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0 Introduction

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%)

« At90GeV: Zbosonsare produced (> 4 x 1012)
*The conceptual design report (CDR) has been completed
in Oct. 2018. My work is all based on the design of CDR.

=

Schematic view of CEPC vertex detector
Only the silicon sensor sensitive region (in orange) is depicted.
The vertex detector surrounds the beam pipe (in red).
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CEPC vertex detector

The VerTeX detector (VTX) is the innermost tracker playing a

dominant role in determining the vertices of a collision event.

The baseline layout of the CEPC vertex detector consists of

three concentric cylindrical double-sided layers of high spatial

resolution silicon pixel sensors, providing six precise space-
points to measure charged particles traversing the detector.
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Layout of the CEPC baseline tracker
The VTX is located closest to the interaction point.
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Introduction \ grg;&@,
TRACCC o CEPC software (CEPCSW) environment
TRACCC is one of the R&D lines aiming for Applications: simulation, reconstruction and analysis
developing the demonstrator for a full tracking chain Core software:
for accelerators within the ACTS project. e framework: Gaudi
Category Algorithms CPU CUDA SYCL Alpaka Kokkos Futhark ® detECtOI' dGSCprtiOﬂ tOOI DD4hep
Clusterization CCL / FastSv / etc. o event data mOdEI EDM4hep
Measurement creation ° event data manager k4FWCOre
Seeding Spacepoint formation

*  Other CEPC-specific components
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a

Spacepoint binning

External Libraries & Tools

Seed finding | Generatar Interface | ;
CEPC 1
Track param estimation Simulation | Applications |
Track finding Combinatorial KF ‘ | Reconstruction | | Analysis | i
Track fitting KF I::::::::::::::::::::::::::::::::7_7_:7_7_‘
R This Contribution
Ambiguity resolution = Greedy resolver ;| GeomSve I_u |k4FWCure| | EDM4hep | .
| - Imply the seeding algorithm for the
4 exists, © :work started, [ ): work not started yet i | Gaudi framework ;
e e VT X detector based on TRACCC
Status of TRACCC [ o] [_rooo_] [ ooene | in the CEPCSW environment
[ roor | [ Gean |[ cirEr |1
I I
:l Boost | ‘ Python | | CWake | :
\ I
I

CEPCSW structure



. R(mm) |z| (mm) |cos#| o(pm) 5
I nt rOd u Ct' on Layer1 16 625 097 28
Layer 2 18 62.5 0.96
Layer 3 37 125.0 0.96
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Overview of This Contribution i
Imply the seeding algorithm for the VTX detector based Layer6 60 1250 090 4
on TRACCC in the CEPCSW environment. Layout of CEPC VTX detector

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

@® Convert the CEPC VTX geometry to ACTS format with silicon pixel sensors

@ Extend the seeding algorithm for CEPC VTX —

detector_ structure _ TRACCC: three layers with single-sided silicon pixel sensors
(® Integration of TRACCC with CEPCSW
DD4h ep ACTS format VXDCollection.position.y:VXDCollection.position.x
CEPC VTX geo * N
CEPCSW | ® s \\
> N\ )
EDM4hep:: i . | EDM4hep:: . i
simTrackerHit || €Xtended seeding alg | Track " analysis _// /
® L - . ///

40 60
VXDCallection.pasition.x

The X-Y projection of the VTX

TRACCC seeding alg
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a CEPC Geometry in ACTS

Implementation of CEPC VTX geometry in ACTS format

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

Write the VT X config file to specify the volumes that needs to be generated.
Use ACTS’ tgeo reader to generate CEPC VTX detector geometry in csv format.
Write the digitization config file to provide the segmentation information of
each surface.

*Verification: Use Fast ATLAS Track Simulation (FATRAS) & ACTS’ @ L e
digitization tool to produce full simulation information and generate cells. CEF\),Sri—tan S—;;Q:;%gson
The correctness of the geometric transformation is verified.

© OO

1 @
CEPC_digi_config.json

event*-cells.csv \
Simulation & Digitization A@ cells —
DD4hep::geoConverter | tgeo format { \
CEPC_CRD_o1.xml » CEPC_CRD_of1.root VTX_config.json | | digi_config.json ~—  TRACCC

DD4hep format @ \ } @ @

ACTS::ActsExampleGeometryTGeo I@

modules |

detectors.csv
ACTS format




Details of Geometry conversion 8

a CEPC Geometry in ACTS

1e kVolumeMask = Oxff00000000000000;

D|fferent geometry |d A 7 value_t k_volume_mask = @xfff000e000000000;
ACTS & TRACCC a're USing different geomEtry id: FA‘ kLayerMask ; 6»‘.8(’5(7#31:F(BBE?BG;O@G; .v G il
* ACTS use lower 0-27 digit to store the surface id il GU e  value_t k_index_mask = 0x@00OFFFFFFFFFFO0;
«  TRACCC use lower 8-47 digit to store the surface id (Sensitivetiask = 0x000O0BOOFFFTF; value_t k_extra_nask = 0x00060060060000°f;
Therefore, the geometry id of the ACTS’ geometries has geometry |d of ACTS geometry id of TRACCC

been modified. (Acts::Geometryldentifier) (detray::geometry::barcode)

if (deltaCotTheta2 - error2 > @

Adapt cuts of the parameters B e
«  TRACCC use some parameters to determine whether the space T Sl ¢ setsits e
. . i CotThetaMinusError2 > scatteringInRegion2
points can form a triplet. The cuts for some of the parameters are | e

adapted to CEPC pixel geometry.

triplet_finding_helper::isCompatible

MOdIfy the EDM chai:i_id channele = @;

Add “track id” to the EDM of cells, so we can trace back from the e e

found seeds to origin tracks: scalar time = @.;

* Seed -> space point = cluster - cell using link_type = cell module_collection types::view::size_

*for the evaluation of track efficiency. Hnlfpe modute_tinc

track_id = 8;

Add track id to EDM of TRACCC
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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
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® 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
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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:

12

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)
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° Integration of TRACCC with CEPCSW
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9 Integration of TRACCC with CEPCSW

Two steps of the integration
» Use CEPCSW's Geant4 simulation as the input to be reconstructed in TRACCC.
» Package the extended seeding algorithm, and calling them in CEPCSW.

DD4hep format

G4

Convert gid?

CEPCSW

CEPC _CRD_o1.xml

h 4

Edm4hep::SimTrackerHit

ACTS convert

CEPC_digi_config.json

/

\

» detectors.csv

\ 4

cells

14

TRACCC

>

modules

Layout of the deployment

The hits generated by the CEPCSW simulation are
converted to the EDM of TRACCC before being reconstructed.




9 Integration of TRACCC with CEPCSW

Modify module order for Gid conversion

Each ladder is split into two parts based on z < 0 or z > 0.

* In CEPCSW: barrelside = 1 for z > 0, barrelside =-1 for z < 0
* InACTS: Odd #module for z > 0, Even #module for z < 0

2 0

0 10 +1 2

1 10 +1 4 20

2 1 +1 6 22

3 1 +1 8 22

4 17 +1 10 34

5 17 +1 12 34
Modules in CEPCSW Modules in ACTS

Adjust the local coordinates
» Geant4's local coordinates originate at the Centre of the module
« ACTS at the bottom-left corner of the module

tation

tem:5,s1de:

-2,layer:9,module:8,sensor:8,barrelside:-2,x:-11,y:-14<, ::.=-

Modified the cell id of G4 simulated hits
for getting the local coordinates
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9 Integration of TRACCC with CEPCSW

Geant4 simulation (1 event, 50 tracks) TRACCC reconstruction

W=
N

60 4 -60

Verification of Geometry Conversio
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-).

Modules are found correctly!



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
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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.



a Integration of TRACCC with CEPCSW

Seeding efficiency evaluation

Geant4 simulated 50,000 tracks (50 tracks per event * 1,000 events)
Particle: mu- Energy: 5 Gev

A seed is “good” IFF all the space-points have the same track id.

track efficiency (%)

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

25,000 24,401

5 1,858 1,635 209 7 ’/’/,,,,»” 7

4 7864 7,851 8 5 0
3 5 5 0 / 0
sum 34727  33,892(97.60%) 710 106 3 16(0.01%)

10,889 (21.78%) seeds are not reconstructible:

» missing hits on one of the ladders

« secondary particles generated

4,384 (8.77%) seeds are not reconstructed by TRACCC

Computing evaluation of TRACCC seeding

Run TRACCC in heterogeneous device:

* CPU: Intel(R) Xeon(R) Silver 4214 CPU @ 2.20GHz

* GPU: NVIDIA Corporation TU102GL [Quadro RTX 8000]

time (ms)

track efficiency with ©

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

20

38.85% 3401%

7.5° 225 37.5° 525 67.5° 825 975 1125° 127.5° 142.5° 1575°

-]
Track efficiency with 6

track eff _ Nrec tracks
Ntotal tracks

Material effects track efficiency at low 6 angle.

time cost of GPU & CPU

14000 11054 11578 11875
12000 7 10250 10493

972
9241
8627
10000 7g54 8162
8000
6000

3594
4000 1 2694 3014

236
1471 1847 2004
1060
2000 SW‘/‘
0

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
number of tracks

==@=GPU wall time CPU wall time

172.5°
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Integration of TRACCC with CEPCSW

Parameter Estimation

The param estimation of TRACCC is aimed to estimate 3 space-points seed.

The modified method for 6 sp seed is based on V. Karimaki NIM A305 (1991) 187-191.
https://doi.org/10.1016/0168-9002(91)90533-V

q/p fit result: mean = -0.0002, std = 0.0253 d0 fit result: mean = 0.0001, std = 0.0162 20 fit result: mean = 0.0001, std = 0.0210
175 00 —— Fitted Gaussian
= Histogram
15.0
125
g 3
Z 5
Z 100 s s
H 2 z
3 3
E 75 = 2
[ A
& &
5.0
2.5
00~ 0+ 0.0+
—0.05 0.00 . 010 006  -0.04  -002 0.00 0.02 0.04 0.06 -0.08 -006 -0.04 -0.02 000 002 004 006 008
Ag/p (1/Gev) AdO (mm) Az0 (mm)
theta Fit results: mu = -0.0000, std = 0.0001 phi Fit results: mu = 0.0000, std = 0.0008
3500 500 4
3000
400
2500
z g
§ 2000 § 1
z g
‘g 1500 E
2004
1000
100 4
500
0+ 04
—0.0010 ~0.0005 0.0000 0.0005 0.0010 —0.006  -0.004 —0.002 0000 0.002 0.004 0.006

Difference between reconstruction and simulation (rec - sim) track param
Track parameters include goverp, d0, z0, theta, phi
Particle: mu-  Energy: 5 Gev


https://doi.org/10.1016/0168-9002(91)90533-V

Summary & future work 22

Application of TRACCC seeding to the CEPC vertex detector

Summary

Implement the CEPC pixel detector geometry (both 3-layers & 6-layers) 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

Convert the G4 simulation hits to ACTS format as the input of TRACCC

Use one common memory for both EDM4hep and VecMem to avoid the overhead from data copy
Deploy the TRACCC as a plugin to CEPCSW

VV VYV V VY

Future work
» Further analysis of seeding efficiency & computing performance
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