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Compare the results with CMS and ALEPH 

Boson mass resolution in dijet final state 
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KR x TW Joint Workshop, May 31~June 01, 2018

 Outline



 3Pei-Zhu Lai (NCU, Taiwan)

 Introduction

Circular Electron-Positron Collider(CEPC), √s = 90 ~250 GeV
Super Proton-Proton Collider(SPPC),         √s = 70 ~140 TeV

Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs 
factory(CEPC), followed by a proton collider (SPPC) in the same 
tunnel 
Looking for Hints (from Higgs) at CEPC → direct search at SPPC

Perimeter: 50 ~ 100km

Ref. [1]
KR x TW Joint Workshop, May 31~June 01, 2018
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 Introduction
Higgs factory: 1M Higgs boson 

Absolute measurements of Higgs boson width and couplings 

Searching for exotic Higgs decay modes (New Physics) 

Flavor factory: b, c, 𝛕, and QCD studies (Highly correlate with jet)

Ref. [1-3]
e+e- qq̅
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 Introduction
Jet reconstruction plays an important role in particle physics. To study 

the performance of the jet reconstruction in CEPC, we look at the 

simulation which contains MC particle(MCP), Gen jet, Reco jet.

Ref. [2]
KR x TW Joint Workshop, May 31~June 01, 2018

Reconstructed 
particles

Particle Jet

Parton level
q, g

𝝅, K, …

ee_kt



Difficulties in jet reconstruction 

Poor clustering 

Neutrinos cannot be detected 

The detector responses(i.e. energy threshold) 

Wrong measurement leads to wrong physical results!
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Introduction 

𝜈
𝜈

KR x TW Joint Workshop, May 31~June 01, 2018



Double-sided crystal ball(DBCB) function are used to extract energy resolution. 

The bin size of histogram is 0.5%.
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Introduction

JER

JES

EReco − EGen
EGen

Relativity difference 

KR x TW Joint Workshop, May 31~June 01, 2018



 8Pei-Zhu Lai (NCU, Taiwan)

The jet energy resolution and scale(JER/JES) in ee->ZZ->vvqq̅ process have 

been studied. 

The JER/JES relation between each simulation stage(Reco-Gen, Gen-MCP, 

Reco-MCP). 

Angular and energy dependence of JER/JES. 

To exclude the influence of jet clustering algorithm, matching reco jet and MC 

particle by ∆R < 0.1.

 Strategy

MCP

Gen Reco

KR x TW Joint Workshop, May 31~June 01, 2018



# of leftover event
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Event Selection 

Items JER/JES(Reco-Gen) JER/JES(Gen-MCP)

Gen jet theta < 3.1 ✓ ✓

∆R(Reco-MCP) < 0.1 ✓ ✗
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ΔR = Δφ 2 + Δη2

KR x TW Joint Workshop, May 31~June 01, 2018
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The Reason for ∆R Cut
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The jet clustering bring a significant uncertainty.
KR x TW Joint Workshop, May 31~June 01, 2018
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Leading JER & JES

JES=0.03%
JER=1.1%

JES=1.2%
JER=4.7%

JES=1.3%
JER=3.9%

Reco-GenGen-MCP Reco-MCP

MCP Gen jet Reco jet

JER/JES between reco jet and MCP would 

combine the effects of two previous stages.

KR x TW Joint Workshop, May 31~June 01, 2018
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Sub-leading JER & JES

JES=0.2%
JER=2.2%

JES=0.3%
JER=6.0%

JES=0.6%
JER=4.9%
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JER/JES between reco jet and MCP would 

combine the effects of two previous stages.

KR x TW Joint Workshop, May 31~June 01, 2018
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 JER & JES(Gen-MCP)

The jet clustering is independently on direction.
KR x TW Joint Workshop, May 31~June 01, 2018
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JER & JES(Reco-Gen)

Both JER/JES are slightly depend on Eta.
KR x TW Joint Workshop, May 31~June 01, 2018
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JER & JES(Reco-MCP)

Both JER/JES depend on Eta within 2%.
KR x TW Joint Workshop, May 31~June 01, 2018
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Compare with CMS at LHC 

Ref. [3]

Our JER is better than CMS.  

Heavy flavors have a little poor JER. 

Different matching criteria only improve JER a little bit.

Leading Sub-leading

KR x TW Joint Workshop, May 31~June 01, 2018
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Compare with ALEPH at LEP

Ref. [4]

Our JER is better than ALEPH. 

Leading Sub-leading

KR x TW Joint Workshop, May 31~June 01, 2018
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 Boson Mass Resolution

Ref. [5]

The separation of Z and W at CEPC is much better than ATLAS, because we have 

better jet energy resolution 

KR x TW Joint Workshop, May 31~June 01, 2018



 19Pei-Zhu Lai (NCU, Taiwan)

Massive Boson Separation

The Z, W, and Higgs bosons can be well separated in CEPC.

KR x TW Joint Workshop, May 31~June 01, 2018
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Summary(1/2)

JER JES
Type Lead Sub-Lead Lead Sub-Lead

Barrel 1% 2% 0 0
Endcaps 1% 2% 0 0

En > 60 GeV 1% 2% 0 0

JER JES
Type Lead Sub-Lead Lead Sub-Lead

Barrel 4.5% 6% 1% 0
Endcaps 5% 6.5% 1.5% 0.5%

En > 60 GeV 5% 6% 0.5% 1.5%

JER JES

Type Lead Sub-Lead Lead Sub-Lead

Barrel 3.5% 4.5% 1% 0
Endcaps 4% 5% 1.5% 0.5%

En > 60 GeV 4% 4.5% 1% 1.5%

Reco-GenGen-MCP

Reco-MCP

ee_kt

KR x TW Joint Workshop, May 31~June 01, 2018
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The jet clustering brings a significant or even leading uncertainty.  

After comparison, the CEPC detector has excellent jet energy resolution. 
Z, W, Higgs boson mass can be well separated in CEPC. 
These results have been accepted by EPJC. 

Study the performance of different jet clustering algorithms and try to find out the 
best one for CEPC. 

Apply the best one to multi-jet processes (ee->ZH->4b) to promote precision.

Summary(2/2)

ee->ZH->4b

KR x TW Joint Workshop, May 31~June 01, 2018



Thank for your attention
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 Back up

KR x TW Joint Workshop, May 31~June 01, 2018
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JER with Different dR
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 Compare the Results Whether with dR Cut (Reco-Gen)
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 Compare the Results Whether with dR Cut (Gen-MCP) 
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 Compare the Results Whether with dR Cut (Reco-MCP) 
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 Angular Distribution of Gen and Reco
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 30Pei-Zhu Lai (NCU, Taiwan)

 The Distribution of Unequal Eta Bin  
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When divided the angular bin, I have required the statistical uncertainty 

should less than 0.21% for each angular bin I also sorted the jet by 
energy. I want the unequal angular symmetry on zero. Therefore, the bin 

around zero with more the number of events.KR x TW Joint Workshop, May 31~June 01, 2018
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 The Distribution of Unequal Phi Bin  
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When divided the angular bin, I have required the statistical uncertainty 

should less than 0.21% for each angular bin I also sorted the jet by 
energy. I want the unequal angular symmetry on zero. Therefore, the bin 

around zero with more the number of events.KR x TW Joint Workshop, May 31~June 01, 2018
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 The Distribution of Unequal Theta Bin  
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 The Distribution of Unequal Reco Energy Bin  
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 The Distribution of Unequal Gen Energy Bin  
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 The Distribution of Unequal MCP Energy Bin  
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 36Pei-Zhu Lai (NCU, Taiwan)

Summary
Gen-MCP

JER JES

Type Lead Sub-Lead Lead Sub-Lead

Eta 1% Stable 2% Stable 0 Stable 0 Stable

Phi 1% Stable 2% Stable 0 Stable 0 Stable

Theta 1% Stable 2% Stable 0 Stable 0 Stable

Reco 1.5-0.5% ⤷ 4.5-2% ⤷ 0 Stable 0 Stable

Gen 2-1% ⤷ 5-2.5% ⤷ 0 Stable 0 Stable

MCP 1.5-1% ⤷ 4-2% ⤷ 0 Stable 0 Stable

Reco-Gen
JER JES

Type Lead Sub-Lead Lead Sub-Lead

Eta 4.5-3.5-4.5 5.5-4.5-5.5 1.5-1-1.5 1-0-1

Phi 4% Stable 5% Stable 1.5 Stable 0.5 Stable

Theta 4.5-3.5-4.5 5.5-4.5-5.5 1.5-1-1.5 1.5-1-1.5

Reco 4-4.5% 6.5-4.5% ⤷ 0.5-2% ⤴ -1.5-1.5% ⤴ 

Gen 4-3.5% 6.5-4% ⤷ 1.5% Stable 0-0.5% ⤴

MCP 4-4.3% 6.5-4.5% ⤷ 1.5% Stable 0-0.5% ⤴

Reco-MCP
JER JES

Type Lead Sub-Lead Lead Sub-Lead

Eta 5.5-4.5-5.5 7.5-6-7.5 1.5-1-1.5 0.5-0-0.5

Phi 5% Stable 6.5% Stable 1.5 Stable 0.5 Stable

Theta 5.5-4.5-5.5 7.5-6-7.5 1.5-1-1.5 0.5-0-0.5

Reco 6-5% ⤷ 10-6% ⤷ -1.5-2.5% ⤴ -7-1.5% ⤴ 

Gen 6-5% 13-6.5% ⤷ 1.5% Stable -6.5-0.5% ⤴

MCP 5-5.3% 10-6% ⤷ 1.5% Stable -1.5-0.5% ⤴
KR x TW Joint Workshop, May 31~June 01, 2018



 37Pei-Zhu Lai (NCU, Taiwan)

Summary
Gen-MCP 

JES is about “Zero” and stable in both angular and energy bin. 

JER is stable as the function of the angular. Leading is 1% and Sub-leading is 2%. 

For leading JER is 1.5-0.5% as the function of the energy of reco jet and for sub-

leading JER is 4.5-2%.

Reco-Gen 

Both JER/JES are independent of the Phi. 

In the barrel region, leading JER is 3.5% and sub-leading JER is 4.5%. Leading 

JES is about 1%. Sub-leading JES is about zero. 

In the 60-100 GeV region, leading and sub-leading JER is 4%, JES is 1.5%.

Reco-MCP 

Both JER/JES are stable as the function of the Phi. 

In the barrel region, leading JER is 4.5%, JES is 1%; sub-leading JER is 6%, JES 

is zero. 

In the 60-100 GeV region, leading and sub-leading JER is 5%, JES is 1%.

KR x TW Joint Workshop, May 31~June 01, 2018
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 0.0094±n1_CB =  2.2985 

 0.0062±n2_CB =  1.5813 

 0.000064±sigma_CB =  0.025803 

/ndf = 1359.09 / 3942χ
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 0.0055±alpha2_CB =  1.8001 

 0.00010±mean_CB = -0.001139 

 0.00053±n1_CB =  5.00000 

 0.0023±n2_CB =  5.0000 

 0.00011±sigma_CB =  0.06081 

/ndf = 740.27 / 3942χ
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 39Pei-Zhu Lai (NCU, Taiwan)

 JER & JES(∆R<0.1)
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 0.0054±alpha2_CB =  1.5186 

 0.000070±mean_CB =  0.013527 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.645 

 0.000082±sigma_CB =  0.039406 

/ndf = 782.57 / 3942χ
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 0.0033±alpha1_CB =  1.2709 

 0.0032±alpha2_CB =  1.1258 

 0.000023±mean_CB =  0.000937 

 0.0044±n1_CB =  1.6128 

 0.0047±n2_CB =  1.7820 

 0.000030±sigma_CB =  0.012059 

/ndf = 1514.73 / 3942χ
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 0.0028±alpha1_CB =  0.9334 

 0.0057±alpha2_CB =  1.6471 

 0.000086±mean_CB =  0.015277 

 0.0014±n1_CB =  5.0000 

 0.0015±n2_CB =  5.0000 

 0.00011±sigma_CB =  0.04503 

/ndf = 715.09 / 3942χ
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 Motivation
vvH->vvgg vvH->vvgg
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 Motivation
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  Each Angular Bin with dR Cut
(Reco-Gen)
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 0.012±alpha2_CB =  1.512 

 0.00016±mean_CB =  0.01206 

 0.046±n1_CB =  3.716 

 0.026±n2_CB =  2.621 

 0.00025±sigma_CB =  0.03830 

/ndf = 1350.98 / 3942χ
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 0.011±alpha1_CB =  0.908 

 0.014±alpha2_CB =  1.432 

 0.00023±mean_CB =  0.01475 

 0.12±n1_CB =  5.10 

 0.055±n2_CB =  2.995 

 0.00029±sigma_CB =  0.04403 

/ndf = 92.35 / 3942χ
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 0.0062±alpha2_CB =  1.5504 

 0.00010±mean_CB =  0.01324 

 0.032±n1_CB =  3.832 

 0.018±n2_CB =  2.548 

 0.00012±sigma_CB =  0.03865 

/ndf = 808.17 / 3942χ
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 0.038±n2_CB =  2.637 

 0.00020±sigma_CB =  0.04167 

/ndf = 206.66 / 3942χ
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 0.0054±alpha2_CB =  1.5187 

 0.000070±mean_CB =  0.013527 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.645 

 0.000082±sigma_CB =  0.039406 

/ndf = 782.51 / 3942χ
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 0.045±n1_CB =  4.048 

 0.025±n2_CB =  2.616 

 0.00016±sigma_CB =  0.03944 

/ndf = 390.19 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 43Pei-Zhu Lai (NCU, Taiwan)

 The Eta Bin Leading JER & JES with dR Cut (Reco-Gen)  
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/ndf = 670.52 / 3942χ
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 0.050±n2_CB =  2.509 
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/ndf = 134.52 / 3942χ
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 0.025±n1_CB =  3.428 

 0.017±n2_CB =  2.284 

 0.00011±sigma_CB =  0.04898 

/ndf = 761.13 / 3942χ
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 0.00018±mean_CB =  0.00982 

 0.043±n1_CB =  3.407 

 0.034±n2_CB =  2.378 

 0.00023±sigma_CB =  0.05087 

/ndf = 273.10 / 3942χ
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 0.0089±alpha2_CB =  1.5738 

 0.00012±mean_CB =  0.00609 

 0.029±n1_CB =  3.281 

 0.024±n2_CB =  2.310 

 0.00016±sigma_CB =  0.04970 

/ndf = 490.28 / 3942χ
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 0.0061±alpha2_CB =  1.5621 

 0.000092±mean_CB =  0.006439 

 0.025±n1_CB =  3.532 

 0.017±n2_CB =  2.371 

 0.00012±sigma_CB =  0.04969 

/ndf = 838.19 / 3942χ
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 The Eta Bin Sub-leading JER & JES with dR Cut (Reco-Gen)  
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 0.029±n1_CB =  3.833 

 0.021±n2_CB =  2.632 

 0.000099±sigma_CB =  0.039399 

/ndf = 546.23 / 3942χ
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 0.00039±sigma_CB =  0.03853 

/ndf = 101.22 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e

MC
Gaussian
DBCB

-3.50<Phi<-2.23

Gen / EGen - ERecoE
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

En
tri

es
 / 

0.
00

5

0

5000

10000

15000

20000

25000

30000
 0.0036±alpha1_CB =  0.9223 

 0.0058±alpha2_CB =  1.5198 

 0.000075±mean_CB =  0.013517 

 0.026±n1_CB =  3.816 

 0.019±n2_CB =  2.641 

 0.000089±sigma_CB =  0.039370 

/ndf = 668.52 / 3942χ
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 0.00015±sigma_CB =  0.03922 

/ndf = 209.48 / 3942χ
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 0.000098±mean_CB =  0.013625 

 0.034±n1_CB =  3.820 

 0.025±n2_CB =  2.654 

 0.00012±sigma_CB =  0.03935 

/ndf = 365.80 / 3942χ
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 0.0054±alpha2_CB =  1.5186 

 0.000070±mean_CB =  0.013527 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.645 

 0.000082±sigma_CB =  0.039406 

/ndf = 782.57 / 3942χ
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 The Phi Bin Leading JER & JES with dR Cut (Reco-Gen)  
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 0.0070±alpha2_CB =  1.5575 

 0.00011±mean_CB =  0.00649 
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 0.020±n2_CB =  2.380 

 0.00013±sigma_CB =  0.04960 

/ndf = 587.90 / 3942χ
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 0.069±n1_CB =  3.563 

 0.050±n2_CB =  2.312 

 0.00036±sigma_CB =  0.04984 

/ndf = 107.72 / 3942χ
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 0.0066±alpha2_CB =  1.5622 

 0.000099±mean_CB =  0.006434 

 0.027±n1_CB =  3.530 

 0.019±n2_CB =  2.370 

 0.00013±sigma_CB =  0.04968 

/ndf = 711.92 / 3942χ
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 0.032±n2_CB =  2.375 

 0.00022±sigma_CB =  0.04972 

/ndf = 228.10 / 3942χ
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 0.00016±sigma_CB =  0.04961 

/ndf = 410.98 / 3942χ
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 0.0061±alpha2_CB =  1.5621 

 0.000092±mean_CB =  0.006440 

 0.025±n1_CB =  3.532 

 0.017±n2_CB =  2.371 

 0.00012±sigma_CB =  0.04969 

/ndf = 838.31 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 The Phi Bin Sub-leading JER & JES with dR Cut (Reco-Gen)  

Go back
KR x TW Joint Workshop, May 31~June 01, 2018



Gen / EGen - ERecoE
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 0.0051±alpha1_CB =  0.9539 

 0.0100±alpha2_CB =  1.4900 

 0.000093±mean_CB =  0.013050 

 0.029±n1_CB =  3.578 

 0.029±n2_CB =  2.719 

 0.00014±sigma_CB =  0.03861 

/ndf = 528.70 / 3942χ
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 0.00020±mean_CB =  0.01655 

 0.082±n1_CB =  4.029 

 0.057±n2_CB =  3.056 

 0.00026±sigma_CB =  0.04354 

/ndf = 80.56 / 3942χ
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 0.024±n1_CB =  3.508 

 0.023±n2_CB =  2.655 

 0.00011±sigma_CB =  0.03808 

/ndf = 679.38 / 3942χ
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 0.00013±mean_CB =  0.01742 

 0.055±n1_CB =  4.219 

 0.043±n2_CB =  2.693 

 0.00020±sigma_CB =  0.04137 

/ndf = 185.09 / 3942χ
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 0.0033±alpha1_CB =  0.9222 

 0.0054±alpha2_CB =  1.5186 

 0.000070±mean_CB =  0.013527 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.645 

 0.000082±sigma_CB =  0.039406 

/ndf = 782.57 / 3942χ
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 0.0053±alpha1_CB =  0.9630 

 0.0095±alpha2_CB =  1.5134 

 0.00010±mean_CB =  0.01498 

 0.037±n1_CB =  3.801 

 0.030±n2_CB =  2.685 

 0.00014±sigma_CB =  0.03940 

/ndf = 299.32 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.011±alpha1_CB =  1.068 

 0.0091±alpha2_CB =  1.5716 

 0.00017±mean_CB =  0.00576 

 0.053±n1_CB =  3.749 

 0.023±n2_CB =  2.368 

 0.00024±sigma_CB =  0.04975 

/ndf = 414.05 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.017±alpha1_CB =  1.165 

 0.030±alpha2_CB =  1.534 

 0.00024±mean_CB =  0.01361 

 0.14±n1_CB =  5.06 

 0.085±n2_CB =  2.607 

 0.00050±sigma_CB =  0.05421 

/ndf = 177.85 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0078±alpha1_CB =  1.0540 

 0.0071±alpha2_CB =  1.5821 

 0.00014±mean_CB =  0.00513 

 0.039±n1_CB =  3.583 

 0.019±n2_CB =  2.326 

 0.00017±sigma_CB =  0.04935 

/ndf = 559.07 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.020±alpha1_CB =  1.108 

 0.032±alpha2_CB =  1.573 

 0.00019±mean_CB =  0.01080 

 0.11±n1_CB =  4.57 

 0.074±n2_CB =  2.420 

 0.00058±sigma_CB =  0.05143 

/ndf = 160.14 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0044±alpha1_CB =  1.0226 

 0.0061±alpha2_CB =  1.5621 

 0.000092±mean_CB =  0.006440 

 0.025±n1_CB =  3.532 

 0.017±n2_CB =  2.371 

 0.00012±sigma_CB =  0.04969 

/ndf = 838.31 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0087±alpha1_CB =  1.0649 

 0.011±alpha2_CB =  1.551 

 0.00015±mean_CB =  0.00749 

 0.056±n1_CB =  4.128 

 0.030±n2_CB =  2.442 

 0.00022±sigma_CB =  0.04995 

/ndf = 281.43 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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  Each Energy Bin with dR Cut
(Reco-Gen)
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 0.0050±alpha1_CB =  0.7273 

 0.017±alpha2_CB =  1.573 

 0.00011±mean_CB =  0.01000 

 0.038±n1_CB =  4.231 

 0.036±n2_CB =  2.277 

 0.00024±sigma_CB =  0.03918 

/ndf = 1302.75 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0070±alpha1_CB =  0.3835 

 0.023±alpha2_CB =  1.327 

 0.00043±mean_CB =  0.00496 

 0.034±n1_CB =  5.000 

 0.039±n2_CB =  2.056 

 0.00060±sigma_CB =  0.03780 

/ndf = 423.92 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.00011±mean_CB =  0.01047 

 0.038±n1_CB =  4.324 

 0.018±n2_CB =  2.369 

 0.00012±sigma_CB =  0.03943 

/ndf = 1551.81 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0057±alpha1_CB =  0.5731 

 0.016±alpha2_CB =  1.552 

 0.00020±mean_CB =  0.00727 

 0.051±n1_CB =  3.878 

 0.029±n2_CB =  2.017 

 0.00027±sigma_CB =  0.03757 

/ndf = 535.39 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0042±alpha1_CB =  0.6778 

 0.011±alpha2_CB =  1.569 

 0.00013±mean_CB =  0.00877 

 0.040±n1_CB =  3.999 

 0.024±n2_CB =  2.182 

 0.00017±sigma_CB =  0.03911 

/ndf = 615.53 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0033±alpha1_CB =  0.9222 

 0.0053±alpha2_CB =  1.5176 

 0.000070±mean_CB =  0.013526 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.652 

 0.000082±sigma_CB =  0.039404 

/ndf = 782.19 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e

MC
Gaussian
DBCB

92<Reco<150
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 0.0052±alpha1_CB =  0.9926 

 0.0086±alpha2_CB =  1.5755 

 0.00012±mean_CB =  0.00005 

 0.027±n1_CB =  3.205 

 0.023±n2_CB =  2.245 

 0.00017±sigma_CB =  0.05396 

/ndf = 1163.65 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.012±alpha1_CB =  1.104 

 0.014±alpha2_CB =  1.733 

 0.00031±mean_CB = -0.016521 

 0.049±n1_CB =  2.640 

 0.037±n2_CB =  1.879 

 0.00034±sigma_CB =  0.06596 

/ndf = 279.30 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0044±alpha1_CB =  0.9716 

 0.0071±alpha2_CB =  1.5763 

 0.00011±mean_CB =  0.00231 

 0.028±n1_CB =  3.526 

 0.019±n2_CB =  2.252 

 0.00014±sigma_CB =  0.05205 

/ndf = 789.54 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0098±alpha1_CB =  1.1052 

 0.011±alpha2_CB =  1.652 

 0.00022±mean_CB = -0.007955 

 0.035±n1_CB =  2.612 

 0.029±n2_CB =  2.107 

 0.00026±sigma_CB =  0.06113 

/ndf = 590.23 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0060±alpha1_CB =  1.0521 

 0.0082±alpha2_CB =  1.5991 

 0.00015±mean_CB = -0.003288 

 0.027±n1_CB =  2.814 

 0.024±n2_CB =  2.213 

 0.00017±sigma_CB =  0.05699 

/ndf = 563.06 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0044±alpha1_CB =  1.0226 

 0.0061±alpha2_CB =  1.5621 

 0.000092±mean_CB =  0.006440 

 0.025±n1_CB =  3.532 

 0.017±n2_CB =  2.371 

 0.00012±sigma_CB =  0.04969 

/ndf = 838.31 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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51<Reco<150
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 0.0060±alpha1_CB =  0.8600 

 0.012±alpha2_CB =  1.439 

 0.000099±mean_CB =  0.014387 

 0.097±n1_CB =  6.743 

 0.027±n2_CB =  2.446 

 0.00019±sigma_CB =  0.03945 

/ndf = 337.46 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.016±alpha1_CB =  1.082 

 0.011±alpha2_CB =  1.298 

 0.00020±mean_CB =  0.01490 

 0.55±n1_CB =  10.18 

 0.020±n2_CB =  1.723 

 0.00029±sigma_CB =  0.04172 

/ndf = 89.18 / 3942χ
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 0.0053±alpha1_CB =  0.8893 

 0.0060±alpha2_CB =  1.4829 

 0.00010±mean_CB =  0.01424 

 0.054±n1_CB =  5.060 

 0.018±n2_CB =  2.528 

 0.00012±sigma_CB =  0.03959 

/ndf = 492.71 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0087±alpha1_CB =  0.9517 

 0.0078±alpha2_CB =  1.4183 

 0.00014±mean_CB =  0.01408 

 0.53±n1_CB =  12.60 

 0.018±n2_CB =  1.995 

 0.00018±sigma_CB =  0.04133 

/ndf = 146.32 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0090±alpha1_CB =  0.8897 

 0.0074±alpha2_CB =  1.4470 

 0.00015±mean_CB =  0.01411 

 0.27±n1_CB =  9.36 

 0.018±n2_CB =  2.226 

 0.00019±sigma_CB =  0.04054 

/ndf = 227.96 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0033±alpha1_CB =  0.9223 

 0.0054±alpha2_CB =  1.5187 

 0.000070±mean_CB =  0.013527 

 0.024±n1_CB =  3.823 

 0.018±n2_CB =  2.645 

 0.000082±sigma_CB =  0.039406 

/ndf = 782.58 / 3942χ

LeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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93<Gen<150
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 0.0060±alpha1_CB =  1.0208 

 0.0067±alpha2_CB =  1.5243 

 0.00012±mean_CB =  0.00571 

 0.13±n1_CB =  7.46 

 0.018±n2_CB =  2.145 

 0.00015±sigma_CB =  0.05398 

/ndf = 376.26 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.015±alpha1_CB =  1.099 

 0.013±alpha2_CB =  1.549 

 0.00029±mean_CB =  0.00194 

 1.6±n1_CB =  17.8 

 0.022±n2_CB =  1.357 

 0.00038±sigma_CB =  0.06545 

/ndf = 208.00 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e

MC
Gaussian
DBCB

0<Gen<27

Gen / EGen - ERecoE
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

En
tri

es
 / 

0.
00

5

0

5000

10000

15000

20000

25000

 0.0071±alpha1_CB =  1.0110 

 0.0094±alpha2_CB =  1.5285 

 0.00012±mean_CB =  0.00650 

 0.084±n1_CB =  5.986 

 0.022±n2_CB =  2.308 

 0.00020±sigma_CB =  0.05181 

/ndf = 475.00 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0092±alpha1_CB =  1.0404 

 0.011±alpha2_CB =  1.538 

 0.00018±mean_CB =  0.00338 

 0.62±n1_CB =  13.63 

 0.022±n2_CB =  1.705 

 0.00027±sigma_CB =  0.05981 

/ndf = 192.25 / 3942χ

SubLeadingCEPCPreliminary (250 GeV)qqνν→ZZ→-e+e
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 0.0068±alpha1_CB =  1.0230 

 0.0093±alpha2_CB =  1.5166 

 0.00014±mean_CB =  0.00456 

 0.26±n1_CB =  9.87 

 0.021±n2_CB =  1.969 

 0.00020±sigma_CB =  0.05642 

/ndf = 257.06 / 3942χ
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 0.0044±alpha1_CB =  1.0226 

 0.0061±alpha2_CB =  1.5621 

 0.000092±mean_CB =  0.006439 

 0.025±n1_CB =  3.532 

 0.017±n2_CB =  2.371 
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 53Pei-Zhu Lai (NCU, Taiwan)

 The Gen Bin Sub-leading JER & JES with dR Cut (Reco-Gen)  
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 54Pei-Zhu Lai (NCU, Taiwan)

 The MCP Bin Leading JER & JES with dR Cut (Reco-Gen)  
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/ndf = 501.16 / 3942χ
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/ndf = 629.29 / 3942χ
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/ndf = 746.53 / 3942χ
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/ndf = 362.81 / 3942χ
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/ndf = 838.31 / 3942χ
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 55Pei-Zhu Lai (NCU, Taiwan)

 The MCP Bin Sub-leading JER & JES with dR Cut (Reco-Gen)  
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