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Introduction ©) AIDA (i @

m Linear collider community has used and
developed common software for many years

» Event data model: LCIO [1, 2] | EventDataModel: LCIO
> Particle flow reconstruction: PANDORAPFA [3] (7Y (/ N [/ 5" \"

m Adopted DD4HEP geometry description to \ /\ \
develop more common software based on the Generator| ||Simulation Recon- Analysis
DD4HEeP geometry information s oo pyon sthucticn | e

i \ A D\g\lllaucn Fleafw:'fa‘ef';

m Needs to be usable at least by all linear collider £ e

detector collaborations
» Interface generic reconstruction packages via [ Detector Geometry: Icgeo (DD4hep)

thin wrappers to linear collider framework
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DD4HEP Geometry Framework

DD4HEP is the single source of geometry
information for simulation, reconstruction, analysis

m Avoid duplicate implementation of geometry for
different purpose or inconsistencies are almost
certain

Further information:
m Presentation on Detector Simulation with DD4hep
m DD4hep framework [4]
m DDG4: The DD4HEP gateway to Geant4 [5]

xml) |

CoraET  (Demsar——— [ Generic Detector e —
ompact [ Detector | inti
description H constructors H Description Model H Conditions DB

@ AIDA” @D &)

Chat Based on ROOT TGeo

python ) o+t ) I

S Alignment /
‘ gies«:’lgtry %Rcanhmion
P

Extensions | GDML ‘ TGeo =>G4 H Reconstruclion\H/ Analysis V
where (:onvenerxmI \ N JI§
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Geometry Tree

In DD4HEP detectors are a tree of DetElements

m A DetElement is a sub-detector or a significant
part of a sub-detector
m DetElement points to placed logical volumes

m Extensions can be attached to DetElements to
provide additional views of the geometry
information

@ apa” @ ©)

" Subdetector

{ Alignment

Hierarchy (Tree)

-1 Conditions Subdetector
DetectorElement fsyatus
(conditions)

chidren 0.n pro—

0.1

0.1 Visualization

volume: 1 visatir: 0...1

PlacedVolume
[TGeoNode]

transform: 1

[TGeoMatrix]

LogicalVolume

Shape
[TGeoShape]

Geometry [ [TGeoBox] ][ [TGeoCone] ][ [TGeoTube] ]

A. Sailer et al.: DD4hep Based Event Reconstruction 411


mailto:andre.philippe.sailer@cern.ch?subject=DD4hep Based Event Reconstruction
http://lcd.web.cern.ch
http://cern.ch
http://ilcdirac.cern.ch
http://ilcdirac.cern.ch

Detector XML Example © AIDA @ @

m XML structure to set parameters for detectors I
m C++ driver to interpret XML parameters and create ="GenericCalBarrel_ol_v01"
o —VECE™
DetElements and Volumes <dimensions
> Define sensitive parts (attached with SensitiveDetector) e poatBarTel symmery
. . . = a arrel_lnner_radius
and radiator, which has to be known for reconstruction —"ECalBarrel_half_length*2" />
purposes <layer ="25" >
o . . li ="Tungsten"
m Attach sensitive detector readout, defined elsewhere in <sthiee iy,
XML iyest />
<readout ="ECB'"> <slice =i€(1)r;5*mm" />
<segmentation ="CartesianGridXy" <slice —:Siiicon“
="ECal_cell_size" __"o 50*mm"
="ECal_cell_size" /> —iyes" />
<id>...x:82:—16,y:—16 </id> </layer> =y
</readout> </detector>
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DDREC: High Level Information

High level view onto the detectors through DDREC
DataStructures extensions for DetElements o

+rmax
+zmin

m C++ driver fills DDREC DataStructures vzmax

m Dimensions, positions, parameters for
layers,...

m Reconstruction accesses information from
DataStructures. Decouples detector
implementation from reconstruction
algorithms

@ AIDA” @D ©)

LayouiType vector< Layer >

outer_symmetry
Mem \amew%avevs inner_symmetry nnahep::nng‘ec::‘LaLyeyed(:alurimener
ruct: Layer

DD4hep: DD Rec:LayeredCalorimeter

+ extent
+ outer_symmetry
+ inner_symmetry
+ phio

int

+distance.

+ thickness
+ absorbeThickness
+cellSized
+celiSize1

m Detector drivers responsible to fill and attach

Data Structure

Detector Type

appropriate DataStructures to sub-detectors Song SESIpROUPALR
FixedPadSizeTPCData
DataStructures contain sufficient information to LayeredCalorimeterData
. . . . ZPlanarData
provide geometry information to particle flow ZDiskPetalsData

Cones and Tubes
Cylindrical TPC
Sandwich Calorimeters
Planar Silicon Trackers
Forward Silicon Trackers

clustering via PANDORAPFA
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Geometry for Track Reconstruction
Information needed for track reconstruction

m measurement directions of hits
m local-to-global coordinate transforms
m material properties

DD4HEP surfaces provide this information

m Surfaces can automatically added (plugin) or
explicitly in the driver
<plugin name="DD4hep_GenericSurfaceInstallerPlugin'>
<argument value="TrackDet"/>
<argument value="dimension=2"/>
<argument value="u_x=-1."/>
<argument value="v_y=-1."/>
<argument value="n_z=1."/>
</plugin>
> Plugin loops over all DetElements of given
sub-detector and adds surfaces for sensitive
elements
» Configure surface type and direction in volume

m Surfaces automatically average materials
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Track Reconstruction . Ci‘.) AIDA ﬂb @

Track reconstruction for linear collider software Cupata | — (_ WarbnkaiTest
becoming more framework independent by using ronerlieeiy) — | (e R oor
DD4HEP surfaces -

—

m Pattern recognition/track finding algorithms

» From detector specific: Clupatra for TPC;
mini-vector for vertex detector double layers (ConformalTracking >

> to geometry agnostic: pattern recognition in
conformal space

m Track fitting, fairly generic: DDKALTEST,
AIDATT

m Geometry: Interfaced via DDREC and Surfaces
DDKALTEST using DD4HEP surfaces for track fitting ~ _ow

CelisAutomatonMV| >

g 0.03
T 00E
m If detector is described in DD4HEP track RS
reconstruction will run on it e RPN
003 J Mo\
R 002 0 002 0.04

u (l/mm;
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Particle Flow Reconstruction @ AIDA” €D @

PANDORAPFA: generic toolkit for pattern recognition
algorithms in highly granular calorimeters
m Originally developed for ILC/CLIC detectors

|
m Extended to work in LAr-TPC reconstruction for i | s | oo
the DUNE neutrino experiment 4 ! o,
Pandora Client Application L
m Some functionality for coarse calorimeters | R P
exists as well i — o
B B . i WO/Marlin  siD/org.csim | el of | cluster
ClientApplication: DDMARLINPANDORA glues linear ) ! T— o o
collider framework (Marlin), DD4HEP, and pandrs contene s
PANDORAPFA ::;:::':::::; | swmuuf%":‘é;i;gﬁglmm
2
i I . . . |
m Passes DDREC ];)ataStr.uctures information, Client Application | Framework
tracks, and calorimeter hits to PANDORAPFA
m Converts PANDORAPFA objects into LC EDM
objects
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Reconstructed Events B @ AIDA™ Q!b

Two events in different detectors simulated and reconstructed with previously described tracking and
particle flow clustering

CLIC detector, silicon tracking: Z to two jets

ILD detector, TPC and silicon tracking: t t
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Summary @) AIDA () DN

The DD4HEP detector description tool-kit offers a flexible and easy to use solution for the
consistent and complete description of particle physics detectors in one single system.

m No need to define separate geometry for reconstruction, no duplication of effort, fewer bugs

m Generic reconstruction packages with no framework dependency: tracking toolkit (aidaTT), particle
flow reconstruction (PANDORAPFA)

If the detector is described via DD4HEP, reconstruction comes almost for free
m Used by CLIC, ILD, SiD for simulation and reconstruction

m Only need a thin wrapper between experiment framework and geometry on one side and
reconstruction package on the other

m Well suited for detector optimisation studies at other future accelerators
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