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Detector

<+ The CEPC experiment mainly

M M : Advantage: Cost efficient, high density Solenoid Magnet (3T /2T )
aims to precisely measure the — EIEI | s vomt oo nen cor Betwoen HOAL & ECAL
. massive production. Advantage: the HCAL absorb: " it
prope rty of the Hi ggs boson. ._ : o o

Challenges: thin enough not to affect the jet
< Physics requirements: high track

efficiency (~100%), momentum
resolution (<0.1%), PID (2 p/K

Advantage: better 1%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

separation at P < ~ 20 GeV/¢),
etc.

A Drift chamber
\ : \ | that is optimized for PID
i i

Advantage: Work at high luminosity Z runs

\ \ Challenges: sufficient PID power; thin
enough not to affect the moment resolution.

Muon+Yoke  Si Tracker Si Vertex

< For the 4th conceptual detector, silicon detector and drift
chamber (DC) are designed to provide both tracking and PID for
charged particles.

< Both detector design and physics potential studies needs strong
support of simulation and reconstruction software.



Drift Chamber

** The baseline configuration of DC in CEPCSW

Half length 2980 mm ol
T
Inner and outer radius 800mm to 1800 mm % |
# of Layers 100/55 g
§
Cell size ~10mmx10mm/18mmx18mm 0]
Gas He:iC,H,,=90:10 -1s0) _
L Ly e s 85 F
Single cell resolution 0.11 mm % \wire position xcm]
65.0 —— — . P
Sense to field wire ratio 1:3 &eo 4
63.5 .
Total # of sense wire 81631/24931 &
G 6151,
Stereo angle 1.64~3.64 deg c 605 D
it SSHatn
Sense wire Gold plated Tungsten $=0.02mm §§§§ R W
57.5
Field wire Silver plated Aluminum ¢$=0.04mm Eég [t
55.5 R :
55.0 B *
Walls Carbon fiber 0.2 mm(inner) and 2.8 mm(outer) GERSNNEEsB8822RRABRE

Wire position x[cm]

Cell structure
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Detector simulation



Simulation of Gaseous Detector

DC cell

Garfield++ waveform simulation, highly time-consuming - &

5 0.18
c

waveform
2 0.16F
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Garfield++ simulation Fast simulation EZi
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® |onized electron <; o ek | N\ e
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( Anode wire Loy o & NN simulates the time (ns)
G4 particle pulse’s time and Pulse shape
amplitude template

+ TrackHeedSimTool (Gaudi tool) was implemented by combining Geant4 and
Garfield++ to simulate the complete response of the gaseous detector

e Input: G4Step information (particle type, initial position, momenta, and step length)

e Using TrackHeed(from Garfield++) to create the ionization electron-ion pairs (for
both primary and secondary ionizations), the deposited energy will be used to
update the energy of the G4Particle

e Using NN to simulate the time and amplitude of each pulse for each ionized
electron (for fast waveform simulation)

e Output: primary, total ionization, and pulse information, saved in EDM



ML-based Simulation Method (1)

+» We studied learning the drift time distribution from Garfield++ to
achieve precise drift time simulation

+ Normalizing Flow network was adopted

e A similar model to CaloFlow is used, RQS (for transformation)+ MADE block (for
learning the parameters of RQS)

1 dim
Base dist.
N(0,1)

~N . ()

xf MADE Xfeat | MADE | Drﬁfttifne

e NS
Block Block

F S

t 3 t 4 Sampled

RQS A RQS Inference |Drift time

A N o

+ Training data is from Garfield++ simulation:
e Gas: 90%H.+10%C,H4g

e For each event, an ionized electron is uniformly

generated in the DC cell ( ,

is simulated. Then a peak finding algorithm
(scipy.signal.find_peaks()) is used to get drift time

value

) and the pulse Il
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https://arxiv.org/pdf/2106.05285.pdf
https://arxiv.org/abs/1502.03509
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ML-based Simulation Method (2)
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+» Good agreement between the NN and Garfield++ simulation



Method Validation with BESIII Data (1)

Prepare experimental
data for training

>

» To investigate the possibility of applying

ML to simulation, the real data from the '
BESIIl experiment was used evaluate the  Learn drift time distribution:
performance of the chosen neural = ( - )
network.
Check ,
+ Radiative bhabha events were selected to '
study the simulation of drift time in the check the X-T cure:
chamber cell R |
e X-T relation: check spatial resolution:
= doca(distance of closest approach) v.s. drift time using _ , _
/ layerlD=25 layerID = 20
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Method Validation with BESIII Data (2)

+ Comparison of drift time distributions between real data and ML-

based simulation
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+» Good agreement was found
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Method Validation with BESIII Data (3)

+ Checked the spatial resolution of reconstructed Prepare experimental
tracks,using _ and _ - (calibration constants) data forétraining
T o T S Learn drift time distribution:
[ — - puf.“‘: I | 3 s I Dayift time = f (doca, eangle, layer)

I TN
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——————— Near-wire-region = = = = = = = = =FRar-wire-region™ =— — = Obtained fOr
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the drift time from
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Track reconstruction
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Track Reconstruction

+ Tracking with Combinatorial Kalman
Filter (CKF) method

e Used by many high energy physics
experiments loop Al hits.

+ Track finding with CKF in drift chamber

candidate hits
e Migrate from Belle2

The specific process of C

ecee® o0, oe z
P LA A v ®eoe Ifr(:talnked,
) g rac
correction is

required

e Track segments reconstructed in the silicon
detector, called seeds, are extrapolated to
the DC and all the DC hits belonging to the
track are collected

+ Track fitting tool: Genfit
https://github.com/GenFit/GenFit/

e Experiment-independent generic track fitting
toolkit

e Official track fitting for Bellell, also used by
PANDA, COMET, GEM-TPC etc.

e Using DAF kalman filter 13

Determine
whether to
retain
according to
the residual

Extrapolate
from position
and
momentum




7
0‘0

X/
0’0

Track Reconstruction

Implementation
e Extrapolation based on GenFit
e Field, material and geometry
from DD4hep
e A data format converter
between TrackerHit(from
EDM4hep) and CDCWireHit

Status

e Performance validation
completed

Rec. silicon track
DC hits

!

Track seed

Extrapolation ‘\
Kalman

tL
Up\(i/ate > ayer
Select Hit

K Salvage Hits

/ CKF \

/

!

[ DC hits on track J

V

Track Fitting

Workflow of track reconstruction

GenFit

, Geometry

J
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g
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Quality of track fitting

« Data Sample: Single -, =50, =10 /c with single cell resolution of 110
« Track pull distribution

e  posx, posy, posz, momx, momy, momz follows N~(0,1)

+ Spatial resolution consistent with the simulation

Saf peb = g0 = o= £ = .=
g | | =T = =
E A Mean 029 = : ghil= == : fl L& =
EDOO Std Dev 104.6 [ ’ e J J \ o
B Underflow 1 8o e = w ‘l gy o
L = 1 c 4u 1§ Overflow 2 W: [ J
8000 2/ ndf 506.4 /54 F i ||
L Prob 0 a0 a0F ’ ‘1
[ Constant  1.06e+04 = 2.83e+01 u: J \ ak \
~ Mean -0.5562 = 0.2294 E s
6000 Si:na 104 202 T e - R ‘o i e Y 4 = o L ]
- (POSX,, -POSX, )/Opoay (POSY,,-POSY,, V/Opoay (POSZ,,,POSZ, )/Op0s:
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4000 00F = 8 F - g F = -
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2000 Vi = B e g R
C Ll == E e s ’ [ s e
Ly oy 0 vy py I R B M IS R ""i J l\ %0 d \
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Spatial Resolution :'1:0 86 ;4;2_”; ‘)‘(,;C/G,,m,,., 0 fn 86 4 72_‘” ml\m G 10 :'1:0 - 4'“'?2”; ‘ZHA ]

Normalized parameter residual distributions
+ The estimation of the track parameter and error is reliable




Tracking Efficiency

+ Data sample: Single particle =, =50
+ Track Efficiency = N4/N,

e N, is the number of track satisfying:
2 < 400
> 50

e N, is the numbre of silicon track

e The efficiency is over 99% and closely aligns with the results using truth hits
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Momentum Resolution

« Data Sample: Single particle =, =85
«» Combined measurement of Silicon and Drift Chamber

<« Momentum resolution is reasonable and consistent with ILD
tracking

25 —— 08~1.8m, |LD tracking £ - — Gk
| / G230 Std Dev 0.02263
, ——s-18m,  CEPC DC 200 =.16.34MeV e e
w . A D
T / 150 e isuwsmen
;«:Jf 15— C J
e 100" l \
1 50
i 2605 01 005 0 005 04 015 0.2
e Lol L L L I | p'ec-pllc Gevic
1 1 2 . . .
O, [Gevil ° Momentum distribution of 10GeV/c -
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Vertex resolusion (d0)(um)

Data Sample: Single particle -,

Impact Parameter

Impact parameter

with

=10

85

/

e Consistent with fast simulation
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Physics Event Reconstruction

+ Higgs reconstruction for H- ~

< Can be used for physics simulation studies
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Prob 0.0004327 ’ {
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Summary

In CEPCSW, TrackHeedSimTool was implemented by combining Geant4
and Garfield++ to simulate the complete response of the gaseous

detector
e Machine learning based algorithm was developed for waveform generation

Tracking algorithm was implemented by reusing the code of Belle Il and
its performance meets expectations.

20






Simulation of Gaseous Detector (1)

Since Geant4 can not be used to simulate the ionization process properly
(arXiv:2105.07064), Garfield++ becomes a common tool for precise ionization
simulation.

“Interfacing Geant4, Garfield++ and Degrad for the Simulation of Gaseous
Detectors” studied how to combine Geant4 and Garfield++ to get correct
energy deposition or total number of ionized electrons (adopted by COMET
experiment)

Method: :;‘t:;aurl’g’ ‘g’::icle Charged particles (e, u....)
e Geant4 PAI (Photo Absorption ® . . !
§ L Hymsnddal i PAIPhot model in gas region

lonization) model to simulate 3 Geantd
primary or secondary ionization CeitEct ettt
control between

e TrackHeed (from Garfield++) to Geant4/Garfield-++
simulate ionization from residual
delta electron

sy



https://arxiv.org/abs/1806.05880

< Detector simulation

DC simulation

Work Flow for Simulation and Reconstruction
e Geant4 is employed to simulate particle’ s

Garfield++
&& ML
propagation (including particle decay ) in _ \
the detector, interaction with detector e iasetons

H DC digitization :
material, etc. (DDhep)

simulation

 Genfit l

° TraCkerHeed (from Garfle|d++) IS used to DC track Waveform
simulate ionization process of charged reconstruction data model reconstruction
i (EDM4hep &
particles (e, , , K, p, ...) when they pass oC EOM) 3
through the drift chamber. ‘ Tack & ack ‘ [ Nofionization |
( eng In cell:

/

Drift chamber simulation and reconstruction flow

e Garfield++ was integrated with the CEPCSW
to simulate but its extreme computation
intensiveness makes it impossible

dN/dx
reconstruction

e Machine learning (ML) based simulation: training data is created by Garfield++ and
ML model is be executed to replace Garfield++ in the detector simulation.

<« Reconstruction

e Extrapolating the track segment found in the inner silicon detector to drift chamber,
collecting the hits on the path, and applying a Kalman Fit to the found track.

e dN/dx reconstruction: waveform reconstruction + path length calculation 23



