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Introduction and Reminder: Key4hep

 DD4hep detector models and reconstruction

« Standard ILD reconstruction algorithms and
“Transition” to to Key4hep

 Al/ML in Key4hep:
« fast simulation and
* recent HLR algorithms w/ ML

 Summary and Outlook
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The

common software vision

« complete set of tools for

generation, simulation, reconstruction, analysis

build, package, test, deploy

« core ingredients of current Key4hep

PODIO for EDM4hep (based on LCIO and FCC-edm)
Gaudi framework, devel/used for (HL-)LHC
DD4hep for geometry

originally developed for LC now adopted by community

spack package manager
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The common software vision

« complete set of tools for
« generation, simulation, reconstruction, analysis

* 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
 DD4hep for geometry
« originally developed for LC now adopted by community

« spack package manager
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EDM4hep - Event Data Model in Key4hep

I EDMA4hep DataModel Overview (v0.99)

L

Monte Carlo

SimTrackerHit

TrackerRawData| \

\
A\

\
i
RawData"

LCRelation )= LCRelation )—"| cRrelation

\
Y RawCalorimeterHit

\

‘-.\ TrackerPulse
\.

TrackerHit

Digitization

Reconstruction &
Analysis

ReconstructedParticle

RawCalorimeterHit

N ParticlelD
r\,XCHECOCH‘W\SSO@HUQ 1 \ - - @
[T — ———=&0Association |
> Calonmeteant% Ciuster
= = = - \op5SOC auos —>
. ‘4 MCRecoParticlgA ti ©
MCParticle - — P> ReconstructedParticle

Monte Carlo

\

!

iation ,|:FrackerHit —

|

-

. Track Vertex
@

—

EDM4hep to large extend reproducing (battle-proven) LCIO EDM - yet with

» more strict mutability concept (thread safety)
* more consistent linking to lower level data objects

« more performant reading (ROOT files)

k4EDM4hep2LcioConyv provides consistent conversion between the two

« production version v01-00 to be released very soon

DESY. Frank Gaede, ILD Meeting 2024, Paris,

08.10.24

~TrackerHitPlane
RawTimeSeries = TrackerHit3D .
TrackerPulse Reconstruction &
Raw Data | Digitization Analysis
ParticlelD ParticlelD
(c>| : y 4 @CDI o |EDM4hep
uster uster
LCIO
<D <O
ReconstructedParticle | ReconstructedParticle




é}---ﬁpythia_converter_output ee_Z_hbbar root

EDM4hep - Event Data Model in Key4hep e

‘ FReconstructedParticles type
the designated succes

®oe edmanepplothrecoili (B @ x [ 9 ¥ ® 3% ReconstructedParticles.energy ]

3% ReconstructedParticles.momentum.x

using EDM4hep -

i 3 P ——————rr 3% R tructedParticles. tum.
sing EDNahep. Root10 oo po— -)a ta MO de I OV € * econstructedParticles momentum.y

using Statistics 3% ReconstructedParticles momentum.z

* FReconstructedParticles referencePoint.x

reader = RootI0.Reader(file) soo | . it 3% ReconstructedParticles referencePoint.y

dinuonmass = Floatsd[] awCalorimeter ’ FReconstructedParticles referencePoint.z

recoitnass = Floatédl] wo | B o AN 4% ReconstructedParticles.charge
e 4v( a ) = sqrt( al1]%2 - a[2]%2 - al3]"2 - al4]"2 ) 0CaloAssociatii "

- noncHS = [ 250-, 0. ; 0. , 0. ] ° : =0ciation 3% ReconstructedParticles mass

TrackerRawD events = RootI0.get(reader, “events"); 300 | * ReconstructedParticles. goodnessOfPID

get_pfos = RootI0.create_getter(reader, "PandoraPF0s"; selection=[:energy, :type, :momentum]) jation ) )
TrackerData ’ ReconstructedParticles .covMatrix[10]
pfos = get_pfos(evt)

l\“'!c\e!’\SSOC
TrackerPul huons =11 2001 3% ReconstructedParticles clusters_begin
rackerPulse =1 .
; o e bta.type ) == 13 # find muons / % ReconstructedParticles.clusters_end
ond push!( muons, [ pfo.energy, pfo. um.x, pfo. .y, pfo. .z 1) MCReCOPaniCle * Beconstructedpartides_tracks_begin
Tracker 3% ReconstructedParticles tracks_end
m
il Vv
n
h.

600 | 1

file = "/Users/gaede/data/rv02-02.sv02-02.mILD_15_ol_v02.E250-SetA.1402003.Pe2e2h.elL.pR.n000.d_d@
§stm_15089_0.edmdhep_v02-03-02. root"

Monte Carlo | w

SimTrackerHit

mass
‘ - m:88.44983284198914 - rms:9.692115508716297 [5576]

end
if length( muons ) == 2 # exactly two muons

ht(di , 4 1 2 0 - . . " N
Piehi (racesinase, macatv( monGis . muonelt)  muans(z] ) ) o 20 w0 %0 o w0 3k ReconstructedParticles particles_begin
end \ : "
end _ ) eoe GKS QtTerm v * FReconstructedParticles particles_end
# ——— — now plot histogram w/ recoil mass ——————————————————————v . . N
ean( dimuonmass) x ’ FReconstructedParticles particlelDs_begin

= m
= std( dimuonmass )
= length(dimuonmass)
ist = histogram( dimuonmass, label = "mass \n m:$m — rms:$v [$n]" )

* ReconstructedParticles particlelDs_end

jation
MCRecoTrackerASj% i @size

mass
- m:133.19237274207163 - rms:11.602944560586046 [5576]

mean( recoilmass)
std(  recoilmass )
length(recoilmass)
t2 = histogram( recoilmass, label = "mass \n m:$m — rms:$v [$n]" )

ﬂ FReconstructedParticles#0
RawTimeSeries | = = FReconstructedParticles#1

----- # ReconstructedParticles#2

~~~~~ ReconstructedParticles#3
R aW D ata ----- # ReconstructedParticles#4
~~~~~ HReconstructedParticles#5 —

m=
v =
n=
hi

is

EDM4hep to large extend reproducing (battle-proven)

ReconstructedParticles.energy

» more strict mutability concept (thread safety) o7
using ROOT files w/ columnar storage (TTree or RNTuple) - il
(optionally SIO files) S
fast analysis w/ C++ or Python using EDM4hep
RDataFrame + EDM4hep (FCCAnalysis) thetwo
Python or Julia reading ROOT files directly IR & R HH ‘ L
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Gaudi - application framework in Key4hep

designated successor of Marlin

« (C++ application framework for HEP

« developed at CERN

« used in production for

- g /

marlin::Processor

+ LHCb and ATLAS (battle-proven) [MJ
«  FCC-SW and smaller experiments -
+ and now in Key4HEP Martin Gaudi
language C++ CH+
« highly configurable working unit Processor Algorithm
_ config language XML Python
* EDM, workflows (algorithms) transient data format LCIO anything
« allows parallelisation through multi-threading set up function init initialize
work function processEvent  execute
* integration of heterogeneous resources wrap up function end finalize

e CPUs, GPUs, FPGAs,...

GAUDI similar to MARLIN framework
DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24 yet more powerful and larger user basis [




DD4hep geometry toolkit

defining the detector geometry and different views on it

« supporting the full life cycle of the experiment

« single source of information for full simulation, [ detactor
- mgm - L - - constructors
reconstruction, conditions, alignment, visualisation and

analysis

« used by CEPC, CLIC, CMS, EIC, FCC, ILC, LHCD, ...

CLICdet

= z - 2 Dt

§ https://github.com/key4hep/k4geo

} across detector concepts
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User

K Extensions

a DD4heg

/" DDCore — [ Simulation |
(E‘z’%DDRec [Reconstruction|
| . ”[ Analysis |
DDAlign [ Visualisation ]

DDCond

ILD

z 55—
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DD4hep: de facto industry standard

ALLEGRO


https://github.com/key4hep/k4geo

DD4hep geometry toolkit @

DD4hep
. . lation

« supporting the full life cy ILD_I5_v02 ILD_I5_v09
- single source of inform:
, conditi lisation |

analysis baseline all-Si

» used by CEPC, CLIC
ILD_I5 v10 ILD_I5 vi1
alt. inner
. Si &
alternative E 100 [ FCCee MDI

inner Si

ALLEGRO

; https://github.com/key4heprk:
. => allows to re-use reconstrlﬂ

1 across detector concepts
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https://github.com/key4hep/k4geo

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

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24

Tracking in iLCSoft

pattern recognition and Kalman-Filter

generic tracking APl MarlinTrk based on DDRec

material surfaces

many pattern recognition algorithms exist, e.g.

ConformalTracking:

ForwardTraciing
SiTracking —
FullLDCTracking| —*>

CellsAutomatonMV)| > i

generic algorithm that works for all Si-Trackers

used by CLICdet and SiD (also works for ILD inner)

CLICdp

ConformalTracking >
ExtrapolatsCASssd

achieve excellent tracking efficiencies and
resolution w/ realistic tracking codes

CLICdp Momentum Resolution
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large reconstruction code base in ILCSoft

* realistic detector models for incl. Tracking in iLCSoft LCaOYfpes
. L] Clupatra — I;DiR\ec\ MarlinKalTest
tracking/reconstruction geometry o ) GG, g
 track reconstruction Particle Flow Algorithms LCOr o
 generic API for fitting algorithms Pandora Algorithms
+ all current detector concepts for LC are based on R E—— .
highly granular calorimeters . E==5 E iﬁ AN
- large number of pattern. ~~ TUUTEOTEEE e Tl i A
.. . optimised for the Particle Flow Algorithm o Algorithms e Bzt tagie
recognltlon algorlthms + PandoraPFA is the de facto standard used by Z
ILD, SiD and CLICdp 1
* parthle ﬂOW algorlth ms + alternative PFA algorithms exist and provide kel
possibility to cross check e
 PandoraPFA and Arbor, AprilPFA - Arbor ( GEPC), April (SDHCal prototype)
T -
g ~1%0e e ég i3 Ijj(:::ikw ArborPFA AprilPFA 6‘
20' 02 04 06 08 |cos;\ £ 050 i00 is0 Ei?[(fg\(}] :g E | 2 3
DESY. Frank Gaede, LCWS 2021, 17.03.21 £ - :HC; SSSSSS B 1 7
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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, Paris, 08.10.24

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

OAnHH improves by 40% w/ perfect jet clustering




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
ey z
k4MarlinWrapper runs
Marlin processors
Prev. o € s = , °© - 5 2 Nextalg As Gaudi algorlfhms.
. § ®---3 2 MarlinProcessorWrapper g 2--35 =
algorithm ' < 3 = © s © = 3 eg ACsS

— \ / — g

o 5| EDM4hep2lCIO | o ~ a — | LCIO2EDM4hep o T B

B = 26 B0 2 2 -

¥ 2| converter |¥ © ¥ 2| converter |¥ & '

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

e.g. eventually one might want to replace track fitting with
ACTS also for LC detectors

some technicalities are address under-the-hood via all existing (high level) reconstruction algorithms
k4EDM4hep2LcioConv g (hig u g

C.Hensel, ILD Meeting 2024 ;

as Marlin processors fully available in Key4hep !
14
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ILD Standard Reconstruction

nOW SmOOthly ru ns in in Key4hep [ XX ) = | €) ipconfig/standardConfig/prod: X =+ Q

<« C QO 8 https://github.com/iLCSoft/ILDConfig/blob/master/StandardConfig/pr £ L In @ & 0 -

(DO pesy [Jilesoft [ GridNAF CJAIDA @) FLC % MyHome NI LEO English/Germa.. [J CERN [JHSF @) VOMS Admin >ilc [Jother %f Most Visited ~ >> [J Other B

« translation of MarlinReco.xml to GAUDI
python steering file ILDReconstruction.py

@ Files ILDConfig / StandardConfig / production / ILDReconstruction.py ™ T

Blame 383 lines (333 loc) - 11.5 KB Raw 0 & 2 ~ |
¥ master v + [ Q

228

° plan to use thiS aS neW Standard (Soon ?) Q Go to file t 229 ecal_technology = CONSTANTS["EcalTechnology"]

230 hcal_technology = CONSTANTS["HcalTechnology"]

> B .github 231
232 # identify specified detector model
> W IsolatedLeptonTagging 233 if reco_args.compactFile:
ILD standard reconstruction in Key4hep > BB LCFIPlusConfig ;;: else(:iet_model = Path(reco_args.compactFile).stem
v [ StandardConfig/production 236 det_model = reco_args.detectorModel
> @M BgOverlay 237 # load relevant tracking
238 if det_model in FCCeeMDI_DETECTOR_MODELS:
T_ Madlener > [ Calibration 239 sequenceloader. load("Tracking/TrackingDigi_FCCeeMDI")
° A" Configuration availab|e from O ILCSOft/ILDCOHfIg » 240 sequenceloader. load("Tracking/TrackingReco_FCCeeMDI")
> [ CaloDigi 241 elif det_model in DETECTOR_MODELS:
. 2 a a - 242 sequenceloader. load("Tracking/TrackingDigi")
o Everythlng that Works in ILCSOft also Works In Key4hep| > I Config 243 sequencelLoader. load("Tracking/TrackingReco")
. . . . . > [ Documentation 244
Marlin MarlinStdReco.xml --global.LCIOInputFiles=<input-file> [. 245 if not reco_args.tracking0nly:
> B8 Examples/obudsc_3evt 246 sequencelLoader. load(f"CaloDigi/{ecal_technology}Digi")
[} NOW aIso With Gaudi > BB Gear 247 sequenceLoader. load(f"CaloDigi/{hcal_technology}Digi")
. 248 sequencelLoader. load("CaloDigi/FcalDigi")
k4run ILDReconstruction.py —--inputFiles=<input-file> [...] > I HighLevelReco 249 sequenceLoader. Load ("CaloDigi/MuonDigi")
> [ IsolatedLeptonTagging/weights 250
e Works with EDM4hep and LCIO inputs _ 251 1f reco_args.perfectPFA:
> [B LCFIPlusConfig 252 sequenceloader. load("ParticleFlow/PandoraPFAPerfect")
e EDM4hep output by default, LCIO output via -—1cioOutput=[true|only] 253 else:

> [B PandoraSettings

s A MM et e a4 meand

e Facilitates collaboration with other projects, e.g. CLD T
e Full migration of all workflows will take some time but process started
e Some new developments already done exclusively in Gaudi configuration already started to develOp new

algorithms (or steering variants) in

GAUDI only

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24
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Reconstruction for ILD@FCCee Forward Tracking uses a

Hopfield Network ;-)

combining simulation models and tracking algorithms

/ MarlinKalTest

-@
_
=~

aidaTT N

« ILD models for FCCee w/ TPC, FCC-MDI (mask) and CLD
inner Si-Tracking

SiTrackin —>
 can run ConformalTracking for Si-tracking and Clupatra for %Fum_ocmc: ng%

TPC traCklng [CelIsAutomatonM ]*
« done using MarlinWrapper and ILDReconstruction.py [Conforma'mck'"sﬂ* -
« combining tracks is work in progress... N /
. = : . o
maybe write this in GAUDI % V.Schwan. D.Jeans
Overview ofvﬁggnee Models X0 Y= 0010 fom]
l/ / 4; \\ :: oy e
/ '// ; \\\\\ 50F y : :g;
// E— Fccl 5
Il \ :?r:
Z I | o
Eﬁﬁ}\ :g'f

“"X0Y= 0.010 [cm] X0 Y= 0.010 [cm]
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ACTS - A Common Tracking Toolkit S

used in Key4hep

Track finding

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

7 Track fitting

 new package k4ACTSTracking provides ACTS fitter — —
Architecture
« implemented as GAUDI algorithm < EDMéhepinput Astdsivecter
———[TrackState backend |——PODIO |
« uses DD4hep geometry e 5
first implementation of TrueTrackfinder for CERN ool |
irst implementation of TrueTrackfinder for HTrackbackendem
OpenDetector .
» successfully used for MuonCollider w/ handcrafted tracking [Performance monitoring|-———|  backend interface / contract
geometry | Downstream reconstruction |

P.Gessin%mmgzs%\}

8 - might eventually benefit from this implementation
{fl - expect significant effort to adapt to ILD tracking (w.
Ml TPC - cylinders) and all pattern recognition

» probably more a midterm project ...

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24



AlI/ML in Key4hep FromPhotons toPions  Eew mge fay e

Predominantly
x " governed by EM _
generative ML for fast shower simulation M interactions i
‘|  Photon »  Compact structure v N f ) i
* showers | ;’I »,) ,”
atively easy to [ g H’ b ]
« shower generation with ML offers great potential cenraise Hm,‘;.' ;
O(10e3) for faster and more sustainable . Hadronic and EM S
interactions ' :

simulation in HEP

* Complex structure =
10 Pion x ) """""""""""""" :‘:;
showr=~ * |arae event-tn-event ——
« DESY/UHH QU group studying many generative . .
= Input Sampling — utput

models: (W)GANs, VAE, BIB-AEs, Normalising

, |Post Processor

EC——< ]

. . . X
Flows, Point Cloud Diffusion Models,... @
|| Critic Lritic
KLD
. . . . . . . .
« achieve high fidelity on individual physics Non]— | it
H H H MMD
distributions
visible cell energy [MIPs]
- - - — 1ot 10° 10t 102 10°
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0.30|— 60 degree miiv(Ph.?mm 05/ 60 degree ’ *e‘ ;"“”?xons 100 >0 SEXIC(Z? I?j)g. Photons
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0.25 o dearee :Kie}m\l[,e]v«[wl 04 o Reco Level ) oT Is)\ﬁgl}_l,g{/élld])
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DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24 18



AlI/ML in Key4hep

generative ML for fast shower simulation

« shower generation with ML offers great potential
O(10e3) for faster and more sustainable
simulation in HEP

« DESY/UHH QU group studying many generative
models: (W)GANs, VAE, BIB-AEs, Normalising
Flows, Point Cloud Diffusion Models,...

« achieve high fidelity on individual physics
distributions

» developed DDFastShowerML library in Key4dhep
to transparently call ML inference during full
simulation with DDG4/Geant4

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24

From Photons to Pions

llllll

Predominantly
governed by EM

¢ llayers) o
s 101 2 3 o 5 1 s 202 .
' 4 . -
5 .
“law A I
w :
- o
s
i
=10
' ] ML - - . -

interactions

Energy Angles ECAL Reco
0, ¢ +HCAL

FastShowerModel

outputs

localDir

globalSPs

Hit Maker

+ makeHit (sp: SpacePoint,
track: G4FastTrack)

Yooy o
30 40 50 60 70 80 90 100
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AlI/ML in Key4hep

« shower generation with ML offers great potential
O(10e3) for faster and more sustainable
simulation in HEP

« DESY/UHH QU group studying many generative
models: (W)GANs, VAE, BIB-AEs, Normalising
Flows, Point Cloud Diffusion Models,...

« achieve high fidelity on individual physics
distributions

« developed DDFastShowerML library in Key4hep
to transparently call ML inference during full
simulation with DDG4/Geant4

« allows for realistic benchmarking of ML fastsim
on real physics observables after full
reconstruction

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24
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Al/ML in Key4hep - DSy

generative ML for fast shower simulation

« shower generation with ML offers great potential
O(10e3) for faster and more sustainable
simulation in HEP

I
I
I
I
- DESY/UF :
I
models: (_ :
Flows, P¢: | ‘ S |
e achieve h i ._ n ?:gr’!“".. -P(Zgggétéov;(l)i]tr :
distributio_ D | 1" h o :
g I
I
« develope "B ]
. - EY " . LY ) :
iy L k. -‘ ]
ongoing work: , L
Sl apply CaloClouds diffusion model to CMS HGCal

and use for hadronic showers in ILD Ui
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= o 1L SImuration - unsortea sam pie - 20 Epocns ESY
Al/ML in Key4hep Improvements wrt. LCFIPlus [t ¢°
» Factor (3-9) improvement at ParT from - -
LCFIPIlus without any tuning T Lomeus ~ g
. . ) * Another factor (max 3) improvement by tuning Zsa
« implemented ParticleTransformer flavour tagging for ILD — Optimizing input variables

04 06
Jet Tagging Efficiency
~ILC Simulation - Unsorted Sample - 20 Epochs
100

— Separate embedding for tracks/neutrals

— cvsb
— cvsq c tagging

« achieve dramatically better results than LCFIPIlus

b-tag 80% eff. c-tag 50% eff. °

LCFIPlus
()

Tracks embed

background cjets uds jets |bjets |uds jets =

» observe strange improvement w/ more training data at FCC

+LCFIPlus (BDT) 6.3%| 0.79%| 7.4%| 1.2%[] Neutrals embed
o
- to be Stud|ed ' *ParT (initial) 1.3%| 0.25%| 1.0% Pairs ember(?”

=)

**ParT (improved) 0.48%| 0.14%| 0.86%

+LCFIPlus (BDT) 250 GeV nnqq
*ParT (initial) 91 GeV qq, default settings
**ParT (improved) 250 GeV nnqq, b/c/d separdtidran Suehara et al., ILD Software and Analysis meeting, 2 Oct. 2024, page 7

04 0.6
Jet Tagging Efficiency

« framework (Marlin/Gaudi?) inference work in progress

« started to look into strange tagging

Sample / sample size b-tag 80% eff. |c-tag 50% eff. | SVSd svsd

background cjets |udsjets|bjets |uds jets ; O — :tg vwx tcth avaly . o

ILD full-sim 1M (optimized) 0.48%| 0.14%| 0.86%| 0.34% § 014 = FCCIM § =

FCCee Delphes 1M (reduced) | 0.47%| 0.12%| 0.64%| 0.10% E ) g

FCCee Delphes 1M (full) 0.21%] 0.054%| 0.36%| 0.059% : o ;

FCCee Delphes 4M 0.045%0.025%| 0.20%| 0.033% % 10 :2 ] —
FCCee Delphes 6M 0.014%|0.010%| 0.13%| 0.022% B O T I enth
FCCee Delphes 8M 0.007%| 0.006%| 0.076%| 0.021% Ta T wm e Ta w B T I S

We see mild consistency between ILD and FCC! — — -
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AI/ML in Key4hep

Particle flow with DNN: introduction

Separation of cluster at calorimeter : ‘ ]
- started to develop deep neural networks for particle g iadec ofhieulal clustar

Essential for jet energy resolution
flow - partly based on CMS HGCal Current algorithm: PandoraPFA

— Combination of various process
— Not easy to optimize or adding more info

. ft | . It de sianifi t CMS HGCal clustering
arter early, promising resuits maae signirican _ Similar to ILD calo

progress — Good for starting point

« using GravNet and Object Condensation

PFA: clustering algorithm Ji

+ Input: position/energy/timing of each hit
 Output: virtual coordinate and B for each hit

GravNet arxiv:1902.07987 Object Condensation (loss function)

+ The virtual coordinate (S) is derived L=1L,+sc(Lg+Ly) aXv2002 88

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

Colored by
true clusters

Input features
point of different clusters Real coordinate in detector Colored b
¢ Lg: Pulling up B of the condensation point y

: Colored by true clusters reconstructed clusters |
* L, Regression to output features Taikan Suehara et al., ILD Soft
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T.Suehara

AI/ML in Key4hep

Particle flow with DNN: introduction

« started to develc

Results on efficiency and purity

ﬂOW - partly baS‘ . Pandora LC Algorithms
« using GravN el P ‘@i
GravNet 99.1% 96.5% 99.0% 91.8% 98.9% 97.1% = oy
. after early, prom 10taus/10 taus = =5 n
PandoraPFA 99.3% 94.0% 99.1% 91.8% 94.6% 97.2% = E=-
progress 10 taus
S{:‘/‘J{L‘fgt 94.5% 93.1% 95.2% 94.6% 93.2% 92.4% ==
j':?s“doraPFA 80.2% 90.4% 79.0% 75.0% 90.6% 77.7%

PFA: clustering

* Input: position/energy/timing
 Output: virtual coordinate a

GravNet arXiv:1902.07987

* The virtual coordinate (S) is
from input variables with si

« Convolution using “distance
(bigger convolution with nes

* Concatenate the output wit

PandoraPFA
jets
(ILCSoft truth)

96.7% 95.5% 96.4% 97.1% 90.4% 97.7%

At least in our measure, performance of GravNet-based algorithm exceeds PandoraPFA
- Promising as full PFA (but energy regression to be done)
Definition of MC truth clusters needs to be tuned (see ILCSoft truth)

Taikan Suehara et al., ILD Software and Analysis meeting, 2 Oct. 2024, page 21

Real coordinate in detector

point of different clusters
¢ Lg: Pulling up B of the condensation point
* L, Regression to output features

Colored by
reconstructed clusters i
Taikan Suehara et al., ILD Soft

Colored by true clusters
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Summary and Outlook

e
PLae
®
.

* Key4hep started as a new future collider community wide effort in 2020 to put KeyZhep .
together a modern turnkey software stack ,:.'-—"”";"."-"“-“*-“-%_-..ff_:\
T iLCSoft wartin ",

¢ e

« contributors: CEPC, CLIC, FCC, EIC, ILC, LUXE, Muon Collider ...

.............
-
-
-
-
-
-

MarlinTrk

« iLCSoft and ILD software integral part of Key4hep from the start

» battle proven ILD standard reconstruction can be run in Key4hep w/ RN
MarlinWrapper as before - or w/ EDM4hep output s e e S

S .~ e
S Ttcteencnaeee="
®S, = " Steccccae~
~§
e

* many Al/ML activities ongoing (fast sim and (high level) reconstruction)

[
.,
"
b ConformalTracking
'\ MarlinKinfit
Clupatra
MarllnFastJet Kias A
\ CEDViewer ’
'l
'0

LCFIPlus Pid

o"
-

e DDMarllnPandor;%ﬂ /
Py MarlinReco DD4hep >

« eventually 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

« yet, limiting factor for all software developments: manpower

* need to somewhat balance the work on core tools and novel (Al) algorithms w/ ILD detector

optimisation for FCC ( and ILC)

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24
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pointers to documentation

entry points to Key4hep

Key4hep GitHub Project

« https://github.com/key4hep

 Key4hep main documentation page

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

« Doxygen available., e.g. for EDM4hep

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

« iLCSoft Github Project

« https://github.com/ilcsoft

DESY. Frank Gaede, ILD Meeting 2024, Paris, 08.10.24

# Key4HEP

Call for Logos

Search docs

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

Spack Usage and Further Technical
Topics

Spack workflows for developing
Key4HEP software

Spack Buildcaches

Using the Key4hep-Stack for CLIC
Simulation and Reconstruction

Developing Key4hep
Talks and Presentations
Call for logos

Contributing

# » 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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