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报告提纲
I）90’s：：：：粒子物理标准模型精确检验粒子物理标准模型精确检验粒子物理标准模型精确检验粒子物理标准模型精确检验

2012年年年年：：：：发现发现发现发现 Higgs 粒子粒子粒子粒子，，，， 2013年诺贝尔奖年诺贝尔奖年诺贝尔奖年诺贝尔奖

精确精确精确精确Higgs测量测量测量测量------〉〉〉〉Higgs Factory 

* Higgs 工厂工厂工厂工厂和和和和 Electroweak Baryogenesis
i））））Anomalous Higgs couplings;
ii) Anomalous Top couplings. 

2)  00’s：：：： 精确宇宙学精确宇宙学精确宇宙学精确宇宙学 (简单介绍简单介绍简单介绍简单介绍））））

2014年年年年：：：：BICEP2 发现发现发现发现 CMB B-mode polarization, 
诺贝尔奖诺贝尔奖诺贝尔奖诺贝尔奖？？？？诺贝尔奖诺贝尔奖诺贝尔奖诺贝尔奖？？？？

* Implications for particle physics? 
(Inflation, bounce ……….. 不讲不讲不讲不讲））））

i)  Leptogenesis and Quintessential Baryogenesis, 
ii) Testing CPT with CMB Polarization, CMB polarization rotation angle; 
iii) Comment on “Self calibration” used by BICEP2

3) Discussions 
LHC/Higgs: origin of mass

CEPC/SPPC: origin of matter (Why no anti-matter in our universe?) 



• Higgs 工厂科学问题工厂科学问题工厂科学问题工厂科学问题

精确检验

测量anomalous couplings:

确认标准模型

发现anomalous couplings

------〉implies new physics------〉implies new physics

New Physics Scale?

Based on unitarity argu… 
理论：calculating loop effects with models

like SUSY …..
Useful: study with Effective Theory               



Brief Comments on Effective Theory
1) 要求可重整要求可重整要求可重整要求可重整，，，，局限局限局限局限 “等于或小于维数等于或小于维数等于或小于维数等于或小于维数=4” 的算子的算子的算子的算子：：：：

由于没有引进右手中微子由于没有引进右手中微子由于没有引进右手中微子由于没有引进右手中微子====〉〉〉〉中微子质量为零中微子质量为零中微子质量为零中微子质量为零。。。。

2））））标准模型是个有效理论标准模型是个有效理论标准模型是个有效理论标准模型是个有效理论：：：：
i））））SU_L(2) X U_Y(1) nonlinearly realized

见见见见：：：：Peccei and Zhang
Xinmin Zhang （（（（博士论文博士论文博士论文博士论文，，，，UCLA, 1991年年年年））））

(including a singlet scalar, Higgs-like particle, s ee
C.-P. Yuan , H.J. He, Y.P. Kuang et al ) C.-P. Yuan , H.J. He, Y.P. Kuang et al ) 

ii) SU_L(2)XU_Y(1)  linearly realized
（（（（Buchmuller-Wyler ，，，，1986年年年年)





\Lambda ?

• In linear version of effective theory, satisfies the 
decoupling theorem: when Cut-off goes to infinity, the 
new physics effects disappear!!

• Any upper limit on \Lambda?• Any upper limit on \Lambda?
or are there any arguments for the new physics?

Naturalness            
Cosmology

=========� TeV physics and Cosmology
i)  Baryogenesis
ii) WIMPs dark matter 



Matter Antimatter Asymmetry

1) Our universe is matter antimatter asymmetric

2））））能否宇宙本身就是不对称的能否宇宙本身就是不对称的能否宇宙本身就是不对称的能否宇宙本身就是不对称的？？？？？？？？
In the framework of inflation, all of the matter cr eated during or afterIn the framework of inflation, all of the matter cr eated during or after
reheating processes ����dynamical generation of baryon number asymmetry

3））））用物理规律来解释用物理规律来解释用物理规律来解释用物理规律来解释？？？？ =����Baryogenesis
i) Electroweak baryogenesis ���� Generating matter asymmetry at the 

TeV scale
ii) Leptogenesis = ����Neutrino physics
iii)Quintessential Electro/Leptogenesis ==== ����CMB polarization



baryogenesis
三个条件

Andrei Sakharov （1967年）三个条件：

i)  B violation  

ii) C and CP violation 

iii)Out of thermo-equilibrium (CPT conserved)
Freezing out of the heavy particles   

If CPT is broken, can be generated in thermo-equilibrium









Electroweak baryogenesis
i)  B violation  �----anomaly, non-trivial vacuum, sphaleron

ii) C and CP violation �-----CKM mechanism 
(however, too small-�new physics)

iii) First order phase transition

Need Higgs mass 
< 35 GeV!

重要预言：
Higgs质量
新物理







Electroweak Baryogenesis
and New Physics

i) Early 90’s and later on, many studies with new p hysics models 
like 2- Higgs ，，，，L-R symmetry,  SUSY

ii) Effective Lagrangian Method 

1)  Xinmin Zhang, Phys. Rev. D47, (1993) 3065  (hep-ph/9301277 )
“Operator Analysis for the Higgs Potential and “Operator Analysis for the Higgs Potential and 

Cosmological Bound on the Higgs-Boson Mass”
2) Bing-Lin Young and Xinmin Zhang, PRD49 (1994) 563 (hep-ph/9309269 ) 

“Effective Lagrangian Approach to Electroweak Baryog enesis: 
Higgs mass limit and Electric dipole moments of fer mion ““““

3)  Xinmin Zhang, S.K. Lee, K. Whisnant and B.-L. You ng
Phys.Rev. D50 (1994) 7042-7047 ( hep-ph/9407259 )

““““Phenomenology of a non-standard 
top quark Yukawa coupling ““““



Operator relevant to Higgs mass limit

Effective potential:Effective potential:



==����

XinminXinmin Zhang PRD47, 3065 (1993)Zhang PRD47, 3065 (1993)
Cedric DelaunayCedric Delaunay , , Christophe Christophe GrojeanGrojean , , 
James D. WellsJames D. Wells
JHEP 0804:029,2008 JHEP 0804:029,2008 

Prediction for a light Higgs Prediction for a light Higgs !!!!!!
重要预言重要预言重要预言重要预言：：：：重要预言重要预言重要预言重要预言：：：：

HiggsHiggs质量质量质量质量：：：：质量质量质量质量：：：：
115 115 GeVGeV ~ 132 ~ 132 GeVGeV



Anomalous Higgs self couplings limit

My result in 1993:

taking Higgs mass 125 GeV, I obtain \Lambda should be 
no more than 1.5 TeV for \alpha ~ O(1)

which gives a correct to the triplet Higgs coupling  about 90% 

My result is consistent with the recent analysis ( C. Grojean , G. Servant , J. Wells ;My result is consistent with the recent analysis ( C. Grojean , G. Servant , J. Wells ;
S. W. Ham, S. K. Oh; Dietrich Bodeker , Lars Fromme , Stephan J. Huber , Michael Seniuch ;
Daniel J. H. Chung , Andrew J. Long , Lian-Tao Wang …… )

The  anomalous Higgs self coupling is claimed to be  measured with
precision O ( 30 %) at TLEP in Matthew McCullough a rXiv:1312.3322 



Implication Implication for 125 for 125 GeVGeV Higgs Higgs and BICEP2and BICEP2
““ Probable or Improbable Universe? Correlating Electr oweak Vacuum

Instability with the Scale of Inflation” arXiv:1404 .5953
Anson Hook, John Kearney, Bibhushan Shakya,  Kathryn  M. Zurek

“  we examine the effects of generic Planck-suppres sed corrections to the Higgs potential,   
which can be sufficient to stabilize the electrowea k vacuum during inflation.” 
＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝









Operator relevant to baryon number generation

======��������

Anomalous topAnomalous top--Higgs Higgs 
couplings:couplings:

For \Lambda
~ 1 TeV.

X. Zhang et al,X. Zhang et al,
PRD 50, 7042PRD 50, 7042
(1994)(1994)
Lars Lars FrommeFromme , , 
Stephan J. HuberStephan J. Huber , , 
JHEP 0703:049,2007JHEP 0703:049,2007

LianyouLianyou Shan et alShan et al
(In preparation) (In preparation) Note: Non-universal couplings induce FCNC couplings  

t t\bar h ( \gamma, Z)  -- ���� t\bar c  h (\gamma, Z)
T. Han, R. Peccei, X. Zhang et al…..
C.-P., Yuan et al

At Higgs factory: single top production e^+e^- -- ���� Z (or gamma) - ���� t \bar c



Comments 
I) Electroweak baryogenesis predict

anomalous Higgs couplings
anomalous htt couplings

FCNC top couplings
(with and without CP violation)

II) Large enough to be measured experimentally; II) Large enough to be measured experimentally; 
If not, rule out electroweak baryogenesis

General argument ---� circular collider,  a machine
for electroweak baryogenesis (origin of matter !)

CEPC/SPPC: discovering the anomalous couplings at CEPC or
new particles which contribute to the anomalous couplings at SPPC

III) Other possibilities for baryogenesis
two examples







Sphaleron 过程将部分轻子数转化为重子数

Leptogenesis and Neutrino

LeptogenesisLeptogenesis 是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制是指正反轻子不对称的产生机制
为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关？？？？为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关为什么轻子不对称与重子不对称有关？？？？

B  = ½ （（（（B+L））））+ ½ （（（（B-L）？？）？？）？？）？？

要要要要考虑考虑考虑考虑gauge interaction, Yukawa interaction 
and also QCD sphaleron

V.A. Kuzmin, V.A. Rubakov and 

M.E. Shaposhnikov, Phys. Lett. B 155, 36 (1985);

R. Mohapatra and X. Zhang, Phys.Rev.D45,

2699- 2705, (1992)



Type-I Seesaw 模型下的 Leptogenesis 机制

1. 右手中微子的右手中微子的右手中微子的右手中微子的 Majorana 质量项破坏轻子数质量项破坏轻子数质量项破坏轻子数质量项破坏轻子数
2. 右手中微子的右手中微子的右手中微子的右手中微子的 Yukawa 耦合项破坏耦合项破坏耦合项破坏耦合项破坏 C 和和和和 CP
3. 右手中微子脱离热平衡右手中微子脱离热平衡右手中微子脱离热平衡右手中微子脱离热平衡

M. Fukugita and T. Yanagida, 
Phys. Lett. B 174, 45 (1986); P. 
Langacker, R.D. Peccei, and T. 
Yanagida, Mod. Phys. Lett. A 1, 541 
(1986); M.A. Luty, 
Phys. Rev. D 45, 455 (1992); 
R.N. Mohapatra and X. Zhang, 
Phys. Rev. D 45, 2688 (1992).
90年代初年代初年代初年代初，，，，大家并不感兴趣大家并不感兴趣大家并不感兴趣大家并不感兴趣！！？？！！？？！！？？！！？？



M.LiM.Li, , X.WangX.Wang, , B.FengB.Feng, X. Zhang PRD65,103511 (2002), X. Zhang PRD65,103511 (2002)
De De FeliceFelice, , NasriNasri, Trodden, PRD67:043509(2003), Trodden, PRD67:043509(2003)
M.LiM.Li & X. Zhang, PLB573,20 (2003)& X. Zhang, PLB573,20 (2003)
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LeptogenesisLeptogenesis Anomaly Anomaly 
for CMBfor CMB

II)II)

Cosmological CPT violation, Cosmological CPT violation, 
baryo/leptogenesis and CMB polarizationbaryo/leptogenesis and CMB polarization
M. Li,  J. Xia, H. Li and X. ZhangM. Li,  J. Xia, H. Li and X. Zhang
Phys. Lett. B651, 357 (2007)Phys. Lett. B651, 357 (2007)



I   Cosmological CPT violation

Baryo/Leptogenesis

M.Li, X.Wang，，，，
B.Feng, X.Zhang ,
PRD65,103511(2002)，，，，

反常方程反常方程反常方程反常方程

CMB极化检验极化检验极化检验极化检验CPT对称性对称性对称性对称性

II. 与实验室检验与实验室检验与实验室检验与实验室检验CPT对称性的方法比较对称性的方法比较对称性的方法比较对称性的方法比较
CMB光子经历了近光子经历了近光子经历了近光子经历了近137亿年亿年亿年亿年，，，， 相比与实验室的实验相比与实验室的实验相比与实验室的实验相比与实验室的实验，，，，它具有它具有它具有它具有累积累积累积累积
效应效应效应效应，，，，将大大提高对于将大大提高对于将大大提高对于将大大提高对于CPT检验的灵敏度检验的灵敏度检验的灵敏度检验的灵敏度



CMB检验检验检验检验CPT对称性的基本思想对称性的基本思想对称性的基本思想对称性的基本思想

1））））Gravitational leptogenesis 
and its signatures in CMB.
Bo Feng , Hong Li , Ming-zhe 
Li , Xin-min Zhang , 
Phys.Lett.B620:27-32,2005.
当时没有数据当时没有数据当时没有数据当时没有数据，，，，用模拟的用模拟的用模拟的用模拟的
数据做了研究数据做了研究数据做了研究数据做了研究

2））））Bo Feng, Mingzhe Li ,
Jun-Qing Xia, 
Xuelei Chen and Xinmin Zhang
Phys. Rev. Lett. 96,
221302   (2006)
使用的数据是使用的数据是使用的数据是使用的数据是WMAP和和和和

CPT破坏破坏破坏破坏 旋转角旋转角旋转角旋转角 0α∆ ≠

(Note here the notation: G ~ E, C~ B)

使用的数据是使用的数据是使用的数据是使用的数据是WMAP和和和和
BOOMERanG的极化数据的极化数据的极化数据的极化数据；；；；
MCMC方法方法方法方法，，，，修改的修改的修改的修改的

CosmoMC



Current status on the Current status on the 
measurements of the measurements of the 
rotation anglerotation angle

:  0.057 degPLANCK σ =

======��������

（（（（夏俊卿夏俊卿夏俊卿夏俊卿，，，，（（（（夏俊卿夏俊卿夏俊卿夏俊卿，，，， PlanckPlanck 组组组组））））组组组组））））



(Xia, Li & Zhang, 2010)

2010年结果年结果年结果年结果：：：：



3点点点点：：：：
1〉〉〉〉用通常用通常用通常用通常““““standard 
Calibration “, BICEP 组得到组得到组得到组得到：：：：

与我们的结果一致与我们的结果一致与我们的结果一致与我们的结果一致；；；；与我们的结果一致与我们的结果一致与我们的结果一致与我们的结果一致；；；；

2））））在在在在 ~ 2 sigma 内内内内，，，，旋旋旋旋
转角可取转角可取转角可取转角可取 ~ -5 度度度度-------〉〉〉〉
虽说不能宣称发现虽说不能宣称发现虽说不能宣称发现虽说不能宣称发现CPT破破破破
坏坏坏坏，，，，但给但给但给但给BB 谱带来的误谱带来的误谱带来的误谱带来的误
差差差差很大很大很大很大, 见下页图见下页图见下页图见下页图。。。。

3））））他们提出他们提出他们提出他们提出““““self 
callibration” 新方法新方法新方法新方法。。。。
用这个方法后用这个方法后用这个方法后用这个方法后，，，，

文章说文章说文章说文章说 r 值由值由值由值由
r < 0.70 到到到到 r < 0.65



BICEP2:    r or rotation angle from CPT violation?
Hong Li, Jun-Qing Xia, Xinmin Zhang (2014) 





Self-calibration
(Ade et al., 1403.3985)

Rotation angle before self 
calibration estimated (?):

0.88 +- 0.16
non-zero with 5 sigma 



Tension between BICEP2 and Planck 

(Li, Xia & Zhang, 1404.0238)

Planck collaborationPlanck collaborationPlanck collaborationPlanck collaborationBICEP2 collaborationBICEP2 collaborationBICEP2 collaborationBICEP2 collaboration

38

This tension appears because This tension appears because This tension appears because This tension appears because 

Both data fitting are performed Both data fitting are performed Both data fitting are performed Both data fitting are performed 

Within the Within the Within the Within the powerpowerpowerpower----law  LCDMlaw  LCDMlaw  LCDMlaw  LCDM, , , , 

What happens if beyond What happens if beyond What happens if beyond What happens if beyond LCDM  LCDM  LCDM  LCDM  ????? ? ? ? 



Including extra parameters
In order to lessen the tension between BICEP2 and Planck 

results, one could include extra cosmological 
parameters, like the running of scalar spectrum index, to 

relax the constraint on r from Planck .

(Ade et al., 1403.3985)

39



Hong Li, and J.-Q. Xia, JCAP 11( 2012) 039

� This is our results in 2012, which show the importance Of degeneracies This is our results in 2012, which show the importance Of degeneracies This is our results in 2012, which show the importance Of degeneracies This is our results in 2012, which show the importance Of degeneracies 
between cosmological parameters.  between cosmological parameters.  between cosmological parameters.  between cosmological parameters.  

� Which is Which is Which is Which is very useful today for  the resolution of BICEP2 and Planckvery useful today for  the resolution of BICEP2 and Planckvery useful today for  the resolution of BICEP2 and Planckvery useful today for  the resolution of BICEP2 and Planck. . . . 



Inflation models with large running、
power suppressed at small l

• 2003年国际上研究是个高潮、起点
• 中国学者工作突出
高能所组：高能所组：

张新民、朴云松、李明哲、冯波冯波冯波冯波

理论所组：李淼、黄庆国

。。。。。。



围绕围绕围绕围绕BICEP2国内学者在过去的几周国内学者在过去的几周国内学者在过去的几周国内学者在过去的几周
已作了大量的工作已作了大量的工作已作了大量的工作已作了大量的工作

夏俊卿、李虹、蔡一夫、张新民

李明哲、赵文

邱涛涛

龚云贵等

黄庆国、王一、蔡荣根、郭宗宽。。。黄庆国、王一、蔡荣根、郭宗宽。。。

张鑫等

陈学雷等

朴云松等。。。。。

准备之中：王斌等，赵公博等。。。

将出版将出版将出版将出版《《《《中国科学中国科学中国科学中国科学》》》》专刊专刊专刊专刊

guest editor: 张新民张新民张新民张新民



Discussions

LHC/Higgs: origin of mass

CEPC/SPPC: 
understanding the  understanding the  

origin of matter
Why no anti-matter

in our universe
( Electroweak phase transition , effective potentia l;

Bubble Wall dynamics, CP violation ……..)  



Thank you !Thank you !


