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Physics Motivations

« The top quark : a great candidate to search for new physics, precise properties
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« The determination of top antitop EW couplings at the LHC reached an
interesting precision level ! Improvements beyond this level can be foreseen
at proposed ee colliders.

- NENEREAGES : Lepton colliders have the ability to produce tt pairs with low
background, which is crucial for precise measurements of the tt coupling.

- Validation of the differential distribution (cross section) is not finished. :
2 bR e ‘



Circular Electron Positron Collider

The CEPC is a proposed future lepton collider project
hosted by China. It is designed to operate at a center-
of-mass energy of 360 GeV, which will allow it to
produce top quark-antiquark pairs for detailed studies
of top quark properties using unpolarized beams.
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RF Station

Operation mode ZH Z WW | ¢t
J5 [GeV] 20 | 91 | 160 | 360
Run time [years] 7 2 1
LIIPx10%cm2%s') | 3 32 10
(33%';,) [Ldtlabt2IPs] | 56 | 16 | 26
Eventyields [21Ps] | 1x106 | 7x10" | 2x107
Run Time [years] 10 2 1 5
LIP[A0%emast]| 50 | 5 | 16 | 05
ol an | Juart2ps [ 13| w0 | 42 | 06
3"1 Eventyields [2 1Ps] | 2.6x10° | 25¢10% | 1.3¢108 | 4x105
: p LIP[A0%emss’ | 83 | 192 | 267 | 08
Q1 gy | Jreelab'2ps] | 216 | 100 | 69 | 10
Event yields [2IPS] | 4.3x106 | 4.1x102 | 20108 | 6x105




CEPC Conceptual Detector Design :

CEPC Detector

Technologies

System
Baseline Backup / Comparison
Beam pipe
LumiCal
Vertex CMOS Pixel
Tracker PID Drift Chamber
SSD / SPD OTk
LGAD ToF
ECAL Stereo Crystal Bar, .GS+SiPM,
PS+SiPM+W, SiDet+W
HCAL PS+SiPM+Fe, RPC+Fe
Magnet HTS
Muon RPC
TDAQ Software Trigger
BE electr. - Independent

1 Excellent e/gamma
energy resolution;

1 PID capability;

(1 Better hadronic K (SiPiel)
energy resolution;

ACC Componen‘

End HCAL End ECALOTK) ITK  TPCloTk) ECAL HCAL Magnet Yoke

Radius

\
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The 4™ Concept

Scint Glass HCAL
TPC (Pixelated)

OTK (AC-LGAD)

Crystal ECAL
(Transverse bar)




Analysis Strategy

Generate Monte Carlo Data that correspond to ttbar semi-leptonic channel Using
@NBEEREBNS.( 0 0sarThresholdis used for signal Xsection Calculation);

Object reconstruction is done using the particle flow algorithm, Arbor, ue the E&BRl algorithm
is used for jet clustering based on their distance :

2
, AR;

_ U]
dji = Py R2

Employ EGEIBBBBNto perform jet tagging. Assuming that there are only 4 jets in each
event, all particles are forced into 4 jets (performance of b-tagging is given by
LCFIPIus);

Lepton isolation for muon/electron;

Reconstruct the Hadronic Top Mass and W Mass at the reconstructed level using a x?
Method.

Background MC Samples generation, apply two techniques to reject the background:
cut-based selection and machine learning methods.

Measure the top quark's electroweak couplings in the context of the Standard Model By
inspectig the Top polar angle. 6
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SemiLeptonic Channel

The are three differents channels for ttbar study :
- Semileptonic
- Dileptonic
- Hadronic
- For the semi-leptonic channel :
The data is generated using MG5 and passed through for
showering and hadronization.
- CEPC_v4 (Vs =360GeV, Bfield=3.0T)
- Luminosity is 1000 ab-1.

- Generated data is then passed through CEPC reco & sim.

« There are two simulation methods for CEPC detector:

- Fast Simulation : uses Delphes to perform a fast multipurpose detector response
simulation.

- Full Simulation is a method using Geant4-based tools to simulate the particle
transport and the detector response and then reconstruct the responses back to
original signals. P




Lepton Isolation

e Full simulation :

/7

s  Specifically for identifying e and pu based on their energy deposits in various parts of a particle detector, such
as:
- The maximum allowed ratio of energy deposited in the Ecal to the sum of energies deposited in both the
Ecal and Hcal.

- Use rectangular cuts on track and cone energy, like : (Econe > 0.98)
The cosine of the half-angle of the cone used in the isolation criteria.
The maximum allowed energy within the isolation cone.
The maximum allowed energy for any track within the isolation cone.

For Fast Simulation:

Ejepion and IPS (Impact Parameter Significance) are used to select the lepton (u/e) :
IPS = \/(I1Do|/3(Do))2+(|Dz|/5(D£))?> 3.3
Epepton < 12 GeV




Jet Tagging

LCFlplus :

e Use of BDT for multi-class classification Output b, ¢, and o likeliness

e 3 classes: b, ¢, o(uds, g assumed as same as uds) i NG { oo
. . T | | o 1 e s L R+ i TR 0 T

e 4 categories: #vtx =0, 1, 1+single, 2 cat] \ | r,l,ﬂf”“\ l "E«:: l
e 20-30 variables for each category Wy IO TR
'\“‘*\M A "B i i L

e 2 independent outputs: b-likeliness, c-likeliness

cat?2

btagtctagtotag=1: 2 outputs

L Receiver Operating Characteristic Curve (ROC)
s 80% b-tagging eff : Reject 90% c and 99% o jets
s 80% c-tagging eff. : Reject 75% b and 75% o jets

~. .‘ 'o\.
'

> B-tagging simulated according to a confusion matrix with accuracy ~ 90%o. Tusr B
« ¢ background ' « b background
> B-tagging has 2 integer values: 1 (b quark) or 0 (other quark) | e | ’ e |

8 S : Cn



Top Mass Determination

(1 The reconstructed hadronic Top quark mass and truth level :

[ Using a x> method and requiring one jet to be tagged as a b-jet (80%).

— . h2_Quark_mass
isto_Mass 9 - : Entries 25093
= : < L CEPC Full Simulati .
18000 — CEPC Full Simulation " Entries 43068 g 00r CEPCNE Mean 172.1
5 CEPC.V4 Mean 1726 w E Std Dev 12.4
[ Truth MC Std Dev 3.753 - ‘
16000 — CEPC ‘ L '
& (T — djets + 1 0.04 — h \c; . 36?;2;‘./
14000 — Vs =360GeV C
12000 — B
= 0.03—
10000 |— C
8000 |— L
C 0.02—
6000 — L
= ~ |
= - [
4000 5 0.01— ‘* ‘
2000 — J— - | LL ’
T ST N TR (ST L—JJJ i1 PRI TORS VAR (WYY ToRT UUHN (LI VI T o C (AT IRY VINN ESRTSUN IO LR WO (OO ey o= 1"'7(1{-‘;‘ | N O VY S Tl‘iﬂ g g gkl gioge gh g
900 120 140 160 180 200 220 240 50 100 150 200 250 300
Top Mass [GeV] Top Mass [GeV]

- Good Mass Reconstruction results with a reasonable standard deviation at 360GeV.
9




Top Mass Determination

> For better top mass resolution, we used kinematic fitting with the following x? function:

t(had) Mass
= 2 g5 — vom
% —— reconstruction without kinematic fiting
045 — reconstructon with kinematic fiting

8 Kinematic Consriraints g3

: : - - -
025

032:

1 Degree 02:

(5, - 1+ (5fy, - 1)+ (sfij - 04+ (sf; - 1)° 0-155—

7 Unknors: 4 scalefector(sy, Sf, 8 5f) and 3-momentum ofneutrino(Py, B , P ) 0::
T

where My, My, az, 0p, 09y Oy O Ot Oy, Oy, T2 the parameters to be determined.
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Background MC Samples

*+* The background processes considered :
- diMuons Production,
- qqbar Production,
- diboson Production(WW/Z2),
- Tri-Bosons Production (ZWW/222),
- Single Top Production .

** The background samples were generated
using MG5 and simulated a full simlation and

Fast Simulations.
** Table shows each Process with their corresponding
cross-sections.

11

Background | Cross Section [ph
It 0.8163 £ 0.00047
bb 0.7674 £ 0.00064
" L35 0003
Ww- 10944 0.0203
/1 0.656 £ 0. ])1)73
277 00073475 x 107
IWTW= | 00148442226 x 107
SingleTop | 00079344 9.82610°




Background Analysis

* Preselection : Request 4jets + one Lepton (muon/electron).

e Cut Based Analysis :

Variables TTbar ZZZ ZWW  WW 77 qgbar Muons Single  bbar
Top

Events 100000 50000 50000 50000 50000 100000 50000 100000 50000
nPFOS > 60 76.86% 13.65% 12.46% 0.22% 1.61% 27.12% 0.0% 71.91% 30.52%
ntrks > 15 76.86% 13.65% 12.40% 0.22% 150% 27.12% 0.0% 71.91% 30.50%
TotalP > 30 71.20% 295% 9.04% 0.10% 0.66% 5.70% 0.0% 58.45% 9.64%

Pmax < 45 68.75% 2.60% 2.20% 0.088% 027% 4.07% 0.0% 55.40% 4.88%

log(y34) > -10 68.41% 2.60% 2.05% 0.08% 027% 4.0™% 0.0% 54.7TT% 4.80%

Thrust < 0.92 68.22% 2.68% 2.05% 0.08% 027% 246% 0.0% 54.60% 2.88%

Aplanarity > 0.01 68.22% 2.68% 2.05% 0.08% 027% 246% 00% 54.60% 2.88%

Log(Major) > -1  59.15% 230% 1.80% 0.009% 0.13% 0.75% 0.0% 0.68%

Survived Events 16364 168 428 8 30 7 0 21

—)

A All SM backgrounds are nearly removed, except for the Single top process.
Q Different techniques were used to suppress the single top and enhance the

signal efficiency.
* Thrust quantifies how aligned the momenta of the particles are in a given direction.

12

BKG Process | BKG Rejections Efficiency
qqbar 99.25%
bbar 99.32%
Jujl 100%
71 99.80%
WW 99.99%
L1 97.7%
IWW 98.2%
Single top 52.15%




Background Analysis

¢ Using Cut-based analysis and kinematic fitting (Fast simulation) :

Chi-Square
Process TTbar Single ¢q@ WYW- bW ZW'W 722  IZ 2 —i
Top g = single top
Events 1,000,000 20,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 25
Wi — pfe directly  66.67% 66.49% 0.72% 21.81% 0.60% 27.7% 16.6% 12.23%
4 jets 66.67% 6649% 0.72% 1566% 0.60% 26.19% 15.18% 9.24% 2} |
Vs BTag=2  4648% 473% 0019% 0.09%% 021% 218% 17%  0.58%
log(yss) > -3.2 46.38% 44.49% 0.0097% 0.033% 0.13% 205% 1.64%  0.38% !
log(yss) > -4.1 146.36% 44.46% 0.0094% 0.033% 0.13% 205% 1.64% 0.38% I
PFOs > 38 46.33% 44.42% 000%4% 0.024% 0.13% 19%  1.52%  0.30%
Charged PFOs > 18 46.31% 44.40% 0.0094% 0.023% 0.13% 180% 151%  0.29% 1
PMax < 105 46.25% 4327% 00092% 0.0091% 0.13% 169% 1.39% 0.076%
200 < TotalE < 344 46.14% 4297% 0.0051% 0.0078% 0.094% 16%  0.56% 0.034% |
Sphericity < 023 46.02% 4282% 0.0021% 0.0056% 0.034% 159%  0.56%  0.034% 05
Thrust > 0.92 46.02% 42.82% 0.0021% 0.0056% 0.034% 159% 0.56% 0.034%
<1 34.06% 14.14% 00001% 0.00% 0.0022% 023% 0.093% 0.0024% ) "
Survived Events 59766 2239 4 0 15 34 1 16 0 § 10
Chi-Square

A Using the x2 method helped further suppress the single top contribution.
A Different techniques were used to suppress the single top and enhance the signal

efficiency.
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Background Analysis

*** The signal and background shapes after all cuts;
+»* Scaling each process to its cross section :

250

200
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50

IIII|IIIIIIIII|IIIIIIIII|I

CEPC Full Simulation
CEPC-V4
After Cuts

= I

900
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140

160

180

. ——LA i

| TThar Procass
I ZZ Process

[] ZZZ Process
] WW Process
[ qq Process

I SingleTop Process
- CEPC
V5§ =360GeV

ee’ — djets+l

I_ =1 I et 2 I I=I I 1

200

220 240 260 280 300
Top Mass [GeV]

Background | Cross Section [pb]
Il 0.8163 £ 0.000475
bb (.7674 £ 0.00064
0q 4.265 £ 0.00314
Ww- 10.94 £ 0.02035
/7 0.656 £ 0.001273
777 1 0.0007324752x 107
ZWTW= | 001484 £2.226 x 10~
SingleTop | 0.007934 £9.82610~°

The single top is still considered to be negligible here due to its small cross
section(signal cross section ~ 0.087[pb]). 14




Summary CEEL

* Determination of the top quark mass for the semileptonic channel near top
pair production at the CEPC using

* Background study conducted using cut-based analysis and kinematic fitting.

* Validation of the differential distribution (cross section) is still under
investigation.

* Investigate other machine learning techniques to further suppress single top
production, i.e., Particle Transformer and BDT.
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