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如何寻找新物理——精确测量也可以

❖ 直接⽅法: 

❖ 寻找与已知不同的粒⼦或者现象

❖ 例⼦：Higgs, Zc, Pc的发现

❖ 间接

❖ 精确测量

❖ ⽐较差别，⽽差别可能就来⾃我
们不知道的物理原理

❖ 例⼦：精确测量 H、W、Z 粒⼦
的质量

05.12.2017 Clemens Lange - Search for heavy resonances in diboson final states at CMS

VV background estimation (1)

>After selection, still dominated by 
QCD multijet events 

>Difficult to obtain sufficient number 
of simulated events 

>Need a data-driven approach 

>Exponentially falling spectrum 

! since we are in the trigger efficiency 
plateau 

>Can use fit function and perform a 
so-called bump hunt
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为什什么需要CEPC
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为什什么需要CEPC
The properties of Higgs boson Higgs  

Precision test of SM  

What are dark matter and dark energy? 

Supersymmetric particles 

Why is there more matter then antimatter 

Symmetry breaking 

… …  
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⾼高能环形正负电⼦子对撞机⽅方案

• 建设⼀一个100 公⾥里里周⻓长的 环形正负电⼦子对撞机(CEPC)， ⾼高精度研究Higgs
（Z）粒⼦子，并寻找新物理理

• CEPC的升级可能：在同⼀一隧道中建设 pp/AA对撞机，也可以建设ep/eA 对
撞机，或其它可能性

LTB : Linac to Booster  
 
BTC : Booster to Collider Ring  
�

BTC�

IP1�

IP2�

e+� e-�

e+ e- 
Linac 
  (240m)�

LTB�

CEPC Collider Ring(50 km)�

Booster(50 km)�

BTC�
Medium Energy  
Booster(4.5Km) 

Low Energy 
Booster(0.4Km) IP4� IP3�

CEPC�  Collider Ring(50 km)�

Proton Linac 
(100m) 

High Energy 
Booster(7.2Km) 



加速器器参数设计
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CEPC: 1M Higgs events、10B+ Z boson
精确测量量⼏几乎所有 Higgs 性质，精度提⾼高⼀一个量量级

标准模型关键参数的测量量精度有望超过⼀一个量量级


Flavor physics at Z pole + 双光⼦子对撞

可以精确测量量除了了 Higgs ⾃自耦合以外的所有性质，精度⽐比 LHC ⾼高⼀一个量量级



⾼高能量量、⾼高亮度、⾼高粒度 
—— PFA detector+⼤大数据+机器器学习          物理理结果

PFA：particle flow algorithm



CEPC detector

A detector reconstruct all the physics objects (lepton, photon, tau, Jet, MET, ...) with high 
efficiency/precision 
High Precision VTX located close to IP: b, c, tau tagging 
High Precision Tracking system: δ(1/Pt) ~ 2*10-5(GeV-1) 
PFA oriented Calorimeter System (~o(108) channels): ID, Jet energy resolution, etc!12



Vertex & Silicon Tracking system
•VTX:		Inner	most	layer	Radius:	~16	mm,	Spa<al	resolu<on:	3~5	μm		
•Massive	usage	of	silicon	pixel/strips	in	the	tracking	system	&	VTX:	
ensures	good	accuracy	in	Impact	parameter	&	momentum	
measurement	
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From Hits to Final State Particles 



CEPC software 
Generators 
Simulation 
Reconstruction 
Calibration 
Analysis
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⾼高精度的挑战之⼀一是：⾼高效、精准地记录、重建每种关键物理理对象



完整的的⼯工具链
!18



重建的第⼀一步：径迹重建 
径迹寻找+径迹拟合
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重建的第⼆二步： 
量量能器器重建+connect





第三步：jet（tau） 
 Jet-clustering 
 Jet-substructure 
 Jet-flavor-tagging， gluon ID



Current procedure



鉴别的硬件基础：< 5微⽶米的顶点测量量精度
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最重要的特征



机器器学习



鉴别效率和误判



CEPC physics 

Higgs 
W 

Z&flavor 
Top 











W mass scan 
Theoretical uncertainty still missing 
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The line shape of 𝜎(e+ e-→Z H) 
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Measure the line shape is an issue

• Line shape from data 
necessary


• Scan from threshold 


• It needs a lots of data-taking
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Summary 

• CEPC is a very challenge project for theory, experiment, 
and politics 


• Higgs simulation in good shape


• EW has  only a few simulation studies 


• Flavor physics missing at present


• Precision calculations are more  than appreciated 
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