?@H%K@¢%Wﬂwﬁ

f'}{ig/i‘ZI ergy (Pﬁ_y.n
C/i se Academy of Scie

Fast Simulation of the 4t detector
at CEPC and analysis with it

Xu Gao?!, Qing Lit, Gang Li?,
Weimin Song?, Linghui Wu?, Guang Zhao?

Jilin University?!
IHEP?

The 2023 international workshop on the high energy Circular Electron-Positron Collider, Nanjing



Outline

> Introduction

» Detector configuration
» Track resolution
 Particle identification
« Calorimeter
 Jet clustering

> Analysis : BY/BY - hh’
» Motivation and MC samples
« Event selection
« Result with PID and without PID

»Summary

2023/10/27 The 2023 international workshop on the high energy Circular Electron-Positron Collider, Nanjing 2



Introduction

Operation mode ZH z WW- | tt
« CEPC V5 [GeV] ~240 | ~91.2 | ~160 | ~360

« 240 GeV Higgs factory : 4 x 10> ZH
« 91.2 GeV Z factory : 4 x 102 Z
« 160 GeV WW threshold scan : 2 x 107 WW

« The 4™ conceptual detector

» Tracker with silicon trackers and a drift chamber

Solenoid Magnet (3T /2T )
Between HCAL & ECAL

Scint Glass Advantage: Cost efficient, high density

PFA HCAL Challenges: Light yield, transparency,
massive production.

* The chamber optimized for PID with dN/dx

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

« PFAwith scint glass HCAL and crystal ECAL

Transverse Crystal bar ECAL

Advantage: better n°/y reconstruction.

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

A Drift chamber
that is optimized for PID

* A fast simulation of the 4th conceptual detector is
essential due to the large production!

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
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Introduction

StdHEP HepMC ProMC LHEF
* Delphes is a tool that simulates the response of detector ("‘T"]j ( | ) ( | ) ( | )
v
« 10%~10° faster than the fully GEANT based simulations | C 1)
y Dsirmes
« Sufficient and widely used for phenomenological studies . 1 .
file propagated stable particles
( rnu::)ns ) (electirons) anﬁaﬁlﬁn&tﬁ; "

) ) 1 i
( Phﬁtﬂns) ( towers and tracks )
'

'

* For simulations of the 4th detector at CEPC:

pile-up subtractors ‘

i i

|
l isolation | | Fast]et | | merger |

 Detector layout based on preliminary optimization
_ [+ cisasng]
» Adedicated PID module (dN/dx and TOF) developed | JE— | )
) P S

» Consistent workflow for lepton/photon isolation and jet-clustering \ (m) /c,m D

« More details in https://github.com/oiunun/Delphes CEPC.git arr (oo | iy |

J. High Energ. Phys. 2014, 57 (2014)
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https://github.com/oiunun/Delphes_CEPC.git

Track resolution

» Six layers of vertex detectors provide high resolution of impact

E : g o ‘._,x_ VERTEX
parameters. R R e
» Asilicon inner tracker (SIT) cooperates with the VXD for vertex N —Em
reconstruction. —
» Aset of forward tracking disks (FTD) increases the geometric | PSS T oo
acceptance of tracking system. R ’ e coso 0354
 Asilicon external tracker (SET) and end-cap tracking (ETD) disks |

provide high precision position measurements of tracks entering 0 s i & 2 25 3 i

z(m)
the calorimetry system.
. .. . . op. (mm PT
» Full covariance matrix is provided which can b, () s 7T/ —
. r 0<|cosb|<0.2 L. <|cos6|<0.2
be used for vertex fit - B o - e
= —— 0.6<|cos6|<0.854 UL —— 0.6<|cos0|<0.854
) < - 0.854<|cos0|<0.98 E < 0.854<|cos0|<0.98
* The resolution of Impact parameters and «; 00025/
transvers momentum is shown in figures: [\ oooe
The result is consistent with full simulation! E N TR 0-0%5'."15""25'30""4'0""5'0'5'0""75""8'0

Pt(GeV/c) Pt(GeVi/c)

2023/10/27 The 2023 international workshop on the high energy Circular Electron-Positron Collider, Nanjing 5



PID with dN/dx and TOF

. Combine dN/dx and TOF with x2 Full simulation
* X' = X3\ ax + Xeop | represent particle hypothesis l l

i (@ - . TOF
* prob' = fXZ‘i f(x,2) dx , f(x, 2) is pdf of x? that freedom is 2 e _

« Identify particle by prob!

e.g. identified as « : prob™ > prob¥ && prob™ > probP —— _
ncl_sigma

 The latest result of full simulation of dN/dx :

. dN/deean VS. By and cos0o 260—---~--~'" e

* dN/dXsigma VS. By and cos0

 Parameterize dN/dx in Delphes ol i

* Interpolate from full simulation
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PID performance

« K/mt Separation power vs. full simulation

« Sep=

|dN/dxz—dN/dxk|

oxg+toK
2

« K/m Sep vs. momentum (cosB = 0)
 K/m Sep vs. cosO (p=10 GeV)

» Excellent agreement with full simulation

» PID efficiency and misidentification rate are shown:

r —effn
120 €
r —mis K
—mis p
L ——-—h-—-_-—“'_‘—-
0.8
0.6/
0.4
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PID in Delphes achieves expected performance by interpolating the results of full simulation ! é

1 2‘_ —eff K
“r —mis T
i —mis p
o.s\
0.6/
0.4

= delphes 1.2m

= full simulation 1.2m

10 15 pc#l
12 —effp
i —mis T
0.8-
0.6/
04-

The 2023 international workshop on the high energy Circular Electron-Positron Collider, Nanjing

—— delphes 1.2m

—— full simulation 1.2m
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Calorimeter

. H resolution of resolution of HCAL
- Geometry :Preliminary geometry HenerEe 1 t
» Resolution ERN
.oE_ S o N “F
E _ \/E @ E @ C 0.6

[ ]
S
=

S, N, C is stochastic, noise and constant term

0.2

Noise term neglected temporarily

* For ECAL, SE:OOB, CE:OO]. 10 15 20 E:;[GeV] 0 5 10 15 20 EhisleeV]
* For HCAL, SH:O.4,CH:0.02 08 ——— 0oTE — dlectoroms

« Eem/P and Ehad/P for different particles
 |deal identification between e, u and hadrons

005
04 :

02

0.

L L P ——
0.2 04 0.6 08 1 12 14 0 02 04 0.6 0.8 1 12 14
Eem/P Ehad/P

——

Calorimeters provide energy of photon and neutral particle for jet clustering and lepton/hadron identification
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Jet clustering

« Jet clustering with the Fastjet package

» ee-kt algorithm for ee collider

« Without ISR

Calorimeter and
Tracks
energy flow

« Jet resolution for e*e™ = Z(di-nu)H(di-jets) l l

* BMR < 4% due to confusion not included

2023/10/27
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Jet clustering

r /e il TR I
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Jet energy resolution a bit ideal
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Analysis : B/BY - h*th'™

* Motivation

« The study of charmless B meson— h*h'~decays plays an important role in the quest for BSM in the flavor
sector

» Good test platform to study impact of PID in flavor physics
» Explore physics potential of Tera-Z
« MC Samples

« Only consider main background Z — bb : 2 x 10° for now

» Signal generator: pythia8, background generator: pythia6
» Signal branch ratios adopted by PDG

Channel Branch ratio Yield (Z - bb : 2 x 10°)
B0 - ntm~ 5.12 x 107° 8335
BO » K*mt~ 1.96 X 107> 31909
B0 —» K*K~ 7.8x 1078 127
Bs » ntn~ 7.0 x 1077 283
Bs » K™nt 58x 107° 2343
BS - K*K~ 2.66 X 107° 10747
2023/10/27
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Event selection

Background :Z - qq (qis b, c,u,s,d)
- Jet flavor tagging with ParticleNet

« Tagging two jet flavor in event level
» High efficiency and purity

Confusion Martrix (%) |

Predicted
A

* Remove most backgrounds from Z — qq (q # b) _

« Only consider backgrounds of Z — bb in the following

Event selection —>[ Select signal J
+ Z - bb —di-jets within each jet (o B
» Reduce combinatorial background between 2 jets o

* Cleaner background

<
‘\
.
.
Q rks obey col I conf m t
US evol
For a sufficie tlyl arge

h d nsat
distance, the energy will
be enough for anew, 1
L1 arXiv:2101.05618
be produced. ° :
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Event selection

Signal Background

w
o

Select BO/Bs candidates in each jet :

PID
* m: Prob(m) > Prob(K) && Prob(m) > Prob(p)
* K:Prob(K) > Prob(m) && Prob(K) > Prob(p)

rn
(5]
LI e

)

subLeading energy

sublLeading energy
=

[\
o
T T

Momentum (phase space) cut for h*h'™
* 0.4*LeadingE+sublLeadingE>10 GeV

"
b

¥ LR N R R
%510 15 20 25 30 35 40 45 50

10 15 20 25 30 35 40

° SUbLeading PT>2 GeV Leading energy Leading energy

45 50

Signal Background

Vertex Fit forhth’™
« ¥2<5

sublLeading PT
subLeading PT

2 2
- L 4+ 2X52500
Ox Oy

e

10 15 20 25 30 35 40 45 50
Leading PT Leading PT
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Vertex Fit

— signal 90
— background 80
0.3 -

Vertex Fitforh*h'™: y2<5 l
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Without PID

With PID
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Result with PID and without PID
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Summary

« Simulation of CEPC the 4th detector ready to use
» Tracking resolution is consistent with full simulation

« PID with latest full simulation of clustering counting

» Preliminary implementation of calorimeter system, reasonable resolution achieved.

* Physics sensitivity can be improved significantly with PID in flavor physics

* Future works:

» Optimize PID by full simulation with Deep learning based algorithm
« Optimize event selection for B°/B? - h*th'™
- Fit and get more information such as CP asymmetry for B® - K+~

« More channels are ongoing such as B® » ete " K*°

Thanks!
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