
“晨光杯”青年优秀论⽂
终评答辩
答辩⼈：于丹



YU Dan

论⽂简介
• 论⽂题⽬：Lepton identification at particle flow oriented detector for 

the future e+e- Higgs factories

• 作者：Dan Yu, Manqi Ruan, Vincent Boudry, Henri Videau

• Eur. Phys. J. C (2017) 77:591 

• DOI 10.1140/epjc/s10052-017-5146-5

2



YU Dan

CEPC
• 正负电⼦对撞机：在Higgs的精确测量中优
势明显

• 本底⼲净

• 初始状态可知

• 可直接测量

• 环形正负电⼦对撞机：亮度⾼
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LHC

• Powerful Higgs factory (proton-proton)

• 27 km ring, 7-8 TeV(Run 1)

• CMS, ATLAS

• HL-LHC: 108 Higgs

• Accuracy limited by systematic and HUGE

background
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Figure 3.8 Cross sections of main standard model processes of e+e� collisions as functions of center-
of-mass energy

p
s, where ISR effect is included. Calculated with WHIZARD.

The event selection in Z ! µ+µ� starts with requiring a pair of identified muons. A
multi-variate analysis (MVA) discriminant constructed with the invariant mass, transverse
momentum, polar angle and acollinearity of the di-muon system is employed to enhance
the separation between signal and background. About 22k signal events (selection effi-
ciency of 62%) and 48k background events pass the event selection. The leading back-
grounds after event selection are ZZ, WW and Z� (ISR return) events. The left-hand plot
of Fig. 3.9 shows the fitted result; the signal is modelled by a Crystal Ball function and the
background by a polynomial. A relative precision of 0.9% for the inclusive cross section
has been achieved. The Higgs mass can be measured with a precision of 6.5 MeV. The
precision is limited by the beam energy spread, radiation effect and detector resolution.

The Z ! µ+µ� and Z ! ee channels use different event selection methods. The
resulting recoil mass spectra are shown in Fig. 3.9. Both channels have a significant high-
mass tail resulting mainly from initial state radiation. In addition, the Z ! ee channel has
much stronger bremsstrahlung and FSR radiation, leading to a much wider recoil mass
distribution.

In addition to the discriminating variables used in the Z ! µ+µ� analysis, the po-
lar angle and energy of the electron and positron are also used in the Z ! e+e�event
selection. In the Z ! e+e� channel, there are additional backgrounds from e+e� !
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粒⼦流算法（Arbor）

• ⽬标：重建所有末态粒⼦

• 轻⼦，光⼦，K介⼦，
tau粒⼦，喷注等
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轻⼦鉴别的重要性
• 对于Higgs的精确测量⾄关重要

• 喷注鉴别

• Higgs衰变末态甄别

• Higgs与轻⼦共同产⽣的物理事件

• 探测器信号触发
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LICH
• 正负电⼦Higgs⼯⼚中的轻⼦鉴别软件包：LICH (Lepton Identification for 

Calorimeter with High granularity) 

• 提取有关重建粒⼦的24个变量作为输⼊信息

• ⼯具：多变量分析

• 训练样本：1 GeV ~ 120 GeV 的单粒⼦（e-, µ-, π+）

• 根据输出的likelihood作为判定依据

• 性能最优(在⽬前所有正负电⼦Higgs⼯⼚研究中) 

• 对于2GeV以上的轻 鉴别效率达到99.5%以上，误判率<1% (较ALEPH
好3 倍, CLIC好接近⼀个量级) 

• CEPCSOFT、ILCSOFT官⽅软件
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主要应⽤变量-dE/dx

• 在TPC中的每⼀条径迹，
其单位深度损失的能量符
合Landau分布

• 不同能量的e-, µ-, π+径迹
对应的dE/dx平均值如图
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主要应⽤变量-FD

• 分形维数：描述量能器中的簇射的空间分布（紧
密程度）
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主要应⽤变量-其他
• 能量分布
• 量能器中击中点数⽬
• 击中点与中⼼（螺旋线）距离
• 深度
• ……
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鉴别效率
• 单粒⼦性能接近物理极限：误判由不可约本底导致
（如Pion衰变）
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量能器优化
• 在不同探测器模型中测试

• ECAL：层数（20，26，30）； 晶⽚⼤⼩（5×5mm
2
, 10×10mm

2
, 20×20mm

2
, 40×40mm

2
）

• HCAL：层数（20，30，40，48）；晶⽚⼤⼩（10×10mm
2
, 20×20mm

2
, 40×40mm

2
, 

80×80mm
2
）
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应⽤—llH
• llH物理事件中反冲质量可以提供Higgs的精确测量

• llH中⾼能轻⼦⼤部分为孤⽴轻⼦
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鉴别效率与能量区间

• eeH事例

• 可对不同能量
区间应⽤不同
鉴别条件

• 事例鉴别效率：
97.06% 
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应⽤
• CEPC核⼼软件之⼀，被应⽤于探测器性能分析、
探测器优化、以及CEPC CDR中各个物理分析

• 被ILC吸收为官⽅软件
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结论分析
• 与其他轻⼦算法相⽐效果显著提⾼（⽐Aleph中误判率改善三倍）

• 物理事件中性能同单粒⼦级别性能吻合：

• eeH/µµH中⼀对轻⼦探测效率:97% / 98% 

• 误判(<1%) / 探测器接受度(<1%) / 粒⼦重叠(<1%) 

• 应⽤：CEPC CDR中各个分析

• 可做进⼀步展开

• 中性粒⼦鉴别

• K介⼦鉴别

15
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TMVA
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TMVA

19
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CEPC-250GeV

20
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(WW fusion) and e+e� ! e+e�H (ZZ fusion) at the
CEPC [13–18], as shown in Fig. 1. The corresponding
production cross sections for the SM Higgs boson of 125
GeV, as functions of center-of-mass energy, are plotted
in Fig. 2. At the center-of-mass energy of 250 GeV,
the Higgs bosons are dominantly produced from

:::
the

:
ZH

process, where the Higgs boson is produced in association
with a Z boson.

Fig. 1. Feynman diagrams of the Higgs production
mechanisms at the CEPC: the Higgsstrahlung,
WW fusion, and ZZ fusion processes.
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Fig. 2. Production cross sections of the Hig-
gsstrahlung, WW fusion and ZZ fusion processes
as functions of center-of-mass energy. The dashed
lines (black) give the possible working energy
range of the CEPC.

The branching ratio of the Z boson decaying into a
pair of muons is 3.3%. The muons can be easily identified
and their momentum can be precisely measured in
the detector. By tagging the muon pairs from the
associated Z boson decays, the Higgsstrahlung events can
be reconstructed with the recoil mass method:

M
recoil

=
q
s+M2

µ+µ� �2(Eµ+ +Eµ�)
p
s ,

where Eµ+ and Eµ� are the energies of the two muons,
Mµ+µ� is their invariant mass, and s is the square of
center-of-mass energy. Therefore, the ZH (Z ! µ+µ�)

events form a peak in the M
recoil

distribution at the
Higgs boson mass.

With the recoil mass method, the ZH events are
selected without using the decay information of the
Higgs boson. Thus the inclusive ZH cross section �ZH

and the coupling gHZZ can be determined in a model-
independent manner. The measured gHZZ , combined
with exclusive Higgs boson decay measurements, could
be used to determine the Higgs boson width and absolute
values of couplings between the Higgs boson and its
decay final states [19]. Meanwhile, the Higgs mass mH

can be extracted from the M
recoil

distribution. A good
knowledge of the Higgs mass is crucial since the mH is
the only free parameter in the SM Higgs potential and
it determines the Higgs decay branching ratios in the
SM. Based on the model-independent analysis, the Higgs
decay information can be used to further suppress the
backgrounds, leading to a better mH precision.

The recoil mass method allows better exclusive
measurement of Higgs decay channels. Many new physics
models predict a significant branching ratio of the Higgs
boson decaying to invisible products [20–23]. At the
LHC, the current upper limit of this branching ratio is
about 40% [24, 25], which is much larger than the value
predicted in the SM (B(H! inv.)=B(H!ZZ! ⌫⌫⌫̄⌫̄)
= 1.06⇥10�3). At the CEPC, this measurement can be
significantly improved by using the recoil mass method.
In this paper, we evaluate the upper limit on the
branching ratio of the Higgs decaying to invisible final
states.

A series of simulation studies of similar processes
have been performed at the International Linear Collider
(ILC) [10, 26]. Compared to the ILC, the collision
environment of the CEPC is significantly di↵erent. The
ILC uses polarized beams while the CEPC has no beam
polarization. Besides, the beam spot size of the CEPC
at the interaction point (IP) is much larger than that of
the ILC, leading to a much weaker beamstrahlung e↵ect
and a narrower beam energy spread [10, 12, 27]. The
details of parameter comparison are listed in Table 1 [27].
Due to the above di↵erences, the cross sections for both
signal and backgrounds are di↵erent. Therefore, it is
necessary to perform the

:
a full detector simulation at

::
for

the CEPC.

Table 1. Comparison of machine and beam
parameters between the CEPC and the ILC.

Parameters CEPC ILC

Horizontal beam size at IP 73700 nm 729 nm

Vertical beam size at IP 160 nm 7.7 nm

Beamstrahlung parameter 4.7⇥10�4 2.0⇥10�2

Beam energy spread 0.16% 0.24%

Integrated luminosity 5 ab�1 2 ab�1

This paper is organized as follows. Section 2 describes

010201-2
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ArborPFA

• Jet: 60% 
charged+30%photon+
10%neutral
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CLIC-PID
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