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a Introduction

cerll

Circular Electron Positron Collider (CEPC)

The CEPC is a future experiment mainly designed to
precisely measure the Higgs boson’s properties and search
for new physics beyond the Standard Model.

« At 250 GeV: Higgs bosons are produced (4 x 10°)

« At 160 GeV: W bosons are produced (> 10%)

e At90GeV: Zhbosons are produced (> 4 x 1012)
*The Conceptual Design Report (CDR) has been
completed in Oct. 2018. And the Technical Design Report

(TDR) IS now being written.
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ACTS Common Tracking Software
ACTSE— BTSRRI T RN F e,
MK TR eSO ERI TS 6.

ACTS documents: https://acts.readthedocs.io/

TRACCC is one of ACTS R&D projects, providing full chain
demonstrator for track reconstruction on accelerators.

This Contribution

We plan to apply ACTS’ reconstruction tool in the reference
detector of TDR, and to compare its performance with our origin
reconstruction algorithm.

This Contribution will introduce the integration of ACTS &
TRACCC with CEPC software (CEPCSW) environment.

Code working in progress:
https://code.ihep.ac.cn/zhangyz/cepcsw-acts/-
[/tree/master/Reconstruction/InDetActsTracking



https://acts.readthedocs.io/
https://code.ihep.ac.cn/zhangyz/cepcsw-acts/-/tree/master/Reconstruction/InDetActsTracking
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a Introduction

TRACCC & SYCL v CEPC software (CEPCSW) environment
ERSYCLIRSRYRIDERET R, ETRACCCIIEEFF  applications: simulation, reconstruction and analysis

Yzl ﬁ_z__o _ Core software:
SYCL is a high-level C++ programming model. An « framework: Gaudi
uniformed written code can run on a variety of platforms. . getector description tool: DD4hep
* High Portability and Programming Efficiency < « event data model: EDM4hep

_ _ _ _  event data manager: k4FWCore
TRACCC is developing track reconstruction algorithm «  Other CEPC-specific components

using SYCL. Its track finding algorithm is not finished yet.

| Generator |nterface |

CEPC

Category Algorithms CPU CUDA SYCL Alpaka Kokkos  Futhark i | Simulation | Applications
Clusterization CCL / FastSv / etc. i | Reconstruction | | Analysis | i
Measurement creation ':::::::::::::::::::::::::::::::::::::::::::::‘
: | Integration of TRACCC
Seeding Spacepoint formation | GeomSvc I_u |k4FWCcre| | EDM4hep |
s — P— I Imply the seeding algorithm for the
Seedfning 0@ ® & & O O i wesoe - VT X detector based on TRACCC
Track param estimation :| LCIO | ‘ PODIO ‘ | DD4hep | : In the CEPCSW environment
Track finding Combinatorial KF :l e | | rm— | | CLREP | i
LT K :l Boost | ‘ Python | | Cllake | :
Ambiguity resolution Greedy resolver : External Libraries & Tools 1
L______ Luemareiranies e ool 1
M4 exists, work started, (_J: work not started yet

Status of TRACCC CEPCSW structure



G Introduction

Integration of ACTS

Integration of TRACCC

G Geometry:
VXD/SIT/FTD

|

EDM4hep::TrackerHit

Guadi Alg ¢

ACTS Seeding

Track Params
Estimation

ACTS CKF

lOnly CPU device
EDM4hep::Track

94 Geometry:
l Only VXD

EDM4hep::TrackerHit

Guadi Alg l

Traccc Seeding

| CPU+GPU device
EDM4hep::Track

Overview of This Contribution

* Integration of ACTS’ full silicon track reconstruction algorithm &
TRACCC’s seeding algorithm on VTX detector with CEPCSW

Steps:

@® Convert the CEPC geometry to ACTS format
(@ Extend the seeding algorithm for CEPC VTX detector structure
(3 Integration of ACTS & TRACCC with CEPCSW

Integration of ACTS & TRACCC

CEPC VTX: three layers, both sides of which are mounted with silicon

pixel sensors

ACTS & TRACCC: three layers with single-sided silicon pixel sensors

R(mm) |z| (mm) |cosb|

o (pm)

Layer 1
Layer 2
Layer 3
Layer 4
Layer 5
Layer 6

16
18
37
39
58
60

62.5
62.5
125.0
125.0
125.0
125.0

0.97
0.96
0.96
0.95
0.91
0.90

Layout of CEPC VTX detector

WXDCollection.position.y:VXDCollection.postion.x

0 a0 80
VADGalocton psiionx

The X-Y projection of the VTX




CEPC Geometry in ACTS
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CEPC Geometry in ACTS

Geometry Conversion
Convert the CEPC geometry file (in DD4hep format) to tgeo format.

Write the config file to specify the volumes (VXD, SIT, and FTD) that needs to

be generated.

Use ACTS’ tgeo reader to generate csv files.
Write the digitization config file to provide the segmentation information of

each surface.

*Verification: Use Fast ATLAS Track Simulation (FATRAS) & ACTS’

7

r[mm]

CEP

C 4th concept: ACTS volume_id

- 34

17
23
25
26
‘ ‘

digitization tool to produce full simulation information and generate cells.
The correctness of the geometric transformation is verified.

DD4hep::geoConverter

event*-cells.csv

—500

L

z [mm]

Simulation & Digitization A@

\ cells

—

tgeo format {

CEPC_CRD_o1.xml

Y

CEPC_CRD o1.root

VTX config.json

digi_config.json

DD4hep format @

\

ACTS::ActsExampleGeometryTGeo

@

) ®

detectors.csv

ACTS format

@

modules

1000 1500

FATRAS generates hits in z-r plane
VXD + SIT + FTD (layer 0-3)

2000

— TRACCC




a CEPC Geometry in ACTS

Material mapping

NTIRESEEWER, ACTSEEEREAE I Imaterial,
BIRASEZ A Imaterial {5 BRETZ ! tracking geometryAIAREIZRE L.
ACTS’ material mapping includes 3 steps:

@ Create a JSON file:

« configure which surface the material is mapped onto and with which binning.

@ Geant4 simulation:

» collect the material inside the detector from the detailed geometry.

® Mapping:

X0

0.02

o o
[ - ]

Il\ll‘ll\[l TTT

‘alidation/Geantino

R e

IS

« all the steps are projected onto the closest surfaces (or volume) and averaged out
over many events to create a map.

DD4hep

Geant4 simulation

root

CRD o1 vO1.xml

tgeo

y

CRD o1 v01.tgeo.root

json

A 4

@

geant4 material_tracks.root

Acts geometry

json

CRD_o1 v01_config.json

A 4

geometry-map.json

@

Mapping

3 =2 ]

0

1 2 3

Validation of Material Mapping
VXD + SIT + FTD (layer 0-3)

json

v

material.json

©)

mmm) \/alidation



a CEPC Geometry in ACTS

Gid Conversion
CEPCSW & ACTS AR [ERYgeometry id, EIE, 7 EEERIZREX
FRRImodulefS 8., EEHCEPCSWHIcelliddE{t, actsiigid.

VXD CEPCSW cellid:
Layer: {0,1,2,3,4,5} # Indicate 6 layers from inside to outside
Module: { LO: 0-9, L1: 0-9,
L2: 0-10, L3: 0-10,
L4: 0-16, L5: 0-16} # Indicate ladders in the ¢ direction
Sensor: 0
Barrelside: 1 for z > 0 else -1 # one ladders has 2 sensors separated by z

VXD ACTS gid:
Volume: {23}
Boundary: 0

=3
File

VXDCollection position.y

Edit View Opiions Tools
VXDCollection.position.y:VXDCollection.position.x
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VXDCollection.position.x

Generated hits of CEPC VXD by Geant4

1000

r [mm]

Layer: {2, 4, 6} # adjacent layers are too close, so being treated as the same layers

Approach: 0
Sensitive: {L2: 1-40, L4: 1-44, L6:1-68}

The sensitive counts from z>0 to z<0, then counts in ¢ direction (the order is same to

CEPC), and then counts from inner to outer layers.

800 4

600 A

400 A

2001

CEPC 4th concept: ACTS volume_id
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ACTS volume ids of VXD + SIT + FTD



a CEPC Geometry in ACTS

Gid Conversion
In CEPCSW, the outermost layer of SIT is considered in drift chamber.
We now only consider the inner 3 layers.

SIT CEPCSW cellid:
Layer: {0,1,2} # Indicate 3 layers from inside to outside
Module: {LO: 0-14, L1: 0-27, L2: 0-39} # Indicate ladders in the ¢ direction

Sensor: {LO: 0-9, L1: 0-14, L2:0-21} } # Indicate sensors in the z direction
Barrelside: O

SIT ACTS gid:

volume: {25, 28, 31} # Indicate 3 layers from inside to outside
Boundary: 0

Layer: 2

Approach: 0

Sensitive: {vol25: 1-150, vol28: 1-420, vol31:1-880}

The sensitive counts in z direction (range z from large to small), then counts in ¢
direction (the order is same to CEPC), and then counts from inner to outer layers.

—
SITCallection. position.y

<]
File

Edit View Options Tools Help

10

SITCollection.position.y:SITCollection.position.x

600 -400 -200 0 200 400 600
SITCollection.position.x

r [mm]

1000
CEPC 4th concept: ACTS volume_id
. 2 = 28
e 7 29
800 A = 12 « 31
e  _ ]} }>~|
« 17 s 32
= 23 = 34
25 35
600 26
400 1
200 1
0 T
—-2000 —1500 —1000 —500 1000 1500 2000

Generated hits of CEPC SIT by Geant4

z[mm]

ACTS volume ids of VXD + SIT + FTD
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a CEPC Geometry in ACTS

barrel_sign = (m_barrelside == 1) ? 3 &8 acts_volume = SIT_acts_volume_ids[m_layer];
acts_volume = VXD_acts_volume_id; acts_boundary = @;

acts_boundary = 0;
acts_layer = 2 * (m_layer >> 1) + 2;
acts_approach = 0;

acts_layer = 2;
acts_approach = @;
acts_sensitive = SIT_NumOfSensors_per_module[m_layer] * m_module

acts_sensitive = VXD_NumOfSensors_per_layer[m_layer >> 1] * (m_layer & 1)
+ m_sensor + 1;

+ 2 * m_module + barrel_sign;

Acts: :GeometryIdentifier moduleGeoId; Acts::GeometryIdentifier moduleGeold;
moduleGeoId.setVolume(acts_volume); moduleGeoId.setVolume(acts_volume);
moduleGeoId.setBoundary(acts_boundary); moduleGeoId.setBoundary(acts_boundary);
moduleGeold.setLayer(acts_layer); moduleGeoId.setLayer(acts_layer);
mOdHIEGEOId'SEtAppP?a?h‘ ‘-"Cts—appm?ch:';_ moduleGeoId.setApproach(acts_approach);
moduleGeoId.setSensitive(acts_sensitive); e Ee ) S e e act; e -

Converter for VXD gid Converter for SIT gid

Validation of Gid Conversion simcellid = simhit.getCellID();

Acts::GeometryIdentifier moduleGeoId = getVTXGid(simcellid);

1. We get the global & local position of EDM4hep::TrackerHit. Acts::Vector2 local_position{loce, loci};

2- lee the Iocal pOSition & ConvertEd Gid to ACtssurface1 if globa? :g:::;: : ::i:‘:zZfiz::::igﬁ;z;:i?;:zsg:‘l(::::flig:ca,ii;;utmn, EAGLENET N N
the gid conversion is correct, Acts::Surface can get the RO N L R ok RS DS g ey . IS
correct global position. << sinhit.getPosition()[2]

debug() << "converted acts position(x,y,z): " << global_postion[@] << ", "

woom
3

<< global_postion[1] <<
<< global_postion[2] << endmsg;

The conversion has been validated.
Code to check Gid Conversion



Outline

Seeding algorithm for CEPC
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Seeding algorithm

6-layers seeds finding

2 methods of modify the TRACCC
algorithm to be suitable for 6-layers
CEPC geometry.

1. Triplets Finding:

Before seeding, treating adjacent
layers as one layer, and considering
nearby space-points in two layers as
one-space point.

2. Seed Formation:

After seeding, combine the found
triplets that sharing the same space-
points into a “big” seed.

We have implied Seed Formation in
TRACCC.

for CEPC

Triplets Finding

® Hit

—— Connection between two hits

L6

 J

L5

L4

L3

L2

L1

z

r

13

® Hit
—— Found seeds

® Hit

\

L5&6

L3&4

..

L1&2

Seed Formation

@ Hit
—— Found triplets

L6

L5

L4

L3

L2

L1

r

® Hit
—— Found triplets
seed

L6

L5

L4

L3

L2

L1




m | mi 14
e Seeding algorithm for CEPC | bottom | middle | top _

1 3 5
‘[ @ hit In GPU lowestd, 1 3 6
— Found triplets
© Paralleling middle sp 1 3 7
- 5 L6 | Example: 5 3 5
3 L5 | Paralleling for hit3 (3

2 3 6
4 L 2 3 7

3 L3

- L1 1 2 3 3 5 6
0 z 1.radius() < 2.radius() 5.radius() < 6.radius()

6-layers seeds finding: Seed Formation steps in GPU

For each middle space point in parallel:

1. pick the triplet with the lowest impact params (d,) among all the triplets where the middle sp is located
2. find the bottom sp & top sp that are closest to the bottom sp & top sp of the current triplet

3. forma new seed of 5 points and sort them according to their radius (distance to the origin of coordinates)



r

e Seeding algorithm for CEPC  InCPU

® Hit
— Found triplets
© middle sp

L2
L1

6-layers seeds finding: Seed Formation step in CPU
Iterate through all new 5-points seeds:

15

For hit 3 (p

1 2 3 3 5 6

For hit4 (p +

1 2 4 4 5 6

1 2 3 4 5 6

{3, 4}
3.radius() < 4.radius()

if two seeds have the same bottom sp & top sp, merge both into hexaplets (6-layers seeds)



Outline

° Integration of TRACCC with CEPCSW

16



a Integration of TRACCC with CEPCSW

Package the seeding algorithm

Copy?

ﬁ\ EDM4hep::
J i’ SimTrackerHit

TRACCC

package

Write a wrapper to wrap the seeding functions that CEPCSW needed.
Calling the TRACCC package in CEPCSW alg.
Pull request: https://github.com/cepc/CEPCSW/pull/270

Avoid the overhead from data copy

We want TRACCC be able to use the hits data simulated by G4 directly !!
EDM4hep and *\VecMem may use the same memory.

17

EDM4hep::
Track

traccc:wrapper

* TRACCC uses VecMem as the
vectorised data model across multiple
device types.


https://github.com/cepc/CEPCSW/pull/270

18
Integration of TRACCC with CEPCSW

Old CPU context GPU context

EDMd4hep VECMEM

Modify the EDM4hep
We want EDM4hep & VecMem use the same storage format Seea g
(std::pmr::vector), 0 — — o

SO TRACCC Can directly use the hit data With no da‘[a-copy_ std:vector<TrackData> vecmem:vector vecmem::device_vector

CPU context GPU context
EDMd4hep
Modify the data storage format of PODIO -
EDM4hep is generated by PODIO, - T r—
SO We modify the Datacontainer Of PODIO: std:zpmr. vectur<TrackDa; vecmem::device_vector
Add Collection layer interfaces:
1n User Layer std: :pmr::vector<{{ class.bare_type }}Data> data()
Hit
; Add CollectionData layer interfaces:
— Object Layer {{ class.bare_type }}DataContainer getdata();
HitObject
. Modify the DataContainer storage format (vector - pmr::vector)

HitDat POD Layer using {{ class.bare_type }}ObjPointerContainer = std::deque<{{ class.bare_type }}0bj*>;
ItData

using {{ class.bare_type }}DataContainer = std::pmr::vector<{{ class.bare_type }}Data>;

Layout of the PODIO storage format
We add interfaces to get pmr::vector directly.



Integration of TRACCC with CEPCSW

Customized EDM4hep data collection

- Define a data collection whose member is totally the Author: Y

same with the EDM of TRACCC

» So we can directly use edm4hep::ACTSCells as the input

of TRACCC.

Verification

Members

- uint32_t channel®
- uint32 t channell
- float activation
- float time

- uint32 t module link

19

annel@
annell
tivation

' e link

edm4hep.yaml

* Now TRACCC can directly read the simulated hits from Geant4

which is stored in EDM4hep format.
* No non-essential data-copy occurs.

In CEPCSW alg

In TRACCC alg

Running Seeding on device: Quadro RTX 8000
Initializing ...
EventlLoopMgr
EventlLoopMgr
ApplicationMgr
ApplicationMgr
TracccRun
TracccRun

WARNING Unable to locate service "EventSelec

cation Manager Initialized s
plication Manager Started su
gin execute TracccRun
ading hits from csv
ize of the csv's cells vector: 199547
eating edmdhep:: ACTSCellsCollection
e address of the cells vector: 3963cfo
INFO the size of the cells vector: 199547
INFO running traccc
ress of the cells vector: 3963cf@
cells vector: 199547

terization (sycl) 5 ms
Seeding (sycl) 4 ms
Track params (sycl) 0
wall time 11
INFO event O s 5

TracccRun

Running in CEPCSW

ents will be processed from input.

* The address of pmr::vector
does not changed.
* No data copy occurs.



9 Integration of TRACCC with CEPCSW

Geant4 simulation (1 event, 50 tracks) TRACCC reconstruction

NS

Verification of the seeding algorithm
Simulated mu- of 100 Gev in Geant4, and reconstructed in TRACCC
*The and red parts of the simulation do not have hits in the outermost layers (layer 4/5)

*The blue part G4 produced secondary particles (e-). tracks are found correctly!

20



T 21
Integration of TRACCC with CEPCSW track efficiency with ©

120.00%
99.75% 99.97%100.00%99.98% 99.98% 99.98% 99.90% 99.72%

; L. R __ 100.00% - * - - - -
Seeding efficiency evaluation g
oy 80.00%
- . . c
Particle: mu-  Energy: 5 Gev 2 oow
) do fit result: mean = 00001, std = 0.0162 20 fit result: mean = 00001, std = 0.0210 % 38.85% 3801%
q/p fit result: mean = -0.0002, std = 0.0253 200  rtted Gaussan % 40.00%
175 s - Histogram g
e " 20.00%
s g z 0.00; 00%
- 2o H 0.00%
§ . 3 El 7.5° 22.5° 37.5° 525 675 825 9757 1125° 127.5° 1425° 157.5° 172.5°
E s tw g
5 B 8
; Track efficiency with 0
- Nrec track
o R o o om_sw oo oo ot oF track ef f = ——=25
e theta Fit results: mu = -0.0000, std = 0.0001 phi Fit results: mu = 0.0000, std = 0.0008 . Nto'tal tracks
- . Material effects track efficiency at low 6 angle.
gzmn gm .
i H time cost of GPU & CPU
- ~ 14000 L1054 11578 11875

= 12000 opar 9727 10250 10493
Y -—onnns :‘n:«):n 0.0005 0.0010 Ly ram—" ﬂ:u-uz ul;?u 0.002 0004 0.006 10000 7W
Difference between rec and sim track param 8000

E
Track parameters include qoverp, d0, z0, theta, phi E jzz e 2600 2018 3591
Computing evaluation of TRACCC seeding L -~
- - 0
Run TRACCC In heterogeneous device: 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

number of tracks

* CPU: Intel(R) Xeon(R) Silver 4214 CPU @ 2.20GHz
* GPU: NVIDIA Corporation TU102GL [Quadro RTX 8000] —eGPUwalltime | —e—CPU vl dme



° Integration of ACTS with CEPCSW

GaudiAlgorithm:initialize()

TGeo root file

Get Acts::TrackingGeometry

TGeo config file

|

JA\

Seeding Alg

dGaudiAIgorithm::execute()

material map file

~——

P
«

Track Params Estimation

'
!

e > CKF

.

InitialTrackParameters

Track & Track State

SpacePoints

Gid

| SourcelLinks

"~ Measurements

GaudiAlgorithm::finalize()

conversjen

Global 3D position
& Variance in Rho & Z

EDM4hep::
TrackerHit

Local 2D position
& Variance in locO & loc1

22

Gaudi Algorithm View
Initialize: read the CEPC geometry,
get the Acts::TrackingGeometry.

Execute: read the EDM4hep::
TrackerHit of current event,
generate SpacePoints &
measurements, and store the
connection between ModuleGid &
meas idx into SourcelLinks.

Follow the Acts::Example, we

write the Seeding Alg & Track
Params Estimation & CKF using
Acts tools.

And finally get the track & track
state stored in Acts:: TrackContainer.

SpacePoints follows ActsExamples::SimSpacePoint
SourcelLinks follows ActsExamples::IndexSourceLink
Measurements directly use Acts::BoundVariantMeasurement



a Integration of ACTS with CEPCSW

ACTS tracking efficiency evaluation
Particle: mu-

Energy: 1:100Gev

phi-t_phi

23

Tracking efficiency

1

i it H "\--ﬂ'jf\ﬁ\ WHHHHWAMH ] }HH‘

2
2
L
jim}
0.99|
088 |
— 1
097 ‘
0.96—

Distribution of Ap & A0

100
T [GeV/c]

Tracking efficiency with ® & pT



Summary & future work 24

Application of TRACCC seeding to the CEPC vertex detector

Summary

» Implement the CEPC detector geometry in ACTS format

The TRACCC has been successfully applied for GPU-based seeding for CEPC vertex detector
Update the TRACCC algorithm to be suitable for 6-layers CEPC geometry

Use one common memory for both EDM4hep and VecMem to avoid the overhead from data copy
Integrate the ACTS & TRACCC in CEPCSW

vV V VYV V

Future work
» Further analysis of seeding efficiency & computing performance
» Comparison between ACTS reconstruction & origin reconstruction algorithm.
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a CEPC Geometry in ACTS

Adapt cuts of the parameters

« TRACCC use some parameters to determine whether the space
points can form a triplet. The cuts for some of the parameters are
adapted to CEPC pixel geometry.

Modify the EDM

Add “track 1d” to the EDM of cells, so we can trace back from the
found seeds to origin tracks:

* Seed - space point = cluster - cell

*for the evaluation of track efficiency.

27

if (deltaCotTheta2 - error2 > @

deltaCotTheta = std::abs(deltaCotTheta);
error = std::sqrt(error2);
dCotThetaMinusError2 = deltaCotTheta2 + error2 -
<scalar>(2.) * deltaCotTheta * error
if (dCotThetaMinusError2 > scatteringInRegion2) {
return

}

triplet_finding_helper::isCompatible

cell {
channel_id channel® = @;
channel_id channell = @;
scalar activation = @.;
scalar time = @.;

using link_type = cell_module_collection_types::view::size_type;
link_type module_link;

track_id = @;

Add track id to EDM of TRACCC
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Integration of ACTS with CEPCSW cellid = hit.getCellIn();

sit_decoder->get(cellid, "y") * grid_size;

acts_locB =
acts_locl = sit_decoder->get(cellid * pgrid_size;

Get local position from EDM4hep

std::array<Acts: :BoundIndic

EDM4hep:: TrackerHit do not directly provide the local el e
position . measurements.emplace_back (Acts: :Measurement<Acts:

We set the segmentations in the cellid to get the local position. Get and store the local position in measurement

The grid size of both VTX & SIT is set to 25um.
VXD

Module size (x-y x z direction)
Layer O, 1:
type="CartesianGridXY" grid_size_ x="25*um" grid_size_y="25*um" 1TmMm*62.5mm
system:5,side:-2,layer:9,module:8,sensor:8,barrelside:-2,x:-11,y:-14 880 * 5000 (25um/b|n)
Layer 2, 3, 4, 5:
22mm*125mm
880 * 5000 (25um/bin)

name="VXDCollection"

name="SITCollection" S|T

type="CartesianGridYZ" grid_size_y="25*um" grid_size_z="25*um" Module size (X'y X Z direCtion)
system:5,side:-2,layer:9,module:8,sensor:8,barrelside:-2,y:-13,z:-13 Layer O, 1, 2:
97.55mm*91.85mm
3902 * 3674 (25um/bin)




