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主要内容

• 高能量前沿：简介、发展

• 科学研究

• 设施和前沿

• 技术、研发

• 小结
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高能量前沿简介— 宗旨
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“规划和实现中国高能物理发展的核心力量”

focus: 
high energy frontier

王贻芳(卓越中心答辩报告）



高能量前沿简介—研究方向
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物理成果

通过本卓越中心20-30年的努力：
• 在国际最前沿开展粒子物理创新，实现实验技术提高

• 建成具有国际领先水平的实验装置+获得具有突破性的科研成果
• 成为世界最高水平的高能物理中心之一

新发展
• ILC 时刻表延后
• CERN FCC采用CEPC思想路线（先ee,后pp)
• 欧洲粒子物理战略规划考虑CEPC
• 中国政府拟启动大科学、大工程培育计划

王贻芳(卓越中心答辩报告）



平台3 – 高能量前沿简介—人员、经费支持

• 人员
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学术带头人

金山（南京大学）

赵政国（中国科学技术大学）

娄辛丑（高能所研究员）

• 经费支持

~300+ 名关键、青年骨干、博士后和研究生+工程技术人员

 自带干粮
 科学院海外创新团队 （2015);  科学院重点研究、培育经费（2016, 2017）
 高能所自筹创新经费（2014，CEPC初步预研究）
 科技部973经费(LHC分析,已结题),科技部重点研发ATLAS、CMS (2018)
 科技部重大研发经费（CEPC 预研究- 2016MOST1, 2018MOST2)
 基金委、科技部对ATLAS/CMS升级支持; 基金委ATLAS、CMS物理分析（2016, 19）
 基金委面上项目经费
 北京市加速器平台支持（2017），北京市科委（2018，2019）
 科学院王贻芳万人计划工作室（2017-）
 科学院粒子物理卓越中心（2014-）……

重视”科学成果产出”，”关键-前沿技术”, “人才引进-培育” 



高能量前沿简介—长期规划

 瞄准国际前沿，敢于问鼎科学创新顶峰

 围绕CEPC-SppC进行设计、关键技术、实验方案研究

立项、建设和实施、国际合作培育

 培养年轻人才钻研创新能力，掌握技术和实验手段

 增强高能物理研究队伍的规模

 在LHC实验上：出成果；学习探测器、电子学技术

和运行经验；培养有第一手经验的骨干

 积极开展国际合作、交流，提高水平

 争取适合于高能物理大科学的经费长期稳定支持

……..
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和整个卓越中心建设一起在细化考虑中。现期考虑的要点为：



• 理论(LHC实验-理论互动，CEPC，TeV新物理)

• ATLAS,CMS物理分析
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2019年科学研究进展



LHC唯象学及TeV新物理理论进展

有效场论 唯象学

精确计算
理论-实验互动

实验对理论计算精度的要求进一步提高，各种有效场论方法与传统唯象学研究并重。

理论所
于江浩

北京大学
杨李林

 2018年组建的LHC理论实验联合讨论已步

入正轨，每一到两个月定期讨论，并提供
Vidyo远程参与服务。
讨论群邮列表：exp-ph-th-

comm@maillist.ihep.ac.cn，召集人陈明
水、黄燕萍、张昊 （申请加入请发邮件至
zhanghao@ihep.ac.cn）。
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F IG . 2. T he exact N LO correction and its various approxi-
m ations in the range [340-380]G eV .
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F IG .3. T he N LP resum m ed result and its fixed-order expan-
sion.

w ork. 2) T he z ! 1 result corresponds to the “soft”or
“threshold”lim it

p
ŝ ! M tt̄ considered in,e.g.,[8,25]. It

should be stressed that the concept of“soft”or“thresh-
old”there has a com pletely di↵erent m eaning than those
used in this w ork. W e observe that, w hile not perfect,
the z ! 1 lim it provides a reasonable approxim ation to
the full result in the low M tt̄ region. It is know n that
this lim it w orks better in the high M tt̄ region [8,25]. 3)
F inally,the double lim itβ ! 0 and z ! 1 corresponds to
the “soft”lim it considered in [16,20]. O ne can see that
this approxim ation does not capture the dom inant con-
tribution at N LO .T his is essentially the reason w hy w e
do not consider such a “soft”resum m ation in this w ork.

W e now turn to com pare the N LP resum m ed result
E q.(6) and its fixed-order expansion. A s in E q.(8),w e
label the expansion up to the i-th term (i = 0,1,2,...)
as niLO . H ere the low er-case ‘n’im plies that these are
approxim ations to the full N iLO results in the β ! 0
lim it. N ote that the n0LO result equals exactly to the
fullLO result due to the prefactors in E q.(6). W e show
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F IG . 4. T he averaged t̄t invariant m ass distribution in the
[300-380]G eV range. T he C M S result [2] is show n as the
green band. T he various theoreticalpredictions are show n in
com parison,w ith N N LO + N LP being our best prediction.

such a com parison in F ig.3,from w hich w e can draw sev-
eralim portantconclusions. 1) T he fixed-orderexpansion
converges rather quickly w hen M tt̄ is m uch larger than
2m t. H ow ever, w hen M tt̄ approaches the threshold, the
behavior becom es out-of-control. In particular,the n3LO
result tends to + 1 w hile the n4LO one tends to − 1 in
the β ! 0 lim it (M tt̄ ! 345 G eV ). 2) T he singularity
at β = 0 is regularized by the resum m ation e↵ects, and
w e obtain a finite prediction near M tt̄ = 2m t w ith the
N LP resum m ation form ula. O ne also finds that in the
resum m ed result the region M tt̄ < 2m t is allow ed due
to bound-state e↵ects. T he shape of the N LP curve for
M tt̄ < 2m t depends crucially on the top quark w idth.
H ow ever,w e have checked that the integrated cross sec-
tion in the [300-380]G eV range is insensitive to the value
of Γt. 3) A s a final im plication of F ig. 3, w e note that
the N LP curve alm ost overlaps w ith the nLO and n2LO
curves for M tt̄ > 360 G eV . T his m eans that in this re-
gion, the m atched (N )N LO + N LP results of E q. (8) are
governed by the fixed-order (N )N LO calculations. E ↵ec-
tively, this show s that w e are not applying the sm all-β
resum m ation to regions w here one m ay w orry about the
break dow n ofthe E F T description. A s a m atter offact,
w e have checked that the dom inant beyond-N N LO cor-
rection com es from the region M tt̄ < 350 G eV , w here
β < 0.17 and pN R Q C D is perfectly applicable.

F inally, w e m atch our resum m ed calculation to the
N LO and N N LO results according to E q.(8). T he N LO
results are com puted using MCFM and the N N LO results
are obtained from [6, 7, 26, 27]. T he N LO + N LP and
N N LO + N LP results are show n in F ig. 4 together w ith
the N LO and N N LO ones, com pared against the C M S
m easurem ent. W e find that the resum m ation e↵ects en-
hance the N N LO di↵erentialcross section by about 9% ,
and m ake the theoretical prediction m ore com patible
w ith experim ental data. A s discussed in the Introduc-

北京大学曹庆宏、
高能所张昊

研究方向进展: 理论
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Qinghong Cao

mailto:exp-ph-th-comm@maillist.ihep.ac.cn


P hase in bottom -quark Yukaw a Interactions

• Interference in H iggs decay:


• To enhance the interference effect:

!22

dΓ ∼ y2bαsdΓ11 + ybα
2
s

m b

m h

dΓ12 + α3
sdΓ22

C hinese P hysics C V ol. xx,N o. x (2019) xxxxxx

3.1 T he 240G eV H iggs Factory

W e generate parton level signal and back-
ground events at 240G eV e+ e− collider using
M adG raph aM C @ N LO [57]w ith the initialstate radia-
tion (ISR ) e↵ects [58]. To include the N N LO corrections
to the cross section,the totalcross section ofe+ e− ! Z h
is rescaled to the suggested value in [59–61]. W e analyze
both leptonic and hadronic decay m odes ofthe Z boson.
T he interference e↵ect betw een the H iggs strahlung pro-
cess and the Z -boson fusion process in the e+ e− decay
case of Z boson is considered in our analysis. T he jet
algorithm is the ee kt (D urham ) algorithm in w hich the
distance betw een the object i and j is defined as [62]

dij ⌘ 2(1− cos✓ij)
m in E 2

i ,E
2
j

s
, (12)

w here s is the square ofthe center-of-m ass fram e energy,
E i is the energy ofthe ith jet,✓ij is the angle opened by
the ith and jth jet.

W e add pre-selection cuts w hen w e generate the par-
ton levelevent

|⌘j,̀ ±|< 2.3, ∆ R ij > 0.1,∆ R i` > 0.2,

E j > 10G eV , E ` ± > 5G eV .

T he param eters ofthe sm earing e↵ects for di↵erent par-
ticles are chosen to be [5]

σ(E j)

E j

=
0.60

p
E j/G eV

⊕0.01,

σ(E e± ,γ )

E e± ,γ

=
0.16

p
E e± ,γ /G eV

⊕0.01, (13)

σ

✓
1

pT ,µ ±

◆

= 2⇥ 10− 5 G eV − 1⊕
0.001

pµ ± sin3/2 ✓µ ±

,

(14)

3.1.1 Leptonic D ecaying Z

A fter adding the sm earing e↵ects,w e require the ob-
jects satisfy‡

|cos✓j,̀ ±|< 0.98, dij > 0.002,E j > 15G eV ,

∆ R i` > 0.2, E ` ± > 10G eV .

T he b-tagging efficiency is chosen to be 80% , w hile the
m is-tagging rate from charm jet (light jet) is 10% (1% ).
A fter the preselection cuts,w e require the signalevents
contain 2 b-tagged jets,a pair ofopposite sign sam e fla-
vor charged leptons,and

|m µ + µ − − m Z |< 10G eV , |m e+ e− − m Z |< 15G eV ,

✓̀+ ` − > 80◦ , /E T < 10G eV ,

124.5G eV < m recoil< 130G eV , for µ + µ− channel,

118 G eV < m recoil< 140G eV , for e+ e− channel,

w here the recoilm ass is defined as

m recoil⌘
q
s− 2
p
sE ` + ` − + m 2

` + ` −
. (15)

T he dom inant SM background processes for Z !
`+ `− channelis

e+ e− ! `+ `− b̄bj

e+ e− ! `+ `− cc̄j

e+ e− ! `+ `− jjj

e+ e− ! `+ `− h(! cc̄j)

e+ e− ! `+ `− h(! jjj)

T he kinem atic cut on the recoilm ass of`+ `− can rem ove
m ost of the background events from the first three SM
processes, w hile the last tw o can pass this cut. H ow -
ever,the last tw o background w illbe suppressed by the
charm -jet and light jet m istagging rate.

W e define an observable as

⇣H ⌘
2E b1 E b2p
E 2

b1
+ E 2

b1

cos✓b1 b2 , (16)

w here E bi is the energy ofthe ith b-jet in the H iggs rest-
fram e,✓b1 b2 is the crossing angle betw een the 2 b-jets in
the H iggs-rest fram e. In our analysis, the 4-m om entum
of the H iggs boson is reconstruct by sum m ing the 4-
m om entum of the three jets from the H iggs boson de-
cay, but not the recoil m om entum of the dilepton sys-
tem . W hen the tw o b-jets from the H iggs boson decay
are nearly collinear and the b̄b-system and the gluon jet
from the H iggs boson decay is nearly back-to-back, ⇣H
goes to its m axim um value,+ 1. In F IG .4,w e show the
⇣H distributions for the residue SM backgrounds and the
signalw ith di↵erent values of↵b.
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‡T he value of the dij cut is based on the assum ption that the future lepton collider has a resolution at least as good as the L E P
[63, 64].
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CEPC理论（国内）进展和状态

有效算符 Higgs性质

新物理（暗物质） QCD理论

新物理寻找、Higgs性质研究、QCD理论和有效算符研究均有新进展

高能所
张岑

南京大学
刘佐伟

上海交大高俊，
高能所张昊

浙江大学
朱华星

Subm itted to C hinese P hysics CSubm itted to C hinese P hysics CSubm itted to C hinese P hysics C

4 R esults

Follow ing our baseline analysis,the 95% C L lim its of
the individual coefficients in the first row are given in
Figure 5,w here they are com pared w ith the current lim -
its from LH C + LE P 2 and w ith the H L-LH C projection.
FC C -ee projection at the center-of-m ass energy of 240
G eV is given in R ef.[59],but only for the 3 tw o-ferm ion
coefficients, and w e show them in the sam e plot. N ote
that R ef. [71] suggested that the current signal region
of the t! ql+ l− decay m ode,designed for the search of
t ! qZ m ode, can be extended by including the “o↵-
shell”region w ith |m l+ l− − m Z | > 15 G eV . T his could
lead to H L-LH C prospects that are slightly better than
Figure 5 for som e of the four-ferm ion coefficients. T he
C LIC bounds,on the other hand,are only available w ith
higher center-of-m ass energy runs and are not show n in
the plot. For exam ple, the expected lim its of the four-
ferm ion coefficients from a 380 G eV run w ith an inte-
grated lum inosity of500 fb− 1,are about a factor of3⇠4
better than those from C E P C , due to the higher beam
energy and beam polarization [60].

Looking at the 3 tw o-ferm ion coefficients on the left,
the lim its are either w eaker than or com parable to H L-
LH C . Still, w e em phasize that even in this case the
C E P C m easurem ent provides an im portant consistency
check w ith the existing results. T he m ost interesting re-
sult,how ever,is the im provem ent ofthe other four four-
ferm ion coefficients. A s expected, w e see that they are

1⇠2 orders of m agnitude better than the current lim its
and the com bination ofH L-LH C and LE P 2. Sim ilar re-
sults are observed for the second row operators and are
displayed in F igure A .3 in A ppendix A .In F igure 6,w e
show the tw o-dim ensionalbound of the tw o-ferm ion co-
efficient c− (3+ a )

' q and the four-ferm ion coefficient c(1,3+ a )
eq ,

com pared w ith LH C , H L-LH C , and LE P 2. C learly, a
large fraction of the currently allow ed param eter space
w illbe probed by C E P C .A sim ilar plot for the operators
in the second row of E q. (27) is given in F igure A .4 in
A ppendix A .

In F igure 7 w e plot the discovery lim its of the seven
coefficients in the first row ofE q.(27) in term s of⇤/

p
c,

as a function of integrated lum inosity. T he scale is
roughly that ofnew physics,assum ing that the coupling
is of the order of one. T he plot show s that new physics
at a few TeV leading to four-ferm ion FC N interactions
can be discovered already at an early stage of C E P C
running. T he im provem ent w ith lum inosity is,how ever,
less significant. N ote that the tw o curves corresponding
to c(1,3+ 2)

eq and c− (1,3+ 2)
lq overlap w ith each other. T his

is because they give rise to four-ferm ion couplings that
only di↵er in the chirality ofthe electron fields,and thus
have the sam e rate in the signal region defined by our
baseline analysis. T he results for the coefficients of the
second row are given in A ppendix A ,F igure A .5,w here
a sim ilar degeneracy betw een c(1,3+ 2)

eu and c(1,3+ 2)
lu can be

observed.
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F ig. 5. T he 95% C L lim its of the individual coefficients in the first row of E q. (27), as expected from C E P C ,
com pared w ith the existing LH C + LE P 2 bounds and the projected lim its from H L-LH C + LE P 2 and FC C -ee w ith 3
ab− 1 lum inosity at 240 G eV (only for the first three coefficients),see R efs.[57,59]. T he results for both generations
a = 1,2 are displayed. T he orange colum n “C E P C baseline”is the expected lim it follow ing our baseline analysis,
w hich applies to both flavors (a= 1,2). T he red colum n “C E P C tem plate fit”uses c-jet tagging for signaldefinition
and only applies to a = 2 operators.
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• 240G eV H iggs factory w ith 5.6ab -1 integrated lum inosity+ 
365G eV H iggs factory w ith 1.5ab -1 integrated lum inosity.

R esults

!31

Ed L. Berger, Q. Bi, K. Chai, J. Gao, Y. Liu and HZ, to be appeared. δαb ∼ 34∘
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Qinghong Cao
研究方向进展: 理论



ATLAS中国组
 两个clusters,7家单位,中国参加LHC实验最大的研究队伍

 现有44名教职员工，2019年新增4位

- 院士1名

- 万人计划领军人才2名

- 千人计划3名

- 杰青3名

- 优青1名

- 青千百人18名

- 博士后28名

- 学生、工程师和技术
人员

IHEP-NJU-THU Cluster(高能所-南大-清华联合组)
 Institute of High Energy Physics(高能所)
娄辛丑（千人A）、Joao Costa(外专千人)、欧阳群、庄胥爱（百人）、方亚泉（青

千）、朱宏博（青千）、黄燕萍（青千）、梁志均（百人）、史欣（青千）、李一鸣
（青千）、吕峰、单连友、徐达、刘佩莲（百人）
 Nanjing University（南大）
金山（万人、杰青）、张雷、陈申见、祁鸣、闵天觉

 Tsinghua University（清华）
陈新（青千）

USTC-SDU-SJTU Cluster（科大-山大-交大联合组）
 University of Science and Technology of China(科大)
赵政国（院士、千人）、韩良（万人、杰青）、蒋一、刘衍文（优青）、刘建北（青

千）、彭海平（杰青、百人）、朱莹春、刘明辉、吴雨生（青千）、孙勇杰、Rustem
Ospanov、Antonio Baroncelli
 Shandong University(山大)
张学尧、冯存峰、祝成光、马连良（青千）、李海峰

 Shanghai Jiao Tong University(上海交大)
杨海军（青千）、李亮（青千）、郭军（青千）、周宁（青千）、邬维浩

 T.D. Lee Institute(李政道研究所) 李数（青千）、刘坤
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研究方向进展 ATLAS, CMS 实验
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★ ATLAS进行的分析 ★中国组贡献的分析

 标准模型Higgs性质研究及相关新物理的寻找

 标准模型物理过程的测量检验

 新物理直接寻找：SUSY，Exotics

研究方向进展 ATLAS, CMS 实验



希格斯衰变到玻色子或轻子过程
HZZ4l

HWW
H𝛾𝛾

ATLAS-CONF-2019-029

ATLAS-CONF-2019-025

IHEP, NJU
USTC

Phys. Lett. B 789 (2019) 508
Phys. Lett. B 798 (2019)134949

IHEP, SDU

ATLAS-CONF-2019-028

JHEP 05 (2019) 141H𝜇𝜇

HbbUSTC, SDU

USTC, SDU, SJTU,
NJU, IHEP
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研究方向进展 ATLAS, CMS 实验

https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682155/files/ATLAS-CONF-2019-028.pdf
https://link.springer.com/article/10.1007/JHEP05(2019)141


希格斯衰变到双tau末态和ttH过程

Phys. Rev. D 99 (2019) 072001

36/fb数据： 4.4s（预期4.1s）

联合Run-1: 6.4s（预期5.4s）

ATLAS-CONF-2019-050

36/fb数据：通过测量最优变量寻

找可能的CP破坏： d ≄ 0

ATLAS-CONF-2019-045

1.8s（预期3.1s）

H𝜏𝜏 ttH,Hmulti-lepton

NJU, THU

NJU, THU SDU, IHEP
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研究方向进展 ATLAS, CMS 实验

https://link.aps.org/doi/10.1103/PhysRevD.99.072001
https://cds.cern.ch/record/2693960
https://cds.cern.ch/record/2693930


希格斯联合统计分析

 全局信号强度μ=1.1+0.09
-0.08，

 给出Stage-1最简化模式截面测量

 高能所、交大(/李所)作出主要贡献

arXiv:1909.02845 ATL-PHYS-PUB-2018-054

 利用Run-2部分数据分析

的初步结果推算HL-LHC

可以得到的测量精度

 山大作出主要贡献

ATLAS-CONF-2019-032

 联合HZZ*和H𝛾𝛾

 测量截面ppH+X：

 理论截面：

 高能所作出主导贡献 14

研究方向进展 ATLAS, CMS 实验

https://arxiv.org/pdf/1909.02845.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/
https://cds.cern.ch/record/2682844


双希格斯过程寻找

 利用WW*gg和WWWW末态寻找希格斯粒子对产生过程

 标准模型预言双希格斯产生过程，截面为33.4 fb；新物理则可出现

在双希格斯共振态或者不同与标准模型预言的产生截面

 高能所、交大作出主导贡献

H hhWW*gg
H hhWW*WW*

Eur. Phys. J. C 78 (2018) 1007 JHEP 05 (2019) 124

研究方向进展 ATLAS, CMS 实验

https://link.springer.com/article/10.1140/epjc/s10052-018-6457-x
https://link.springer.com/article/10.1007/JHEP05(2019)124


希格斯自耦合测量

 在single Higgs 过程中考虑电弱修正从而间接地测量Higgs self-coupling，

采用这种新方法的相关结果首次发表（ ）

 Di-Higgs和single Higgs的联合统计分析给出更加严格𝜅λ=𝜅HHH/𝜅
SM

HHH的束缚

 高能所、南大作出主要贡献

ATLAS-CONF-2019-049ATL-PHYS-PUB-2019-009

16

研究方向进展 ATLAS, CMS 实验

https://cds.cern.ch/record/2693958
https://cds.cern.ch/record/2667570


通过希格斯粒子寻找新物理

Eur. Phys. J. C 79 (2019) 58

 利用多轻子末寻找double charged Higgs  希格斯衰变到不可见末态上限：Br<26%

arXiv:1907.06131

 Upper limits  at 95% CL:

- Br(He𝜏): <0.47% 

- Br(H𝜇𝜏): <0.28%

Phys. Rev. Lett. 122 (2019) 231801

LHC实验上首个

通过H+γ末态寻

找可能的共振态

XHg

PRD 98 (2018) 032015

SJTU
THU

USTC

USTC, NJU

17

研究方向进展 ATLAS, CMS 实验

https://link.springer.com/article/10.1140/epjc/s10052-018-6500-y
https://arxiv.org/abs/1907.06131
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231801


5s Observation on SM Physics processes

VBS WWjj 6.5 s

Phys. Rev. Lett. 123 (2019) 161801

VBS ZZjj 5.5s

ATLAS-CONF-2019-033
Phys. Lett. B 793 (2019) 469

VBS WZjj 5.3 s

USTC, SJTU

SJTU USTC, SJTU

18

研究方向进展 ATLAS, CMS 实验

https://doi.org/10.1103/PhysRevLett.123.161801
https://cds.cern.ch/record/2682845
https://www.sciencedirect.com/science/article/pii/S0370269319303211


SUSY粒子的寻找

Direct stau Run-2:
ATLAS-CONF-2019-018

Stau-L+stau-RStau-L

首次给出LHC实验stau粒子的
排除上限

IHEP, NJU

Wh (lvbb) Run-2:
arXiv:1909.09226

SS/3L Run-2:

arXiv:1909.08457

arXiv:1812.07831

ATL-PHYS-PUB-2019-006

IHEP

19

研究方向进展 ATLAS, CMS 实验

https://cds.cern.ch/record/2676595/files/ATLAS-CONF-2019-018.pdf
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/1909.08457
https://cds.cern.ch/record/2650173/files/1812.07831.pdf
http://cdsweb.cern.ch/record/2664870/files/ATL-PHYS-PUB-2019-006.pdf


新物理寻找：Exotic

20

 通过双轻子+双喷注末态寻找右手

Majorana/Dirac重中微子NR或者右

手重玻色子WR

 首次考虑了NR比WR质量重的情况

 科大作出主要贡献

JHEP 01 (2019) 016

Phys. Rev. D 98 (2018) 032002

 清华首次开展𝜏𝜏末态的分析，联

合其它分析末态发表了世界上最

严格上限:

 清华作出主导贡献

B(t→Hq) < 1.110-3

CERN 新闻

研究方向进展 ATLAS, CMS 实验

https://link.springer.com/content/pdf/10.1007/JHEP01(2019)016.pdf
https://doi.org/10.1103/PhysRevD.98.032002
https://home.cern/news/news/physics/chasing-particle-its-own-antiparticle


暗物质寻找:dijet + X
 利用双喷注+1个光子寻找Z’ (axial-

vector dark-matter)

 利用初态辐射光子覆盖低质量区间

- Dijet mass： 225 GeV–1.1 TeV

 清华、交大作出主要贡献

Phys. Lett. B 795 (2019) 56

 分析全部Run-2数据来寻找新物理预言的

双喷注共振态

 交大、清华作出主导贡献

arXiv:1910.08447

21

研究方向进展 ATLAS, CMS 实验

https://doi.org/10.1016/j.physletb.2019.03.067
https://arxiv.org/pdf/1910.08447.pdf


CMS中国组

22

研究方向进展 ATLAS, CMS 实验



CMS-IHEP

• 发表以高能所为主（分析contact）的CMS文章3篇，
约占同期CMS文章的3%

• 发表有其他重要贡献的CMS文章6篇
• 代表CMS在国际会议Plenary 报告8个，parallel和

poster 8个
• 希格斯性质研究：H-->ZZ-->4l, H-->γγ 质量和截

面，ttHWW, ttHbb，ttH γγ
• 新粒子寻找：低质量额外H--> γγ,  X-->HH,VH

特殊规范玻色子，激发态b夸克，leptoquark, 
vector-like-quark

• 标准模型：underlying event

23

研究方向进展 ATLAS, CMS 实验
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H->gg与H->4l 合并测量得到
mH = 125.35±0.12(stat)±0.09(syst) GeV
CMS给出当前世界上最精确的测量结果，
精度为： 0.12% 

高能所在测量中起到关键作用，
该结果由陈明水代表合作组于10
月1日在牛津大学举办的Higgs
Couplings 2019 大会上首次公开

CMS-IHEP研究方向进展 ATLAS, CMS 实验

Phys. Rev. Lett. 122, 132003

5σ发现标准模
型tZq过程

H->ZZ->4l: 产生截面测量



电弱物理研究进展

3个北大作为负责人的CMS分析
● SMP-18-007 (Meng Lu)      VBS Zγ
● SMP-19-002 (A. Levin)       Inclusive Wγ

● SMP-19-008 (Q. Huang)     VBS Wγ

VBS Zγ及VBS Wγ预期敏感度都超过5倍标准偏差。

研究方向进展 ATLAS, CMS 实验

Z+Jets精细测量



H->gg: STXSSimplified Template Cross Sections测量
基于2016、2017两年的13TeV 77.4 fb-1的数据,测量Stage-1 H→gg的简约模板截面

26
6 ggH + 1 VBF parameters

10 ggH + 3 VBF parameters

CMS-PAS-HIG-18-029



ttH实验测量
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• 直接研究和证明希格斯粒子和顶

夸克之间的汤川相互作用，对理

解费米子的质量起源有着重要的

意义。在观测到ttH之后，实验上

仍需直接在各单衰变道测量、检

验 topYukawa耦合

• 中国组在多轻子衰变道、双底夸

克衰变道以及双光子衰变道加强

了布局

– 正反底夸克道

– 双光子道

– 多轻子道

CMS-PAS-HIG-18-018

ttH gg: 4.1s obs

JHEP 03 (2019) 026
ttH bb

高能所、浙大

高能所、北大

高能所

正在推进多个分析的文章发表

ttH 多轻子道DNN分析
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双轻子末态tW寻找含top产生过程

arXiv:1903.11144

Beihang

CMS-EXO-19-019大质量 Z’

Beihang

双、多玻色子共振态

PKU

研究方向进展 ATLAS, CMS 实验

新粒子寻找



未来设施、前沿

• CEPC 高能环形正负电子对撞机

• HL-LHC 高亮度大型强子对撞机

• ILC 国际直线加速器

29X. C. Lou       Nov. 22, 2018



Progress and updates – CEPC Day

CEPC Day – post CDR monthly team meeting on progress, problems and issues, plus CEPC 
Steering Committee Meeting, held since February, this year.

¼ -1/3 of the overall CEPC will be covered each CEPC Day, complete coverage 3-4 months

Set aside time for detailed discussions

example
September 27, 2019

9:00 – 12:00      Detector, Software, Physics              

12:00 – 13:45      Steering Committee Meeting

14:00 --17:30      Accelerators

Vidyo link: 
http://vidyo.ihep.ac.cn/flex.html?roomdirect.html&key=P1kF5j5SQDoTFh2veKCFcXJGPGQ 
Room Extension: 0020188011001 

Indico Page: 
https://indico.ihep.ac.cn/event/10617/ 

morning—afternoon sessions are open to all CEPC stakeholders



CEPC Development – expert committees

Accelerator review committee – recommended by the IAC, established and 

will meet in this week at this workshop (November, 2019) help with CEPC TDR

Detector R&D committee – recommended by the IAC, a large committee (~16 

members) has been established; first meeting November,2019， help with detector 
R&D, selection of detector LOC, detector collaborations, and more

We expect to benefit greatly from these committees



• Dynamic aperture optimized with the new lattice aiming at luminosity of 𝟓 × 𝟏𝟎𝟑𝟒/𝒄𝒎𝟐/𝐬.

– Effects of nonlinearity in lattice, synchrotron radiation, beam-beam interaction are 
included.

– Multi-Object Deferential Evolution (MODE) algorithm used to make global optimization.

– DA goal 8σx15σy 1.7% 

• More efforts will be made to enlarge the momentum acceptance.

• The goal will be adjusted with further beam lifetime study which is under going.

Dynamic aperture optimization

32

11𝝈𝒙𝟐𝟏𝝈𝒚 1.5%

CEPC design enhancement

Jie GAO

5/3 improvement 
over CDR luminosity



Experimental Verification Planfor CEPC Plasma Injector Scheme

A dedicated budget of 8Million has been alocated by IHEP 

 Electron plasma acceleration will be tested in Shanghai's Soft XFEL Facility
 Positron plasma acceleration scheme will be tested at FACET-II at SLAC 

Technical design 
review has been 
done
(August 22,2019)

CEPC design enhancement

Jie GAO
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CEPC 探测器物理需求分析

Assuming 

BR(H→inv) = 10%

Preliminary

σ(vvH, H→bb) σ(qqH, H→inv)

σ(qqH, H→ττ)

Tracks ECAL

BMR(Jets)

CEPC探测器和Higgs

物理测量分析精度分析。

开展味物理和QCD

物理需求分析

34



软件框架

面向未来国际高能物理实验的共同需求，平台三成员积极加入了未来计算-软件框架的
国际讨论和共同研发。

面向CEPC、组织软件框架的开发和算法移植工作。

未来设施、前沿: CEPC

35



Progress and updates – Intl Collaboration

 Strengthen cooperation with CERN
 Joined CALICE collab., ILD TPC collab., RD collab.s

 First international workshop on CEPC in Europe – Rome May, 2018
 Second CEPC workshop (EU) in Oxford, UK, April 15-17, 2019
 Third planned for Marseille, France, May 4-6, 2020

https://indico.in2p3.fr/event/20053/

 First US workshop at UChicago, September 16-18, 2019
 Second US workshop planned for April 22-23, 2020 (TBC）

Catholic University in Washington DC, USA

 HongKong IAS HEP Program (～200人参会)， January 2019
 2019 CEPC International workshop at IHEP (~360) Nov. 20-21, 2019
 Fifth CEPC IAC meeting (Nov. 21-22, 2019)

https://indico.in2p3.fr/event/20053/


Progress and updates – Intl Collaboration

Preparation for European Strategy for Particle Physics update
Inputs (CEPC accelerator, physics-detector) have been submitted

CEPC accelerator: ArXiv: 1901.03169, CEPC Physics/Detector: 1901.02170

a) CEPC team submitted two 
input documents to the 
USPPU;

b) Engaging with PPG and ESG; 
c)  Many attended the Open 

Symposium in Granada, 
Spain.



CEPC项目被正式提交至欧洲战略讨论

国内约10位物理学家参加了2019.5.12-17在西班牙格拉纳达进行的公开论坛。
娄辛丑研究员作为会议物理小组准备成员组织了相关分会讨论

未来设施、前沿: CEPC

38
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CEPC site investigation and facility study

• Begins site study in Changsha长沙
at the request of the provincial
government;

• Collaborative MOUs signed to   
prompt CEPC and HEP



40

Changsha (Hunan Provice)

CEPC site investigation and facility study

40



CEPC Industrial Promotion Consortium (CIPC)
was established in 2017 to prepare for CEPC

The first and the last segments – sextupole combined

The three middle segments – dipole only

Core – steel

Main coil – aluminum Trim coil – aluminum

Radiation shielding – lead

2019年CIPC扩大至70多个单位



Progress and updates – path to realization

Cultivation proposal submitted in November, 2019

Suggested Large International 
Science & Engineering Project for Cultivation

Cultivation of CEPC

Host: IHEP

PI: YiFang Wang



技术、研发

• CEPC-SppC： CDR， R&D，品质提升，…

• HL-LHC升级：探测器，加速器

• 国际研发合作

43X. C. Lou       Nov. 22, 2018
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技术研发: CEPC 加速器
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技术研发: CEPC 加速器
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技术研发: CEPC 加速器



CEPC探测器预研究

顶点（左）、TPC（右上）、ECAL（右下）的探测器技术及原型机研究

技术研发: CEPC 探测器

47



高能所洁净间：用于ATLAS升级和CEPC探测研发

• Additional +80平米万级洁净间与2019年4月份验收投入使用
• 已制电子学级别的模块

48

推拉力测
试仪

高精度坐
标仪

自动点胶
机

高速邦定
机

显微
镜

探针
台

TCT

环境
箱

干燥
柜

制冷
机

测试
台

超洁净工
作台

干燥
柜

超景深显
微镜

技术研发: CEPC 探测器



HL-LHC ATLAS 计划

49

NSW: 科大/山大

ITK:高能所/南大/清华
RPC:科大/山大/交大
HGTD:所有7家单位

技术研发: HL-LHC ATLAS探测器



中国组NSW项目

 山大承担生产128 sTGC QS2 chambers，预期下个月完成

 科大承担生产1840 Front-end readout (FEB) boards

技术研发: HL-LHC ATLAS探测器

50



ATLAS Phase-2 硅径迹探测器升级

51

 针对国内急缺硅探测系统设计与建造经验的现状，通过参与国际合作直接
参与最前沿的抗辐照硅探测器研究。通过项目掌握关键技术、积累经验。

 项目专用洁净间投入运行。按照课题拟定目标，在主要方向上均取得重要
进展：

I. 前端电子学ASIC设计 III. CMOS硅探测器研究

承担抗辐照、高速
数字模块设计，已
流片投入使用

已完成多个探测器模块原型
制作及测试，准备预生产

初步完成新型CMOS硅
探测器性能研究

基准设计

承担任务
前沿研究

II. 模块设计与建造

高能所/清华

技术研发: HL-LHC ATLAS探测器



科大-山大-交大RPC升级
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科大/山大/交大

中国组承担ATLAS缪子探测器RPC升级课题: 科大、山大、交大负责RPC Phase-2中50%前放板以及
50% singlet chamber制作和测试

- 计划2020年底完成设计，尝试以读出条两端时间差得到位置信息

- 孙勇杰担任Level-3协调人，负责读出板的设计和生产

Readout Strip

FR
4
(0.3
mm)

Ground copper Layer

16 channels 
readout in Y axis

Gas gap1 
and readout 
panel1

Gas gap2 
and readout 
panel2

8 
channels
In X axis

8 
channels 
in X axis

提议1:

蜂窝结构读
出板提高机
械性能和信
号质量

提议2：用单面

双端读出代替
双面单端读出

RPC测试

用于宇宙线性
能测试的大面
积触发探测器

技术研发: HL-LHC ATLAS探测器



高能所组HGTD项目工作简介

高能所研制的HGTD探测器模块在束流测试 高能所所研发的的LGAD传感器

50ps

 高能所成员已经在HGTD项目的最高管理层中担任要职

- 项目资源管理与风险管理召集人 (Joao Guimaraes Da Costa)

- 触发与数据获取组召集人 (Juanan Garcia ,IHEP)

- HGTD技术设计报告（TDR）编辑（梁志均,Joao, Juanan)

 高能所研发出首批(目前唯一）基于ALTIROC1芯片的HGTD的探测器模块

- 将是HGTD技术设计报告（TDR）模块研制的主要结果

 高能所所研发的LGAD传感器

- 对单电子响应时间25∼30皮秒，符合HGTD项目的要求

 高能所参与超快读出ASIC芯片（ALTIROCv2）的数字逻辑电路设计

技术研发: HL-LHC ATLAS探测器
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科大HGTD进展情况
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 科大组织团队（探测器、电子学、模拟与重建人员）参
加HGTD项目 --- Expression of Interest 报告 (2019年1月23
日）

 已成为LGAD测试地点之一

 参与ASIC测试工作

 联合苏州纳米所研究组装技术

 参与束流测试，并做数据分析

 完成读出模拟软件编写

 研究sensor设计和制作（在国内流片）

在探针台上测试LGAD 电学特性

用90Sr测量增益、
位置扫描，测试均
匀性

USTC LGAD USTC设计读出电路板

技术研发: HL-LHC ATLAS探测器

https://indico.cern.ch/event/777732/contributions/3250348/attachments/1783069/2901750/HGTD-EOI-USTC-Final.pdf


端盖μ触发探测器升级, GEM

北大

已经完成GE1/1建造

端部量能器升级

高能所

已经完成洁净间建设

缪子backend

电子学及触发 高能所

已经完成设计，并建
成开发和测量系统

技术研发: HL-LHC CMS探测器



GE1/1 GEB (前端电子学板) 生产测试:

• 已经在中国深圳鑫诺捷公司生产了~200套GEB

• 最后一批 50 套 GE1/1 GEB 2019年10月生产完成，
这周正在测试，完成后发往CERN

GE2/1 GEB 设计与预研:

• 两种型号的GE2/1 GEM 探测器(长、短)每种
分为4端，共8种型号GEB: M1 – M8

• 我们已经完成了M1 – M5的设计和样机生产, 
每种型号生产了5-6 块GEB, 分别发往CERN 
和美国Rice大学进行测试

• M6-M8 的设计已经完成并通过联合检查, 样
机生产本周开始。 *  清华大学理科发展双E基金资助了CMS 

GEM-GEB项目（40万材料费，30万设备费）

2019年7月在深圳鑫诺捷
公司生产了6块 M5 GEB 

样机, 3 块发往Rice 大学,  

2块发往CERN,1块带回
北大继续测试

CMS-GEM 升级工作进展
北大、清华、中山大学

技术研发: HL-LHC CMS探测器
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GEM 探测器生产基地建设: 组装测试质量控制（QC）流程与指标设立

QC3: 探测器气密性检测 QC4: 高压测试:                        QC5: X射线增益测试

• amplifier settings

• Coarse gain 4, Fine 
gain 4.5, 

• Integrate 100ns and 
Differential 100ns

• the discriminator threshold 

• -100mV 

GEM 探测器边框试生产:

• 两家公司生产了若干GE2/1 边框样品, 两套运往CERN 进行了测试。Axicomb公司生产的边框几何公
差符合CMS-GEM标准,  但需要对边框厚度进行更精密的刻度

• 下一步: 试生产全套GE2/1 边框(8 种型号) 进行进一步测试，11月份在CERN全面评估后确定是否在
中国生产

FR4材料的GE2/1边框样品

CMS-GEM 升级工作进展
北大、清华、中山大学

技术研发: HL-LHC CMS探测器
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D. Wang et al 2019 Supercond. Sci. Technol. 32 04LT01
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Viewpoint by NHMFL

‘From a practical point of view, IBS are ideal

candidates for applications. Indeed, some of

them have quite a high critical current density,

even in strong magnetic fields, and a low

superconducting anisotropy.

Moreover, the cost of IBS wire can be four to

five times lower than that of Nb3Sn……

Fabrication and test of the 1st IBS solenoid coil at 24T

The 1st solenoid coil with IBS tape fabricated and tested with up to 24T
background field. Performance is more than expected.

技术研发: SPPC Magnet Design Scope



Fabrication and test of the 1st IBS racetrack coil at 8T

 The 1st racetrack coil with 100m long IBS tape fabricated and tested with
up to 8T background field. Performance limited by unsatisfying joints.

 The 2nd IBS racerack coil has been fabricated and to be tested at 10-12T.

技术研发: SPPC Magnet Design Scope
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From Qingjin Xu



Agreement For HL-LHC CCT Magnets Signned in Sep 2018

60

R&D of HL-LHC CCT Magnets

China provides 12+1 units CCT corrector magnets for HL-LHC before 2022
2*2.6T dipole field in the two apertures. 2.2m prototype being fabricated.

Layout of the HL-LHC Magnets and Contributors

技术研发: SPPC Magnet Design Scope From Qingjin Xu
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0.5m prototype completed. 2.2m prototype being fabricated and to be tested and 
delivered to CERN by Feb. 2020. Prodution to be started in spring 2020.

Fabrication of the 2.2m prototype CCT Magnet

R&D of HL-LHC CCT Magnets

技术研发: SPPC Magnet Design Scope From Qingjin Xu



2019“威海高能物理暑期学校”8.23-8.28
• 强大的专家阵容

– Peter Jenni, 

– John Ellis, 

– Andrey Korytov,

– Glen Cowan, 

– Iacopo Vivarelli, 

– Christophe Grojean.

• 远超预期的学员数目（预计60
人，实到90余人）

• 小组合作 & 组间竞争-优秀小
组评比

授课专家签署优秀学员证明 优秀学员同授课专家、LoC的合影 62



中国-欧洲核子中心合作深化
• 推进新的合作机制

– 2018年9月16日，China-CERN Collaboration Meeting 在高能所召开。双发同
意共建联合研究中心，及年度会谈机制。

– 2019年2-3月，完成China-CERN合作中方机构联盟章程签署。

– 2019年3-7月，完成China-CERN建立和发展粒子物理专项合作的谅解备忘
录的签署。

– 2019年10月17日，China-CERN Collaboration Meeting在欧洲核子研究中心
召开。中科院副秘书长高鸿钧参加。

– 2019年6月，组织基金委基础科学中心项目申报（未通过）。

国际合作： From Runsheng Yu
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中国-CERN关于建立和发展粒子
物理专项合作的谅解备忘录
（CERN  Fabiola Gianotti
高能所王贻芳所长
中科大包信和校长）

中国-CERN合作中方机构联盟章程
（高能所 王贻芳所长 2019-3-1
中科大 包信和校长 2019-2-28
国科大 李树深校长 2019-3-8
北京大学郝 平校长 2019-3-1
南京大学吕 建校长 2019-3-9
华中师大赵凌云校长 2019-3-8）

国际合作： From Runsheng Yu
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China-CERN Collaboration Meeting 2018 
@IHEP

China-CERN Collaboration Meeting 
2019 @CERN

国际合作： From Runsheng Yu
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CEPC-FCC (CERN) Collaboration 

 Workshops:   participations in FCC, CEPC workshops in Europe, US, China (including HK)
many FCC members presented talks and actively participated in the CEPC workshops; and vice versa

annual workshops in Hong Kong on common science, technology & design issues for future e+e- colliders

plan to continue the Hong Kong workshop series on the beautiful HKUST campus, including joint workshops

 Editing and reviews of CEPC CDRs
detector design – IDEA conceptual detector explored both at CEPC and FCC, among others

 FCC(CERN) scientists in CEPC IAC, Accelerator Review Committee, and Detector R&D Committee
IAC –Michelangelo Mangano, , Lucie Linssen, Peter Jenni +7 other European scientists (5TH meeting in Nov.)

ARC – Steinar Stapnes, K. Oide + 5 other European scientists (1st meeting in Nov.)

DRDC – Ariella Cattai, Schopper Andreas, Steinar Stapnes +8 other European scientists (1st meeting in Nov.)

 Planning for a common software framework for FCC-ee and CEPC

First meeting in Bologna, June 2019

 Physics goals and potentials

 Hope for more close collaboration on the circular e+e- collider program

 HTS program in China may have beneficial technological and financial impact on a future FCC(pp)

国际合作： From Runsheng Yu
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小结

• 围绕当前ATLAS，CMS实验

 争取多出新物理成果和科学创新

 关键加速器(HL-LHC), 探测器(升级）

 运行经验，实验手段，国际合作和管理

• 未来

 CEPC-SppC引领我们的R&D

 走出去参加加速器、探测器等方面的技术创新

 瞄准“卓越”，培育我国发起的CEPC国际大科学合作

 建设下一代对撞机设施，开展科学创新
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