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Key4hep: Turnkey Software Stack @
EA

Key4hep is a software stack for future projects

> Reduce overhead for adopting projects by sharing common [ Event Data Model: EDMehep |
components <

(7

» Functionality-complete: plenty of examples for simulation and [E
reconstruction of detectors
» Preserve and adapt existing functionality into the stack, e.g.,
from iLCSoft, FCCSW, CEPCSW
> Calice?

al
(Gaudi)
Detector Geometry: kdgeo (DD4hep)

Main ingredients

Event Data Model (podio/EDM4hep), Geometry Information (DD4hep), Processing Framework
(Gaudi), Package manager
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A. Sailer

Key4hep Infrastructure

> All key4hep source code can be found on https://github.com/key4hep

> Nightly builds and releases are published to CVMFS:

> /cvmfs/sw.hsf.org/key4hep
» /cvmfs/sw-nightlies.hsf.org/key4hep

» Builds for Alma Linux 9 and Ubuntu are available, also in debug build
> Weekly Meetings: https://indico.cern.ch/category/11461
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Documentation @
EA

» Documentation is build for various packages, and for users and developers
» Overview: https://key4hep.web.cern.ch/

> EDM4hep: https://edm4hep.web.cern.ch/
>
>

podio: https://key4hep.web.cern.ch/podio/
DD4hep: https://dd4hep.web.cern.ch/

A. Sailer Key4hep - DRD6, April 4, 2025 5/22


mailto:andre.philippe.sailer@cern.ch?subject=Talk: Key4hep
https://home.cern

Event Data Model: EDM4hep @

[ EDM4hep DataModel Overview (v0.99) I
» The EDM4hep data model is created from R N < -
. . . . . ™ T Cluster
a description in YAML using podio Calor mj b ///"
. OO — [ — <O
» Separation between Monte Carlo truth MCParicle % — i
level, and the rest of the event data model //
> Linking between the two possible s ymamerEn =T
> _ o as s SimTrackerbit = TrakerHitsh
E.g.: CaloHitSimCaloHitLink RAWTIMeSeres | rrackerpuise | Reconstruction &
Monte Carlo Raw Data | Digitization Analysis
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SimCalorimeterHit and MC Contributions

» Store one SimCalorimeterHit per cell, and
individual contributions with specific details

edmé4hep: :SimCalorimeterHit:
Description: "Simulated calorimeter hit"
Members:
// ID of the sensor that created this hit
- uint64_t cellID
// energy of the hit
- float energy [GeV]
// position of the hit in world coordinates
- edméhep: :Vector3f position [mm]
OneToManyRelations:
// Monte Carlo step contributions
- edméhep::CaloHitContribution contributions

A. Sailer
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edméhep: :CaloHitContribution:
Description: "Monte Carlo contribution to
SimCalorimeterHit"
Members:
// PDG code of the shower particle that
// caused this contribution
- int32_t PDG
// energy of this contribution
- float energy [GeV]
// time of this contribution
- float time [ns]
// position of this energy dep. (step)
- edmédhep: :Vector3f stepPosition [mm]
OneToOneRelations:
// primary MCParticle that caused the
// shower responsible for this contribution
// to the hit
- edmdhep: :MCParticle particle
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RawCalorimeterHit, RawTimeSeries @

edm4hep: :RawTimeSeries:
Description: "Raw data of a detector readout"
> Information more close to the DAQ can Members :
also be stored // detector specific cell id
- uint64_t celllD

edmé4hep: :RawCalorimeterHit: // quality flag for the hit
Description: "Raw calorimeter hit" - int32_t quality
Members: // time of the hit
// detector specific (geometrical) cell id - float time [ms]
- uint64_t celllD // integrated charge of the hit
// amplitude of the hit in ADC counts - float charge [£C]
- int32_t amplitude // interval of each sampling
// time stamp for the hit - float interval [ms]
- int32_t timeStamp VectorMembers:

// raw data (32-bit) word at i
- int32_t adcCounts
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CalorimeterHit @
i

edmé4hep: :CalorimeterHit:
Description: "Calorimeter hit"
Members:
// detector specific (geometrical) cell id
- uint64_t celllD
A . . // energy of the hit
» The digitised calorimeter hit - float energy [GeV]

» Created from measurement or // error of the hit energy

) ) - - float E GeV
SimCaloHit(contributions) y /°:im:n§;gzhzr§§t[ eVl

- float time [ns]

// position of the hit in world coordinates
- edméhep: :Vector3f position [mm]

// type of hit
- int32_t type
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Extending the Data Model: Dos and Don’ts ‘@

» The EDM4hep data model is not frozen in stone, and it is foreseen to evolve it

» Including backward compatibility guarantees once we hit version 1.0
» Schema evolution mechanism

» But changes will also not happen without very good reasons

» But it is possible to create (development) extensions of the data model
» These should be relatively short lived and not be proliferated too widely
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A. Sailer

podio Details

» podio creates the C++ classes for all the
data types, collections, and input/output

layers

» (essentially) podio ROQT files store the
data as vectors of “plain old data” (pod)

> This makes using relations inside the EDM

with the raw data very cumbersome

» When the data is read by podio readers,
objects are created out of this information

> At the user level, all relations are resolved

and can be conveniently used

Key4hep - DRD6, April 4, 2025
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HitObject Object Layer

\ 4

HitData POD Layer
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DD4hep @

» Complete Detector Description s

> Providing geometry, materials, opcond oocore Geometry handing
visualization, readout, alignment,

i n Conditions and
calibration. . . Alignment support
Simulation interface to

» Single source of information — consistent on
deSCfiptiOﬂ DOAlign DD4hep STABLE

> Use in simulation, reconstruction, analysis
» Supports full experiment life cycle

> Detector concept development, detector
optimization, construction, operation
> Facile transition from one stage to the next

» DD4hep already in use by ILC, CLIC, FCC, CMS, LHCb

Geometry visualization
Event Display
BASIC
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Geometry Description @
2

<detector
» XML structure to set parameters for detectors name="ECalBarrel"

. . type="GenericCalBarrel_ol_vO01"
> C++ driver to interpret XML parameters and create iﬁiu 42" readout="ECB">
DetElements and Volumes

<dimensions
> Define sensitive parts (attached with numsides="ECalBarrel_symmetry"
SensitiveDetector) and radiator, which has to be rmin="ECalBarrel_inner_radius"

z="ECalBarrel_half_length*2" />
<layer repeat="25" >
» Attach sensitive detector readout, defined elsewhere <slice material="Tungsten"
in XML thickness="2.40*mm"
radiator="yes"/>
<slice material="Air"
thickness="0.25*mm" />
<slice material="Silicon"
thickness="0.50%mm"
sensitive="yes"/>
</layer>
» More in the tutorial this afternoon! </detector>

known for reconstruction purposes

<readout name="ECB">
<segmentation type="CartesianGridXY"
grid_size_x="ECal_cell_size"
grid_size_y="ECal_cell_size" />
<id>...x:32:-16,y:-16 </id>
</readout>
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k4Geo @

» Key4hep repository storing geometry drivers for related detectors
> Also some sensitive detectors or other plug-ins and utilities

» allows sharing of geometry and drivers between experiments

> https://github.com/key4hep/kdgeo
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DD4hep-based Detector Examples ‘@
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Full Geant4 Simulation with DDSim ‘@

» Using ddsim and optionally a specific steering file
> configuration of sensitive detectors, particularly for Scintillators (Birks’ Law)
» Physics list, simulation parameters (e.g., stepper, range cut)
» Particle sources from MC Generators, or G4GPS
source /cvmfs/sw.hsf.org/keydhep/setup.sh
ddsim --compactFile $k4geo_DIR/FCCee/CLD/compact/CLD_o2_v07/CLD_02_vO7.xml \
—--numberOfEvents 3 --enableGun --gun.particle pi+\
[--steeringFile the_steer.py \]
--outputFile theSimulation.root

> ddsim is essentially self-documenting

» ddsim --help
P> ddsim --dumpSteeringFile > the_steer.py
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Sensitive Detectors

» Together with the Segmentation, the
sensitive detector defines what and how
energy deposits are written out during the
simulation

» Sensitive detector is probably the most
technology specific, so custom sensitive

detectors have to be implemented by users

> |deally their output would still be able to fit
into the EDM4hep data model

» Otherwise custom Output Plug-ins would
also be needed

» Some of them are in kdgeo

A. Sailer
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2l

// generating hit(s) using the G4Step
bool Geant4SensitiveAction<MySD>: :process(

}

Key4hep - DRD6, Apri

G4Step const* s, G4TouchableHistory*) {
typedef MySD::Hit H;
Geant4StepHandler h(s);
HitContribution ¢ = H::extractContribution(s);
// get the layer number by decoding the cellID
IDDescriptor idspec = m_sens.readout().idSpec();
const BitFieldCoder& bc = *idspec.decoder();
int layer = bc.get(cellID(s), "layer");
Geant4HitCollection* coll = collection(m_collID);
H* hit=coll->find<H>(CellIDCompare<H>(cellID(s)))
if (thit) { // create new hit
Vector3D pos = m_segm.position(cellID(s));
Position global = h.localToGlobal(pos);
hit = new H(global); hit->cellID = cellID(s);
coll->add(hit);
}
hit->truth.push_back(c);
hit->energyDeposit += c.deposit;
return true;
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Framework: Gaudi @
EA

» The framework orchestrates all the algorithms and additional infrastructure needed during
the reconstruction or initial analysis

» Gaudi is a framework used by ATLAS and LHCb

» For Key4hep we develop k4FWCore to provide Input/Output for EDM4hep and access to
meta data

» Components are

> Algorithms: The data processors
> Services: Usually singletons usable by any algorithms: histogram, Event Data, GeoSvc
» Tools: Can implement specific functionality that can be used by different algorithms or services
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Algorithms @
2\

» Algorithms are the workhorses in Gaudi

> They create, tranSform, or consume some Digi(const std::stringt aName,
kind of data, usually ISvcLocator* aSvcLoc)
edmdhep: :Collections : MultiTransformer (aName, aSvcLoc,
{ // input collections

// Parameter name: Default Values
finalize() KeyValues("SimHitColl", {"ECalColl"}),

» Algorithms are implemented as KeyValues( HeaderNéme , {"EventHeader"}),
}, // output collections

“Functional”, using a function {KeyValues ("OutputColl”, {"CaloHitCol"}),
(operator ()) that does not change the KeyValues("RelationCol", {"Relations"})}) {}

state of the algorithm, and are thus
multi-threading safe by design

» They initialize, operator(),

std: :tuple<CalorimeterHitCollection,
CaloHitSimCaloHitLinkCollection>
> Multiple instances of the same algorithms Digi: :operator () (
are possible const SimCalorimeterHitCollection& inputHits,
const EventHeaderCollection& headers) const {}

» Input and output collections are
auto-magically treated by the framework

A. Sailer Key4hep - DRD6, April 4, 2025 19/22



mailto:andre.philippe.sailer@cern.ch?subject=Talk: Key4hep
https://home.cern

A. Sailer

Configuration

Python steering file to configure the input
and output files, other necessary services
(e.g., geoSvc), and algorithms

Here we configure the Digi algorithm from
the previous slide

Also configuring the I0Svc to read the file
we created with ddsim on slide 16

Executed with k4run example.py

from k4FWCore import IOSvc, Applicationlgr
from Configurations import Digi
io_svc = I0Svc()
io_svc.Input = "theSimulation.root"
io_svc.Output = "theDigitisation.root"
io_svc.OutputType = "RNTuple"
io_svc.outputCommands = [ "drop *",

"keep DigidHits",]
# Limit collections to be read
io_svc.CollectionNames = ["SimCaloHits"]

digitiser = Digi("ADigitiser",
SimHitColl="SimCaloHits",
OutputColl="DigidHits"

)

ApplicationMgr (ExtSve=[io_svc],
TopAlg=[digitiser],
# other args

Key4hep - DRD6, April 4, 2025
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MarlinWrapper @
EA

> A special algorithm to wrap processors from the iLCSoft framework Marlin
Enables the re-use of existing functionality from iLCSoft, including conversion of LCIO
event data to EDM4hep in memory

» EDM4hep2LCIO and LCIO2EDM4hep are Tools

»

m m
Prev. © 9 Dl . O 5 $ Nextalg.
EZL--.8 Q0 E oL--|8 &
algorithm | 2 % T 2 MarlinProcessorWrapper 23 2 % e.g. ACTS
el el
EDM4hep2L.CIO LCIO2EDM4hep
converter

converter
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Summary and Conclusions @
EA

> Key4hep offers a common software ecosystem for simulation and data reconstruction
» Common geometry and data formats

» One framework for all future detector studies

» Additional synergy if used by detector research collaborations
» One framework to learn for test beam analysis and physics studies
» Share reconstruction tools between test beam and detector
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Thank you for your attention!
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