higgs factory detectors in new package k4geo

From LCs to FCCee
From CLICdet to CLD

* A LC-inspired FCCee detector concept - retaining key performance parameters

Evolving from CLIC to CLD

57m

less steel: lower field allows

Le=iYoke // reduced yoke thickness ! ""'-> o
| |

T2

lower field: enable high
e e ~""" luminosity in circular collider
3

\o reduced HCAL thickness:
enabled by lower energy

Steel - HCAL

increase in tracker radius:
retain p resolution

smaller VTX radius: profit from lower

e

" === backgrounds, compensate material ==

7

Linear Collider Detectors - FCC Week, November 2020

LN
R Frank Simon (fsimon@mpp.mpg.de)

6m

ioEA

Noble Liquid ECAL based

Instrumented return yoke

Double Readout Calorimeter

2T coil

Ultra-light Tracker

MAPS

\ LumiCal
counters

« CLD detector: based on CLICdet

« adjusted for FCCee at lower energies and lower B-field:

* larger tracker, thinner calorimeters,....
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ongoing work to implement the other two
FCCee detector models in DD4hep

 dual readout calorimeter

« LAr/Noble Liquid calorimeter

interoperability in Key4hep can re-
use for ILD:
* sub detector components

» see: talk D. Jeans

 (high level) reconstruction
algorithms
» e.g. Si-Tracking or ACTS 6
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D D Re c material_sensitive -

interfaces for reconstruction in DD4hep

 DD4hep provides access to the detector geometry as needed in typical
reconstruction algorithms in DDRec:

« tracking surfaces attached to sensitive and dead material
volumes in detailed model

« material automatically averaged for multiple scattering and E-loss

« measurement directions on surface

ILD inner tracker *

« dedicated high level reco API for common sub detectors, e.g.
LayeredCalorimeterData:.

+rmin LayoutType vector< Layer > int
+rmax

« positions of absorber and sensitive layers +zmin
 cell dimensions, symmetry (barrel, endcap) \\wwg/&v et symmety [ BO#en DD LaedCarimee
DD4hep:DDRec:LayeredCalorimeter il
+ absorberThickness
+ extent +cellSize0

+cellSize1

can exchange (high level) reconstruction algorithms s Sty

with other detectors if they also use DDRec
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large reconstruction code base in ILCSoft

Developed over >15 years for linear collider detectors - e.g. ILD

- realistic detector models for incl. Tracking in iLCSoft
tracking/reconstruction geometry pattern recognition and Kalman-Filter
SiTrackin —
. * generic tracking AP| MarlinTrk based on DDRec [Fu“mcmc:,ng] .
« track reconstruction material surfaces c——=—n
* many pattern recognition algorithms exist, e.g. ConformalTracking =
« generic API for fitting algorithms + ConformalTracking: o
» generic algorithm that works for all Si-Trackers 5 5 e
_ achieve excellent tracking efficiencies and
* large number of pattern +  used by CLICdet and SiD (also works for ILD inner) resolution w/ realistic tracking codes
recognition algorithms s [ | N astansumanast T o aammaam— o
EJ 1 w 1 e T % Sl.nqle _u' . %1 0
5 ’f’ - ILD S.10% - R I
09} 5 0.9F . ! S bém’ 3
3 - Ng_:104 . 73" *
E 0_8!I :LW'E::G=<3|7'§::::':“<":Dmm.Am>nmrm— 08‘ ] g 10
¥ 3TeV yy— hadrons background L comronrn oot etrom © 104 104k : 7
s 1 10 107 07 - T S !
P, [GeV] , , 20 40 60 80 10° ; 10 7
0.?0_1 ] 10 02 0[] Momentum (Ge\/i
DESY. Frank Gaede, LCWS 2021, 17.03.21 pT/ GeV 6
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large reconstruction code base in ILCSoft

» realistic detector models for incl.
tracking/reconstruction geometry

Tracking in iLCSoft

 track reconstruction

« generic API for fitting algorithms

Particle Flow Algorithms

« all current detector concepts for LC are based on

highly granular calorimeters

« large number of pattern

recognition algorithms
ILD, SiD and CLICdp

optimised for the Particle Flow Algorithm
* PandoraPFA is the de facto standard used by

¢ parthle ﬂOW a|90r|th ms « alternative PFA algorithms exist and provide
possibility to cross check
 PandoraPFA and Arbor, AprilPFA - Arbor ( GEPC), April (SDHCal prototype)
E T gt ST
- 8r a0 a e = °© 1608 (D) < 0.7
é 1500 GeV Jat éﬂ o . ArborPFA
= ¢ = :
0 02 04 06 o.slcosg‘ 0 50 100 150 E?;[Gz:\(}] Sg
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large reconstruction code base in ILCSoft

Developed over >15 years for linear collider detectors - e.g. ILD

realistic detector models for incl.
tracking/reconstruction geometry

« track reconstruction
« generic API for fitting algorithms

* large number of pattern
recognition algorithms

« particle flow algorithms
« PandoraPFA and Arbor, AprilPFA
* high level reconstruction

« jet finding, flavor tagging, PID,
TOF,...

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

Tracking in iLCSoft B iLC i
Clupatra — arlinKalTest
pattern recognition and Kalman-Filter M (@ MarlinKalT 'ﬁg
Particle Flow Algorithms iLC -
High Level Reconstruction iLC -
analysing the Particle Flow Objects
» T ILD | & #/K, dEdx
g T IR P .
B i A
g "‘ X 300
! NN b S,
2 m b \;\"'5\._ e, e~ — !
e~ Single track vertex 10 ; /f ] 0ol -2:':"{ 3 O omentam (Gevy
IP  (nearest point) Yﬁ,.-"i::::::::: o

2 2 107 ! !
mpt = \/ M2, + [pe|” + el 0 02 04 06 08 1
Btag rate

High-Level reconstruction algorithms are crucial to

achieve the ultimate physics reach of detectors

vertex finding and flavor tagging: LCFIPlus

scatter plot of two Higgs masses 2\6\6HH7>wbbbb mode: (BG: ZZH and ZZZ)
T T T

B ] * PID tools: dE/dx, TOF, shower shapes,...

150 i

M(H2) / GeV

Jet clustering: Durham, Valencia, ...

100F

50

+ very active field of development
+ already good set of tools available

50 100

150 200 50 100 150 20C
M(H1)/ GeV  (without beam overlay) M(H1) / GeV

« further improvement in HLR tools often directly
impacts the final physics performance
DESY. Frank Gaede, LCWS 2021, 17.03.21 8
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large reconstruction code base in iLCSoft

Developed over >15 years for linear collider detectors - e.g. ILD

- realistic detector models for incl. Tracking in iLCSoft L 2
tracking/reconstruction geometry pattern recognition and Kalman-Filter O —
* track reconstruction s ; LCorYfp
_ * it is vital for ILD to preserve this battle proven code
* generic API for
iLC

&

. in Key4hep for some time
* large number o

cleeehiiehiElsle « _> need g smooth transition from LCIO/Marlin to
R EDM4hep/Gaudi AND new algorithms

EMEEEEEY . \\ill use MarlinWrapper/LCIO2EDM4hepConverter ey

sics reach of detectors

* high level reconstr : : |
for some time for ILD production agging: LCFIPlus

° Jet finding, flavortagging » ower shapes,...
TOF . : » Jet clustering: Durham, Valencia, ...

+ very active field of development
+ already good set of tools available
« further improvement in HLR tools often directly
impacts the final physics performance

150 200
M(H1)/GeV  (withou

OAnHH improves by 40% w/ perfect jet clustering

DESY. Frank Gaede, LCWS 2021, 17.03.21
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K4MarlinWrappper

the vision: mix and match Marlin and Gaudi algorithms

Prev. o € = = : © _ 5 2 Nextalg
: § ®---T 2 MarlinProcessorWrapper 5 2--3% =
algorithm s & = © s © = 3 eg ACTS
s g EDM4hep2LCIO = S E LCIO2EDM4hep = g
® % converter |¥° ¥ 2| converter |¥ %

——

in a transition phase algorithms developed in the new EDM4hep/Gaudi world can gradually replace

older algorithms

could start to think about actually developing new algorithms from the beginning in Gaudi/EDM4hep !

* volunteers or candidates ?

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24



VA
ACTS -
a common tracking toolkit a‘\ §

Architecture

Track finding
Track fitters

[ Performance monitoring ]

[TrackState backend ]—>m

TSJATLAS xa0D

Track backend PODIO

ATLAS xAOD

TrackProxy
TrackContainer

backend interface / contract

[ Downstream reconstruction ]

I { Conversion (Iossy) )

« ACTS tracking toolkit is the the current choice for track fitting
(and finding !?) in Key4hep

» recently implemented interface to write out EDM4hep Tracks

« some discussion needed w/ tracking and ACTS experts
on details of the tracking data model

* perigee vs. on-surface parameterisation ...
DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

What is ACTS?

B Experiment-independent toolkit for track reconstruction
applications

B Modern architecture and code, unit tested, continuous
integration

B Minimal external dependencies
®m Ready for multi-threading by design

P.Gessinger, CHEP 2023

Evaluation and/or deployment by multiple experiments

=

ATLAS

EXPERIMENT

Inner Tracker

/ FASER
== & FASER-2
sPH E@

ePIC (EIC)
% LeMX (SRl (presentai;l;)ilzjust now)
+ keynote yesterday)
ALICE
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k4ACTS
integration of ACTS in Key4hep

Packages
= README.md Va

« first major reconstruction algorithm in Key4hep/ e s
Gaudi k4ActsTracking
This repository contains the necessary tools to use ACTS functionality in Key4hep Céntributors ! _ .
« ongoing work at CERN (L.Reichenbach) in Dependencies FRLO W
context of electron reconstruction w/ ACTS for © hets anguages
CLD ¢ DD4hep ® C++79.4% ® CMake 13.3%
¢ ROOT ® Python58% © Shell 1.5%
« one crucial issue for ILD is the interface to the + EDMahep
1 o Gaudi
tracking geometry o
 ACTS has interface to DD4hep to extract Installation
surface geometry
cmake .. ;—DCMAKE_INSTALL_PREFIX:. ./install
* need to check compatibility w/

ddrec::Surface used in LC tracking

» might eventually benefit from this implementation

» expect significant effort to adapt to ILD tracking (w. TPC)
 probably more a midterm project ...

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24
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B.Dud St
TOF Estimators o .
enhance particle identification Linear scale Log scale
ILD preliminary 6 ILD preliminary
'$25000_— ' Single ECAL hit (30 ps) —6,=209ps | g 10 : Single ECAL hit (30 ps) — 6, =299 ps E
 studied various options and potential 2 | e | mrm | B o[ eeowmmom | oesre
improvements for TOF in ILD Z20000° E -
« track length calculation is important 15000~ ] -
i ] E
« need to decide on ILD goal - and strategy 10000/~ . g
for TOF ! - :
50001 - ]
0:4lllllllllllllj nllunl.u§E ;
-80-60-40-20 0 20 40 60 80 -300 -200 -100 O 100 200 300
30 ps resolution per partlcle 3 WK 11p preliminary A TOF (ps) A TOF (ps)
; _ iminan 10* 6 . : ]
o1 ; :?gr;a’c(TDF
= ; 8 5 =R .
@ 10° IS —_— ] Time-of-flight reconstruction in ILD
s = S T N NN B ECAL
a [
102 &
NN
=
[
10 e
Placement: First ECAL layer Two external 10 ECAL layers
16 a0s0s Brosd aselan alore £raed 1N o ) dedicated for timing tracker layers (conservative timing)
0 2 4 6 8 10 12G1§1/ I 1 Assumed
momentum [GeV] "% 2 4 6 8 10 12 14 16 18 hit time resolution: ~ 30 ps ~ 50 ps ~ 1007ps
momentum [GeV] Expected 30 N 50 N N 100 o
TOF resolution: V2 V10

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24




General PID

comprehensive particle identification CPID

for regular user input sample: > MCParticles
for module developer PFOs —| Tracks, Clusters, etc. |
processor paramete;s TTrees t o &
ing fi : e rainin
steering file input algorithms Comprehensive evalu ag on
algorithm parameters PIDProcessor ¢
Dir— algorithm
PEOS select events by ¢ T
< PFO properties
PID observables PFO collection weight file
algorithms store observables
in TTrees
observables
values l
output: performance
—
PFO PID assessment
10 r —— combination 10.0
R R A R — dE/dx /K, dE/dx
8r wuvees time of flight a0l /K, TOF10

Separation Power

=+ cluster shapes ]

‘‘‘‘‘‘‘‘

1

0
Momentum (GeV)
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2

Separation Power

by o
=3 o

N
o

o
o
T

4 6810

7/ K, combined |]

S -
Momentum (GeV)

U.Einhaus

developed a new PID toolkit - release in
MarlinReco

can use to train/evaluate/test novel deep
learning algorithm for PID

allows much easier combination of different
measurements (dE/dx, TOF, cluster-shape)
and shows better results

LikelihoodPID CPID framework; + TOF

O] O]
() other () other
o 1 04 o 1 04
§ protons § protons
3 3
o kaons 10 o kaons 10
pions 102 pions 102
muons muons
10 10
electrons =" electrons —=*
1

e'eCfro,,sm"Dns Plong  kaopg p’%,,s Othe,

MC truth PDG

e/ec”()nsmuo”s Dio,,s kao”s nro,°ns Othe,

MC truth PDG
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DeepJet: architecture

\/ mminates\/
=

|Charged (19 features) x 10 H 1x1 conv. 64/32/32/8 HRNN (LSTM) 150 |—

Flavour tagging

[Neutral (5 features) x 10 |— 1x1 conv. 32/16/4 —RNN (LSTM) 50 H

[SVs (10 features) x 2 |—— 1x1 conv. 64/32/32/8 HRNN (LSTM) 50 H

Fully

|Global variables (21 features) I

« implemented DeepdJet and ParticleNet flavour
tagging for ILD
« achieve mostly better results than LCFIPIus

implemented in Marlin processor

connected
200 nodes x1,
100 nodes x7

C
light

M.Meyer

_

edge convolution

LCFIPlus, c jets
LCFIPlus, light jets
—— DeepJet, c jets
—— DeepJet, light jets

better /

0.4 0.5

0.8

0.9

. . . . . 1.0
Workflow training (PyTorch) & inference (iLCSoft/Marlin)
run PV & SV finder, jet clustering and vertex refinement of LCFIPlus 08
run Marlin processor that calculates and stores features needed for the flavor taggers
£ 06
store variables in root files with four trees g
(charged, neutral, jets, sv) 2 o4
store variables via PIDHandler (not optimal in 3
terms of memory, might be changed)
run Marlin processor for tagging with ParticleNet 0.2
convert trees in root files to pandas dataframes, do Model
some checks and cleaning, store dataframes in hdf5- read feature values from PIDHandler
files store them in the vectors needed by the 0.0
do further pre-processing and training in PyTorch ParticleNet Model (coordinates of const., 0.3
use torch library to convert trained model into ;ea:ures 0; tShS const., coordinates of SV,
model that can be used in C++ eatures o )
convert vectors to torch tensors and do the v

pre-processing
do the inference with the converted model
store output again using PIDHandler

run Marlin processor to store outputs in trees and
histogram that can be used to calculate ROCs etc.

DESY. Frank'Gaede; 1D "Veeting 2024, CERN, 16.01.24

1.0

@indioes

Background rate

[ BatchNorm |

g

EdgeConv Block
k=16, C = (128, 128, 128)

RelU
EdgeConv Block

See k = 16, C = (256, 256, 256)
[ BatchNorm |
RelU Global Average Pooling
— Fully Connected
[ BatchNorm | 256, ReLU, Dropout = 0.1

ReLU

\ J

P 2

ReLU j ‘ Softmax ‘
ParticleNet

DeepJet: ROC curves - comparison to LCFIPlus

1.0
————— LCFIPlus, b jets
----- LCFIPlus, light jets
—— DeepJet, b jets
0.81 —— DeepJet, light jets
0.6
0.4
0.2
0.04 L s
0.0 0.2 0.4 0.6 0.8 1.0
ciets
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Flavour tagging

implemented ParticleTransformer flavour tagging for ILD
« achieve dramatically better results than LCFIPIlus

observe strange improvement w/ more training data at FCC

-> to be studied

framework inference not yet implemented

« could do this in Gaudi/EDM4hep

(b) Particle Attention Block (e) Class Attention Block

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

Application of ParT to ILD data
(ILD gg 91 GeV, 0.8M jets for training)

* The performance is improved by
4.05 —9.80 times compared to
LCFIPlus with the same set of data.

* 20 epochs are taken,
200 epochs do not help improving

E

cjets |
* uds jets

Mis-id. fraction to b jets &

f |
| L
| =

Mis-id. fraction to ¢ jets

L L L o s
02 04 06 08 02 04 06 08

* Jet tagging performance is greatly b tagging efficiency o tagging efficiency
improved by ParT immediately. o

104
0 02 04 00
e

et Taggi Jet Tagg

performance but give overtraining || btagsoxeft |  ctagSOneft. |

vsc
vsd

b tagging

b tagging

c-bkg uds-bkg c-bkg uds-bkg
acceptance acceptance acceptance acceptance

S-
LCFIPlus 10% 1% 10% 2%
ParT 1.29% 0.25% 1.02% 0.43%

)

Impact Track Training c-bkg acceptance | b-bkg acceptance
Parameters Errors Sample @ b-tag 80% eff. @ c-tag 50% eff.
size

(1) ) D ) 9 800k 0.23% 0.35%
(2) ) ) ) ) am 0.054% 0.20%
B @ @ @ @ swm

Training performance significantly improved with bigger data sample size

Training sample size change of FCC data:

800k -> 4M : 4 times better performance (b-tagging)

4M -> 8M: 5 times better performance (b-tagging)

This non-linearity of increase in performance should be further
investigated.

Bigger data size of ILD should be obtained for better performance, as well
as comparison with FCC data for further investigation on its behaviour.
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Deep Learning for PFA

« started to develop deep neural networks for particle

flow - partly based on CMS HGCal
« using GravNet and Object Condensation
« some early, promising results

« work in progress ...

PFA: clustering algorithm Ji

+ Input: position/energy/timing of each hit

 Output: virtual coordinate and B for each hit

Object Condensation (loss function)
arXiv:2002.03605

GravNet arXiv:1902.07987

The virtual coordinate (S) is derived L=1L,+sc(Lg+Ly)
from input variables with simple MLP
Convolution using “distance” at S
(bigger convolution with nearer hits)
Concatenate the output with MLP

» Condensation point:
The hit with largest
at each (MC) cluster
* Ly: Attractive potential to
the condensation point of the same cluster
and repulsive potential to the condensation
p point of different clusters
Fin “/?T “ {“\_’7‘; * Ly Pulling up B of the condensation point
7 ’ Ji= .‘T(ﬁb

N
s g pvan
a\

0 OO0 0O

* L, Regression to output features

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

Particle flow with DNN: introduction

Separation of cluster at calorimeter : ]
— Charged or neutral cluster ‘
Essential for jet energy resolution

Current algorithm: PandoraPFA

— Combination of various process

— Not easy to optimize or adding more info
CMS HGCal clustering M=~
— Similar to ILD calo

— Good for starting point

Preliminary results — event sample
10 Taus @ 10 GeV each

Real 3D coordinate

Hits on the virtual coordinate — colored by MC truth clusters
x refers virtual hits from tracks
left with beta-track term, right without beta-track term
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Al in Key4hep

we see more and more developments using
Al/ML for (HL) reconstruction, e.g.

 LCFIPIus (TMVA)

« CPID (TMVA et al)

* MarlinML flavour tagging
« DNN for PFA

should try and make an effort to unify and
simplify the use of ML inference in Key4hep
for reconstruction

» some ideas developed in DDML for fast
ML simulation

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

* Prototype library for running ML-based fast sim

20 GeV photon in ILD
generated with a BIB-AE

Integration into the Full Simulation Chain

models: DDFastShowerML
https://qitlab.desy.de/ilcsoft/ddfastshowerml Necessary update to

. . Geant4 version 11.1!
» Use fast sim hooks in DDG4/Geant4

» Use realistic, detailed detector models
» Currently only supports CPU

* Development ongoing

* Fast Sim trigger * Model-specific implementation of ML
* e.g. particle type, energy, architecture
» Aim to have an easy to use library which can be geometry  e.g. BIB-AE, Flow, Diffusion mode
adapted for all types of ML architectures in
DD4hep

» Essential step to be able to study performance

of model with full physics benchmarks » Conerete inference in C++

¢ ONNX, LibTorch etc...

P.McKeown: integration of generative ML
based fast simulation in dddmim for ILD
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Summary and Outlook

cocoa
......
OOOO

Key4hep started as a new future collider community wide effort in 2020 to put '.""' Key4hep “‘~.‘
together a modern turnkey software stack { ’FCCSV\}\"/ihg%nOE.\‘{;,
« contributors: CEPC, CLIC, FCC, EIC, ILC, LUXE, Muon Collider ... S MR o ichps Y

iLCSoft and ILD software integral part of Key4hep from the start . ‘:.NCEPCSW,." ;

battle proven ILD standard reconstruction can be run in Key4hep woo
MarlinWrapper as before - or w/ EDM4hep output 7

many new developments in HLR tools - often ML/AIl based

* need to validate and integrate in ILD standard reconstruction

« Key4hep offers great opportunity to modernise ILD software stack AND collaborate w/
other Higgs factories - when studying ILD for FCC

 should make an attempt for next larger production/study in ILD to move to use more of the

new tools in Key4hep: Gaudi, EDM4hep
 have brief discussion on Wednesday

* limiting factor for all software developments: manpower ...

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24
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pointers to documentation
entry points to Key4hep

+ Key4hep GitHub Project # KeydHEP

« https://github.com/key4hep

Call for Logos

 Key4hep main documentation page

Search docs

« https://key4hep.github.io/key4hep-doc/

Getting started with Key4HEP software
Using Spack to build Key4HEP software
Nightly Builds with Spack

Spack Usage and Further Technical

* Doxygen available., e.g. for EDM4hep Topics

Spack workflows for developing
Key4HEP software

« https://edm4hep.web.cern.ch/ Spack Buildaches

Using the Key4hep-Stack for CLIC
Simulation and Reconstruction

Developing Key4hep

Talks and Presentations

« iLCSoft Github Project Calforlogos

Contributing

« https://github.com/ilcsoft

DESY. Frank Gaede, ILD Meeting 2024, CERN, 16.01.24

# » Key4HEP

Key4HEP

Contents:

« Getting started with Key4HEP software

©) Edit on GitHub

o Setting up the Key4HEP Software Stack
= Using central installations on cvmfs

= Using Virtual Machines or Docker containers

« Using Spack to build Key4HEP software

o Setting up Spack

= Downloading a pre-configured instance (Ixplus)

= Configuring Spack
= Configuring packages.yaml

« Nightly Builds with Spack

o Usage of the nightly builds on CVMFS

o Technical Information

o Concretizing before Installation

« Spack Usage and Further Technical Topics

= Working around spack concretizer problems

o System Dependencies

o Target Architectures

o Bundle Packages and Environments
o Setting Up Runtime Environments

o Compiler Dependencies and Data Packages

o Duplicating Recipes in Downstream Repositories

o CVMFS Installation Workflow
o Compiler Wrappers
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